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IL

EXECUTIVE SUMMARY

Recommendations

A.

B.

C.

Recommendation on approvability

The approval is recommended.

Recommendation for nonclinical studies

None

Recommendations on labeling

The Section 8.1 Pregnancy and 13.1 Carcinogenesis, Mutagenesis,
Impairment of Fertility is similar to that for approved products Acular LS and
Toradol. The proposed labeling is acceptable.

Summary of nonclinical findings

A.

Brief overview of nonclinical findings

Ketorolac tromethamine is an NSAID with analgesic, anti-inflammatory, and
anti-pyretic activity. The non-clinical safety studies for ocular use of ketorolac
tromethamine have been evaluated during the approval of Acular® (0.5%
ketorolac tromethamine ophthalmic solution), Acular® PF (0.5% ketorolac
tromethamine ophthalmic solution preservative free), and Acular LS® (0.4%
ketorolac tromethamine ophthalmic solution).

The reformulated 0.45% ketorolac tromethamine pH 6.8 (Acuvail™)
contained CMC and eliminated the preservative BAK. Acuvail™ delivers
ketorolac more efficiently in rabbit ocular tissues as compared to the aqueous-
based vehicle used in Acular® and Acular LS®. Therefore, the dosing
frequency of the Acuvail™ can be reduced to two times a day as compared to
four times a day for Acular® and Acular LS®.

In the newly conducted 28-day GLP ocular toxicity studies in NZW rabbits,
Acuvail™ administered 5x/day was well-tolerated. The ocular irregularities
(epithelial thinning) observed in the early toxicity studies with BAK-
containing KT formulation were not observed in the current study.

Pharmacologic activity

Ketorolac tromethamine is an NSAID with analgesic, anti-inflammatory, and
anti-pyretic activity. When given topically, ketorolac demonstrated potent
anti-inflammatory activity in several models of ocular inflammation in rats
and rabbits.

Nonclinical safety issues relevant to clinical use
There are no non-clinical safety issues related to clinical use of this product.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-427

Review number: No. 1

Sequence number/date/type of submission: SN000/September 29, 2008/Original
application

Information to sponsor: Yes (x) No ()

Sponsor and/or agent: Allergan, Inc.

Manufacturer for drug substanc 7 (b) (4)

Reviewer name: Conrad H. Chen, Ph.D.
Division name: Division of Anti-Infective and Ophthalmology Products
Review completion date: March 31, 2009

Drug:
Trade name: Acuvail™
Generic name: Ketorolac tromethamine ophthalmic solution 0.45%
Code name: Not indicated
Chemical name: (+)-5-benzoyl-2,3-dihydro-1Hpyrrolizine-1-carboxylic acid,
compound with 2-amino-2-(hydroxymethyl)-1,3-propanediol (1:1)
CAS registry number: 74103-07-4
Molecular formula/molecular weight: Its molecular formula is C19H24N20s. Its
molecular weight is 376.41.
Structure:
R ‘ T
;\ s {N ::‘Q (“) AOH
NG /\%N’/ \V/C“\ [/
o o * HOL -~ _OH
G NHy
Relevant INDs/NDAs/DMFs:

NDA 19-700, Acular® (ketorolac tromethamine ophthalmic solution) 0.5%
NDA 20-811, Acular® PF (ketorolac tromethamine ophthalmic solution) 0.5%
Preservative-Free

NDA 21-528, Acular LS® (ketorolac tromethamine ophthalmic solution) 0.4%
IND 21,132, Ketorolac tromethamine ophthalmic solution 0.45%

Drug class: NSAID
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Intended clinical population: For the treatment of pain and inflammation following
cataract surgery

Clinical formulation:

Table 3.2.P.1-} Composition of Ketorolae Tromethamine Ophthalmic Solution,
8.45%
Ingredient Girade Funetion Ci)-’fl‘i‘:ﬁﬁfi“:iii()ll
(% w1s)
Ketorolac Tromethamine Test to Active D A5%
' (b) (@) USP/Ph Eur
Carboxymethyleeliulose | USPPhL Bur (b) (4) (b) (4)
(b) (4
Carboxymethyleellulose . 0V () | ugpin Bur
(b) (4),
Sodiom Chloride LUSP/Ph Eur
Sodium Citrate Dihydrate USP#h Bur
Sodmm Hydroxide (1N NEPh Bur | pH adiustment Adfjust to pH 6.8
Hydrochloric Acid (1N} NF/Ph Bur | pH adjustment Adjust to pH 6.8
Purified Water USP/Pn Bwr (b) (4) ‘(b)

Route of administration: Topical ocular

Recommended Dosing:

Patient Dosing

One drop of ACUVAIL™ should be applied to the affected eye twice daily beginning 1
day prior to cataract surgery, continued on the day of surgery and through the first 2
weeks of the postoperative period.

Dosing on the Day of Surgery by Medical Personnel

Approximately 2 hours prior to surgery, 1 drop is administered approximately every 20
minutes by medical personnel for a total of 3 drops. Prior to discharge instill 1 additional
drop.

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

The sponsor cross-referenced to IND 21,132, NDA 19-700, NDA 20-811, and NDA 21-
528 for the pharmacology information.

When given systemically to rodents, ketorolac demonstrated potent analgesic and anti-
inflammatory activity, which was mediated primarily via inhibition of arachidonic acid
cyclooxygenase. When given topically, ketorolac demonstrated potent anti-inflammatory
activity in several models of ocular inflammation in rats and rabbits.
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

Acular® (0.5% ketorolac tromethamine ophthalmic solution) has been marketed in the
US as a nonsteroidal anti-inflammatory ophthalmic agent since 1997 and in Europe since
1989. The absorption, distribution, metabolism, and excretion (ADME) of ketorolac have
been extensively studied during the development of Acular® (0.5% ketorolac
tromethamine ophthalmic solution), Acular® PF (0.5% ketorolac tromethamine
preservative free ophthalmic solution), and Acular LS® (0.4% ketorolac tromethamine
ophthalmic solution).

Ketorolac concentrations in plasma, aqueous humor, and iris ciliary body were
determined by liquid chromatography-tandem mass spectrometry (LC-MS/MS) method.
The ocular pharmacokinetic study results demonstrate that 0.45% ketorolac tromethamine
formulated with CMC at pH 6.8 delivers ketorolac more efficiently in rabbit ocular
tissues as compared to the aqueous-based vehicle used in Acular® and Acular LS®.

A comparison of ketorolac exposure in rabbit aqueous humor following a single drop (35
to 50 pL) ophthalmic administration of these formulations is presented in the following
table.

Table 2.6.4.1-1 Comparison of ketorolac exposure in rabbit agueous humor
o ACULARY 045% KT CMCohased ACULAR LE®
PR Parameter 5% KTy pl 6.5" {E}.é.‘%%".f{'l‘:}'
LOT 237 {104y 389 (251 21063

{redml. or ng-eqiml)

AL, SLERAY)] YRR {163)
fnghriml o

ug-eatriml)

465 (65

& Data frors Report T 579, see module Modude L Tabile 2.2, 30 ul. drop
b Report PRAT40
Craax: Mean (2812}
ALC: Composite ALC (+8E}
Letorolac Tromethamine

MU Carboxvmethyleelluloss
Ketorolac levels achieved with the new formulation (0.45%) are less than the ocular and
systemic drug levels previously demonstrated to be well tolerated in long term toxicology
studies in which rabbits received up to 4% ketorolac tromethamine formulated in the
Acular® and Acular LS® aqueous-based formulation (NDA 19-700, submitted May 27,
1987 and NDA 21-528, submitted August 7, 2002).

.35 al. drap

2.6.4.3 Absorption
Aqueous humor:
1. Effect of pH (from Allergan Report PK-07-096)

Following a single bilateral topical ocular instillation of one of four 0.45%
ketorolac tromethamine formulations with varying pH from 7.4 to 6.8, formulated
with CMC to an approximately equal level of viscosity (21-22 centipoise or cps),
ketorolac was absorbed into the aqueous humor in rabbits to varying degrees as
follows.
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Table 2.6.4,3—1 Aqueous humor ketorolac {AGN-191578) pharmacekinetics in
NZW rabbits after topical ocular administration of ketorolac
tromethamine formuplations with varyving pH

Species Formulation Bose Relative AT o4 L Finax Allergan
nfftmepoing {¥wiv) ol inghr/miy  (ngfmd) {hey Repory
3F £ evesy ST, phE 74, 0.45 135 62731 2651783 200 Pho AT
22 eps
CMEC, pH 7.2, 43 33 61930 2400848 100
22 ups
UM, pl 260 .45 42 o RS WR 125 10D
2 eps
CMO, o &k 45 22 YIV (N 389{23%) 250
22 eps
ACULAR LE¥ 0.4 104 *63 1653 ES R 166

Lok Mean (8D

ALAC: Composite AUC (288

%% I Relatiw
3%

e bioweailability exprissed as @ pereant of the ALIC,,; value folfowing o single ooudar wetillation of
drap of ACULAR L8
CWAC Tarboxymethyleellulnse
I: Female
epst cenlipoise
Among these formulations, the greatest Cpax value of 389+258 ng/mL and
greatest AUCo.4 value of 939+163 ng-hr/mL were measured for the formulation
with a pH value of 6.8.

2. Effect of carboxymethylcellulose (CMC) (from Allergan Report PK-07-020)

The absorption of ketorolac from Acular LS® and from formulations containing

CMC and HPMC (hydroxypropylmethylcellulose) into the aqueous humor of

rabbits was compared following a single bilateral ocular instillation in rabbits.

The results showed that the CMC-based formulation achieved the greatest

ketorolac exposure in aqueous humor. The Cpax and AUCy. was 480+160 ng/mL

and 24204250 ng-hr/mL, respectively, for the KT formulation containing CMC.

Table 2.6.4.3-2 Aqueous humeor ketorolac (AGN-191578) pharmacokinetics in

NZW rabbits after topical ocular administration of various
ketorolac tromethamine formulations

Species Formnlation  Dose {%w C as T (he) ALC,, Altergan
1_ i y - . o - o
nfimepoing {ng/mi) {nphrimi) Repord
2F {4 eyust ¢4 RO (LA KEGH A 25 Foh A TAEE3E
{14 G125 2.0 LGOI (1948
ACTILAR L&Y @4 3344743 248 1570 ¢ 1)

Cevax: Mean (5503
Al Composite AUC (BSE
Tarbesvisethdeelindose
eyl

s centipoise
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3. Effect of viscosity (from Allergan Report PK-07-0096 and PK-08-002)
Following a single bilateral topical instillation of 0.45 % ketorolac tromethamine
CMC-based formulations with same pH value but different levels of viscosity, the
aqueous humor ketorolac absorptions were compared. The results showed that as
viscosity increased, ketorolac exposure in the aqueous humor appeared to

decrease as shown in the following table.
Aqueous bumor ketorolac (AGN-191578) pharmacokinetics in

Tahie 2.6.4.3-3

NZW rabbits after topical ocalar administration of ketorolac
tromethamine formulations with varying levels of viscosity

Fr Femule

Cps: cemtipaing
ME) = not determined

Species Formulation  Diose (%wiv) Cm,_ Ty (BT AL, Allérgan
n/timepaing {ngfiml.) {ng-hrimli} Report
I (6 nyes) OMC. pH T 043 26% (128 1.00 65473 PRI

21 cps

MU pH TG, {143 3T GIE 1.0 G4 {14y
11 eps

ACULAR L5% 1.4 20 (L REY i3 (637

3 {6 evesd CRAC, p 7.4, 243 2833 N3 s [ LT

i1 epy

UM, pH 7.4, a3 187427 B M
i3 ops

840 pll 23, #.4% N NIy
22 ¢ps 134 428

4. Combined effect of CMC and pH (from Allergan Report PK-08-033)
Following a single bilateral topical ocular instillation of one of two 0.2%
ketorolac tromethamine formulations (pH 6.8), the CMC-based formulation

achieved 2-fold greater ketorolac exposure in aqueous humor as compared to a

second formulation without CMC. Cp,y was 178 and 84.6 ng/mL and AUC; was

1220 and 554 ng-hr/mL, respectively.
The 0.45% ketorolac tromethamine CMC-based formulation (pH 6.8) achieves
greater ketorolac levels (about 50% increase) than Acular LS® (0.4% ketorolac

tromethamine ophthalmic solution). The Cyax was 456 and 310 ng/mL,

respectively.
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Table 2.6.4.3-4 Aqueous humor ketorolas (AGN-191 578) pharmacokinetics in
NELW r_abbits after topical ocular administration of ketorolae
tromethaniine formulations with and without CMC

S‘pcci es Formulation  Dose (Yhwiv) Civen T o (BT AL, Allergan
nfi;mcpmm {ngfml.) {ng-br/mbL) Report
2F (4 eyes) CMC 3168, &2 178 (#0) PR FI30 (% YL W) 35

ER R o o
N OB, 02 840 (212) 1430 5344421
pHGE Tops
LML ph 68, HA3 +56 { 1060 200 NI
L E RN
AUULAR L8P 014 330637y 240 LR RRIE

Cmax: Mean {2807
ALIC: Composite AUC (#:8F)

OME: Carboxsymethylodlllose

¥ Female
CPEI CERTIpOIsY
NI ot determined

Iris-Ciliary Body (from Allergan Report PK-08-033)
Following a single bilateral topical ocular instillation of one of two 0.2%
ketorolac tromethamine formulations (pH 6.8), the CMC-based formulation
achieved 2-fold greater ketorolac exposure in iris-ciliary body as compared to a
second formulation without CMC. The Cp,ax was 193 and 145 ng/mL and AUC
was 2010 and 1160 ng-hr/mL, respectively.
The 0.45% ketorolac tromethamine CMC-based formulation (pH 6.8) achieves
greater ketorolac iris-ciliary body levels as compared to Acular LS® (0.4%
ketorolac tromethamine ophthalmic solution). The C,. Was 403 and 216 ng/mL,

respectively.

Table 2.6.4.3-5 Iris-ciliary body ketorelac (AGN-19157 8) pharasacokinetics in
NZW rabbits after topical ocular administration of various
ketorolac fromethamine formulations

Species Fovmedatton  Duse (Yowiv) Cops Frax () AL, AHergsn
nftimepoint frrgefmi {nghriml) Repuort
2F 44 wyasy CMI, pH 6.8, 2 103457 8506 2010 {180} PE-R13
9-1F ops »

N CMC, 02 54T £ Figl {190y
pHEE 1 opx '
CMC, pH 6.8, EL 10E (170 2400 ND)
Y11 opa
ACHLAR TR {4 2H5 (45 1.8 13625 £ 1 3647

Coze Mean {250
AU Composite ALK ¢
OB Carboxvmethyiceliulose
F i Female

RS centipaise

NI = ol determined
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Vitreous Humor (from Allergan Report PK-08-033)
Following a single bilateral topical ocular instillation of one of two 0.2%
ketorolac tromethamine formulation (pH 6.8), the CMC-based formulation
achieved 3-fold greater exposure in vitreous humor as compared to a second
formulation that was identical with the exception that CMC was absent.
The 0.2% ketorolac tromethamine CMC-based formulation at pH 6.8 achieved
comparable exposure in vitreous humor as compared to Acular LS® (0.4%
ketorolac tromethamine ophthalmic solution), despite being formulated at half the

drug strength.

Table 2.6.4.3-6 Vitreous humor ketorolae (AGN-191578) pharmacokinetics in
NZW rabbits after topical ocular administration of various
ketorolae tromethamine formulations

_Spcci&s Formulation  Doge (Yawiy) g T (hrd ALIC,, Allergan
adimepoing {mgimll) {ng-hrimi.) Report
IFideves)  OMC pHGR, a2 1061523 L .3 {46 PRAB-
11 ops
No UM, 72 477 {226} {5,308 BLEn
pH 68, e
ACULAR L% i RS REXY (500 ITE A8

AUC: Composite AUC (285
MO Carboxymethyleellulose
F: Female

cps e eentipoise

Systemic Absorption (from Allergan Report PK-07-090)
The toxicokinetics of ketorolac were characterized in study TX07042 (Acular
Reformulation: 1-Month Ocular Toxicity Study in Rabbits).
The left eye of female rabbits received one drop (~40 pL) of placebo or 0.45%
ketorolac tromethamine in a CMC-based formulation, at least 5 times daily for 28
consecutive days. The right eye remained as the untreated control. On Days 1 and
28, blood samples were collected from the same 4 rabbits/group at 0 (predose),
0.5, 1, 2, 6, and 20 hours after the 5™ instillation.
Systemic exposure of ketorolac on Day 1 was similar to that on Day 28 in the
0.45% group. The Cyax was 99.0 and 111 ng/mL and AUCy.; was 260 and 372
ng-hr/mL, respectively. The results are shown in the following table.

10
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Table 2.6.4.3-7 Plasma ketorolac (AGN-191578) pharmacokinetics in NZW
rabbits after topical ocular administration of 0.45% ketorolac
tromethamine

Species Sudy Day  Dose (S%wiv) Crrax Tooe (hr AL, Allergan
nitimepoing {ug/mL} {ng-hrimL) Repc;n

4 s .43 S G150 .30 264 (463 P TS

28 N INEREH! 0,550 IT2 4123y

Uz Mean G510

ALK Composite AUC (48F)

F: Female
It was found that the systemic ketorolac exposure achieved in the 28-day rabbit ocular
toxicity study did not exceed levels achieved following a single dose of Acular® (0.5%
ketorolac tromethamine ophthalmic solution). Following a single bilateral ocular
instillation of 0.5% '“C-ketorolac tromethamine in rabbits, the plasma Cy,x was 139 ng-
eq/mL and AUCo.; was 701 ng-eq-hr/mL (data from NDA 19-700, submitted May 27,
1987).

2.6.4.4 Distribution
Reviewed under NDA 19-700, submitted on May 27, 1987.

2.6.4.5 Metabolism
Reviewed under NDA 19-700, submitted on May 27, 1987.

2.6.4.6 Excretion
Reviewed under NDA 19-700, submitted on May 27, 1987.

2.6.4.7 Pharmacokinetic drug interactions
Studies have not been conducted following ophthalmic administration of ketorolac.

2.6.4.8 Other Pharmacokinetic Studies
Studies have not been conducted following ophthalmic administration of ketorolac.

2.6.4.9 Discussion and Conclusions

In summary, 0.45% ketorolac tromethamine formulated with CMC to pH 6.8 is expected
to improve ketorolac delivery to ocular tissues which allows for a reduction in drug
strength and dosing frequency from currently marketed products (Acular® and Acular
LS®).

The 0.45% ketorolac tromethamine formulated with CMC to pH 6.8 administered twice
per day is anticipated to deliver drug levels to ocular tissues that are efficacious but less
than ocular and systemic drug levels previously demonstrated to be safe in long term
toxicology studies (NDA 19-700).

2.6.4.10 Tables and figures tb include comparative TK summary
See Table 2.6.4.1-1 in Section 2.6.4.1 Brief Summary.

11
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

The non-clinical and clinical safety profile of several KT ocular formulations has been
established with the marketed products Acular® (0.5%), Acular® PF (0.5%), and Acular
LS® (0.4%). To support the safety of Acuvail™ (reformulated KT 0.45%, BAK
preservative free CMC-based and pH 6.8), 1-day ocular tolerability, 1-month ocular
toxicity, and 6-day ocular wound healing studies were conducted. No drug- or vehicle-
related effects were found during the course of the studies.

2.6.6.2 Single-day toxicity
Study title: 1-Day Ocular Tolerability Study in Rabbits

Key study findings: NZW female rabbits were administered 0.45% KT new formulation
or Acular LS®, 6 drops for one day to the left eye. No drug-related effects were noted for
KT new formulation while Acular LS® caused minimal ocular discomfort and mild
transient conjunctival congestion.

Study no.: TX06091

Volume #, and page #: Electronic submission

Conducting laboratory and location: Allergan, Inc., Irvine, California 92612

Date of study initiation: March 12, 2007

GLP compliance: No

QA report: yes () no (x)

Drug, lot #, and % purity: Ketorolac Tromethamine (KT) batch number CC05050003;
0.45% ketorolac tromethamine formulation number 9852X

Methods
Doses: Placebo, 0.45% KT in new formulation, or Acular LS® (0.4% KT) 6
drops for one day was administered to left eye at 1 hour intervals; the right eye
was untreated
Species/strain: NZW rabbits
Number/sex/group or time point (main study): 3 females/group
Route, formulation, volume, and infusion rate: Topical ocular administration
Satellite groups used for toxicokinetics or recovery: None
Age: Approximately 6 months of age
Weight: Between 3.83 and 4.23 kg
Unique study design or methodology (if any): None

Observations and times:

The following parameters were evaluated: Viability, clinical observations, ocular
discomfort, gross ocular observations, and ophthalmic examinations (papillary reflex and
slit lamp examinations with fluorescein staining). Ophthalmic examinations will be
performed once prior to Dayl and once within two hours following the sixth dose on Day
1. Additional slit lamp examinations may be performed at the discretion of the Study
Director on Day 1 and/or Day 2.

12
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Results:

No mortality or 0.45% KT new formulation-related effects were observed during the
course of this study. In contrast, the Acular LS® formulation caused minimal ocular
discomfort and mild transient conjunctival congestion.

2.6.6.3 Repeat-dose toxicity
Study title: 1-Month Ocular Toxicity Study in Rabbits

Key study findings: Eight female NZW rabbits were treated with a topical ocular drop
of 0.45% ketorolac tromethamine in new formulation at least 5 times daily for 28 days,
followed by a 14-day recovery period. No drug-related effects were observed. The
systemic exposure (AUC) of ketorolac on Day 1 was similar to that of on Day 28.

Study no.: TX07042

Volume #, and page #: Electronic submission

Conducting laboratory and location: Allergan, Inc., Irvine, CA 92612

Date of study initiation: April 26, 2007

GLP compliance: Yes

QA report: yes (x) no ()

Drug, lot #, and % purity: KT Lot Number CC05050002, Purity ~100%; Formulation
Number 9852X, Lot No.12863A1

Methods
Doses: A drop (~40 pL) of Placebo or 0.45% KT new formulation was
administered to left eyes at least 5 times per day for 28 days; the right eyes were
untreated.
Species/strain: NZW rabbits
Number/sex/group or time point (main study): 8 females/group
Route, formulation, volume, and infusion rate: Topical ocular administration
Satellite groups used for toxicokinetics or recovery: 6 females/group were
sacrificed on Day 29; 2 females/group served as recovery group and were
sacrificed on Day 43.
Age: Almost 5 months old
Weight: 3.45 to 3.80 kg
Sampling times: On Days 1 and 28, blood samples were collected from 8
females/group at 0, 0.5, 1, 2, 6, and 20 hour after 5™ instillation for the
toxicokinetics study.
Unique study design or methodology (if any): 14 days-recovery study was
conducted on 2 females/group after 28-days drug administration.

Observations and times:

The following parameters were evaluated: Viability, clinical observations gross ocular
observations, ophthalmic examinations (slit lamp biomicroscopy, papillary reflex, and
ophthalmoscopy), intraocular pressure (IOP)/tonometry, body weight, food consumption,
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toxicokinetics (TK), macroscopic observations and microscopic pathology of ocular
tissues. Ophthalmic examinations were performed prior to Day 1, on Day 23 and on Day
29. The examinations at the end of the recovery period were omitted as no significant
drug-related findings were noted on Days 23 and 29.

Results:

No mortality or drug-related effects on clinical observations, gross ocular observations,
ophthalmic examinations, IOP, body weight, food consumption, macroscopic
observations, and microscopic pathology were noted during the course of this study.

The plasma TK paramcters of ketorolac {AGN-1913578) are summarized as follows:

Day 1
Treatment Group Crix (ng/mly AUCo, (nghrimL); SD
2 99.0 260: 46
Dayv 28
Treatment Group Coray (ng/mlL) AUCy (ng-hrimLy; 8D
2 i 372:12%
Group 20 043% ketorolas romethaming {AGN-191578-§; 40 b}, 23X day.

N = dfsex/prouptimepaing.

Ketorolac was absorbed into the systemic circulation of the rabbits following ocular
administration. The systemic exposure (AUC) of ketorolac on Day 1 was similar to that
of on Day 28.

2.6.6.4 Genetic toxicology _
Reviewed under NDA 19-700, submitted on May 27, 1987.

2.6.6.5 Carcinogenicity

Reviewed under NDA 19-700, submitted on May 27, 1987.

Ketorolac tromethamine was not carcinogenic in either rats given up to 5 mg/kg/day
orally for 24 months or in mice given 2 mg/kg/day orally for 18 months. These doses are
respectively 926 times and 370 times higher than the typical human topical ophthalmic
daily dose of 0.324 mg given as BID to an affected eye on a mg/kg basis.

Reviewer’s comment:

The clinical pharmacology study was not conducted in human clinical trials.

The typical human topical ophthalmic daily dose is 0.324 mg/person (4.5 mg/mL x 0.036
mL/drop, BID).

0.324 mg divided by 60 kg=0.0054 mg/kg/day

5 mg divided by 0.0054 mg=926

2 mg divided by 0.0054 mg=370

2.6.6.6 Reproductive and developmental toxicology

Reviewed under NDA 19-700, submitted on May 27, 1987.

Ketorolac tromethamine, administered during organogenesis, was not teratogenic in
rabbits and rats at oral doses of 3.6 mg/kg/day and 10 mg/kg/day, respectively. These
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doses are respectively 667 times and 1852 times higher than the typical human topical
ophthalmic daily doses of 0.324 mg. Additionally, when administered to rats after Day 17
of gestation at oral doses up to 1.5 mg/kg/day (278 times the typical human topical
ophthalmic daily dose on a mg/kg basis), ketorolac tromethamine resulted in dystocia and
increased pup mortality.

Reviewer’s comment:

3.6 mg divided by 0.0054 mg= 667

10 divided by 0.0054 mg=1852

1.5 mg divided by 0.0054 mg=278

2.6.6.7 Local tolerance
Local (ocular) tolerability was reviewed under 2.6.6.2. and 2.6.6.3.

2.6.6.8 Special toxicology studies
Study title: 6-Day Ocular Wound Healing Study in Rabbits

Key study findings: After anterior keratectomy, NZW female rabbits (5/group)
were given Acular LS® or KT at 0.35% or 0.45% in the new formulation via topical
ocular administration, up to 4 times per day for 6 days. Both Acular LS® and 0.45%
KT in the new formulation resulted in statistically significant delay in corneal
wound healing in comparison with the blank control. However, at any tested time
point after anterior keratectomy, no statistically significant differences in the rate of
corneal wound healing were observed between the two placebos (Acular LS® and
new formulation) or between Acular LS® and KT at 0.35% or 0.45% in the new
formulation.

Study no.: TX07062

Volume #, and page #: Electronic submission

Conducting laboratory and location: Allergan, Inc., Irvine, CA 92612

Date of study initiation: April 13, 2007

GLP compliance: No

QA reports: yes( ) no (x)

Drug, lot #, and % purity: KT, Lot No. R16795; Reformulated KT 0.35%, Lot
No.12864A1; Reformulated KT 0.45%, Lot.No.12863A1

Formulatlon/vehlcle 0.325% CMC (medium viscosity), 0.175% CMC (high V150051ty),
0.2% sodium citrate, 0.7% sodium chloride, and purified water

Methods

Doses: Four, 3, or 2 daily drops of Acular LS®, 0.35% KE, or 0.45% KE, respectively,
from the first day of treatment (Day 1) to Day 5, and one drop of each on Day 6.

Study design: The objective of this study was to evaluate the effects of reformulated KT,

in comparison with Acular LS®, on the rate of corneal wound healing when given
topically to the eyes of NZW rabbits for 6 days following anterior keratectomy.
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Thirty rabbits weighing 2.0-2.5 kg were used. The day of anterior keratectomy was also

Table 2.5-1 Study Group Arrangement
No. of Dosing
Animals and Frequency/Day
Group Sex Group Identification »(0U)
1 5F Blank Control N/A
2 5F 9439X: ACULAR LS® Placebo 4X
3 5F 9437X: ACULAR LS® 4X
4 5F 9854X: New Formulation Placebo 3X
9853X: 0.35% Ketorolac Tromethamine in
5 5F . 3X
New Formulation
. 0, 1 1
6 Sp 9852X: 0.45% Ketorolac T.romethamme in 9%
New Formulation
OU = both eyes aOn Day 6, all rabbits in Groups 2 to 6 were dosed only once in the morning prior to the
first daily slit lamp

the first day of dosing (Day 1).
The study group arrangement was as follows.

Results: In comparison with the blank control at approximately 120 hours post anterior
keratectomy (Day 6), both Acular LS® and 0.45% KT in the new formulation
resulted in statistically significant delay in corneal wound healing. Specifically on
Day 6, the mean corneal wound area measured for the blank control was
approximately 2% of its baseline mean (measured post surgery on Day 1), while
the mean area measured for Acular LS® or 0.45% KT in the new formulation was
approximately 9% or 11% of its baseline mean, respectively. However, when the
placebos of Acular LS®and the new formulations were compared, no statistically
significant differences in the rate of corneal wound healing were observed at any
tested time point post anterior keratectomy (p>0.1). Furthermore, when Acular
LS® was compared with KT at 0.35% or 0.45% in the new formulation, no
statistically significant differences in the rate of corneal wound healing were
observed at any tested time point post anterior keratectomy (p>0.1).

2.6.6.9 Discussion and Conclusions
The non-clinical and clinical safety of the following marketed products is well-
established:

Acular® (ketorolac tromethamine ophthalmic solution) 0.5%
Acular® PF (ketorolac tromethamine ophthalmic solution) 0.5% Preservative-Free
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Acular LS® (ketorolac tromethamine ophthalmic solution) 0.4%

In the previously conducted ocular toxicity studies, KT formulations at up to 4%
administered 3x/day for 28 days in NZW rabbits, Dutch Belted rabbits and cynomolgus
monkeys were well tolerated. KT at 0.5% administered 9x/day for 6-month in
cynomolgus monkeys was also safe (NDA 19-700).

In the newly formulated KT 0.45%, the preservative BAK (benzalkonium chloride) is
removed. By addition of CMC and the reduction of pH to 6.8 in the new formulation, the
bioavailability of KT in the ocular tissues was enhanced. Therefore, the dosing frequency
of the KT new formulation can be reduced to two times a day with a reduction in the
toxicity.

In the newly conducted 28-day GLP ocular toxicity studies in NZW rabbits, the newly
formulated 0.45% KT administered 5x/day was well-tolerated. The ocular irregularities
(epithelial thinning) observed in the early toxicity studies with BAK-containing KT
formulation were not observed in the current study.

Both Acular LS® and KT 0.45% new formulation produced the delay in corneal wound
healing 120 hours post anterior keratectomy in rabbits.

2.6.7 TOXICOLOGY TABULATED SUMMARY

To support the clinical use of reformulated KT (based on unpreserved CMC), the
following 1-day ocular tolerability, 1-month ocular toxicity, and 6-day ocular wound
healing studies were conducted.

2.6.7.1, Toxicology: Overview

Overview Test Article: Ketarolar
Trameihunmine
Species Method of Dugration N
Type of and Administratio af GLE Yesting Studly
Study Strain 3 Dosing Doses (Ve wiv) Compliance | Facility | Namber
Rabbit, | Topical Qcular I Day | Placebo (0%, new fornmlation) No Alfergan, | TX06091
Asiite ﬁgwd 0.4% (ACLILAR LE® i[“.“"
Yoxisgey | Leak g L ., rvine
Toxivity V;hia;; 0.45% (new formulation) California
US.A.
Each at 1 deop (~40 uL) 6 times
per day, 08
Rabbit, | Topical Ocular | 28 Days | Placebo (0%, new formulation) Yes Altergan, | TX07042
Repeat- | New 0.45% (new formuadation) Ine..
Dose Zeatand frvine,
Toxicity | While California
Foxicity Each at t drop (~40 pl) 25 times USA
per day, 08 e
Rabbit, | Topical Qeudar | 6Days | Placebo (0%, new formulation) No Allergan, | TX07062
Other | l\lw . Placelio (0%, ACULAR 1.8%) iéici-;ch‘
it | Zeal N X salifornia
loxicity \i?hz'ltl; 0.35% (new fonnulafeu) USA,
3.4% {ACULAR L§™)
0.45% {new formulation)
Eachat ] drop (~40 pl} 54 times
per day, 0% and OD

Q% Leftever  OD- Right eve

The following ocular toxicity studies from NDA 19-700 (submitted on May 27, 1987)
were cross-referenced in the current NDA.
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‘Table 2.6,6.9-1 Previusly Conducted Nonelinical Oenlar Toxicity Studies in Support of ACULAR®, ACULAR® PF, and
ACULAR LS®

Report Nowber™ SpreciesStrain Dosing Darstion Dose” Dirop Size ‘;?r':f; :i?xs:;‘g
G9-53-82-37610-00-31-3-EY-1.4. NZW Rabhils 1 Days 40 mpfml, O mb. i
10-B-83-37619-60-31-3-EX-LL INZW Rabbits 1 Days 5 mpimi. @)l 12
81-B-82-37619-00-31-3-EY-TX NZW Rabbits 0 Days 30 mgimb. 2.0 ml, 2
110-B-83-37619-00-3 {<3-EY1X NZW and Duich Befled 28 Days 4 mgml. 0.1 1ml, 3

Rebbits
163-13-82-37819-00-31-3-BY-TX Dutch Belted Rablits 28 Days 4G mpfml. 0.5 mk 3
$4-H-82-37619-00-3 1-3-LY-TX BPutch Belted Rabbits 36 Duys 40 mg/ml. DRE1H 3
16-13-83-37619-00-31-3-EY-TX NZW Rabbits 42 Days 40 mgink. 6.0 ml, 3
2RE-B337619-00.31-3-EY-TX Cynomolpus Monkeys 28 Days 40 gk, AN 3
127 KE-84-37619-3§3-LY-TX Cynomolgus Monkeys 29 Days Smgiml 8.1 ml. 2
136-KF-83-37619-00-3 13 -EY-TX Cyaomalgus Monkeys 6 months S mggint, .08 ml., 9

*See Module 1.4.40. Fubles 5.1 and 52,
*lighest dose eealuated. Fommnlation pif ~74.
“Total number of topical ocular drops per day.

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

Ketorolac tromethamine is an NSAID with analgesic, anti-inflammatory, and anti-pyretic
activity. When given topically, ketorolac demonstrated potent anti-inflammatory activity
in several models of ocular inflammation in rats and rabbits.

The oral form of ketorolac tromethamine (Toradol) was approved in 1991.

Acular® (0.5% ketorolac tromethamine ophthalmic solution, NDA 19-700) has been
marketed in the US as a nonsteroidal anti-inflammatory ophthalmic agent since 1997 and
in Europe since 1989. Acular® PF (0.5% ketorolac tromethamine ophthalmic solution
Preservative-Free, NDA 20-811) was approved in 1997 and Acular LS® (0.4% ketorolac
tromethamine ophthalmic solution, NDA 21-528) was approved in 2003 in the US.

The non-clinical studies of these products have been reviewed previously in the above
mentioned NDAs. The sponsor has referred to these NDAs for the non-clinical
information.

The subject of this NDA is Acuvail™ (0.45% ketorolac tromethamine ophthalmic
solution). This reformulated KT ocular product is pH 6.8, CMC-based and preservative
free. The preservative (BAK) in Acular® is removed. Therefore, the toxicity by BAK is
eliminated.

Based on the results from pharmacokinetic studies with new formulations, the sponsor
concluded that 0.45% ketorolac tromethamine formulated with CMC at pH 6.8 delivers
ketorolac more efficiently in rabbit ocular tissues as compared to the aqueous-based
vehicle used in Acular® and Acular LS®. Therefore, the dosing frequency of the KT
new formulation can be reduced to two times a day as compared to four times a day for
Acular® and Acular LS®.

Ketorolac levels achieved with the new formulation (0.45%) are less than the ocular and
systemic drug levels previously demonstrated to be well tolerated in long term toxicology
studies in which rabbits received up to 4% ketorolac tromethamine formulated in the
Acular® and Acular LS® aqueous-based formulation (NDA 19-700, submitted May 27,
1987 and NDA 21-528, submitted August 7, 2002).
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In the newly conducted 28-day GLP ocular toxicity studies in NZW rabbits, the newly
formulated 0.45% KT administered 5x/day was well-tolerated. The ocular irregularities
(epithelial thinning) observed in the early toxicity studies with BAK-containing KT
formulation were not observed in the current study.

It was found that both Acular LS® and KT 0.45% new formulation produced the delay in
corneal wound healing 120 hours post anterior keratectomy in rabbits. However, no
statistically significant differences in the rate of corneal wound healing were observed
between Acular LS® and KT new formulations at 0.45% (p>0.1).

Unresolved toxicology issues (if any): None

Recommendations:
The approval of NDA 22-427 is recommended.

Suggested labeling:
The proposed labeling is acceptable.

Signatures (optional):

Reviewer Signature _Conrad H. Chen, Ph.D.

Supervisor Signature  Wendelyn Schmidt, Ph.D.
Concurrence Yes  No
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