


NDA/EFFICACY SUPPLEMENT ACTION PACKAGE CHECKLIST

Supplement Number

Drug: Acular LS (ketorolac tromethamine
ophthalmic solution) 0.4%

Applicant: Allergan, Inc.

RPM: Raphael R. Rodnguez

HFD- 550 Phone # 827-2090

Ai‘)phcatmn Type: 505 (b)

*+ Application Classifications:

Reference Listed Drug (NDA #, Drug name):

s  Review prionty

(X) Standard () Prionty

e Chem class (NDAs only)

s Other (e.g., orphan, OTC)

-

<+ User Fee Goal Datés June 7, 2003
%+ Special programs (indicate ail that apply) (X) None
Subpart H
()21 CFR 314.510 {accelerated
approval)

()21 CFR 314.520 i
(restricted distribution)

() Fast Track
Rolling Review

-
b

User Fee Information

¢ User Fee

(X) Paid

s  User Fee waiver

( ) Small business

() Public health

( ) Barrier-to-Innovation
() Other

s  User Fee exception

() Orphan designation
{ ) No-fee 505(b)(2)
Other

¢ Application Integrity Policy (AIP)

» Applicant is on the AIP

() Yes. (X) No

»  This application is on the AIP

() Yes (X)No

*  Exception for review (Center Director’s memo)

¢  OC clearance for approval

notice).

*» Debarment certification: verified that qualifying language (e.g., willingly, knowingly} was { (X) Venfied .
not used in certification and certifications from foreign applicants are co-signed by U.S.
agent.
%+ Patent
» Information: Verify that patent information was submitted (X) Verified
e Patent certification [505(b)(2) applications]: Verify type of certifications 21 CFR 314.50(i)(1)()(A)
submitted Ol OO0 QI OIvVse -
21 CFR 314.503)(1)
QaG) Q) (i)
»  For paragraph LV certification, verify that the applicant notified the patent () Verified

holder(s) of their certification that the patent(s) is invalid, unenforceable, or will
not be infringed (certification of notification and documentation of receipt of

¥
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< Exclusivity Summary (approvals only)

5/30/03

Administrative Reviews (Project Manager, ADRA) (indicate date of each review)

Actions

il X
Krwet s ] X

¢  Proposed action

(X)AP ()TA ()AE ()NA

¢ Previous actions (specify type and date for each action taken)

+  Status of advertising {approvals only)

5

( } Materials requested in AP letter

-
D
*

Rcvicwed for Subpart H

Public communicanons

fod
s  Press Office notified of action (approval only) (X) Yes () Not applicable
(X) None
() Press Release
* Indicate what types (if any) of information dissemination are anticipated () Taik Paper

() Dear Health Care Professional
Letter

-,
L]

Labeling (package insert, patient package insert (1f applicable), MedGuide (if applicable)}

e Division’s proposed labeling (only if generated after latest applicant submission

of labeling) s
+  Most recent applicant-proposed labeling 5/20/03 &
e  Original applicant-proposed labeling 8/6/02

e  Labeling reviews (including DDMAC, Office of Drug Safety trade name review,
nomenclature reviews) and minutes of labeling meetings (indicate dates of
reviews and meetings)

DMETS 4/25/03

s  Other relevant labeling {e.g., most recent 3 in class, class labeling)

Labels (immediate container & carton labels)

s Division proposed {only if generated after latest applicant submission)

i

*  Applicant proposed

8/6/02

s Reviews

11/1/02; 5/28/03

Post-marketing commitments

s  Apgency request for post-marketing commitments

*  Documentation of discussions and/or agreements relating to post-marketing
commitnents

Outgoing correspondence (i.e., letters, E-mails, faxes)

¥  Memoranda and Telecons

* Minutes of Meetings

5/23/01

s  EOP2 meeting (indicate date)
*  Pre-NDA meeting (indicate date) 5/20/02
*  Pre-Approval Safety Conference (indicate date; approvals only)
»  Other v
<  Advisory Committee Meeting
e  Date of Meeting N/A
s  48-hour alert N/A
Federal Register Notices, DESI documents, NAS, NRC (if any are applicable) N/A




Summary Reviews (e.g., Office Director,
{indicate date for each review)
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Clinical review(s) (indicate date for each review)

11/1/02; 2/19/03; 5/28/03

Microbiology (efficacy) review(s) (indicate date for each review)

% Safety Update review(s) (indicate date or location if incorporated in another review) 5/28/03
< Pediatric Page(separate page for each indication addressing status of all age groups) 5/29/03
<« Statistical review(s) (indicate date for each review) 2/5/03
** Biopharmaceutical review(s) (indicate date for each review) 3/21/03
% Controlled Substance Staff review(s) and recommendation for scheduling {indicate date N/A

Sfor each review)

Clinical Inspection Review Summary (DSI)

¢ Clinical studies

* Bioequivalence studies

3 14 St

CMC review(s) (indicate date for each review)

N/A

Environmental Assessment

e Categorical Exclusion (indicate review date)

* Review & FONSI (indicate date of review) N/A
» Review & Environmental Impact Statement (indicate date of each review)
“» Micro (validation of stenilization & product sterility) review(s) (indicate date for each 3/7/03

review)

Facilities inspection (provide EER report)

Date completed: 3720 /o3
(X) Acceptable
{) Withhold recommendation

Methods validation

Pharm/tox review(s), including referenced IND reviews (indicate date for each review)

() Completed
(X) Requested
} Not yet requested

< 10/15/02
«+ Nonclinical inspection review summary N/A
%+ Statistical review(s) of carcinogenicity studies (indicate date for each review) N/A
*» CAC/ECAC report N/A




'Number of Pages
Redacted 7

<. 0. &
0.0 0’0 0’0

Draft Labeling
(not releasable,




EXCLUSIVITY SUMMARY for NDA # 21-528 SUPPL #

Trade Name ACULAR LS Generic Name Ketorolac Tromethamine
Ophthalmic Solution 0.4%

Applicant Name Allergan, Inc. HFD- 550
Approval Date

PART I: IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made for all original
applications, but only for certain supplements. Complete
Parts II and III of this Exclusivity Summary only if you
answer "YES" to one or more of the following questions about
the submission.

a) Is it an original NDA? YES/ X / NO / /

b) Is it an effectiveness supplement? YES / / NO / X /

If yes, what type(SEl, SE2, etc.)? 38 - new formulation®

¢} Did it require the review of clinical data other than to
support a safety claim or change in labeling related to
safety? (If it required review only of bicavailability
or biocequivalence data, answer "NO.")

YES / X/ NO /

If your answer is "no" because you believe the study is a
biocavailability study and, therefore, not eligible for
exclusivity, EXPLAIN why it is a biocavailability study,
including your reasons for disagreeing with any arguments
made by the applicant that the study was not simply a
bicavailability study.

If it is a supplement requiring the review of clinical
data but it is not an effectiveness supplement, describe
the change or claim that is supported by the clinical
data:
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e d) Did the applicant request exclusivity?

YES / X / NO /___/

If the answer to (d) is "yes," how many years of
exclusivity did the applicant request?

3 vears

e) Has pediatric exclusivity been granted for this Active
Moiety?

YES / X / NO /_ /

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO

DIRECTLY TO THE SIGNATURE BLOCKS ON Page 9.

2. Has a product with the same active ingredient (s), dosage form, .
strength, route of administration, and dosing schedule
previously been approved by FDA for the same use? (Rx to OTC)
Switches should be answered No - Please indicate as such).

YES /__ / NO / X/

If yes, NDA # Drug Name

IF THE ANSWER TC QUESTION 2 IS "YES," GO DIRECTLY TO THE
SIGNATURE BLOCKS ON Page 9.

3. Is this drug product or indication a DESI upgrade?

YES /___/ NO /_X_/

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE

SIGNATURE BLOCKS ON Page 9 (even if a study was required for the
upgrade) .
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PART II: FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
(Answer either #1 or #2, as appropxriate)

1. Single active ingredient product.

Has FDA previously approved under section 505 of the Act any
drug product containing the same active moiety as the drug
under consideration? Answer "yes" if the active moiety
(including other esterified forms, salts, complexes, chelates
or clathrates) has been previously approved, but this
particular form of the active moiety, e.g., this particular
ester or salt (including salts with hydrogen or coordination
bonding) or other non-covalent derivative (such as a complex,
chelate, or clathrate) has not been approved. Answer "no" if
the compound requires metabolic conversion {other than
deesterification of an esterified form of the drug) to produce
an already approved active moiety. H

YES / X / NO / _/

If "yes," identify the approved drug product({s) containing the
active moiety, and, if known, the NDA #(s).

NDA # 15-700
NDA # 20-811
NDA #

2. Combination product.

If the prcduct contains more than one active moiety (as
defined in Part II, #1), has FDA previously approved an
application under section 505 containing any one of the active
moieties in the drug product? If, for example, the
combination contains one never-before-approved active moiety
and one previously approved active moiety, answer "yes." (An
active moiety that is marketed under an OTC monograph, but
that was never approved under an NDA, is considered not
previously approved.)

YES /__ / NO / X / v
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If "yes," identify the approved drug product{s) containing the
active moiety, and, if known, the NDA #(s).

NDA # N/A

NDA #

NDA #

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO,"™ GO
DIRECTLY TO THE SIGNATURE BLOCKS ON Page 9. IF "YES," GO TO PART
III.

PART III: THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or
supplement must contain "reports of new clinical investigations
(other than bicavailability studies) essential to the approval of
the application and conducted or sponsored by the applicant." -
This secticn should/be completed only if the answer to PART II,
Question 1 or 2, was "yes."

1. Does the applicaticon contain reports of clinical
investigations? (The Agency interprets "clinical
investigations" to mean investigations conducted on humans
other than bicavailability studies.} If the application
contains clinical investigations only by virtue of a right of
reference to clinical investigations in another application,
answer "yes," then skip to question 3(a). If the answer to
3(a) is "yes" for any investigation referred to in another

application, do not complete remainder of summary f£or that
investigation.

YES / X / NO /_ /

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON Page 9.

2. A clinical investigation is "essential to the approval®" if the
Agency could not have approved the application or supplement
without relying on that investigation. Thus, the
investigation is not essential to the approval if 1) no
clinical investigation is necessary to support the supplement
or application in light of previously approved applications
(i.e., information other than clinical trials, such as
biocavailability data, would be sufficient to provide a basis
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for approval as an ANDA or 505(b) (2) application because of
what is already known about a previously approved product), or
2) there are published reports of studies {other than those
conducted or sponsored by the applicant) or other publicly
available data that independently would have been sufficient
to support approval of the application, without reference to
the clinical investigation submitted in the application.

For the purposes of this section, studies comparing two
products with the same ingredient(s) are considered to be
biocavailability studies.

(a) In light of previously approved applications, is a
clinical investigation (either conducted by the
applicant or available from some other source,
including the published literature) necessary to
support approval of the application or supplement?

YES / X / NO /___/

If "no," state the basis for your conclusion that a
clinical trial is not necessary for approval AND GO
DIRECTLY TO SIGNATURE BLOCK ON Page 9:

(k) Did the applicant submit a list of published studies
relevant to the safety and effectiveness of this drug
product and a statement that the publicly available
data would not independently support approval of the
application?

YES / / NO /_X_/
(1) If the answer to 2(b) is "yes," do you perscnally

know of any reason to disagree with the applicant's
conclusion? If not applicable, answer NO.

YES / / NO /_ /[

If ves, explain:
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(2) If the answer to 2(b) is "no," are you aware of
published studies not conducted or sponsored by the
applicant or other publicly available data that could
independently demonstrate the safety and effectiveness
of this drug product?

YES /_ / NO / X/

If ves, explain:

(c) If the answers toc {(b) (1) and (b} (2) were both "no,"
identify the clinical investigations submitted in the
application that are essential to the approval:

Investigation #1, Study # 191578-002

Investigation #2, Study # 191578-003

Investigation #3, Study #

. In addition to being essential, investigations must be "new"

to support exclugivity. The agency interprets "new clinical
investigation" to mean an investigation that 1) has not been
relied con by the agency to demonstrate the effectiveness of a
previously approved drug for any indication and 2) does not
duplicate the results of another investigation that was relied
on by the agency to demonstrate the effectiveness of a
previocusly approved drug product, i1.e., does not redemonstrate
something the agency considers to have been demonstrated in an
already approved application.

{(a) For each investigation identified as "essential to the
approval," has the investigation been relied on by the
agency to demonstrate the effectiveness of a previously
approved drug product? (If the investigation was relied
on only to support the safety of a previously approved
drug, answer "no.")

Investigation #1 YES / / NO / X /
Investigation #2 YES / / NO / X /
Investigation #3 YES / / NO [/ /

If you have answered "yes" for one or more
investigations, identify each such investigation and the
NDA in which each was relied upon:

Page 6



NDA # Study #

NDA # Study #
NDA # Study #
(b) For each investigation identified as "essential to the

approval," does the investigation duplicate the results
of another investigation that was relied on by the agency
to support the effectiveness of a previocusly approved
drug product?

Investigation #1 YES / / NO / X /
Investigation #2 YES / / NO / X /
Investigation #3 YES / / NO [/ /

If you have answered "yes" for one or more
investigations, identify the NDA in which a similar
investigation was relied on:

NDA # Study #
NDA # j Study #
NDA # Study #
(c) 1If the answers to 3(a}l and 3{(b) are no, identify each

"new" investigation in the application or supplement that
is essential to the approval (i.e., the investigations
listed in #2(c), less any that are not "new"):

Investigation #1, Study # 151578-002
Investigation #2, Study # 191578-003
Investigation # , Study #

. To be eligible for exclusivity, a new investigation that is

essential to approval must also have been conducted or
sponsored by the applicant. An investigation was "conducted
or sponsored by" the applicant if, before or during the
conduct of the investigation, 1) the applicant was the sponsor
of the IND named in the form FDA 1571 filed with the Agency,
or 2) the applicant (or its predecessor in interest) provided
substantial support for the study. Ordinarily, substantial
support will mean providing 50 percent or more of the cost of .
the study.
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(a) For each investigation identified in response to
question 3(c): if the investigation was carried out
under an IND, was the applicant identified on the FDA
1571 as the sponsor?

Investigation #1 !

IND # ===  YES / X /! NO /_ __/ Explain:

e s e

Investigation #2

IND __ YES / X_/

ram—

NO / / Explain:

(b} For each investigation not carried out under an IND or
for which the applicant was not identified as the
sponsor, did the applicant certify that it or the
applicant's predecessor in interest provided
substantial support for the gtudy?

Investigation #1

YES / / Explain NO [/ / Explain

Investigation #2

YES / / Explain NO / / Explain

)
|
|
|
|
|
|
|
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{c)

Notwithstanding an answexr of "yes" to (a) or (b), are
there other reasons to believe that the applicant
should not be credited with having "conducted or
sponsored" the study? (Purchased studies may not be
used as the basis for exclusivity. However, if all
rights to the drug are purchased (not just studies on
the drug), the applicant may be considered to have
sponsored or conducted the studies sponsored or
conducted by its predecessor in interest.)

YES /___/ NO /_X /

If yes, explain:

-

Raphael R. Rodriguez, PM Lucious Lim, Clinical Reviewer.

/S/ 5’/-39/3

Wiley A7 Chambers, M.D.
Deputy Director, HFD-550 Date

cC:

Archival NDA 21-528
HFD-550 /Division File
HFD-550 /RPM/ RodriguezR
HFD-093/Mary Ann Holovac
HFD-104/PEDS/T.Crescenzi

Form OGD-011347
Reviged 8/7/95; edited B/8/95; revised 8/25/98, edited 3/6/01
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PEDIATRIC PAGE
(Complete for all APPROVED original applications and efficacy supplements)

NDA/BLA#:__ 21-528 Supplement Type (e.g. SES): Supplement Number:
.mp Date; 8/9/02 Action Date:

HFD 350 Trade and generic names/dosage form: _ Acular LS (ketorolac tromethamine ophthalmic solution) 0.4%

Applicant: __ Allergan, Inc Therapeutic Class: _Non-steroidal anti-inflammatory apent

Indication(s) previously approved: 1.) Temporary relief of ocular itching due to seasonal allergic conjunctivitis
2.) Treatment of postoperative inflammation in patients who have undergone cataract
extraction

~ 3.) Reduction of ocular pain and photophobia following incisional refractive surgerv

Each approved indication must have pediatric studies: Completed, Deferred, and/or Waived.
Number of indications for this application(s):__ |

Indication =1: Reduction of ocular pain and ocular symptom of burning/stinging following corneal refractive
surgery.

Is there a full waiver for this indication (check one)?
XX Yes: Please proceed to Section A.
O No: Piease check all that apply: Partial Waiver Deferred Completed

NOTE: More than one may apply
Please proceed to Section B, Section C, and/or Section D and complete as necessary.

| Section A: Fully Waived Studies

Reason(s) for full waiver:

U Products in this class for this indication kave been studied/labeled for pediatric population

1 Disease/condition does not exist in children

3 Too few children with disease to study

J There are safety concerns

XX Other: _ The indication is not applicable to the pediatric population. Corneal refractive surgery is contraindicated
in children.

If studies are fully waived, then pediatric information is complete for this indication. If there is another indication, please see
Attachment A. Otherwise, this Pediatric Page is complete and should be entered into DFS.

Section B: Partially Waived Studies

Agefweight range being partially waived:

Min kg mo. yr. Tanner Stage
Max kg mo. yr. Tanner Stage

—

Reason(s) for partial waiver:

Products in this class for this indication have been studied/labeled for pediatric population
Disease/condition does not exist in children

Too few children with disease to study

There are safety concerns

gooo



NDA 21-528
Page 2

0] Adult studies ready for approval
=== (1 Formulation needed
O Other:

If studies are deferred, proceed to Section C. [f studies are completed, proceed to Section D. Otherwise, this Pediatric Page 15
complete and should be entered into DFS,

Section C: Deferred Studies

_ Age¢/weight range being deferred:

Min kg mo. yr. Tanner Stage
Max kg mo. yr. Tanner Stage

Reason(s) for deferral:

Products in this class for this indication have been studied/labeled for pediatric population
Disease/condition does not exist in children

Too few children with disease to study

There are safety concerns

Adult studies ready for approval

Formulation needed
Other:

000000

Date studies are due {mm/dd/yy):

udies are completed, proceed to Section D. Otherwise, this Pediatric Page 1s complete and should be entered into DFS.

Section D: Completed Studies

Age/weight range of completed studies:

Min kg mo. yr. Tanner Stage
Max kg mo. yr. Tanner Stage
Comments:

If there are additional indications, please proceed to Attachment A. Otherwise, this Pediatric Page is complete and should be entered
into DFS.

This page was completed by:

Lucious Lim, Clinical Reviewer Raphael Rodriguez, PM

cc: NDA
HFD-95(/ Terrie Crescenzi
HFD-960/ Grace Carmouze
(revised 9-24-02)
- FOR QUESTIONS ON COMPLETING THIS FORM CONTACT, PEDIATRIC TEAM, HFD-960
301-594-7337



Allergan Confidential NDA 21-528
Ketorolac tromethamine ophthalmic solution 0.4% Section 19

REQUEST FOR WAIVER OF PEDIATRIC STUDIES

In accordance with CFR 314.55(c)(2)(i), Allergan, Inc., is requesting a waiver of the
pediatric study requirements for this onginal New Drug Application for Ketorolac

_ Tromethamine Ophthalmic Solution 0.4%. Allergan, Inc., is requesting this waiver based on
the following reasons: This proposed new product is not likely to be used in a substantial
number of pediatric patients based on the proposed indication of “the reduction of ocular
pain and ocular symptoms of foreign body sensation, burning/stinging, tearing, and
photophobia following refractive surgery”. Additionally, Allergan previously submitted a
Pediatric Study Report to the Agency on June 18, 2001 for NDA 19-700 and NDA 20-811
which was done with the same active ingredient, ketorolac tromethamine, formulated at
0.5% in pediatric patients between 3 and 12 years of age. This pediatric study was
subsequently approved by the Agency on February 8, 2002 and pediatric exclusivity was
granted to the above mentioned NDAs. ¢

I

Peter Kres
Senior VicePtresident
Global Regulatory Affairs

ate

APPEARS THIS WAY
ON ORIGINAL

requestforpediatricwaiver.pdf p. 001 1 143



CONSULTATION RESPONSE

DIVISION OF MEDICATION ERRORS AND TECHNICAL SUPPORT
OFFICE OF DRUG SAFETY
(DMETS; HFD-420)

DATE RECEIVED: January 29, 2003 DUE DATE: April 23, 2003 ODS CONSULT #: 02-0195-1
TO: Lee Simon
Director, Division of Anti-Inflammatory, Analgesic and Ophthalmologic Drug Products
HFD-550

THROUGH: Raphael Rodriguez
Project Manager
HFD-550

PRODUCT NAME: NDA SPONSOR.:
Acular PRO Allergan, Inc
(Ketorolac Tromethamine Ophthalmic Solution) 0.4%

NDA: 21-528

SAFETY EVALUATOR: Denise P. Toyer, Pharm.D. L

SUMMARY: In response to a consult from the Division of Anti-Inflammatory, Analgesic and Ophthalmologic
Drug Products (HFD-550), the Division of Medication Errors and Technical Support (DMETS) conducted a
review of the proposed proprietary name “Acular *= to determine the potential for confusion with approved
proprietary and established names as well as pending names.

RECOMMENDATIONS:

1. DMETS does not recommend the use of the modifier == in conjunction with the proprietary name, Acular
for this 0.4% formulation of Ketorolac Tromethamme. Additionaily, DMETS does not recommend use of any
modifier in conjunction with Acular Ophthalmic Solution 0.4%.

2. DMETS recommends that the sponsor provide an educational campaign to health care practitioners upon launch
of the new strength.

DMETS also recommends implementation of the labeling revision outlined in Section 11l of this review.

(9]

4. DDMAC does not recommend use of the proprietary name Acular ——_from a promotional perspective for
the following reason: ' “wmgimplies the drug is superior to other treatment options.

Carol Holquist, RPh Jerry Phillips, RPh v
Deputy Director, Associate Director

Division of Medication Errors and Technical Support Office of Drug Safety

Office of Drug Safety Center for Drug Evaluation and Research

Phone: (301) 827-3242 Fax: (301) 443-9664 Food and Drug Administration




Division of Medication Errors and Technical Support (DMETS)
Office of Drug Safety
HFD-420; Parklawn Rm. 6-34
Center for Drug Evaluation and Research

PROPRIETARY NAME REVIEW

DATE OF REVIEW: Apnl 8, 2003
* NDA# 21-528
NAﬁE OF DRUG: Acular cam=

{Ketorelac Tromethamine Ophthalmic Solution) 0.4%

NDA HOLDER: Allergan, Inc.

L. INTRODUCTION:

This consult was written in response to a request from the Division of Anti-Inflammatory,
Analgesic and Ophthalmologic Drug Products (HFD-550), to review the proprietary name Acular
-— regarding potential name confusion with other proprietary/established drug names. The root
name ‘Acular’ is the proprietary name for ketorolac tromethamine Ophthalmic Solution 0.5%
which was approved November 9, 1992 (NDA# 19-700). The preservative free formulation,
*Acular PF, also contains ketorolac tromethamine 0.5% and was approved November 3, 1997
(NDA# 20-811). The proposed product, Acular ~~  will contain ketorolac tromethamine 0.4%
and will also contain the same preservative and inactive ingredients found in Acular. However,
the indication of use differs from Acular. Acular is indicated for the temporary relief of itching
due to seasonal allergic conjunctivitis, and for the treatment of postoperative inflammation in
patients who have undergone cataract extraction whereas Acular — 1s indicated for reduction of
ocular pain and ocular symptoms of foreign body sensation, photophobia, burning/stinging, and
tearing following refractive surgery. The recommended dose of Acular - 15 one drop instilled
in the operated eye four times a day for up to four days. Acular — will be marketed in 5 mL

~——  dropper bottles. The draft container labels, carton and package insert labeling were
reviewed for possible interventions to minimize medication errors.

11, RISK ASSESSMENT:

The medication error staff of DMETS conducted a search of several standard published drug product
reference texts' as well as several FDA datat:pasc;é2 for existing drug names which sound-alike or
look-alike to “Acular -- to a degree where potential confusion between drug names could occur
under the usual clinical practice settings. A search of the electronic online version of the U.S. Patent

A

! Facts and Comparisons, 2003, Facts and Comparisons, St. Louis, Mo. http://www efactsweb.com/index asp
MICROMEDEX Integrated Index, 003, MICROMEDEX, Inc., 6200 South Syracuse Way, Suite 300, Englewood, Colorado
80111-4740, which includes all products/databases within ChemKnowledge, DrugKnowledge, and RegsKnowledge Systems
and PDR/Physician's Desk Reference (Medical Economics Company Inc, 2003).
* The Division of Medication Errors and Technical Support [DMETS)] database of Proprietary name consultation requests,
New Drug Approvals 98-03, and the electronic online version of the FDA Orange Book.

2
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and Trademark Office’s Text and Image Database was also conducted.” The Saegis* Pharma-in-Use
database was searched for drug names with potential for confusion. An expert panel discussion was
ey conducted to review all findings from the searches. In addition, DMETS conducted three
' ‘ prescription analysis studies consisting of two written prescription studies (inpatient and outpatient)
and one verbal prescription study, invelving health care practitioners within FDA. This exercise was
conducted to simulate the prescription ordering process in order to evaluate potential errors in
handwriting and verbal communication of the name.

Al EXPERT PANEL DISCUSSION

An Expert Panel discussion was held by DMETS to gather professional opinions on the
safety of the propnietary name “Acular —  Potential concerns regarding drug marketing
and promotion related to the proposed name were also discussed. The members of this panel
include DMETS Medication Errors Prevention Staff and representation from the Division of
Drug Marketing, Advertising, and Communications (DDMAC). The group relies on their
clinical and other professional experiences and a number of standard references when making
a decision on the acceptability of a proprietary name.

1. The Expert Panel identified Acular, Acular PF, and Ocuclear as having the potential for
confusion with Acular ===

2. DDMAC had objections to the use of the modifier we= ' 1n the name Acular The *©
modifier = ’ implies the drug 1s superior to other treatment options.

Table i
Potential Sound-Alike/Look-Alike Names Identified by DMETS Expert Panel
Product Name - 1Dosage form(s); Estabhshed namexniRnins Uéual“ﬁ’dult"dose*‘“ N Other**
Acular: e | Ketorolac Tromethamipefad "~ oo, MR L, Oneldrop'] m the eye(s)operated | N/A
2 v Ophthalmm Soliition 0 4‘V'=Z“ el ::‘t?';? - on four,enmes £l day for up.L¢ to four
5sz ——— 5 Pl .
Preservatwe &Benzaikomum Chlonde 0 006" Aw_ :

Tndictive Igredients’s Edetﬁ"t’"‘é‘émso&mmooxsn/ gt
Octoxynol gﬂﬁ,_];unﬁedﬂ\&'atcr, SodmrmChlonde:..
: Hydmchlonc‘Amd andloréSod:uthydromde =g

Ketorolac Tromethamine Ocm’ar Irchmg Onc drop inthe |LA/SA

Ophthalmic Solution 0.5% affected eye(s) four times a day
3mL, 5 mL, and 10 mL Bottles
Preservative: Benzalkonium Chloride 0.01% Postoperative Inflammation:

Inactive Ingredients: Edetate Disodium 0.1% | One drop applied to the affected
Octoxynol 40, Purified Water, Sodium Chloride, | eye(s) four times a day for 2
Hydrochlone Acid and/or Sodium Hydroxide weeks

Acular PF Ketorolac Tromethamine N One drop in the affected eye(s) |LA/SA
Ophthalmic Solution 0.5% . four times a day as needed for
0.4 mL Single Use Vials pain and photophobia for up to
three days
OcuClear Oxymetazoline One to two drops in affected SA
Ophthalmic Solution 0.025% eye(s) two to four times daily
(Over-the-Counter) 30 mL Bottles

* Frequently used, not all-inclusive.

** L/A (look-alike), S/A (sound-alike)

* WWW location http://www.uspto.gov/main/trademarks.htm
* Data provided by Thomsen & Thomson's SAEGIS ™ Online Service, available at www.thomson-thomson com
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B. PRESCRIPTION ANALYSIS STUDIES

1. Methodology:

Three separate studies were conducted within FDA for the proposed proprietary name to
determine the degree of confusion of Acular ~ with other U.S. drug names due to
similarity in visual appearance with handwritten prescriptions or verbal pronunciation of
the drug name. These studies employed a total of 131 health care professionals
(pharmacists, physicians, and nurses). This exercise was conducted in an attempt to
simulate the prescription ordering process. An inpatient order and outpatient
prescriptions were written, each consisting of a combination of marketed and unapproved
drug products and a prescription for Acular = see below). These prescriptions were
optically scanned and one prescription was delivered to a random sample of the
participating health professionals via e-mail. In addition, the outpatient orders were
recorded on voice mail. The voice mail messages were then sent to a random sample of
the participating health professionals for their interpretations and review. After receiving
either the written or verbal prescription orders, the participants sent their interpretations
of the orders via e-mail to the medication error staff.

HANDWRITTEN PRESCRIPTION VERBAL PRESCRIPTION
Qutpatient RX:

L
w&——\_ ——in e

The second is for Acular e
- Kd_ o RTO ¥ b Instill 1 drop 4 times a day to

R both eyes for 4 days.
Dispense #1.
Inpatient BRX:
L T rp x4
2. Results:
The results are summarized in Table L.
Table [
Study #of #of Correctly Incorrectly
Participants | Responses Interpreted Interpreted
%
Written 39 24 (62%) 17 (71%) 7 (29%)
Inpatient
Written 35 24 (69%) 3(13%) 21 (87%)
Qutpatient .
Verbal 57 44 (77%) 12 (27%) 32 (73%)
Total 131 92 (70%) 32 (35%) 60 (65%)
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O Correct Name

Bl incorrect Name
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Written (Inpatient) Written (Outpatient) Verbai

In the verbal study 12 of 44 (27%) participants interpreted Acular — correctly. The
majority of the incorrect name interpretations were phonetic variations of “Acular —
The majority of the misinterpretations include Acular PRE (5), Acular PM (4), Acular PR
(3), Acular PN (3), Accular — 4). Single incorrect misinterpretations were Aculan Pn,
Acculab — Acrolyte — , Acualr PN, Aculan PM, and Acula. — Three participants
correctly identified the root name, Acular, but omitted the modifier.

[n the written outpatient prescription study 3 of the 24 (13%) participants interpreted
Acular == correctly. The majority of the participants interpreted the root name
correctly (Acular) but misinterpreted the modifier. The incorrect responses were Acular
PM (5), Acular PN (5), Acular PRE (5), and Acular PR (3). Additionally, three )
respondents interpreted the root name correctly but did not include the moditier. v

In the written inpatient study 17 (71%) of the 24 participants interpreted Acular _ ==
correctly. The remaining seven responses included correct interpretations of the root
name Acular without including a modifier.

In all three studies, respondents interpreted the name as ‘Acular’ which, is a currently
marketed and approved product.

SAFETY EVALUATOR RISK ASSESSMENT

a. Look-Alike and Sound-Alike Names

In reviewing the proprietary name Acular —we the primary concerns raised
were related to sound and/or look-alike names that currently exist i the US
market: Acular, Acular PF, and OcuClear.

DMETS conducted prescription studies to simulate the prescription ordering process.
There was no confirmation that Acular == could be confused with Acular PF,
however the prescription studies confirmed that Acular ~ could be confused with
Acular. Although there are limitations to the predictive value of these studies,
primarily due to the small sample size, we have acquired safety concerns due to the
positive interpretation with this drug product. A positive finding in a study with a
small sample size may indicate a high risk and potential for medication errors wh&n -
extrapolated to the general U.S. population. The majority of the misinterpretations
from the verbal and written prescription studies were phonetic misinterpretations or
spelling variations of the drug name Acular. ==



A search of the Adverse Event Reporting System (AERS) using the Preferred Terms
‘Medication Error’ and ‘Overdose NOS” and drug names ‘Acular’ and ‘Acul%’
identified four cases. Two of the cases involved name confusion (see Attachment |
for the full narratives). The first report dealt with potential name confusion between
Acular and the word ‘ocular.” The second report involved a porential medication
error due to name confusion between the established names Ketorolac and Ketotifen.
However, there is insufficient evidence at this time to conclude that the root
proprietary name Acular has significant potential for name confusion. DMETS will
continue to monitor post-marketing medication error reports in association with the
proprietary name Acular,

There is potential for look and sound-alike confusion between Acular PF and Acular

=" because of the commonality of the root name, Acular, and the similarity between
the modifiers, PF and 1= These products have overlapping dosing intervals (QID),
routes of administration (ophthalmic), dosage forms (selution}), and amount to be
administered (one drop). The products are available in different strengths (0.5% vs.
0.4%) and have different indications of use. Both modifiers begin with the same
letter. If the modifier is not clearly written and is misinterpreted the potential for
errors increase especially since other product characteristics overlap. Additionally,
the vial size of Acular PF and the strength of Acular ™™ share similar numerical
characters {(i.e., 0.4). Confusion may occur if the strength (0.4%) of Acular == 15
misinterpreted as the vial volume (0.4 mL) of Acular PF. Unfortunately, prescribers
do not always include the units of measure when writing prescriptions for products
that are only available in a single strength thus increasing the potential for
misinterpretation. Below are examples of ambiguous Acular — and Acular PF
prescriptions, which may lead to misinterpretation of the prescription by the
practitioner. If a patient receives Acular 0.5% in lieu of Acular 0.4%, the patient may
experience stinging or burning upon instillation of the drug in the eye. Other adverse
events found with the use of Acular 0.5% include corneal ulcer, eye dryness,
headaches, and visual disturbance (blurry vision). In contrast a patient receiving
Acular 0.4% instead of Acular 0.5% may experience conjunctival hyperemta, eye
edema, eye pain, and headache. The similarities in the root proprietary names, the
modifiers, and overlapping product characteristics increase the potential for
medication errors due to name confusion.

Jowdoi p: Feader —

ACULAR PF ACULAR

Ocuclear and the root name Acular may sound-alike depending upon how they are
pronounced. The beginning letters of each name are phonetically similar (Ah-que).
Additionally, both names end with the same letters (ar) which also increases the
sound-alike similarities. However, the last syllable of Ocuclear (clear) is phonetically
different than the last syllable of Acular (lar). Moreover, the use of the modifier
=== helps to distinguish the name. The products have overlapping dosage forms
(solution), routes of administration (ophthalmic), dosing interval (every six hours vs.
6



(LD}, and amount to be administered (one drop). Ocuclear 1s available as an over-
the-counter product whereas Acular I~ is a prescription only product. Although
Ocuclear and Acular ™= have similar product characteristics, to date here have not
been any reports of name confusion between the root name Acular and Ocuclear.
Therefore, the potential for name confusion between these two products is minimal.

b. Modifier Concerns

Both Acular and Acular = have identical active and inactive ingredients, albeit
different concentrations {0.5% vs. 0.4%). The only other differences between the two
products are the indication of use and duration of treatment. We believe that the
introduction of another strength of a prescription product can be effectively managed
under a single proprietary name (Acular) where the prescriber must use a strength
(0.4% or 0.5%) when prescribing the prescription. The sponsor has failed to submit a
persuasive public health argument why a separate proprietary name/modifier is
necessary for this new strength. We also recognize that an educational campaign
must be implemented upon launch of this product so practitioners will be informed of
the two different strengths and the appropriate uses of the product. The use of a
modifier to indicate a different strength or indication of use may be confusing to
practitioners and may increase the potential for medication errors. Modifiers are
generally used to differentiate disttnguishing characteristics (e.g., formulation) of .
products. A modifier is not necessary with this proprietary name since the two
products do not have different product characteristics that need to be differentiated
other than the strength and indications of use.

An additional concern is that the modifier ~===may be misleading to practitioners.
Practitioners may interpret the modifier «===as representing an Acular product that
is either more effective or a product that provides a safer adverse event profile. The
various indications of use do not indicate that Acular == 1is more effective or safer
than Acular and Acular PF. In actuality the strength, of Acular = is lower than the
currently marketed products (i.e., Acular and Acular PF) which may only contribute
to potential confusion.

The modifier * == °’ should not be used with the proprietary name Acular to
differentiate ketorolac tromethamine 0.5% from ketorolac tromethamine 0.4%. The
two strengths of Acular should be differentiated by use of the strength (i.e., Acular
0.5% and Acular 0.4%). The container labels and carton labeling for Acular should
be differentiated by highlighting with a different color or border or some other means.

Net Quantity

DMETS questions the rational of providing e of solution when the product is
indicated for only four days.



COMMENTS TO THE SPONSOR

DMETS does not recommend the use of the proprietary name, Acular - Additionally,
DMETS recommends no modifier be used for Acular to distinguish the different strengths and
indications of use. Acular PF was identified as a potential sound and/or look-alike proprietary
name to Acular =

. Sound-alike and Look-alike Issues

There 1s potential for look and sound-alike confusion between Acular PF and Acular =
because of the commonality of the root name, Acular, and the similarity between the modifiers,
PFand =  These products have overlapping dosing intervals (QID), routes of administration
(ophthalmic), dosage forms (solution), and amount to be administered (one drop). The products
ar¢ available in different strengths (0.5% vs. 0.4%) and have different indications of use. Both
modifiers begin with the same letter. If the modifier is not clearly written and is misinterpreted
the potential for errors increase especially since other product characteristics overlap.
Additionally, the vial size of Acular PF and the strength of Acular } “* share similar numerical
characters (i.e., 0.4). Confusion may occur if the strength (0.4%) of Acular ™ is
misinterpreted as the vial volume (0.4 mL) of Acular PF. Unfortunately, prescribers do not
always include the units of measure when writing prescriptions for products that are only
available in a single strength thus increasing the potential for misinterpretation. Below are
examples of ambiguous Acular ~= and Acular PF prescriptions, which may lead to
misinterpretation of the prescription by the practitioner. If a patient receives Acular (.5% in lieu
of Acular 0.4%, the patient may experience stinging or buming upon instillation of the drug in
the eye. Other adverse events found with the use of Acular 0.5% include corneal ulcer, eye
dryness, headaches, and visual disturbance (blurry vision). In contrast a patient receiving Acular
0.4% instead of Acular 0.5% may experience conjunctival hyperemia, eye edema, eye pain, and
headache. The similarities in the root proprietary names, the modifiers, and overlapping product
characteristics increase the potential for medication errors due to name confusion.

‘ 7’
ACULAR PF ACULAR e

b. Modifier Concerns

Both Acular and Acular —~~~have identical active and inactive ingredients, albeit different *
concentrations (0.5% vs. 0.4%). The only other differences between the two products are the

indication of use and duration of treatment. We believe that the introduction of another strength

of a prescription product can be effectively managed under a single proprietary name (Aculay) . .
where the prescriber must use a strength (0.4% or 0.5%) when prescribing the prescription. The

sponsor has failed to submit a persuasive public health argument why a separate proprietary
name/modifier is necessary for this new strength. We also recognize that an educational

campaign must be implemented upon launch of this product so practitioners wiil be informed of

the two different strengths and the appropriate uses of the product. The use of a modifier to
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indicate a different strength or indication of use may be confusing to practitioners and may
increase the potential for medication errors. Modifiers are generally used to differentiate
distinguishing characternstics (e.g., formulation) of products. A modifier is not necessary with
this proprietary name since the two products do not have different product charactenstics that
need to be differenttated other than the strength and indications of use.

An additional concern is that the modifier == may be misleading to practitioners. Practitioners
may interpret the modifier “= as representing an Acular product that 1s either more effective
or a product that provides a safer adverse event profile. The various indications of use do not
indicate that Acular = is more effective or safer than Acuiar and Acular PF. [n actuality the
strength, of Acular - is lower than the currently marketed products (1.e., Acular and Acular
PF) which may only contribute to potential confusion.

The modifier "= should not be used with the proprietary name Acular to differentiate
ketorolac tromethamine (.5% from ketorolac tromethamine 0.4%. The two strengths of Acular
should be differentiated by use of the strength (i.e., Acular 0.5% and Acular 0.4%). The
container labels and carton labeling for Acular should be differentiated by highlighting with a
different color or border or some other means.

Net Quanti

DMETS questions the rational of providing —= of solution when the product is indicated for
only four days. )

Label and Labeling Concerns

The Acular ] == labels and labeling were submitted in draft format, which did not allow for a
comprehensive evaluation of the color, format, etc. However, we note with the approval of
Acular ..~ the sponsor will market three Acular products with several similarities (e.g.,
indications of use and dosing schedules). The current presentation of Acular and Acular PF are
very similar as noted below. DMETS recommends that the container labels and carton labeling
of Acular = be clearly differentiated using boxing, color, font, and other means to help
distinguish the products.

A
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IV,

RECOMMENDATIONS:

A.

DMETS does not recommend the use of the modifier === in conjunction with the propnietary
name, Acular for this 0.4% formulation of Ketorolac Tromethamine. Additionally, DMETS
does not recommend use of any modifier in conjunction with Acular Ophthalimic Solution 0.4%.

DMETS recommends that the sponsor provide an educational campaign to health care
practitioners upon launch of the new strength.

DMETS also recommends implementation of the labeling revision outlined in Section I of this
review.

DDMAC does not recommend use of the proprietary name Acular == from a promotional
perspective for the following reason: == "implies the drug is superior to other treatment
options.

DMETS would appreciate feedback of the final outcome of this consult. We would be willing to meet
with the Division for further discussion, if needed. If you have further questions or need clarifications,
please contact Sammie Beam, project manager, at 301-827-3242.

Denise P. Toyer, Pharm.D.
Safety Evaluator/Team Leader
Division of Medication Errors and Technical Support

APPEARS THIS WAY
ON ORIGINAL



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

/s/

Denise Toyer
4/24/03 04:24:27 PM
PHARMACIST

Carol Holgquist
4/24/03 04:26:05 PM
PHARMACIST

Jerry Phillips
4/25/03 09:03:08 AM
DIRECTOR
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Allergan Confidential

NDA 21-528
Ketorolac tromethamine ophthalmic solution 0.4%

Section 18

Form Approved  OMB No 09100297
DEPARTMENT OF HEAL TH ARG HUMAN SERVICES Expiration Date”  February 20, 2004
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION USER FEE COVER SHEET

See Instructions on Raverse Side Before Completing This Form

A complated form must be signed and accompany each new drug of blologic product application and sach new supplemant, See exceptions on the

reverse sida if payment s sent by U.S. mail of courier, please include a copy of this compleled ferm wih paymentl. Payment Instructons and fee rates
can ba found on CDER's website: hitp/iwww.fda.govicder/pdufa/dafault him

1. APPLICANTS NAME AND ADORESS 4 BLA SUBMISSION TRACKING NUMBER (STN) / NDA NUMBER
NO21528
Allergan, Inc.
2525 Dupont Dnive
5 DOES THIS AFPLICATION REGUIRE GLINICAL DATA FOR APPROVAL?
P.O. Box 19534
Irvine, CA 92623-9534 @ves [wo
F YOUR RESPONSE IS NO" AND THIS IS FOR A SUPPLEMENT. STOP HERE
AND SIGN THIS FORM

IF RESPONSE IS 'YES', CHECK THE APPROPRIATE RESPONSE BELOW

m THE REQUIRED CLINKCAL DATA ARE CONTAINED N THE APPLICATION

[[J THE REQUIRED CLINICAL DATA ARE SUBMITTED BY
2 TELEPHONE NUMBER (Incksale Arns Code) REFERENCE TO!

{ 800 ) 3474500 [APPLICATION NG CONTAINWNG THE DATA]
3 PRODUCT NAME 6 USERFEE LD NUMBER
Ketorolac Tromethamine Ophthalmic Solution 0.4% 4381

o

T 15 THIS APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCLUSIONS IF SO, CHECK THE APPLICABLE EXCLUSION

E] A LARGE YOLUME PARENTERAL DRUG PRODUCT |:| A 505(b}{2) APPLICATION THAT DOES NOT REQUIRE A FEE
APPROVED UNDER SECTION 5050F THE FEDERAL (See dem 7, reverse side bafore checlung box )

FOOO, DRUG, AND COSMETIC ACT BEFORE 9/1/92
{Se8 Explanatory)

D THE APPLICATION QUALIFIES FOR THE ORPHAN D THE APPLICATION IS A PEOIATRIC SUPPLEMENT THAT
EXCEPTIGN UNDER SECTION 736{s)(1HE) of the Federal Food, GQUALIFIES FOR THE EXCEPTION UNDER SECTION 738(aK1}{F) of
Drug, and Cosmetic Act the Foderal Food, Dnug. and Cosmetc At
{See xam 7, reverse sice before checking box | {Sve fum 7. revarse Side before checkmg box )

D THE APPLICATION 1S SUBMITTED BY ASTATE OR FEDERAL
GOVERNMENT ENTTY FOR A DRUG THAT 1S NOT DISTRIBUTED
COMMERCIALLY

(SeXf Explanatory)

B HAS A WAIVER OF AN APPLICATION FEE BEEN GRANTED FOR THIS APPLICATION?

Oves A~

{Sas ftom 8, everse ude A answered YES)

Publlc reporting burden for this collection of information s estimated to average 30 minutes per response, ncluding the tma for reviewing
instrucbons, searching exsing data sources, gathenng and maintaiing the dala needed, and compieling and reviewing the collechon of mformaton
Send comments regarding this burden estimate or any other aspect of this coflecton of informaton, mcluding suggestions for reduang thes burden to*

Dapartment of Health and Human Sarices Food and Drug Adminmstration An agency may not conduct o sponsor, and a person s not
Food and Drug Admimstraton CDER, HFD-94 required to respond o, a collection of Informaton uniass
CBER. HFM-99 and 12420 Parkiawn Drive. Room 3046  displays 4 curmantly valid OMB conlbrol number

1401 Rockvile Pike Rockville, MD 20852

Rockwille, MD 20852-1448

SIGNATIRE OF AUTHORIZED COMPANY REPRESENTATIVE TITLE

OATE
Semor Director, Regulatory Affairs 92}%‘17 2 2

FORM FDA 397 (401) st e o e re il T EF

userfee.pdf p. 001 1 128



Allergan Confidential

Ketorolac tromethamine ophthalmuc socluuon 0.4%

—_— NDA 21-528
Secuon 14

PATENT CERTIFICATION

I, the undersigned, hereby declare that Patent Nos. 4,454,151 and 5,110,493 cover the
use/composition and formulation of Ketorolac Tromethamine Ophthalmic Solution 0.4%, the
product for which approval is being sought. Allergan, Inc. has exclusive rights to both of
these patents by agreement with the patents owner, Syntex (U.S.A)) L.L.C., a Delaware
corporation. Because Patent No. 4,454,151 expires in September 2002, it will not be listed
on the proposed labeling for Ketorolac Tromethamine Ophthalmic Solution 0.4% in

application NDA 21-528.

ALLERGAN, INC.

By: sz‘/’(f

Martin A. Voet

Senior Vice President, Chief Intellectual
Property Counsel and Assistant Secretary

patcert.pdf p. 001
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Allergan Confidential

— NDA 21-528
Ketorolac tromethamine oghthalmic solution 0.4% Section 13
-
United States Patent m§ f11) 4,454,151
Waterbury BEST AVAILABLE COPY s Jun. 12, 1984
Y PR
{54] USE OF PYRROLO PYRROLES IN 4,097,579 6/1978 Muchowski et al 424/274
TREATMENT OF OPHTHALMIC DISEASES 4,140,698 2/1979 Van Homn et al 424/274
4,232,038 11/1980 Kluge et al. .. 424274
[75] loventor: L. David Waterbary, San Mateo, 4,344,943 £/1982 Muchowski ctal, . ... 4247274
' . ) i Primary Examiner—Douglas W. Robimson
L {73] Assignes: Syntex (US.A)Inc, Palo Alto, Calil.  gyomey, Agent, or Firm—Hana Dolezalova; Tom M.
[21] Appl. No.: 360,754 Moran; Alan M. Krubiner
’ [22] Filed: Mar. 22, 1982 {571 ABSTRACT
[51] A61K 31/40  Certain known pyrrolo pyrroles have been found to be
[52] " 4247274  useful in the topical treatment of various ophthalmic
[58] Field of Search .. 424/274  discases in mammals; especially those originating from
R Gited or associated with inflammation such as, for example,
1561 eferences cystoid macular ‘edema, glaucoma, conjunchivitis, uvei-
U.S. PATENT DOCUMENTS tis, diabetic retinopathy and eye surgery or trauma.
4,087,539 5/1978 Muchowski et al. ..rnnnne. .. 4247274
4089969 571978 Muchowsia et ab. . .oomeeeee 424274 18 Claims, Ne Drawings
/
e ¥
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Allergan Confidential
Ketorolac tromethamine ophthalmic solution 0.4%

4,454,151

1

USE OF PYRROLO PYRROLES IN TREATMENT
OF OPHTHALMIC DISEASES .

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method for the treatment
of ophthalmic diseases ongmating from or associated
with inflammation.

2. Related Disclosure

Many ophthalmic diseases are ocular disorders which
are cither caused or associated with painful inflamma-
tory complications, Such complications very often lead
to an imparrment of the eyesight or blindness. Among
those considered most dangerous belong glsucoma,
cystoid maculer edema, uvetis, diabetic retinopathy,
conjunctivitis and postoperational or traumatic eye
inflammation. When already developed all these oph-
thalmic diseases may be in acute, subacute or chronic
form. The causes of ophthalmic inflammatory disorders
may vary from bacterial, viral, fungal, parasiuc, toxic,
chemical, mechanical, irnitative 1o atlergic

Glaucoma 1s a group of ocular diseases with the com-
mon features of abnormally elevated intraocular pres-
sure whuch slowly causes progressive loss of penpheral
visual fields and then untreated, it causes a loss of cen-
tral vision and ultumate blindness. The causes of the
development of glaucoma are unknown. Glaucoms is
usually treated topically by agents which contract the
eye pupt such as pilocarpine or carbachol, systemically
by osmotic agents or carboruc anhydrase mhibitors, or
radically by surgery. The Merck Manual 13th Ed.,
1702, (1977).

Cystoid macular edema is a retinal edema which may
result {rom cataract removal, A newly proposed thenry
of the cause of & cystoid muscular edema 15 a release of
prostaglandins or other inflammatory mediators de-
rived from a disrupted blood-aquecus barner into the
aqueous. This theory 18 supported by findings that it is
possible to subdue cystoid macular edema by the pre-
and/or post-operative appiication of topical indometha-
cin, known suppressant of ¢elevated levels of prostaglan-
dins. Albrecht v. Graefes Arch, Khin. Exp Ophthal,
209:33-88, (1978).

Uveitis 158 an inflammation of the uveal tract encom-
passing inflammation of the ins, ciliary body and cho-
roid. Uveitis may also develop following trauma where
the ciliary body was mjured. Predominant objective of
the treatment of uveitis 15 suppression of damaging in-
flammatory activity. Dexamethazone drops, short-term
systemic corticostercid treatment or photocoagulation
af the lesions are most commonly used for the reatment
of uveitis. The Merck Manual, 13th Ed, 1697, (1977).

Diabetic retinopathy is microcirculatory complica-
tion associated with progressive form of the diabetes
mellitus. It 1s characterized by prohferative neovascu-
lanzaticn in the postenor pole of the eye often extend-
ing nto vitreous cavity with subsequent vitreous hem-
orrhages, fibrous formation, and secondary retinal de-
lachment and thickening of the capillary basement
membrane. Treatments used 10 relieve severs symptoms
of diabetic retinopathy include the strict control of
blood pressure or laser photocoagulation of prolderat-
ng neovascular tufts 1o reduce the degree of retinal
edema and the frequency and severity of hemorrhagic
cpisode The Merck Menual 13th Ed., page 1700,
(1977). In the pending apphication Ser. No. 162,355
applicants Ringold and Waterbury propase the systemic
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use of analgesics and non-hormonal anti-inflammatories
in treatment of mucrovascular diseases.

Conjunctivitis is an inflammation of the conjunctiva
and a mucous membrane charactenzed by a cellular
nfiltration and exudation. Conjunctivitis may be either
acute, where the conjunctival inflammation is caused by
viruses, allergy or bactena; or chronic, where the 1n-
flammation of the conjunctiva 1t characterized by exac-
erbations and remissions that occur over the penod of
months or years. The causes for chronic conjunctivitis
are similar to those of acute conjuncuivitis. The treat-
ment of both acute and chrenic conjunctivitis include
the topical adminustranon of sulfonamide drops, antibi-
otic ointments, or systemic antibiotic therapy. The most
important prevention of chronic conjunctivitis is elim-
nation of all irritating factors. In the case of allergic
conjunctivitts, topical corticosteroid therapy is also
indicated. Merck Manual 13th Ed., page 1687 (1977).

Other inflammatory complications of the eye are
those developing after the direct injury to the dye or
those caused by trauma during the eye surgery. Injunes
10 the eye may be caused by foreign bodues, lacerations,
contusions, burng by chemicals, or others. The treat-
ment of eye injuries and post-traumanc inflammattons
consists of anesthea, precise dizgnosis of the injury or
trauma and post-treumatic or pre- or post-operative
prevention of development of inflammation. The Merck
Manual 13th Ed., page 1680 (1977).

Compounds which are subject of this invention and
those having similar structures to these compounds are
known and have been described m US Pat. Nos.
4,089,969, 4,232,038; 4,087,539 and 4,097,579. They are
generally useful as a systemic anti-inflammatory, sys-
lemic analgesic and systemic antipyretic agents and
smooth muscle relaxants. Their proposed uses as ant-
inflammatories, antipyretics, analgesics or as a smooth
muscle relexants are in the form of tablets, capsules,
suppositories, oral suspensions for systemic pediatnc
use Or as & powdered top drmn’gs for veterinary use
These compounds were not previously adimimstered
topicaily, i.e., directly to the eye, 10 prevent or treat
ophthalnuc diseases probably because their non-irrnitat-
ing properues are unexpected and surpnsing.

SUMMARY OF THE INVENTION

This invention 1s a method for prevention or treating
ophthalmic diseases in mammals, which method com-
prises administening directly to the eye of a mammal in
need thereof a pharmaceutically effective amount of a
compound of the formula

COCH

and the pharmaceuucally non-toxic esters and salts
thereof wherein Ar 1s

ROS iyl
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5
reference to the U S. Pat. No. 4,097,579 1o Muchowsk:
et al, issued in June 27, 1978,

Detaled descrniption of the preparation of S-alkylksul-
finylbenzoyl- and 5-alkylsulfonylbenzoyl-Z-dihydro-
3H-pyrtrolo[1,2-alpyrrole-1carbox ylic acid compounds
of Formula {A) and their pharmaceutically acceptable
non-toxic esters and salts is hereby incorporated by
reference 1o the U.S. Pat. No. 4,232,038 to Kluge et al,
issued on Nov. 4, 1980.

! S-alkylthiobenzoyl-1,2-dihydro-3H-pyrrolof1,2-
a]pyrrole-1-carboxylic acid compounds of Formula (A)
are prepared by a process illustrated by the following

T fEaclion SeqUEnce;

6
basic alcohol mixture such as sodisum hydroxute and
methanol at room temperature to give solely the desired
product represented by formula ().

This in turp is reacted at slightly elevated tempera-
tures, e,g 20°-60" C, with a solution of dimethylamine
hydrochloride in aqueous formaldehyde 1o give 1-(2-
hydroxyethyl)-2-dimethylaminomethylpyrrole (¥1).
After extraction with a suitable grgamc sotvent such as
dichloromethane and subsequent purification by evapo-
ration and distillation, the compound represented by
Formula (II) is then dissolved 1n acetone and is main-
tained in an inert atmosphere vsing nitregen or argen

NDA 21-528
Section 13

“and asight molar-excesy of dimethiyisnifate g added-1o

CDOR;’
\L vID

Reaction Sequence
K, R Ry
[ ] [ ]\ N(CH; [ ]\ N
y i "oy
(l:m CH2 ?h
(i.‘H; Ciy ?Hz
OH OH OH
m m) (1
Ri Ry Ry
RS
(|f N CN N cN N CN
o < rl‘u,
2
i
OS507CH;
(v}
s Bl R Ry
IO
COOH
N - N
.__H
v
R

] A

{A)

R represents hydrogen; lower alkyl group having

from one to four carbon atoms, chlore or bromo,

Rs represents methyl, ethyl, isopropyt or n-butyl

depending on whether methanol, ethanol, isopro-
panol or n-butanol are used for estenfication;

R represents alkyl,

The starting compound 2-aminoethanal acetate (not
shown) is prepared by reacting 2-aminocthanol with
glacial acetic acd at a temperature of between 5° and
50° C. This compound is then reacted with dimethox-
yietrahydrofuran at reflux temperature for a period of
ume sufficient to give the desired pyrrole and the corre-
sponding acetate. The reaction takes generally Jess than
about 5 hours. After extractuing the product from the
reaction mixture, the mixture is hydrolyzed using a

patinfo.pdf p. 004

60

1 3]
RgS
COOH COORs
< N o] N
]
Q

(VI

the cooled reaction mixture at such a rate that the tem-
perature does not exceed about 5° C. When addition of
the dimethylsulfate 1s completed, the solutien is stirred
at room temperature and a solution of sodium cyanide
in water 15 added. The resulting reaction mixture 1s
heated to reflux temperature, 1.e. generalty about
90*-100" C. and the distillate is collected. The reaction
mixture is heated at a gentle reflux for a svitable period
of time, generally less than 2 hours, preferably about }
hour and water 1s added to the mixture After extract.
ing, drying and purificaton by column chromatogra-
phy, a nitrile represented by Formula (HI) is obtained,
namely 1-(2-hydroxyethyDpyrrol-2-yl-acetomtrile.
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The compound of Formula (111) is then converted to
the corresponding !<(Z-methanesulionyloxy)ethyipyr-
rol-2-yl-acetonitrile by esterification with methanesul-
fony! chilonde n the presence of & tertiary amine, i.e.,
triethylamine, pyridine and the hke. Optionally, in the s
presence of a solvent such as dichloromethane, at a
temperature from about —10° C. 10 about room Lemper-
ature, for about 10 minutes to about 2 hours estenfica-
tion produces the corresponding mesyl ester. The mesyl
ester represented by Formula (TV) is converted to the 1p
corresponding  I-cyano-1,2-dihydro-3H-pyrrolo-[1,2-
a]pyrrole of Formula (V). By reaction with sodmum

iodide in nitrile solntion: at reflus-temperature-for

151
8

argon atmosphere and thereafier adding thereto from
about 3 to about 10 molar equivalents of sodium acetate,
followed by an additional reflux period for from about
4 1o about 6 hours

Alternatively, the intermedate nitrile of Formula (V)
can be converted into the nitrile of Formula (IX) mn
Reaction Scheme using reaction conditions discussed
hereinbefore in the conversion of the compound of
Formulas (VII) to (V1I1}. The compound of Formula
(IX), in turn, is converted to a2 compound (A) of the
mvention by converting the nutrile moiety 10 an acid as
discussed herembefore.

NDA 21-328
Secuon 13

from about | to about 10 hours. The preparation of the
compound of Formula (V} is discussed 1n U.S. Pat. Na. |
4,100,698 to Van Horn et al and that patent 1s incorpo-
rated herein by reference.

Nitrile of Formula (V) can be converted into the acid
represented by Formula (VI) by reacting with agueous
sodium or potassium hydroxide in ethylene glycol at
elevated 1emperatures of up to 120° C for a time suffi-
cient for the reaction to take place, generally less than
about 5 hours. Extracting the reaction mixture with a
suitable organic solvent, brnging the agueous phase to
an acid pH by using concentrated hydrochloric acid
and extracting from water, results in the acid repre-
sented by Formula (VI). The acid, in turn, 15 converted
to the ester of Formula (VIT) by reaction with a lower
aliphatic alcohol in the presence of an acid such as
hydrochlonc acid.

The carboxylic acxd group at the C-1 posinon in com-
pound (VI) s selechvely estenfied by treatment with a
fower aliphatic alcobol, e g., methanol, ethancl, 1sopro-
panol, n-butanot and the like in the presence of hydro-
gen chloride, to produce the corresponding alkyl 1,2-
dihydro-3H-pyrrolof1,2-a]pyrrole-l-carbozyhc acid of
Formula (VII) The reaction 1s conducted at a tempera-
ture of from about 0% to about 50° C., for about | to
about 4 hours.

A compound of Formula (V1I) 1s then converted to
the alkylthiobenzoyl compound of Formulas (VI1I) and
(A) by a condensation of a compound {VII) with either
an acid chloride of the formula

[
(=]

(33

5

30

w
LA

&

45

ReS

or a reagent preparcd from an amide of the formula g9

Q

it
CN(CH3};

Res 55

and phosphorus oxychlonde wherein Rg has the above-
indicated meaning, affords the corresponding alkyl 5-
benzoyl-1,2-dihydro-3H-pyrrolo[L,2-alpyrrole-1-car-
boxylic acid (VIII}). This is done following process
conditions set forth in U S. Pat No 4,089,966.

In the preferred embodment of this process, this
condensation 15 carned out by adding a soluton of com-
pound of Formula (VI) in a sutable solvent tc a previ-
ously refiuxed mizture of 1.1 10 5 molar equivalents of 63
both the desired amide and phosphorus oxychloride in
the same solvent, refluxing the reaction mixture thus
obtamed for from about 6 1o about 72 hours under an

60
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The compounds of Formula (A) can be resolved,
according to methods known in the art, 1o oblain the
corresponding individual isomers thereof.

The (1)-acid isomers and {d}-acid isomers of the com-
pounds of Formula (A) can be obtained by applying the
known technique of high pressure hquid chromatogra-
phy (HPLC) to the a-phenethyl diasterecisomenc es-
ters of the compounds of Formula (A), followed by acid
cleavage. Thus, for example, the compounds of For-
mula (A) wherein Rt and Rg are both hydrogen can be
subjected to furither treatment m accordance with the
following flow diagram:

RS
COOH
[ N
I
4]
A
(o scveral
seps

{A1H1}acid 1somer<{1}-o-phencthyl estec
Mixture of
(A Hd)acd somer{t)-a-phenethyl ester

(A }(1)yacd somer-
{1}-phenzthyl ester

(A H{d)racid somer-
(1}-phenethy! ester

(A1) acvd isomer (Aq-(d)acd 1somer

The free acids of Formula (A), (B), (C) and (D) can
be converted into other alkyl esters having from 1 to [2
carbon atoms by conventional methods, e.g., by treat-
ment wath (a) the alcohol corresponding to the desited
ester in the presence of a strong mineral acid, (b) an
ethereal dinzoalkane or {c) the desired alkyl todide in
the presence of lithium carbonate.

The salt derivatives of the compounds of Formula
{A), (B), {C) and (D} are prepared by treating these free
acrds with an appropriate amount of a pharmacentically
acceptabie base. Representative pharmaceutically ac-
ceptable bases are sodiwm hydroxide, potassium hy-
droxide, lithium hydroxide, ammoniem hydroxde, cal-
cium hydroxide, magnesium hydroxide, ferrous hydrox-
ide, zinc hydroxide, copper hydroxide, manganous hy-
droxide, aluminum hydroxide, ferric hydreoxide, man-
ganic hydroxide, 1sopropylamine, trimethylamine, di-
ethylamine, triethylamine, tnpropylamine, ethanol-
amine, 2-dimethylammoethano],  2-diethylammoe-
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thanol, tromethamine, lysine, arginine, histidine, caf-
feme, procaine, hydrabamune, choline, betaine, ethyl-
enediamine, glucosamine, methylglucamine, theobro-
mune, purine, prperazine, piperidine, N-ethyl-piperidine,
polyamine resins and the like. The reaction s conducted
1n water, alone or in combination with an inert, water-
miscible organic solvent, at a temperature of from about
0" 10 aboul 100" C., preferably at room temperature
Typical mert, water-nuscible orgamc solvents include
methanol, ethanol, isopropano], butanol, acetone, diox-
ane or tetrahydrofuran. The molar ratio of compounds
of Formula (A), (B), {C) and {D) to base used are chosen

10
about 0* C. to the reflux temperature of the reaction
rtxture, preferably using hydrogen chloride at a tem-
perature of from 15° C to about 35° C.
The product is isolated by conventional means such
5 as diluhing the reaction mixture with water, extracting
the resujting aqueous mixture with a water-immscible
tnert organic solvent, such as diethyl ether, benzene,
methylene chlonde, and the like, combining the ex-
tracts, washing the extracts with water to neutrality and
10 then evaporating under reduced pressure,
Typical esters are those ester derivatives prepared

1o provide the ratie desired for any particular salt For
preparing, for example, the calcium salts or magnesium
salls of the compounds of Formula (A), (B), {C) and ()
the free acid starting matenal can be treated with at
least one-half molar equivalent of pharmaceutically
acceptable base to yield a neutral salt, When the alumi-
num satts of the compounds of Formula (A), (B), (C)
and (D) are prepared, at least one-third molar equiva-
lent of the pharmaceutically acceptable base are em-
ployed 1f a neutra! salt product is desired

In the preferred procedure, the calcivm salts and
magnesium salts of the compeounds of Formula {A), (B),
(C) and (D) can be prepared by treating the correspond-
ing sodmum or potassium salts thereof with at least one-
hatf molar equivalent of calcium chloride or magnesium
chlonde, respectively, 1 an aqueous solution, alone or
i combinaucen with an nert water-miscible orgamc
solvent, at a temperature of from about 20° to about
100" C. Preferably, the aluminum salts of the com-
pounds hereaf, can be prepared by treating the corre-
sponding free acids with at least one-third molar equiva-
lent of an aluminum alkoxide, such as aluminum trie-
thoxide, alum.num wipropoxide and the hike, in a hydro-
carbon solvent, such as benzene, xylene, cyclohexane
and the like, at a temperature of from zbout 207 to about
1157 C. Similar procedures can be used 10 prepare salts
of inorgamc bases which are not sufficiently soluble for
easy reachon.

The salt denvatives of the compounds of formula
{A), (B}, {C) and (D) can be reconverted to their respec-
uve free acids by aciddying said salts with an acid,
preferably an inorganic acid, e g, hyrochloric acid,
sulfuric actd, and the like, at temperature of from about
0" C to aboul 30° C., preferably at room temperature.

The pharmaceutically acceptable non-toxic esters of
formula (A}, {B), (C) and (D) are prepared by esterify-
1ng the corresponding free acids with an alcohol rea-
gent corresponding to the desired ester, e.g., an alkanol
having up to 12 carbon atoms or with glyceral which 1s
already estenfied at two hydroxyls 1o other suitable
acids. This reaction is conducted i the presence of a
strong acid, such as boron trifluonde, hydrogen chio-
ride, sulfunc acid, p-toluenesulfonsc acid, and the like.
1f the alcohol reagent used 1n the estertfication 15 a lig-
vid at the reaction temperature, the alcohol reagent can
be the reaction solvent Oputionally, the reaction can be
carrsed out 1n an inert organic solvent in which the free
acids and the alcohol reagent are scluble, such as a
hydrocarbon solvent, e.g, hexane, isooctane, decane,
cyciohexane, benzene, toluene, xylene, a balogenaled
hydrocarbon solven, e.g., methylene chloride, chioro-
form, dichlorocthane, or an ether solvent, e g, dicthyl
ether, dibuty!l ether dioxane, tetrahydrofuran, and the
like In the case where the alcohol reagent 15 a solid, the
reaction preferably is conducted in a non-agueous liquid
inert orgamic solvent The reaction 1s conducted at from

patinfo.pdf p. 006
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sopropyl alcohol, butyl aicohol, Z-butyl alcohoi, 2-pen-
tyl alcohol, isopentyl alcohol, 2-hexyl aleohol, and the
15 hike.

Altermetively, the alkyl esters can be prepared by
transesterification, according to methods known in the
art. It 1s preferred in preparing the esters via transesten-
fication to go from a lower ester to a higher ester, e.g.,

20 from the methyl ester, for example, to the isoamyl ester,
for example However, by using a substantial excess of
a lower alcohol, a higher ester can be transestenfied to
a lower ester; thus, for example, by using a substantial
excess of ethanol, the hexyl ester 1s converted by the
25 transesterification to the ethyl ester.

1t is to be understood that 1solation of the compounds
descnbed herein can be effected, if desired, by any
suitable separation or punfication procedure, such as
for example, extraction, filtration, evaporation, distilla-

30 nion, crystathzation, thin-layer chromatography or col-
umn chromatography, high pressure hquid chromotog-
raphy (HPLC) or a combination of these procedures

The novel compounds of Formula {A), (B), (C) and
{D) deprcted above exist as pairs of optical isomers (or

35 enantiomorphs), te, a {dl} mixture. However, each
optical 1somer as well as the (dl} miatures thereof are
ncluded within the present invention.

While the (d}-acid 1somers are not used as a medicinal
of agents per se, they can, 1f desired, be converted to

40 their pharmaceutically acceptable, nontoxic esters and
salts thereof according to the methods described for the
conversion of the {1-} acid isomers to therr pharmaceut-
cally acceptable, nontoxic esters and salis thereof.

45 Uulity and Admnistration

This inventson 15 directed 10 method useful for reliev-
ing, whibibng or preventing ophthalmic discases in
mammals These diseases may be, among others, glau-
coma, cystoid macular edema, uveitis, diabetic retino-

50 pathy, conjunclvitis or any trauma caused by eye sur-
gery or eye injury and which are either caused by,
associated with, or accompanied by inflammatory pro-
cesses.

The method of this invention is both curative and

55 preventative Where apphed, for example, pre-surgi-
cally or immediately posi-traumatically, 1 e. before n-
flammation develops, tt prevents development of 1n-
[lammation. When applied directly to the eye suffering
from any of the named ophthalmic diseases, it supresses

60 already developed inflammatory processes. Thus, for
example, a topical apphcation of appropriate ophthal-
nc solution with active sngredient to the eye suffenng
from glaucoma, will not only stop further increase in
intragccular pressure but 11 will also descrease the pres-

65 sure 1o s normal level

The human eye 1s an excelient subject for the topical
admiristration of drugs The basts of this can be found
in the anratomical arrangement of the surface ussues and

1 110



Allergan Confidential NDA 21-528 —
Ketorolac tromethamine ophthalmic solution 0.49% Section 13
4,454,151
11 12
in the permeability of the cornea. The protective opera- part in most of the wnfectious diseases of the cornea
tion of the eyelids and Jacrimal system is such that there which occur exogenously. Any foreign body which
is rapid removal of material instilied into the eye, unless either scraiches the cornea or lodges and becomes 1m-
N the material is chemically and physiologically compati- bedded 1n the cornea is of serious moment because of
ble with surface tissues. 5 the role it may play in permitting pycgenic bacteria to
The optical apparatus consists, in sequence, of the gan a foothold.
comes, the pupil, and the crystalline lens, with layers of The therapeutic effect of many topically administered
clear fluid or gel-like material interposed between the (instilled) drugs is contingent upon their absorption
\ solid structures The pupil, a round centnc hole in a from the cul-de-sac 1nto the eye. Drugs which are ad-
contractile membranous partition {called the iris), acts 10 mimstered by instillation and which must penetrate into
as the variable aperture of the system. The crystalline the eye enter primanty through the cornea. This 15 a
lens is a refractive element with varable power con-  much more effective route of administering the drug
trolled and supported by a muscle incorporated in the™  into (e eye than through the conjinctiva and onderly:
cillary body. The chloreid is the metabohic support for  ing sclera.
the retina. 15 The conjunctiva contain$ many blood vessels and
The optical function of the eye calls for the stability lymphatic vessels. The blood vessels usually difate
of nts dimensions which is provided partly by the fibrous when imation is set up by a loreign bedy, a microbial
outer coat; more effective as a stabilizing factor s the infection, or by chemical means. Of the drug molecules
mtraocular pressure which 1s 1 excess of the pressure which penetrate into the conjunctiva a large proportion
prevaling in the surrounding tissues. This intraocular 20 enters the blood stream where they may cause undesir-
pressure is the result of a steady production of specific able systemic reactions. Below the compunctiva lies the
fiurd, the agueous humor, which ongmates from the sclera, which water-soluble drugs penetrate with ease
ciliary processes and feaves the eye by an intricate sys- and wihich lpowd-soluble drugs penetrate with diffi-
tem of outflow chznnels. The resistance encountered culty.
during this passage and the rate of aqueous production 25  In the non-inflamed eye, the blood-agueous barner,
are the principal factors dejermining the level of the consututed of the blood vessel wall and various thick-
intraocular pressure In addition to this hydromecham- nesses of the ocular tissues, prevents certain drugs from
cal function, the aqueous humor acts as a carmner of reaching the antenor segment in therapeutic concentra-
nutrients, substrates, and metabolites for the avascular tions if administered systemically.
tissues of the eye 30 In the mflamed eye permeability of the blood-aque-
The conjunctival membrane covers the outer surface ous barrier is mcreased, allowing few drugs adminsis-
of the white portion of the eye and the inner aspect of tered systemically in therapeutic quantities to reach the
the eyelids In most places it 15 foosely attached and antenor chamber of an inflamed zye, but many more
thereby permits free movement of the eyeball. Thus drugs will have such effect only if admmistered systemi-
makes possible subconjunctival injections. Except for 35 eally in quantities that would cause harm in other parts
the comea, the conjunctiva 1s the most exposed portion of the body. In general, in the treatment of the anterior
of the eye; thus, the most susceptible to mnfection. segment of the eye, such systemic administration does
pr e The conjunctival and corneal surfaces are covered not accomplish as much as topical administration.
and lubricated by a film of fluid secreted by the con- The compounds of Formulas {A), (B), (C) and (D))
Junctival and the lacnmal glands The secretion of the 40 and their pharmaceutically acceptable non-toxic alkyl
lacnimal gland, the tears, is delivered through a number esters and salts (descnbed hercihabove) have been
of fine ducts into the conjuncuval fornix The secretion found, in animal experiments, to be non-irritating, hence
15 a clear, watery fluid containing 0 7% prowein and the physiologically compauble, and yet to have a profound
enzyme lysozyme Small accessory lacrimal glands are antiinflammatory effect when applied directly to the
situatedd in the conjunctival fornices. Their secretion 45 eye. Thus, these compounds are highly potent ia pene-
suffices for lubricatton and cieansing under ordinary trating occular tissue but, surprisingly, upon thelr topi-
conditions and for maintaining a thin flmd film covenng cal application, they show no rrritation of the occular
the cornea and conjunctiva (the precorneal film). tissue Compounds of this invention show considerable
The comnea 1s transparent anterior portion of the biolopical activities effecting especially neovasculariza-
outer coat of the eye. The normal cornea possesses 10 50 tion experimentally mduced by silver nitrate, uveilis
blood vessels except at the corneoscleral junction The expenmentally induced by endotoxin, or glaucoma-hike
comea, therefore, must derive tis nutrition by diffusion increase in ntraoccular pressure induced by arachi-
and must have certain permeability characteristics, it donic acid. Accordingly, these compounds, when ap-
also receives nourishment from the fluid circulating plied topically, offer a method for treating occular dis-
through the chambers of the eyc and also from the air. 55 orders caused or associated with inflammatory pro-
Cloudiness of the cornea may be due 10 any ane of cesses of the mammalian eye without exposing the
several factors including excess pressure in the eyeball mammal to the danger of secondary symptoms caused
{as in glaucoma); scar tissue (due to injury or infection}, by large dosages required for systemic treatment. T~ -
or deficiency of oxygen ot excess hydration (as may In the practice, the compouads of the invention or
occur during the wearing of improper!y fitted contact 60 their pharmaceutically acceptable non-toxic alkyl esters .
lenses). A wound of the commea usually heals as an and salts are administered topically, ie., directly to the
opague patch which may result m a permanent disabil- eye of a subject suffering from inflammatory complica-
ity unless it is located m the periphery of the cornea. tions of the eye. Admimstration is in the form of oph-
The corneat epithelium provides an efficient barner thalmic preparation apphed directly to the eye
against bacterial invasion Unless its continuity has been 65 Ophthalmic preparations are sterle products for et
broken by an abrasion (a traumatic opening or defect in ther topical application to the eyelids or instillation mmto
the epithelium) pathogenic bactena, as a rule, cannot the space (cul-de-sac) between the eyeball and the eye-
gan a foothold. Trauma, therefore, plays an important lids. Presently avalable ophthalmic preparations in-
patinfo.pdf p. 007 1 111
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clude solutions, suspenstons, and ointments. Presently Most ophthalmic solutions and suspensions contain
available topical treatment of eye discases include topi- an agueous rather than an oily vehicle. Ophthalmic

cally apphed ophthalmic drops, solutions, suspensions cintments usually contamn a white petrolatam-mineral

. N or ointment or their subconjunctival injecuon. o1l base, often including anhydrous lanohin, while some
Most ophthalmic solutions are so formulated as to 5 have a polyethylene-gelled muneral o1l base.
mix readily with the lacrimal Muids and spread over the Solutions are the most commonly used type of prepa-
surfaces of the cornea and conjunctiva, With the usual ration for the tocal medication of eyes. They are easily
techmque of installation the major portion of the drugis  instilled and rarely cause adverse reactions. The vehicle
deposited in the lower fornix. Capillanty, diffusional  does not cause interference wath vision and does not
' forces, and the blinking reflex are the forces that bring 10 jnterfere with regeneration of the comeal epithelium .
about the incorporation of the drug in the precormeal Oily solutions such as for medicaments which are
film from which it penetrates into and through the cor- mcompatible with water are infrequently used. The
= e only-ofTicial-cphihalmic™solution using ~Gil“is that of =~ -
Studies have indicated that a substance will pass soffurophate,
through the cornea most easily if it has a biphasic solu- 15 Suspensions have the advamage of more extended
buity; that is, if it 15 soluble both in fat and in water action and the disadvantage that it is difficuit 1o aveid
The cornea can be penetrated by fons 10 a small, but  the presence of a few particles which are large enough
measurable, degree. Under comparable conditions, the to cause irntation
permeabilities are similar for all ions of small molecular Eye ointments are sterile preparabions for application
weight, which suggests thal the passage is through the 20 (g the conpunctival sac or id margm. They have advan-
extracellular spaces. The diameter of the largest parn- tages of more prolonged contact and effect, hardly any
cles which can pass across the cellular layersseem to be  jrritation on initial instalfation, slower movement into
in the range of 10-25 A, Increase in the permcal?l.hiy of lacrimal ducts, greater storage stability, and less hkeli-
the cellular layers can be produced by experimental  hood of contaminaton problems, Their disadvantages
techniques which involve slight maripulations such as 25 ;e (hat they produce a film over the eye and thereby
touching the comea, or nstilling solutions differing n blur vision; and they may interfere with the firm attach-
tonicity from that of the body fluds, or even SWTDE e mepy of new cormeal epithelial cells to thewr normal
solution 1n contact with the corneal surface. bagse. Omniments affect the outside and edpes of the
) The composition of this invention comprises, as ac- eyelds, the conjunctiva, the cornea, and the iris, de-
tive ingredient, a compound of formula (A), (B}, (C) of 30 pepding an their abiity 1o penetrate the outer covering
(D) or an ester or salt thereof as described hereinabove, of the eyeball. Toplc;nl drugs can affect the antenor
n admixture with an ophthalmologically acceptable chamber (between the comea and the inis), the ciliary
excrpient. An excipient is ophthalmologically accept-  podqy (part of which holds the lens and adjusts its
able if it s non-irritating to the eye and if its active shape), and the lens
ingredient penetrates the blood-zqueous barner and/or 35 Ophthalmic omntments comprising active igredients
difuse to or through the vanous ocular subStructures Lo .0 pe yeed for the effect of a variety of medicaments on
the site where it1s pharmacologically acuve. The com- g0 ) eide and edges of the eyelids, the conjunctiva,
iiiiamns position may be and may be aqueous O non-aqueous, on . carmes and the iris. Most ophthalmic cintments are
T the form of a solution, suspension, gel, owntment, show

prepared with a base of white or yellow petrolatam and
muneral oil, often with added anhydrous lapolin. Which-
ever base 15 selected, it must be nourntating to the eye,
permit diffusion of the drug throughout the secretions
bathing the eye, anbd retain the activity of the medica-
ment for a reasonable period of time under proper stor-
age conditions

A suitable bass for eye omntmenis 15 given by the
followtng formula

release polymer, or other. Amount of active ingredient 4%
will vary with the particular formulation and discase
state but genecrally will be betweeen 0.001-10 percent of
active ingredient per individoal applicanon dose,
Pharmaceutical ophthalmic compositions are typi-
cally sterilized aqueous solutions (1.e. eyedrops) con- 45
tammg 000!1% to 10% wt/vol; most preferably
0 005% 1o 19 of the active mgredient, along with sut-
able buffer, stabilizer, and preservative The total con-
centration of sclutes shoutd be such that, if possible, the

resulting solution 1s 1sotonic with the lacnmal flud 50 Liguid Faraffin 100 g .
{though this is not absolutely necessary} and has an Wool Fat 1003
cquivalent pHl in the range of pH 6-8 Typical preser- Yellow Soft Paraffin 300z

valtves/sterilants are phenylmercunc acetate, thimero-

sal, chlorobutanol, and benzalkonium chloride. Typical The wool fat, the yellow soft paraffin and the liquid
buffer systems and salts are based on, for example, ci- 55 paraffin are heated together, filtered whie hot through a
trate, borate or phosphate; suitable stabilizers include course filter paper in a heated funnel, sterilized by heat-

glycerin and polysorbate 80. The aquecus solutions are mmg for a sufficient ttme 10 ensure that the whole of the .
formulated simply by solutes in a sunable quantity of  basis 1s mamntained at a temperature of 150° for one EL
water, adjusting the pH to about 6.8-8.0, making a final hour, and allowed to cool, taking precautions to avond
volume adjustment with additional water, and stenfiz- 60 contamination with micro-organisms, before incorpo- .
ing the preparation using method known to those in the  rating the sterile medicament.
ar. Eye ointments are prepared, by means of an aseptic
The dosage level of the resulting composiition wall, of techmque, by erther of the following methods
course, depend on the concentration of the drops, the Method A I the medicament is readily soluble n
condition of the subject and the individual magnrtude of 65 water forming a stable soluton, it is dissolved in the
responses to treatment However, typical dosage ranges minimum quantily of water and the solution sterilized
might be abowt 2-10 drops of 0 1% solutton of active by autoclaving or by filiration and incorporated gradu-
ingredient per day. ally 1n the melted stenle basis, the mixture beng surred
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continuously untl it is cold The eye ointment is then
transferred to the final sterile containers, which are
closed so as to exclude micro-organisms.

Method B. If the medicament is not readily soluble in
water or if the aquecus solution is unstable, the medica- §
ment is finely powdered, thoroughly mixed with a small
quantity of the melted stenle basis, and then incorpo-
rated with the remainder of the stenle basis. The eye
ointment 15 then transferred to the final sterile contain-
ers, which are closed $0 as to exclude microorganisms. 10

If the medicament is insoluble in both water and the
basts, it is essential that it be reduced to an extremely

fine powder - before™ icorporating—with=tha=basis=in=—

order to avoid irritation to the eye.

It is obligatory that ophthalmic ointments do not 15
contain particulate matter that may be harmful to eye
tissues. Hence, in preparing such ointments special pre-
caution 15 taken to exclude or to punimize contamina-
tion with foreign particulate matter, e.g., metal particies
fragmented from equipment used in preparing oint- 20
ments, and also 1o reduce the particle size of the active
ingredient(s) to impalpability. The official compendia
provide tests designed to limit to 2 level considered to
be unobjectionable the number and size of discrete par-
ucles that may occur in ophthalmic omtments. In these 25
tesis the extruded contents of tubes of ointment, previ-
ously melted in flat-bottom Petrr dishes and then al-
lowed to solidify, are scanned under a low-power mi-
croscope fitted with 2 mcrometer eyepiece for (1)
metal particles 50u or larger in any dimension and {(2) 30
other particles 50y or farger in any dimension The limit
for each kind of particle 15 50 in a total of 10 tubes of
owtment and & 1n not more than 1 of the 10 tubes.

Testmg for sterility of products such as ophthalmic
omtments has been greatly facilitated by use of sterile 33
bactena-retaining membranes {those having a nominal
porosity of 045y are commonily used). For omtments
soluble 1n isopropyl mynstate {the solvent nsed in the
official test for sterility) a sample of the cintment is
dissolved m the sterile solvent and filtered through the 40
sterile membrane which, after washing with stenle nnse
medium, 1s subjected to the sterility test. For ointments
insoluble n isopropyl myrnistate the sample is suspended
in a suitable aqueous vehicle that may contain a dispers-
ing agent. 45

For a long ume the technology available for manu-
facture of ophthalmic vintments was not adequate to
produce stenle products; indeed it was believed by
some to be impossible to operate a tube-filling machine
s0 as 1o mainain stenlity even in a stenle room. In 50
recent years technological advances have made is possi-
ble to manufacture sterile ophthalmic ointment units.
Major improvement was achieved i the area of filtra-
tion technology. Membrane filters have improved and
rehability of both sterile filtrauon procedures and 53
stertlity-testing methods. Use of laminar fiow of HEPA-
filtered air m appropriately designed rooms and hoods
has been a major factor in the successful aseptic opera-
ton of the roller mill and of devices for filling tubes
with ointment. 60

The official compendia direct that ophthalmic cint-
ments be prepared from previously sterilized ingredi-
ents, under rigidly aseptic conditions. Petrolatum vehi-
cles and many medicaments may be sterilized by heat.
mg in a hot-air oven at 150" C. for 2 hours; utensils 65
required for compounding may be stertlized by auto-
claving; empty tubes may be sterilized by storage for 24
hours in a 1-1000 solution of benzatkomum chloride in
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70% isopropyl alcohol followed by removal of alcohol
by ewvaporation. A stcrile disposable syringe without a
needle may be used to transfer the finished omtment, if
it is semi-fluid, to the ointment tube, ot sterile aluminum
foil or powder paper may be used for the same purpose.
Probability of microbial contamination is greatly re-
duced by carrying out sclected steps of the procedure in
a laminar-flow hood.

Compounds of this invention may also be adminis-
tered by other nonsystemic modes. Ophthalmic packs
may be used to give prolonged contact of the solution
with the eye. A cotton pledget is saturated with an

NDA 21-528
Section 13

fittatmologically suitable selution and this'pledget is
inserled into the supenor or inferior fornia, Packs are
commonly used to produoce maximal mydriasis. In this
case the cotton pledgets can be, for example, saturated
with a solution of a compound of this invention. Medi-
cated ophthalmic disks produce mitosis both more in-
tense and prolonged than either solution. Use of disks
may be preferable 10 use of solutions.

The compounds may also be administered by the way
of 10ntophoresis. Thus procedure keeps the solution n
contact with the cornea 1n an eyecup bearing an elec-
trode. Diffusion of the drug is effected by difference of
electrical potential

Subconjunctival mjections of compounds of the cur-
rent invention may be used to introduce medications
which, If instilled, either do not penetrate into the ante-
rior segment or penetrate too slowly for the desired
effect The drug is injected underneath the conjunctiva
and propably passes through the sclera and into the eyc
by simple diffusion The most common use of subcon-
Junetival injection is for the administration of antibiotics
in tnfections of the antenor segment of the eye Subcon-
junctival injections of mydnatrics and cycloplegics are
also used to achieve maximal pupillary dilation or relax-
ancm of the ciliary muscle. If the drug 15 injected under-
neath the conjunctiva and the underiying Tenon's cap-
sule in the more postenor portion of the eye, effects on
the cibary body, choroid, and retina can be obtarned

Drugs may salso be admmistered by retrobulbar injec-
tion whereby they enter the globe 1n essentialy the same
manner as the medications given subconjunctivally.
The orbit 1s not well vascularized and the possibility of
significant via-blood stream effects of retrobulbar injec-
tions 1s very remote In general, retrobulbar injections
are given for the purpose of getting medications nto the
postenior segment of the globe and to affect the nerves
and other structures in the retrobulbar space Reming-
ton's Pharmaceutical Sciences, 15th Ed, 1489-1304,
(1975)

The fcllowing examples are intended to0allustrate, but
not to hmit, the scope of the invention.

EXAMPLE 1

Compositon of Ophthalmic Solutions for Topical
Administration to the Eye

Compasiuon at Concentration Indicated

Ingrediens Vehicle 002% 1% 025% 05%
NaH;POLH;O 3ml tml ml § ml B ml
o0z M

NazHPO4 H20 42 ml 42 ml 42 mi 42 ml

2 ml
0 M

Aclive o ooz g Olg 025g 05g
Ingredient

RNaCl Digg 0178g D165g OClazg 0l0g
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~continued
Compoution a1 Concenravon Indicated
Ingredient Vehcie 0M% 01% 0.25% 04%
Benzalkemum 002 g Qo g 00l g g o0 g
Chioride
0% wiw
Sterihzed 100 mi 100 ml 100 ml 100 ml 100 mt
water qs

The active ingredient in this example is 5-benzoyl-1,2-
dihydro-3H-pyrrolo(1,2-a)pyrrole-1-carboxylic  acid,
but gther.compounds_of.this.invention.may. be. substi-

18
wriation of the eyes in any of the three species at any
concentration which was used for testmg (e,
0,002-0.5%) and their effect was comparable to the
effect of the vehicle ophthalmic solution without any
5 drug added

EXAMPLE 3
Silver nitrate-induced neovascularization

¢ This example illustrates topical anti-inflammatory
effect of claimed compounds by tesung their ability 10
inhibit neovascular growth induced by silver nitrate

NDA 21-528
Section 13

tuted therefor

The active compound of this example, in its trishy-
droxymethylaminomethane salt, was dissolved in buif-
ered isotonic solutions conlaining benzalkonium chlo-
ride as a preservative. Volume was made up to 100 ml
and pH adjusted to 7.4. The resulting solution was fil-
tered through 045 microns mullipore filter and were
dispensed for use in dropper bottles

EXAMPLE 2
Eye Irritation Study

This example illustrates non-irntaung properties of
compounds of this invention when used as topical anti-
infMammatories administered directly 1o the eye of an
eapenmental ammal.

To be effective topical anti-infllamrmoatory agent, the
compound must, first of all, itsell prove to be non-
irntating To determine the effects of various com-
pounds on eye irntation, the comparative Irritabihity test
among known anti-inflammatories  was  designed
wherein the imtation of the eye following the topical
application of tested compound was measured and com-
pared to the irritation of the eye following the applica-
tion of other anti-inflammatory compound Each stud-
ied anti-inflammatory compound was tested individu-
ally on single animal by admenistering, at the same time,
inte one eye of the ammal the ophthatmic soiution with
tested compound as an active ingredient and to the
other eye vehicle ophthalmic solution only. An irrita-
tion caused by tested compounds, if any, was compared
to non-irntatng effect of vehcle ophthalmic solution
applied 10 the other eye Irritation was measured by
number of blinks of each eye during the exact penod of
ume. Tests were performed on rats, dogs and monkeys

Protocol

Ophthatmic solutions with the 0 02%%, 0 1% and 0.5%
of 5-benzoyl-1.2-dihydro-3H-pyrrolo(l,2-a)pyrrole-1-
carboxylic acid or Flurbiprofen as an active ingredient
were prepared according to the procedure of Example
I. One drop of the tested ophthalmuc solution with
active ingredient was admimstered directly into the
conjuctival sack of the rat’s left eye At the same time
one drop of vehicle was administered to the conjuncti-
val sack of the rat’s right eye. brritation of each eye was
measured by counting the number of blinks for one
minute after the applicatton, The results were expressed
as the mean number of blinks=tstandard error per eye.
The mean number of blinks/minute were averaged for
the vehicle treatment and compared to the drug treailed
eye. Each compound was tested sumilarly in mongrel
dogs and rhesus monkeys.

While Flurbiprofen has caused a severe eye irriation
(s, for example, doubled number of blinks following the
application of 0,5% solution) in rats, dogs and monkeys,
the compounds of this inveniton did not illiaite any
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caulerization.
Comneal necvasculanzation is part of the normal n-
ts flammatory response to the keratius—inflammation of
the cornea. Corneal neovascularization follows comneal
invasion by polymorphonuclear leukocytes The most
serious consequence of neovascularization is the loss of
corneal transparency combined with a biochemical
20 modification of the comneal tissue that changes it from
an avascular tissue not participating in the body's lissue
immunity to one requiring a direct blood supply that
parntakes of anugen-antibody reachons Experimentally,
neovasculanzation of the cornea may be induced by
25 cauterizauon of the rat or rabbit cornea with silver
nitrate Amer. J. Pathol 79, 537, 1975.

Protocol

Preliminary experiments have shown that rats elicited
30 a more uniform response 10 a silver nitrate than rabbits
Four groups of rats (12/group} were used for this study
The center of the each ral’s cormea was cauterized with
silver nitrate applicator stick obtained from San Jose
Surgical Supply. Treatment was started immediately
35 after cauterization and comprised a topical administra-
ton of vanous concentrations of tested compounds of
vehicle directly 1o the rat's eye
Vehicle ophthalmic sotution and ophthalmic solution
with 0.1%, 0.25% or 0.5% of 5-benzoyi-1,2-dihydro-
JH-pyrrolo{l,2-a)pyrrole-1-carboxylic acid as an active
ingredient were prepared according fo the procedure of
Example 1. Immediately after cautenzation, one drop of
testedt ophthalmic solenon was applied 10 the right eye
and one drop of the vehicle was apphed to the left eye
four tumes each day always admimstering solutions
contaimng tested compound or vehicle to the same eve
as previously, Treatment was continued for 5 days
It has been found that cautenzation caused a wide
response and therefore the respoose to burning was
graded 10 ensure that the mean response for each group
was sumilar. The following.scale was used to grade the
response to burning

40

45

55 [+ n6 bumn vinble
L4 cautzrized area with no blister
24 small blister
3+ moderaie blister
44 Iarge bhster

Because the burns which do not cause a bhsters do
not induce neovasculanzation, prior to a treatment N1
ation, rats were examined for the presence or absence of
blisters and the rats who did not develop blisters were

65 excluded from the study. Thus, the only rats with burns
degree of 24 to 4+ were used

The day after the last treatment, the degree of the
neovascularization which deveioped around the cornea
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was quantitated by determining the distance which the
new blood vessels progressed toward the burn site. The
following scale was used to determine the degree of the
neovascularization:

0 blocd vessels i cormea

1.5+ blood veasels § distance 1o burn

2+ blood vesscls | distance to bum

I+ blood vessels | distance to bum

4+ blood vessels § distance to burn 10
45 blood vessels § distance to butt

6+ vessels reach bum

20
the vessels in the ins and cihary body cansed by endo-
oxIn.

To test a compound, one drop of 0.3% cphthalmic
solution with the tested compound as an active ingredi-
ent was applied to the nght eye of the rabbit two hours
prior to endotoxin wjection, one hour prior to endo-
toxin injection, at the time of endotoxin injection, thrrty
minutes and sixty minuetes after the endotoxin challenge.
At the same times, the left eye of the rabbit received the
vehicle aphthalmic solution only. The effectivity of the
compound was measured by following & progressive

All evaluations were performed blindly, the investi-
gator being unaware of which cye received tested com- 15
pound and which received the vehicle At the comple.
tion of the study, the eyes were photographed using an
OM-2 camera attached to a disecting microscope.

The data from these expermments show that the burn
stimufus from group to group was reasonably uniform. 20
While the lowest concentration (0.19%) of the tested
compound did not cause statistically significant de-
crease in mean neovasculanzauon; the solutions with
025% and 0.5% concentrations of tested compound
intubited significantly neovasculanzation caused by 23
silver nitrate application.

EXAMPLE 4
Endotoxin Induced Uveitis

The uvea, the middle layer of the eye, consists of the 3
choroid, the ciliary body and the ins Uveitis, inflamma-
tion of the nvea is charactenzed by change in the per-
meability of uvea vessels and by the leakage of inflam-
matory exudates into the aqueous. Uveiis may be ex- 4
penmentaily mduced by intravenous admenisiration of
endotoxin (Nature, 286 611, 1930) A model was devel-
oped in rabbits in which the uveitis, mduced experimen-
tally by endotoxin, is monitored by fluorophotometry.
This cxperiment illustrates the utility of compounds of 45
current invention in reducing the degree of vascular
permeability developed dunng uveitis.

Protocol

New Zealand white rabbats were anesthetized with 45
ketarune (35 mg/kg, i m.) and xylazine {5 mg/kg, im)
dextran-isothiocyanate-fluorescetn (FITC)
(m.w.=064,200, 100 mg/kg as a 10% solution) was tn-
jected into their marginal ear vein. 15 minutes later, a
dose of 25 pps/ke of endotoxin {(lipopolysaccharide} sp
isolated from Saimonella typhimurium was injected into
the same marginal vein. The rabbit was placed in front
of fluorophotometer and a blue hight was focused mnto
the eye. The resulting fluorescence, emitted by dextran-
FITC, was detected by a photomultiplier tube. Scans ss
were made of the right and left eyes of each rabbit after
dextran-FITC administration, and 90 minutes after en-
dotoxin administration

The dextran-FITC concentration in the aqueous
humor was determined using a fluorophotometer manu- 60
factured by Coherent Medical Division, Palo Alo,
Calif This devise consist of a scanning opuc head con-
trolled by a Commeodore Pet Computer, which runs the
scan, stores, and processes obtamned data.

Inrttally, most of the dextran-FITC was present in the 65
retinal vessels but after period of 60 minutes, consider-
abie amount of dextran-FITC appeared in the aqueous,
indicating an alteration in the vascular permeability of
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inc KT -leakage-nto-the-aqueous-of:
both eyes.

‘The results of this study indicate that the eye pre- and
post-treated with compounds of this wvention were
protected effectively against endotoxin-induced Jeakage
of dextran-FITC nto aqueous Vascular permeability in
treated eye was approximately ten times lower, with
degree of significance smaller than 0.01 when compared
with non-treated eye,

EXAMPLE 5§
Effect on Increased Intracccular Pressure

This example illustrates the effect of compounds of
curreiit inventon on intracccular pressure. Arachidonic
acid, a prostagiandin substrate, when topicaily apphed
10 the eye increases intraoccular pressure sumiarly 1o

0 that observed in glaucoma.

Protocol

Female Dutch belted rabbits (Nitabell Rabbitry, Hay-
ward, Cahfl) weighing 1 5-2.0 kg were anesthetized

5 with topical anesthetics (0.5% proparacaine HCI) ob-

tained from Squibk Pnor to the beginning of the experi-
ments, normal mtraoccular pressure in both eyes of the
rabbits were established using McKay-Marg Electromc
Toncmeter. Obtained results were expressed 1z mm of
mercury. By this prehmnary study it was determmed
that there were no sigmficant differences in intraoccular
pressure readings between the nght and left eyes of
normal rabbits

The actual testing studies were divided into two sub-
studies with the purpose for the first one to determine
whether the topcal apphicauon of tested compound will
increase intraoccular pressure, and with the purpose of
the second one 10 determine whether, when applied 1o
ihe eye with aiready increased intraoccular pressure, it
will be able 1o decreasc said pressure significantly.

First Study

Afier the imttial intraoccular pressure of each amimal
was determined, ophthalmic solution with §39% of
tested compound was applied 10 the rabbat left eye and
the vehicle ophthalmie sclution was applied $o the rab-
bit right eye. Two hours later, the pressures of both eyes
were recorded, and the data were analyzed using a
pawred “t” test

Neither the vehicle ophthalmic sclution, nor the oph-
thalmic soluton with 0.5% of an active ingredient in-
creased intrzoccular pressure in the two hours interval
after the administration Both measured pressures were
exactly the same as those established by prehiminary
experiment Thus, the tested compounds did not show
any direct effect on normal irtraoccuiar pressure.

1 115
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Second Study

In the second study, the imual base-line of intraoceu-
lar pressure was again established for each animal. This
was followed by application of one drop of 0.5% of the
ophthalmic solution containing the tested compound as
active ingredient into rabbit's left eye and the vehicle
ophthalmic solution to the rabbit’s right eye at the time
zero and 15 minutes later. Thirty minutes from the first
application of tested solutions one drop of a 2% solution
of arachidonsc acid dissolved in peanut oil was applied
to both eyes Forty-five minutes from the ime zero

0

151
22
X represents oxygen or sulphur; and
R;s represents hydrogen or lower alky] group having
from one 10 four carbon atoms

2. A method for treating corneal neovascularization,
uveitts and cystoid macular edema in mammals which
method comprises topical applcatior 1o the eye of a
mammal in need thercof a therapeutically effective
amount of a pharmaceutical ophthalmic composition
containing ¢ 005-1% wt/vol of a compound chosen
from those represented by the formulas-

NDA 21-528
Section 13

intraoccular pressures of both eyes were measured and
the data were analyzed using a paired “(" test.

As expected, arachidonic acid increased intraoccular
pressure 1n the right eyes of the animals but not in the
left eye which was pretreated with tested drug. Oph-
thalmic solution with 0 5% of the tested compound
applied twice prior to arachidonic acid was able to
prevent this increase in intracocular pressure. The same
solution applied only once did not significantly affect
intraoccular pressure.

What 15 claimed

1. A method for treating wflammation of the eye in
mammals which method comprises topical application
to the eye of a mammal 1 need thercof a therapeuticaily
effective amount of 2 pharmaceutical ophthalmic com-
position containing 0.005-1% wt/vol of a compound
chosen from those represented by the formulas:

R, (A}
Ry
COOH
C N
Il
o]
R (B)
" "\ J\ Jl\ COCH
x [ N
1
[+]
Ry (C}
COOH
C N
“ ]
o
X
(D)

K
1
N c N COOH
| i
Ry Q

and the individual (1-) and (d-Jacid isomers thereof and
the pharmaceutically acceptable non-toxic esters and
salts thereof, wherein
R represents hydrogen; lower alkyl group having
from one to four carbon atoms; chlore or bromo,
R, represents hydrogen, a lower alkyl group having
from one o fonr carbon atoms, a lower alkoxy
group having from one to four carbon atoms,
chlere, bromo, fluore; or R4S{Q)n wherein
Ry is lower alkyl and
n 1s the inmeger 0, 1 or 2:
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25

10

3s

45

65

\
Y
£

Ry

COoH
c N
1l

Rj {B)
£
COOH
p. 4 C N
I
[0
Ry ©
. COOH
{ C N ]‘
I
X Q
(L]

L fl -

and the tndividual (1-) and (d)acid isomers thereof and
the pharmaceutically acceptable non-tomc esters and
salts thereof, wherein
R represents hydrogen; lower alkyl group having
from cne to four carbon atoms; chioro or bromo;
R represents hydrogen, a lower alkyl group having
from one 1o four carbon atoms, a lower alkoxy
group having from one to four carbon atoms,
chlore, bromo, fAuero, or RaS{On wherewn
R4 15 lower alkyl and
n1s the wmteger G, 1 or 2,
X represents oxygen or sulphur; and
R 5 represents hydrogen or lower alkyl group having
from one 1o four carbon atoms.
3. The method of claym 2 for treating corneal neovas-
cularization.
4. The method of claim 2 for treating uveins.
5 The method of claim 2 for reating cystoic macular
cdema.
6 The method of claim 2 wherein compounds are
represented by those of Formula (A).
7. The method of claim 6 wherein Ry1s hydrogen
8 The method of claim 6 wherein Ry 1s bydrogen,
namely  5-benzoyl-1,2-dihydro-3H-pyrrolo[1,2-a]pyr-
role-f-carboxylic acid
9 The method of claim 6 wherein Rz is R4S where
R4 13 metbyl and the Rj substituent s at the para-posi-
tion of the phenyl ning, namely 5-(p-methyithio)benz-
oyi-1,2-dihydro-3H-pyrrofo] 1, 2-a]pyrrote-t-carboxyhe
acid
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10 The method of claim 6 wherein Ry is methoxy at
lhe para-position, namely 5-(p-methoxy)-benzoyl-1,2-
dihydro-3H-pyrrolo-[1,2-a)pyrrole-1-carboxyhe acid.  °

11. Thke method of claim 6 wherein R; is methyl.

12. A topical ophthalmic pharnaceutical compaosition

10

for the treatment of inflammation of the eye comprising

an 99% to 99 995% wt/vol of ophthalmologically ac.

ceptable excipient in admixture with 0.005-1% wt/vol 1

of a compound chosen from those represented by the

formulas

20
R (A)

Ry
COOH

. E ]\
COOH

35

Ry )
COOH
[ T -

45
50

55

65
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-continued

Ry @)
[ :I\l COOH
N c N
Rs [¢]

and the individual (I-) and (d-)acid isomers thereof and
the pharmaceutically acceptable non-toxic esters and
salts thereol, wherein

Ry represents hydrogen, lower alkyl group having

R; represents hydrogen, a lower alkyl group having
from one to four carbon atoms, & lower alkoxy
group having from one to four carbon atoms,
chloro, bromo, flucro; or RaS(Q)n wherein
Ra s lower alkyl and
n 15 the integer 0, 1 or 2,

X represents oxygen or sulphur; and

Rs represents hydrogen or lower alkyl group having
from ane to four carbon atoms.

13 The topical pharmaceutical ophthalmic composi-
tion of claim 11 wherein the compound is represented
by formula (A)

14. The topical pharmaceetical ophthalmic composi-
tion of claim 13 wherein R s hydrogen.

15. The topical pharmaceutical ophthalmic composi-
tion of claim 14 wherein Rz is hydrogen; namely, 5-
benzoyl-1,2-hhydro-3H-pyrrolo[1,2-a]pyrrole- l-car-
boxylic acid.

16. The topical pharmaceutical ophthalmic compos:-
tion of claim 14 wherem Ry is R4S where Ry is methyl
and the R; substituent is at the para-position of the
phenyl ring, namely, 5-(p-methylthio)benzoyl-1,2-dihy-
dro-3H-pyrrolo-[1,2-2]-pyrrole-1-carboxylic acid.

17. The topical pharmaceuiical ophthalmic composi-
tion of claim 14 wheremn Ry is methoxy at the para-posi-
tion; namely, 5-(p-methoxy)-benzoyl-1,2-dihydro-3H-
pyrrolo|1,2-aJpycrole-1-carboxyhie acid.

18. The topical pharmaceutical ophthalmic compas-
tion of claim 12 wherein the compound 1s chosen from

those represented by formula (A) wherein R is methyl.
- * * * -

1 117
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(57 ABSTRACT

Stable. clear, anumicrobially effective, ophthalmic for-
mulauons include an ophthalmologically effective
amount of a drug, especially s —COQOH group-conzain-
ing drug or a NSAID, and a preservative sysiem
formed of a quaternary ammonium preservative and a
nomonic surfactant, all in‘/an aqueous vehicle. These
formulations are useful for treating discases that are
either caused by, associated with or accompanied by
inflammatory processes. inciuding, among others, glao-
coma, cystoid macuolar edema, uveitis, diabetic retino-
pathy and conjunctivitis, or any trauma caused by eye
SUTEETY Or eye mjury.

16 Claims, No Drawings
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OPHTHALMIC NSAID FORMULATIONS
CONTAINING A QUATERNARY AMMONIUM
PRESERVATIVE AND A NONIONIC
SURFACTANT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of our copending
apphcation Ser. No. 07/0%6,173, filed Sep 11, 1987 now
abandoned.

0

2
to be incompanble with amomic drugs {¢ g . salicylates
of nitrates, eic ) and can be snactivated by surfactants.

Many NSAIDs (such as ketorolac, indomethacin.
flurbiprofen and suprofen} are being developed for ocu-
lar use because of their activity as anti-inflammatory
agents as welf as their ability 1o prevent cysioid macular
edema.

These NSAIDs have proven to be incompanble with
quaternary ammonium compounds such as BAC be-
cause they can form a complex with them, rendering the
preservalive less avalable to serve its function, as is the
case with other ophthalmic drugs that coniain s

BACKGROUND OF-THE-INVENTION

The present invention relates 10 improved ophthal-
mic formulanons, particularly to ophthalmic formula-
tions for anti-inflammatory drugs, and specifically to an
ymproved preservative sysiem for ophthalmic formula-
tions of carboxyl (*—COOH™) group-containing drugs,
especially  non-sterowdal  anti-inflammatory  drugs
{("NSAIDs"™).

The invention also relates 10 methods of using these
formulanions for treating discases that are either caused
by, associated with or accompanied by inflammatory
processes, including. among others, glaucoma. cystotd
macular edema, uveitis, diabetic retinopathy and con-
Juncnviis. or any trauma caused by eye surgery or eye
tnjury

The topical use of NSAIDs, particularly pyrrolo
pyrreles, in 1the treaimem of ophthalmic discases was
first taught in U.S Pat. No 4,454,151, where NSAID
compounds {such as those descnbed in .S Par Nos
4,089,969, 4,232,038, 4,087,539 and 4.097,579) were ex-
emplified in formulation with NaH:PQy HaO, NajH.
POs H1:0, NaCl benzalhonium chloride (“*BACT) and
stenlized water While the formutations described in the
*151 patent were efficacious. a complea was found to
form between the NSAID and the BAC. The lformula-
tions did not, therefore, have the stabilty desired for
shell life in commercial apphications A reasonable mini-
mum shell life is at least about one year, representing
sufficient tiene to package, ship, and store a formulation
without having 10 replace expired siock 100 frequently.
Thus, the present invention entajls an improvement
over the formulattons described in the "151 patent

In general, an ophthaimic formulation contains an
active compound and vanous ophthalmologically ac.
ceplable excipients, 1n the form of & solution, &n oint.
menl, a suspension, etc. An excipient is ophthalmoelogi-
cally acceptable if 11 1s hon-irmitating to the eye and if us
active ingredient peneirates the blood-aqueous barner
and/or difuses through the various ocular substruciures
to the site where it 1s pharmacologically active. The
excipients can include a tonicifier, a preservative, a
surfactant, a buffering system, a chelating agent, a vis-
cosity agent as well as other stabilizing agents. Ophthal-
mic formulations must be sterile, and if intended for
multiple dosing regimens, musi be preserved with an
effective anti-microbial agent.

Organo-mercurials {e g., thimerosal, phenylmercuric
accwnte and phenylmercuric mirate) have been used
exiensively s the preservative in ophthalmic solutions.
These compounds, however, pose difficulties due 10
potential mercury toxicity as well s poor chemical
stability. Benzalkonium chlonde, a quaternary ammo-
nium compound, has been widely used in ophthalmic
solutions, ang is considered 1o be the preservative of
choice However, BAC has typically been considered
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—COOH  grotip. Thus, less prelerred preservalives
have been used in such ophthalmic formulations. For
example, Oculen Ophthalmic solution, the first NSAID
{Aurbiprofen) approved by the FDA for ophthalmc
use, incorporates thimerosal (with EDTA) as its preser-
vative system,

It has remained desired to provide a stable, clear,
antimicrobially effective ophthalmic formulation for
NSAIJDs using BAC as the preservative, and an im-
proved preservative system for —~COOH group con-
taining ophthalmic drugs.

SUMMARY OF THE INVENTION

It has now been discovered that stable, i.e., clear and
antumicrobially effective, NSAID-containing ophthal-
mic formulations can be prepared that do not include an
orgapc-mercunal preservative.

in one aspect of the invennon, these composiuons
mclude an ophthalmologically effecteve amount of a
NSAID, a quaternary ammonium preservative and a
stabilizing amount of a nomomc surfactant, all m zn
zqueous vehicle.

Another aspect 15 an antimicrobially effective preser-
vative system for ophthalmic drugs having a —CQQH
group, mcluding a quaternary ammonium preservative
and a stabilizing amount of g nonionic surfactant.

In a third aspect of the ir/venlion, methods for treat-
ing ophthalmic diseases in mammals using the ophthal-
mic pharmaceutical formulations of the invention are
also disclosed These diseases are those that are either
caused by, associated with or accompanied by inflam-
matory processes, including, among others, glancoma,
cystoid macular edema, uveins, diabetic retinopathy
and conjunctivins, OF any trauma caused by eye surgery
OrF ¢ye injury.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

DEFINITIONS

As used herein, the term "NSAID™ means an oph-
thalmologically acceptable non-steroidal anti-inflamma-
tory drug.

As used herein, the term “q 5. means adding a quan-
tity sufficient to achieve a stated function, e.g., to brmg
a solution 1o the desired volume (i.e., 100%).

As used herein, the term “treatment™ or “treating”
means any treatment of 8 disease in 2 mammal, includ-
ing:

(3) preventing the disease, that is, causing the clinical

symptoms of the disease not 10 develop,

(i1) inhibiting the disease, that is, arresting the devel-

opment of clinical symptoms; and/or

(ii1) relieving the disease, that 15, causing the regres-

ston of clinical symptoms
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As used herein, the term “elfective amount™ means a
dosage sufficient 10 provide reatment for the discase
state being treated. This will vary depending on the
patient, the disease and the 1rcatment being effected.

As used herein, the term “antimicrobialiv effective™
means ability to withstand the U 5. Pharmacopia anui-
microbial challenpe.

As used herein, the 1esm “stabilizing™ means keeping
» formulation clear and antimicrobially effective for its
minimum reasonable shelf life, e g, at least one year.

FORMULATIONS

—

4
-continued
Ingredienm Amount
BAC 002% wifral:
{50% ag soln)
Ocloxyna) 40 001 % wifrol
{10% ag win)
EDTA Na» € 10 wi/vol:
NaCl qs losr notonicsy with
lscrimal fluid.
1IN NaCH or IN HCI qs 1w sdjust pH 10
74 = 04, and
Purified Waier qs o 100%.

The formulations of the present invention include a
NSAID active agent in an effective amount for ophthal-
mic ireatment, & Qualernary ammaonium preservative, a
stabilizing amount of a nonionic surfactant, optionalty
including other excipients such as a chelating agent, a
tonicifier, a buffering sysiem, a viscosity agent as well as
other stabilizing agents. Ophthalmic solutions and sus-
pensions typically contain an aquecus vehicle rather
than an oily vehicle. Ophthalmic formulations must be
sterile, and if intended for muliiple dosing regimens,
must be anumicrobially effective for their mimmum
reasonable shell e, ¢.g., 2t Jeast one year, and prefera-
bly 1wo to three years or more The ingredients used in
the formulations of the preseni invention are typically
commercially available or can be made by methods
readily known 1o those skilled in the an.

Pharmaceutical ophthalmic formulations typically
contain an cflective amount, eg. 0.001% 10 10%
wi/vol, most preferably 000055 1o 1% of an active
ngredient (e.g.. the NSAID of the present invention).
The amount of active ingredient will vary with the
particutar formulatuion and the disease state for which it
1s intended The total concentration of sojutes should be
such that, if possible, the resulung solution is 1olome
with the lacrimal fluid (though this is not shsolutely
necessary) and has & pH in the range of 6-8.

The formulations of the presenr invention are pre-

pared as solutions incorporating the above-described 40

ingredients within the following approximaite ranges

Ingrediem Amount

Active Agent 000Y% 10 10 0% wisvol.
Preservative Q0% to 1 FF wisvel
Surfactant 03015 10 | 0% wisvol.

Onher Eaciprents
Punfied Waer

0% to 10 0% wi/vol:and
g% 10 100

Optional other excipients, such as a chelating agent and
a 1onicifier, are used in the following approximate pro-
POrUIOnS:

Ingrediens Amount
Chelzting agemt 001% 10 | 0% wi/vol ;
Tomcifier G4 10 achueve

Botorcity with
lacrimal Mwd, and
qs 1o adyust pH 10
401080

1IN NsOH or IN HCI

in & preferred ophthalmic NSAID solution, the ingredi-
ents are combined in the following proportions:

Ingredient Armnount

NSAID 0.50% wisvol,

patinfo.pdt p. 016

The invention relates pnmarily 1o formulations hav-
ing as the active agent ophthalmologically acceptable
drugs (including the esters and pharmaceutically ac-
ceptable salts thereofl) that can form a complex with a
quaternary  ammonium  compound, particularly
NSAIDs and drugs with a carboxyl group.

NSAIDs useful in the practice of this invention m-
clude, for example, ketorolac (and the other compounds
described as being ophthalmologically effecuve in 1.S.
Pat. No. 4,454,151 to Waterbury, issued Jun. 12, 1984,
the pertinemt portions of which are incorperated herein
by relerence), indomethacin, flurbiprofen sodium, and
suprofen, including the esters and pharmaceutically
acceptable salts thereof

Preservatives useful in the formulations of the presemt
invention include guaternary ammonium compounds,
such as cetylirimethylammonium bromide, cetylpyn-
dinwm chloride and preferably, benzalkonium chloride.

The nonionic surfactants useful in the formulations of
the present invention are preferably polyoxyethylated
surfactants including polyoxyethylene hydrogenated
vegelable oils, such as polyethylene 60 hydrogenated
castor oil, manufactured and sold by Kao Corp. of
Japan under the trade name Emanon CH-60, and prefer-
ably ethoxylated octylphenol compounds, such as Oc-
toxynol 10 and most preferably Octoxynol 40, manufac-
tured and sold by GAF under the trade name Igepal
CA897 (a 70% aqueous solution of Octoxynol 40).

Among the optional excipients, the chelating agents
useful 1n the formulations of the present invention n-
clude &-hydroxyquinoline sulfate, citric acid, and prei-
erably disodium edetate. Under ceniatn condimons, the
chelating agent may also enhance the anti-microbial
eflect due to its ability to render essential metal jons
unavailable 10 the microbes

Buffering systems optionally useful in the formula-
tions of the present invention arc based on, for example,
citrate, borate, or phosphate.

Tonicifiers optionally useful in the formulations of
the present invention include dextrose, potassium chio-
ride and/or sodiom chloride, preferably sodium chlo-
nide.

Viscosity agents optionally useful in the formulations
of the present invention include the cellulose deriva-
tives such as hydroxypropylmethyl cellulose, sodium
carboxymethylcellulose, and hydroxyethyleellulose.

Other optiona) excipients useful in the formulations of
the present invention include stabilizing agents such as
antioxidznts, e.g., sodium metabisulfate and ascorbic
acid, depending on the NSAID used.

These formulations are prepared by dissolving the
solutes (e.g., the NSAID, the preservative, the surfac-
tant, the chelating agent, and the buffenng agent) in a
suitabie quantity of water, adjusting the pH to about
6-8, prefcrably 6.8-8 0 and most preferably 7.4, making
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a final volume adjustment to 100% with addnional
water, and sierilizing the preparation using any sustable
method known to those m the an

It has been discovered that ephthalruc formulations
incorporsting 1he preservalive sysiem of the invention
are physically stable (1.e., rerain clear) and functionally
stable {1¢, remain antimicrobially effective) for at least
the minimum reasonable shell hife of such products.

PREFERRED FORMULATIONS

The preferred preservative sysiem of the invention
inclodes a qualernary ammonium preservative and a
stabilizing amount of-a ronionic surfaciant

{

6

Iids, by topically applied ophthalmic solutions, suspen-
sions or dintments. or by subconjunctival injection

The dosage level will, of course. depend on the con-
centration of the drops, the condition of the subject and
the individual magmiude of responses 10 treatment.
However, typical dosage ranges might be about 2-10
drops of 0.1% solution of active mgredient per day.

For a more deailed discussion of ophthalmic formu-
lanions, their preparation and administration, sce Rem-
ington's Pharmacewtical Sciences, 15th Ed., pages
1489-1504, (1975).

TESTING

The preferred ophthalmic formulation of the inven-
tion includes 2 NSAID active agent in an effective
amount for ophthalmic treatment and an antimucrobi-
2lly effective amount of the above-described preferred
preservalive sysiem

The preferred preservative of the invention is benzal-
konium chloride.

The preferred surfactant of the invention is Octox-
ynol 40, especially when combined with benzalkonium
chlonde.

The preferred chelating agent of the invention is
disodium edetate, especiaily when combined with benz-
alhanium chloride and Octoxynol 40.

The preferred ophihalmic soluticns of the tnvention
include 3 NSAID, benzalkomwum chlonde, Ocloxynol
40 and disodium edetats.

A preferred ophthzlmic NSAID soletion has the
following formulation-

Ophthatmic formulations such as the solutions of the
present invention are typically tested for physical stabil-
iy, chemical stability, and preservauve efficacy, both
when they are first manulactured and afier a fiaed per-
iod of time {e.g., after two years) They are generally
considered to be safe and chnically acceptable if proven
10 be well tolerated in the eye.

Physica! stability is determined by obscrvation of a
solution after expiration of a fixed period of time. A
solution 15 considered to be physically stable if its ap-
pearance (e g.. calor and clarity) does not change and if
the pH remains constant, withm scceptable limits.
Chemical stability involves a routine chemical analysis
of the solution, 10 be sure that its active ingredient and
the eacipients have not changed afier a fixed penod of
time.

Preservative cfficacy is tested by the procedure de-

scnbed i the US  Pharmacopia  Compendiary,
whereby a solutson is challenged wih a microbe and a
Ingrechens Amaouni A
35 determination 15 made as 10 whether the microbe sur-
NSAID 050% wi/rol vives in it
BAC 002% wirvol .
(%1% ag soln )
Octorynol 4C 001% wifol EXAMPLES
E’g@ WN:"‘“‘ 010% waral The following examples are given 1o enable those
NaClA o as f:':'m::m“ 4o skilied in the art to more clearly understand and to
with lacnmal fuid practice the present mnvention They should not be con-
¥N NaOH or IN HO g+ w0 adjs pH 10 sidered as a limitation on the scope of the invention, but
Pomficd Water ;:é :)c:)-‘ merely as being illustranve and representanve thereof,
i
“ EXAMPLE 1

Most preferred is the ophthalmic solution according
to the sbove formulation wherein the NSAID s
Ketorolac Tromethamine

UTILITY AND ADMINISTRATION

This invennion is directed 1o NSAID ophthalmic
formuiations and a method useful for treauing ophthal-

This example illustrates the preparation of a represen-
tative pharmaceutical formulation for ophthalmic ad-
mimstration contaimng the NSAID Ketorolac Trome-
thamine,

Ingtedient Amount

mic diseases in ‘rna.rnma;ls. These discases are cither Ketorolac Tromeihamne 0 50% wifvol
caused by, associated with or accompanied by inflam- BAC 0O01% wi/vol
matory processes, including, among others, glaucoma, 35 (50% nq wln)
cystoid macular edema, uveitis, diabetc retinopathy Octoxynol & 00I% wisvol,

d conjunctivitis, or any trauma cansed by eye surge (70% aq saln)
and conjuncti y trt d by eye surgery EDTA A 010% wisval.
Of &ye Injury. NaCt 9 9% wi/vol.

The method of this invention is both curative and
preventative. Where spplied, for example, pre-surgi-
cally or immediately post-traumatically, 1¢. before in-
flammation develops, it prevents development of in-
flammation, When apphed directly to the eye¢ suffering
from any of the named opthalmic discasss, it supresses
already developed inflammatory processes.

Opthalmic formulations are typically admimstered by
topical application to the eyelids or for instiliation into
the space {cul-de-sac) between the eyeball and the eye-
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The sbove ingredients are mised, adding purified
water uniil they are dissolved, the pH 15 adjusted to
7.4204 and the balance of the formulation is made up
with punificd water, adding a quantity sufficient 10
make 100% volume, The solunon 1s then sterilized.

Other NSAIDs, such as those described above, can
be used as the active compound in the preparation of the
formulation of 1his example.
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EXAMPLE 2

This example illustrates the preparation of a represen-
tative pharmaceutical formulation for ophthalmic ad-
mimistration containing the NSAID Ketoralac Trome- 3

thamine
Inpredient Amoynt
Keiorolac Tromerthamine 0 30% wi/ral 10
BAC 001% wi/vol
(30% sq soln)
Octoxynol M0 oo wt/vol
(70% aq soln)
EDTA Naj 0 0% wi/vol
NaC} 0 79% wifvol 15

The above ingredienis are mixed, adding purified
water until they are dissolved, the pH 1s adjusted 10
7.40.4 and the balance of the formulation s made up
with purified water, adding a quantity sufficient 10
make 100% volume. The solution is then stennhzed.

Onher NSAIDs, such as those described sbove, can
be used as the active compound 1n the preparation of the
formulation of this example.

EXAMPLE 3

This example 1llustrates the preparation of a represen-
tative pharmaceutical formulation for ophthalmic ad-
ministrauon containing the NSAID Ketorolac Trome-

A 30
thamine.
Ingredient Amnynt
Kelorolac Tromethamine D105 wi/hol
BAC 00045 wi/vol 35
{50% aq woln)
Ociony nol 40 D0% wi/vol
{70% aq sola )
EDTA Nz 0057 wisvol
NaCl GBS wio!

The above ingredients are mixed, adding purified
waler until they are dissolved. the pH is adjusted to
7404 and the balance of the formulanon 1s made up
with punfied water, adding a quantity sufficient 10 45
make 1005 volume The solution 15 then steralized.

Other NSAIDs, such as those descnibed above, can
be used as the active compound in the preparation of the
formulation of this example

EXAMPLE 4 30

This example illustrates the preparation of a represen-
tative pharmaceutical formulation for ophthaimic ad-
ministration contamning the NSAID flurbiprofen so-

dium. 45
Ingrediem Amount
Fiurbiprofen Sodium O03% wi/vol
BAC G02% wi/vol P
{505 aq woln)
Octoryno! 40 001% wr/vol
(70% ag soln)
EDTA Na; 0 10% wa/vol
NaC) 090 % wi/vol

The sbove ingredients are mixed, adding purified
water until they are dissolved, the pH is adjusted to
T.4=0 4 and the balance of the formulsnon is made up
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with punfied waler, adding a quantity sufficiemt 10
make 100% volume. The solution 15 then stenlized.
Other ophthalmic drugs and NSAIDs, such as those
described above, can be used as the active compound 1n
the preparation of the formulanon of this example.

EXAMPLE 5

Physical stability of the formulations of the presemt
nvention 1s measured by preparing clear formulations,
¢ g, according to the foregoing Examples, sealing them
in stenlized containers, and observing the clarity of the

solution after » period of one month and again after. five —

months. Solutions thal remain clear are considered sta-
ble in this procedure.

The flommulations of the present invention have
proven 1o be stable when tested in accordance wath the
above procedure. Formaulations using surfactants other
than the nomonic surfactants of the invention did not
remain clear and were not stable

EXAMPLE 6

Preservative efficacy of the formulations of the pres-
ent invention is measured by preparing formulations,
e.g., according to the foregoing Examples, and subject-
ing them 1o 1the U.S. Pharmacopia antimicrobial chal-
lenge.

The formulations of the present invenuon demon-
sirate preservative efficacy when 1es1ed 10 accordance
with the above procedure.

While the present invention has been described with
reference 1o the specific embodiments thereof, it should
be understood by those skilled in the art that vanious
changes may be made and equivalenss may be substi-
tuted without departing from the true spint and scope
of the invention In addiion, many modifications may
be made 10 adapl & panticuler siuation, material, com-
position of matter, process. process siep or steps, to the
objective, spirit and scope of the present invention All
such modifications are intended (o be within the scope
of the claims appended hereto

What 15 claimed is:

1. An ophthalmologically acceptable non-steroidal
anti-inflammatory drug formulation, comprising:

an cphthalmotogically acceptable non-steroidal anti-

inflammatory carboxyl group-containing drug in
an effective amount for ophthalmic treatment be-
tween 0001% and 10 0% wi/vol;
a quaternary ammonium preservative in an antimi.
crobially cffective amount between 0.001% and
I 0% wi/vol;

an ethoxylated alky] phenol that conforms generatly
10 the formula CgH17CelHy(OCHICH)),0H where
n has an average value of 4} in a stabilizing amount
beiween 0 00i% and 1.0% w1/vol; and an agueous
vehicle q.s. to 100%

2. The ophihalmologically acceptable non-steroidal
anti-inflammatory drug formulation of claim 1 wherein
said quaternary ammonium preservative is benzalko-
nium chloride

3 The ophthalmologically acceptable non-sterowdat
anti-inflammatory drug formulation of claim 2 wherein
said ophthaimologically acceptable non-steroidal anti-
inflammatory carboxyl groupcontsining drug is se-
lected from the group selected from ketorolac, indo-
methacin, flurbiprofen, and suprofen.

4. The ophthaimologically acceptable non-steroidal
anti-inflammatory drug formulation of claim 3 wherein
said ophthalmologically scceptable non-sicroidal anti-

NDA 21-528
Section 13
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9
inflammailory carboxyl group-containing drug
Letorplac rromethamine

5 The ophthalmologically accepiable non-sierodal
ant-inflammatory drug formulation of claim 1, further
comprising

a chelating agent in an amount beiween 0.01% and

1.0% wi/vol:

a tonicificr g s. 10 schieve isotonicity with Jacnimal

' fluid; and
IN NaOH or IN HCI g s. to adjust pH 10 743204
6 The ophthalmologically acceptable non-steroidal
1weinfl ry-drug-formulatson of claim-1

15

10
10 The method of claim 9 wherein said ophthalmo.
logically acceptable non-steroidal ann-inflammatory
carboxyl group-containing drug 1s selecied from the
group selected from ketorolac, mdomethacin, flurbi-
$ profen, and suprofen.

11 The method of claim 10 wherein said ophihalmo-
logically acceplable non-steroidal anti-inflammatory
carboxyl group-containing drug is ketorolac trometha-
mine

12. The method of claim 8 wherein the formulation
further comprises.

a.chelating agent.in.an.amount between 0.01% and_

ng:

ophthalmologscally mecepiable
non-sierowdal anti-nflammatory
carbexy| group-contamng drug
BAC

{305 agq s0ln)

an cihdaylated aliy1

phenol 1that conforms
generally 1o the formula

CyH 1 CeH OCHCHa )0
where n has an

average value of 40

{10% »q soln )

0 50% wisvol,

Q0% wirvol.

001% wifval,

Na;EDTA 0 10% wi/vol,
NaCl qs for motomeiry with

lacnmal flu:d
Gs topH 74 = 04, 2nd
qs 10 FOOT

YN Na0H or IN HCH
purified w ater

7 The ophikalmologically accepiable non-sieroidal
ant-inflammatory drug formulanen of ¢claim 6 compris-
ng

ketorolac tromethamine
BAC

(30% aq solr)

ar cthoxylated slkyl phenol
that conforms generally

050% wt/vol
0025 we/vol,

001% wi/vol

10 the formala -
CyH13CeHACCHCH 1,0

where n has 20 sverage

vilue of 40

{10% aq woln)

Na:EDTA 010% wiAol

NacCl 079% wi/vol,

1N KaOH o1 IN HC1 qs 1opH 74 = G4 and
punified water qs to 1007

8 A method of treating an ophthalmic disease caused
by, associaled with, or accompanied by inflammatory
processes, comprising administering to a mammal suf-
fering therefrom a formulation comprising:

an ophthalmologically accepiable non-sieroidal anti-
inflammatory carbosxyl group-containing drug m
an effective amoum for ophthalmic wreatrment be-
tween 00015 and 10.0% wi/vol;

3 qualemnary ammonium preservative in an antimi-
crobially effective amount between 0.0019z and
1.0% wt/vol;

an ethoxylated alkyl phenol that conforms generally
to the formula- CgHyCsHa(OCH ;CH;),0H where
n has an average value of 40 in a stabilizmg amount
between 0.001% and 1.0% wi/vol, and an aqueous
vehicle q.s 10 100%.

9. The method of claim B, wherein said quaternary

ammonium preservitive 15 benzalkonium chloride.

patinfo.pdf p. 019
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1.0% wi/vol;
a tomcifier gs. 10 achieve tsotonicny with lacnmal

15 fluid; and
1IN NaOH or IN HCI gs. 10 adjust pH t0 7.420.4.
13. The method of claim B wherein the formulation
comprises:
20
ophihalmogicalhy scecpiable O 50% wifvol,
non-stermdal ant-inflammatory
carboay | group-containing drug
BAaC 002% wi/vol,
t50% ag saln)
25 an ethoxy laicd alkyl phenyd 003% wifvol
thal conforms generally
to the formula
CyH1CHA(OCHCHL0H
where n has an average
vafue of 40
(7% aq soln)
30 Na;EDTA 0 10% wirol
NaCl q 5 for satoniciy wnh
lacnmal fluid
1IN NaCQH or IN HC) gstopH 74 = 04 wnd
punfied warer as o 100%
kH .
14 The methed of claim 13 wherein the formulation
comprises
ketoralac tromethamine 7 030% wisval,
40 BAC 002% wisvol,
{50% ag soin }
an ethoxylated alky | phenol 001% wisvol
that conforms generally
10 the formula
CoH j1CeHUIOCH 2CH2),0H
45 where n hay an
average valoe of 40
{70% aq saln )
NazEDTA G 10% wn/vol,
NaCl D79% wifvol,
1K NaCH or 1N HCI gstapH 74 % 04 and
50 purtfied water q.s ro 1009
15. An antimicrobially effective preservative syxiem
for an ophthalmologically acceptable non-steroidal an-
ti-inflammatory carboxyl groupcontaning drug formu-
35 lation, comprising:
a qualernary ammonium preservative in an antimi-
crobially effecnve amount between 0.0019 and
1.0% wt/vol of the formulation; and
an ethoxylated alkyl phenol that conforms generally
60

to the formula- CgH/7CsHLOCHCH)4OH where
n has an average value of 40 in a stabilizing amount
between 0.001% end 1.0% wi/vol of the formula.
tion.

16 The preservative system of claim 15 wherein said

65 preservative is benzalkonivm chioride.
- L] L] * -



Allergan Confidential
Ketorolac tromethamine ophthalmic solution 0.4%

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNC. : 5,110,493

DATED * May 5, 1992

INVENTOR(S) Cherng~Chyi Roger Fu and Deborah M. Lidgate

It is certified that error appears In the above-indentified patent and that said Letters Patant Is hereby
corrected as shown below:

NDA 21-528
Section 13

On the title page, under item [19], delete "Cherng-Chyi" and insert
therefor ~-Fu --,

Item [75] Inventors: delete "Roger F. Cherng—Chyi", aund insert therefor
~~Cherng-Chyt R. Fu --.

Signed and Sealed this
Twenty-fourth Day of August, 1993

BRULE LEHMAN

Anem‘ng Ofﬁccr Commisnioner of Patents and Trademarks

patinfo.pdf p. 020

1 124



Allergan Confidential

NDA 21-528
—  Ketorolac tromethamine ophthalmic solution 0.4%

Section 16

il

ALLERGAN, INC.

DEBARMENT CERTIFICATION

Reference:  NDA 21-528
— — Ketorolac-Tromethamine-Ophthalmie-Solution-0:4% - =

Under the provisions of Section 306(k) of the Federal Food, Drug and Cosmetic Act,
Allergan has made a diligent effort to insure that no individual, corporation, partnership
or association debarred under Section 306(a) or 306(b) of the Act, as referenced above,

has provided any services in connection with this application.

Allergan, Inc. further certifies that it did not and will not use in any capacity, the services
of any individual, corporation, partnership or association debarred under Section 306(a)

or 306(b) of the Federal Food, Drug and Cosmetic Act in connection with this
application.

9 a0,
Peter Kre Date’

Senior Vice President

Global Regulatory Affairs

debar.pdf p. 001 1 126



Allergan Confidential — NDA 21-528
Ketorolac tromethamine ophthalmic solution 6.4% Section 19

LIST OF PRINCIPAL INVESTIGATORS/SUBINVESTIGATORS — 191578-002

Inv. ID
No. Principal Investigator Subinvestigators Address

3753 Frank Bishop, MD : i ! Department of Ophthalmology
Naval Medical Center

. 34800 Bob Wilson Drive
San Diego, CA 92134

1538 Roy Chuck, MD e UC Irvine, Dept. of Ophthalmology™
Gottschalk Medical Plaza
2000 Medical Plaza Dnive

Trvine, CA 92697

UC Irving Medical Center
Pavilion I1
101 The City Drive
Orange, CA 92868

3751 Enc Donnenfeld, MD Ophthalmic Consultants of Long Island
! 2000 North Villape Avenue, Sunte 402
Rockwville Center, NY 11570

Island Eye Surgicenter
255 Glen Cove Road
Carle Place, NY 1i514

TLC Laser Eye Centers
200 Garden City Plaza, Surte 130
Garden City, NY 11530

EE 3379 Barry Katzman, MD West Cpast Eyecare Associates
6945 El Cajon Blvd.

San Diego, CA 92115

3834 Sylvia Norton, MD Jera Eye Laser Center

475 Irving Avenue, Suite 110
Mad:son Irving Medical Center
Syracuse, NY 13210

2226 Michael Raizman, MDD Ophthalmic Censultants of Boston
50 Staniford Street, Suite 600
Boston, MA 02114

2947 Robert Snyder, MD* University of Arizona
Department of Ophthalmology
707N Alvernon Way )
Third Floor, Suite 301 —
Tucson, AZ 85711

2298 Rrchard Yee, MD Herman Eye Center, Jones Pavihion
- 6411 Fannin, 7 Floor
Houston, TX 77030

*Included for completencess; these invesuga s .. subinvestigators have Forms FDA 3455 attached.

financialdisclosure.pdf p. 002 1 1314



Allergan Confidential —

Ketorolac tromethamine ophthalmic solution 0.4%

NPA 21-528

LIST OF PRINCIPAL INVESTIGATORS/SUBINVESTIGATORS — 191578-003

Section 19

Inv, ID
No. Principal Investigator

Subinvastigaters

3829 David Hardten, MD

Address

Minnesota Eye Consultants
710 E. 24% Street, Sutte 105, 106
Minneapolis, MN 55404

Munnesota Eye Consultants

3801 David Markoff, MD

3508 Matthew Paul, MD

1345 Frank Price, MD*

2294 Kerry Solomon, MD*

3754 Elizabeth Tonon, MD

3755 John Wittpen, MD

9117 Lyndale Ave S
Bloomington, MN 55420

Mountain Eye Associates
486 Hospual Dinve
Clyde, NC 28721

Danbury Eye Physicians and Surgeons
Clinical Eye Research Center of Connecticut
69 Sand Pit Road, Suite 101
Danbury, CT 06810

Precision Laser Viston Centers
700 West Johnson Avenue, Suite 101
Cheshire, CT 06410

Price Vision Group
9002 North Meridian Street, Suite 100
Indwanapolis, IN 46260

Medical University of SC
Magill Laser Center
735 Johnny Dodds Blvd
Mt./Plensam, SC 29464

Naval Medical Center
Department of Ophthalmology
27 Effingham Street
Portsmouth, VA 23708

Naval Medical Center
Ophthalmology Che
620 John Paul Jones Circle
Portsmouth, VA 23708

Ophthatmic Consultants of Long Island
2500 Route 347, Bldg. 24
Stonybrook, NY 11790

*Included for cormpleteness; these investigators or subinvestigators have Forms FDA 3455 attached

financialdisclosure.pdf p. 003
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—Allergan Confidential NDA 21-528

Ketorolac tromethamine ephthalmic solution 0.4% Section 19
DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved OMB No 09100396
Pubhc Health Service Expiration Date 3/31/02

Foed and Drug Administration

DISCLOSURE: FINANCIAL INTERESTS AND
- o ARRANGEMENTS OF CLINICAL INVESTIGATORS

TO BE COMPLETED BY APPLICANT

The following information concerning Robert Smyder, M.D. =~~~ who par-
' Name of chirural tsestigior
tcipated as a clinical investigator in the submitted study 191578-002 Ketorolac
Nameof

Tromethamine Qphthalmic Sclution 0.4% js submitted in accordance with 21 CFR part
rlenscal yumh

54. The named individual has participated in financial amangements or holds financial interests that
are required to be disclosed as follows:

’ Piease mark the appiicahle checkboxes !

any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical investigator for conducting the study could be influenced by the
outcome of the study;

any significant payments of other sorts made on or after February 2, 1899 from the sponsor of
the covered study such as a grant to fund ongoing research, compensation in the form of
equipment, retainer for ongoing consultation, or honorana;

any proprietary interest in the product tested in the covered study held by the chmcal
investigator;

any significant equity interest as defined in 21 CFR 54.2(b), held by the clinical investigator in
the sponsor of the covered study. : ’

Details of the individual's disclosable financial arrangements and interests are attached, along with
a description of steps taken to minimize the potential bias of clinical study resulls by any of the
disclosed arrangements of interests.

NAME TITLE . .
Corporate Vice President

Eric Brandt and Chief Financlal Officer
FIRM /ORGANIZATION

Allergan, Inc.
T

SKGNATURE ;‘:' ; ;Z D.‘W?E//ﬁ/Q R

e =TT S

Paperwork Reduction Act Statement

AN agency may not condirct of spensor. and & person 1s net required 10 respond 1o, 4 collechion of information unfesy 1l displays 2 cumently valid OMD
control pumber Public repoming burden for this collection of information s estimated to average 4 hours per response. wcluding tme for reviewng

mstructions. ~earching cxantmg dals sources, pathering and mamtaimng the pecessary data, and completing and reviewing the callecnon of informution
Send comments regarding ths burden £suimate or any other aspeet of this collection of miormation 1o

Deparimend of Health and Human Scrvices
fuod and Dy Administration

5640 Fishers Lane Room 14-72

Rockville, MID 20R5T

FORM FDA 3455 (7101} Created ¢ locdinm, bee s e LA 0, FF

financialdisciosure.pdf p. 004 , 1 133



Allergan Confidential NDA 21-528
Ketorolac tromethamine ophthalmic solution 0.4% Section 19
DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No 0910-0396
Public Health Service Expiration Date 3/31/02
Food and Drug Adminrstrabon
DISCLOSURE: FINANCIAL INTERESTS AND
: ARRANGEMENTS OF CLINICAL INVESTIGATORS
TO BE COMPLETED BY APPLICANT
, The following information concerning _ Richard Lindstrom, M.D. o , who par-
Nopwt of o himieal i estigpdion
ticipated as a clinical investigalor in the submitted study 191378~003 Xetorelac .
= = __ Vameof —
Tromethamine Ophthalmic Solution 0-4% is submitted in accordance wih 21 CFR part
rlntcal tnah
54. The named individual has participated in financial arrangements or helds financial interests that
are required to be disclosed as follows:
I Please mirk the opplicable checkboves t
any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical investigator for conducting the study could be influenced by the
outcome of the study,
any significant payments of other sorts made on or after February 2, 1999 from the sponsor of
the covered study such as a grant to fund ongoing research, compensation in the form of
equipment, retainer for ongoing consultation, or honararia,
any proprietary interest in the product tested in the covered study held by the clinical
investigator,
any significant equity imerest as defined in 21 CFR 54.2(b), held by thel;-clmicai inveshgator in
the sponsor of the covered study. ’
w. 11ls of the individual's disclosable financial arrangements and interests are attached, along with
a description of steps taken to mimimize the potential tias of clinical study results by any of the
disclosed arrangements or interests
NAME TITLE
Eric Brandt Corporate Vice President
and Chief Financial Cfficer
FIRMIORGANIZATION
Allergan, Inc.
)
SIGNATURE DATE
L i L0/ T2 -
Paperwork Reduction Act Statement )
A agency may not conduct or spensot, ard a person 15 not tequired te resporsd (o, u collecuon of infermation unless 1t displays a currenily vahd OMD
comtrol pumbes  Public reporteng butden for thes collection of informanon is estimated 10 average 4 hours per response. mcluding time for reviewing
nslructsons. scarching custing data sowces, gathering and mamtaing the necessary data, and completing and reviewaing the collecuon of informatien
Send commenis regardang this burden estimale or any other aspect of ths collecion of mformation 1o
Deparment of Health and Ruman Serces
tood amd Drug Adminsstratum
St Fishers Lane. Room 14-72
Rockville, MDD Z0RST
FORM FDA 3455 (7/01) Uresiod b | bixtrame (bymen swrvees U 1wt FE
financialdisclosure.pdf p. 006 1 135




Allergan Confidential NDA.21-528

Ketorolac tromethamine ophthalmic solution 0.4% Section 19
DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved” OME No. 0910-0396
Public Health Service Expiration Date. 3/31/02
Food and Drug Administration

DISCLOSURE: FINANCIAL INTERESTS AND
=N ARRANGEMENTS OF CLINICAL INVESTIGATORS

TO BE COMPLETED BY APPLICANT

The following information conceming _Frank Price, M.B. ~ ~~ ~—~ _  who par-
! Vane of climeal imiesnator
tcipated as a clinical investigator in the submitted study 1%1578-003 Ketorolac
Neme of

T thamine Ophthalmic Sclution 0 4% —
romeThanme P — , is submitted n accordance with 21 CFR part

chinscard snacky

54. The named individual has participated in financial arrangements or holds financial interests that
are required to be disclosed as follows:

I Please mark the apphcable checkboxes. J

any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical inveshgator for conducting the study could be influenced by the
outcome of the study;

any significant payments of other sorls made on or after February 2, 1999 from the sponsor of
the covered study such as a grant to fund ongoing research, compensation in the form of
equipment, retainer for ongoing consultation, or honoraria,

any proprietary nterest in the product tested in the covered study held by the climcal
investigator,

any significant equity interest as defined in 21 CFR 54.2(b), held by the clinical investigator in
the sponsor of the covered study. /

Details of the individual's disclosable financial amangements and interests are attached, along with
a descnption of steps taken to minimize the potential bias of clinical study results by any of the
disclosed arrangements or inlerests,

NAME TITLE ] .
Corporate Vice President

Eric Brandt and Chief Financial Officer

FIRM /GRGANIZATION
Allergan, Inc.

Paperwork Reductlon’Act Statement

An agency may not conduct or sponsor, and 4 person ts not required to respond to. 8 colleenion of informanion unless 1t displays a currenily valid OMB
contral number  Public reporing burden for this collectson of mformation 1» estimated 10 sverage 4 howrs per response. mcluding ime for Teviewing

insinuctions. searchmg existing dala sources, gathering and maintaung the necessary data, and compleung znd reviewmg the colleehion of information,
Send comments regardung this burden estumale or any olher aspeet of this colicction of intormation 16

Department of Health and Human Services
Fuool and Drug Admmistealion

5600 Fishers Lane, Room 13.72
Rochvalle, MD 20857

FORM FDA 3455 (7/01) Cremrs i | nrtwas Dacavcy wocee USIHIES 3 12 EF

financialdisclosure.pdf p. 008 1 137



Allergan Confidential — NDA 21-528
Keterolac tromethamine ophthalmic solution 0.4% Section 19

DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved. OMB No 0910-0396
Public Haalth Service Expiraton Bate. 3/31/02
Food and Drug Administration

DISCLOSURE: FINANCIAL INTERESTS AND
¢ -0 ARRANGEMENTS OF CLINICAL INVESTIGATORS

TO BE COMPLETED BY APPLICANT

The following mformation conceming _Kerry Solomon, M.D, who par-

Mot of cfrspicaf 1 e_sm-u!a

ticipated as a ciinical investigator in the submitted study 191578-003 Ketorolac

N of

Trewethamine Ophthalmic $elution 0.4% is submitted in accordance with 21 CFR part

rhmiced viuhy

54. The named individual has parlicipated in financial arrangements or holds financial interests that
are required to be disclosed as follows:

| Pleuse mark the applicable checkboxes -)

any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the

compensation to the clinical investigator for conducting the study could be influenced by the
outcome of the study;

any significant payments of other sorts made on or after February 2, 1999 from the sponsor of
the covered study such as a grant to fund ongoing research, compensation in the form of
equipment, relainer for ongoing consultation, or honoraris;

any propretary interest in the product tested in the covered study held by the clinical
inveshgator,

any significant equity interest as defined in 21 CFR 54. 2(b) held by the clinical investgator in
the sponsor of the covered study.

Details of the individual's disclosable financial arrangements and interests are attached, along with

a description of steps taken to minimize the potential bias of clinical study results by any of the
disclosed arrangements of interests.

NAME TITLE
Corporate Vice President

Eric Brandt and Chief Financial Officer

FIRM/ORGANIZATION

Allergan, Ine,

SIGNATURE %4—’—" DATE M

T
Paperwork Reduction Act Statement

An agency may net conduct of sponsot. and a person s not requinud Lo respond to, u coblechon of information vnless 1L displays a currenily vahd OMD
conirol number  Public reporting burden for this collection of mformation is esumatzd to average 4 howrs per response, including ime for reviewing
mstructons, scarching cxasting data sources, gathening and mantaiming the necessary data, and compleung and reviewing the collccuon of informanion
Send comments regarding this burden estmate or any other aspect of thes collection of information to

Department of Heatth and Human Services
Foed and Drug Administmlion

S6O0 Frshers Lane. Room 14-72
Rockville, MD 2DR57

FORM FDA 3455 (7)01) U relird b Lreiremos Dhvmeens Servaes Mty w0 FF
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/' Pre-NDA Meeting Minutes May 20, 2002

T———— Ketorolac Tromethamine Ophthalmic Solution 0.4%
FDA Attendees Allergan Attendees
Jonca Bull Scott Whitcup
Wiley Chambers Janet Cheetham
Lee Simen Peter Kresel
' Jennifer Harris Elizabeth Bancroft
William Boyd L. Bland
a—————l-ticious-Lim — = -F=Garpenter =
Lisa Hubbard L. Cleary
Carmen DeBellas J. Fleitman
Stan Lin T. Kuan
Jyoti Zalkikar R. Schiffman
Zhou Chen ) K.Stern
Linda Ng
Josie Yang
Lori Gorskl
Mike Puglisi

Raphael Rodriguez
Questions for Discussion

Overall

I. Allergan intends to submit the NDA in electronic format in compliance with the FDA

wegsr  Guidance for Industry "Providing Regulatory Submissions in Electronic Format- NDAs".
Allergan will also provide the Agency with a paper review copy of the NDA submission.
Electronic word documents will be subrmitted where feasible.

Chemistry

There are no chemistry topics for discussion.
Microbiology

I. There are no microbiology topics for discussion.

2. Preservative Efficacy data, Sterility Test validation data and Aseptic Process Validation data ™
will be included in the Microbiology section. Please confirm that this is acceptable.

Response: Acceptable



Preclinical

1. Since changes in the new formulation of ketorolac tromethamine ophthalmic solution 0.4%
were limited to reductions in concentrations of ketorolac (0.4% vs. 0.5%), benzalkonium
chloride (0.006% vs. 0.010%), EDTA (0.015% vs. 0.10%) and octoXynol-40 { e
wm=s compared to the currently marketed formulation, no additional nonclinical
toxicology studies of the ketorolac tromethamine ophthalmic solution 0.4% were judged to
be necessary or were conducted to support the NDA submission. Please confirm that this is

acceptable———————— o

Response: We agree with the sponsor that the nonclinical toxicological studies are not necessary
for this NDA submission.

2. Since there are no new nonclinical pharmacology, PK or toxicology studies for this
reformulation, Allergan intends to cross-reference the Ketorolac Tromethamine 0.5%
Ophthalmic Solution NDA (NDA 19-700, ACULAR), and to provide only overall
nonclinical pharmacology, PK (ADME) and toxicology summaries without individual study
summaries or tabular summaries. Please confirm that this is acceptable.

Response: Yes, it is acceptable.

Ketorolac Reformulation ACULAR® Formulation
Ketorolac tromethamine 0.4% Ketorolac tromethamine 0.5%
Benzalkonium chloride 0.006% ’ Benzalkonium chloride 0.010%
Edetate disodium 0.015% Edetate disodium 0.10%
Octoxynol { e Octoxynol s

Clinical/Biostatistics

1. Both clinical studies demonstrated clinica]ly and statistically significant between-group

differences favoring ketorolac in the primary efficacy endpoint, as well as secondary endpoints.
Please confirm that these resutits satisfy the FDA requirement for demonstrating efficacy with
this new formulation

Response: The response to this question can not be made based on the contents of the meeting
package submitted.

Clinical significance for this product may be demonstrated by showing a I-unit difference in the
mean severity scores between the two groups. Alternatively, a statistically significant difference
in the patients that have “no pain” is a clinically meaningful endpoint.



Note: The sponsor is also reminded that all efficacy and safety analysis submitted in the NDA
should be conducted with and with out the data from Frank Bishop, MD.

3. As previously discussed with the FDA, investigator # 3508 in study 191578-003 had a portion
of the escape medication / e~ ) diverted. To assess whether this incident
has any impact on the data, a sensitivity analysis was conducted. The pain intensity for the ITT
population was analyzed with and without the data from this site. The between-group differences
remained significant. Please confirm that this analysis satisfactorily addresses the FDA request
_for analyses and any concerns for data from this site.

Response: Concur

3. Allergan plans to submit a Pediatric Study Waiver for this NDA based on the proposed
indication of “relief of pain following photorefractive keratectomy (PRK)" and the Pediatric
Study Report which was done with ketorolac tromethamine 0.5% and approved by the agency on
February 8, 2002 for NDA 19- 700 / ACULAR® and NDA 20-811/ACULAR®PF. Pleasc

comment.
Response: Concur

4. The pooled analysis template table shells can be found in this package behind the 1SS and SE
Table Shell tabs. Please review and confirm that these analyses are adequate for the NDA.

Response: Concur

5. Allergan proposes not to include Individual Patient Data Listings under Appendix 16.4 as per
CH E3 in the final study reports or NDA Item 11, Case Report Tabulations. In place of
Appendix 16.4, Allergan will provide electronic SAS Transport Files {or all data sets in Item 11
of the NDA. Please confirm that this is acceptable-

Response: The division requests that Allergan submit the Individual Patient Data Listings as a
hard copy or electronically as a PDF file. )



— Ketorolac Tromethamine Ophthalmic Solution 0.5%
Telecon May 23, 2001

Questions for Discussion

1. Allergan is developing a new formulation of ACULAR@. The new formulation consists of the following changes
from the currently approved formulation (NDA 19- 700) as follows:

- | New Formulation ACULAR@ Formulation
Ketorolac tromethamine 0.4% Ketorolac tromethanune 0.5%
| Benzalkonium chloride 0.006% Benzalkonium chloride 0.010%
Edetate disodium 0.015% N Edetate disodium 0.10%
Octoxynol = Octoxyno| ===

Please confirm the acceptability of this formulation.
Reviewer's Comment:

Formulation is acceptable. Would the stability data in the NDA be generated from this new formulation, (ILN)

2. Since the new formulation 1s very similar to the currently approved formulation, Allergan would like to propose
conducting one Phase 3 clinical trial in support of the ketorolac tromethamine 0 4% ophthalmic solution NDA
submission instead of two Phase 3 studies. Please comment on this possibility 1f one study 1s acceptable to the
Agency, would the requirement for the sample size be different?

Reviewer’s Comments:

The current Acular formulation is not approved for this indication therefore efficacy would have to be shown by
conducting two (2) reproducible clinical trials with the new formulation. Alternatively, a three arm study with the
new formulation, Acular PF and vehicle could be performed. Safety data from the current formulation would be able
to be used in the review of the proposed 0 4% formulation. (JH)

3. The overall study design 15 a multi-center, randomized, double-masked, vehicle-controlled study with two parallel
treatment groups Patients will be assigned to 1eceive cither ketorolac 0.4% or ketorolac vehicle. See section 4.0 of
the protocol. Please confirm the acceptability of the overall design and treatment groups.

Reviewer’s Comments: Acceptable. (JH)

4. Approximately 150 patients who are candidates for unilateral photorefractive keratectomy (PRK) will be enrolled-~
al 5-8 sites. See sections 5.1,5.2 and 5.3 for details of the study population and selection criteria. Please confirm the
acceptability of the study population.

Reviewer’s Comments: Please provide clarification on inclusion criteria 3 & 4 and exclusion criteria #2,3,4,5,6.8
& 9. (JH)

5. The primary efficacy variable will be pain intensity during the second 6-hour post PRK period, and the secondarv
cfficacy variables will include: pain intensity at other time periods, pain relief, escape medication usage and ocular
symptoms. See sections 6.1.1.1 .and 6.1.1.2. Allergan proposes the use of 5-point scales for the assessment of pain
mtensity and pain relief collected in a patient diary, as outlined in Attachment 13.2 of the protocol. The criteria for
cffectiveness will be based on clinically and statistically significant between- group differences (section 6.1.2).
Please confirm the acceptability of the efficacy response measures.



PRveny,,

Reviewer’s Comments:

The primary efficacy variable is not acceptable. It would only support 12 hours of dosing. Additionally, the sponsor
should provide the agency with further clarification on how pain intensity will be recorded if the patient uses escape
medication or if the patient experiences multiple bouts of pain during the evaluation period. (section 10.2). (JH)
Climy oS5 et el 1 \’::: &Q {x ~e -

6. The safety variables include adverse events, visual acuity, and biomicroscopy (see section 6.2). Please confirm the
acceptability of these safety measures.

"Reviewer’s Comments: Acceptable. (JH)

7. The dosing regunen for Day 0 (Section 4) will include, one dose of masked study treatment (ketorolac or vehicle)
immediately post-operative, three hours post-operative, and then every four hours whilc awake, not to exceed four
doses on the day of surgery. On days 1-3 the regimen will be QID; dosing of the masked medication may be

discontinued carly in the event of pain_intensity = 0. QCUFLOX @ will be administered S.minutes-priorte-the

|
!
¢

I

masked medication at each time point.  -smebssm will be provided as an escape medication since this
is a vehicle-controlled study. See sections 7.1 -7.2 Please confirm the acceptability of this dosing regimen.

Reviewer’s Comments: Acceptable. (JH)

8. Post-operatively, patient visits will occur daily until complete re-cpithelialization has occurred. See section 8.4.1,
Please confirm the schedule of visits and procedures.

Reviewer’s Comments: Acceptable. (JH)

9. Section 10 0 outlines the statistical analyses planned. Please confirm the acceptability of this plan.

Reviewer’s Comments:
The agency lughly recommends that analyses be carried out on the per-protocol population and the intent-to -treat
population. The sponsor should previde further rationale for the proposed safety population analysis. {JH)

10. Allergan is considering the use of electronic patient diaries to capture the primary efficacy data. Please
comment on the acceptability of this proposed electronic data capture.

Reviewer’s Comments: Acceptable, (JH)

APPEARS THIS WAY
ON ORIGINAL

b ¥



Questions for Discussion

1. Allergan is developing a new formulation of ACULAR@). The new formulation consists of the
following changes from the currently approved formulation (NDA 19- 700) as follows:

o

New Formulation ACULAR@ Formulation

Ketorolac tromethamine 0.4% Ketorolac tromethamine 0.5%

I

Benzalkonium chloride 0.006% Benzalkonium chloride 0.010%

Edetate disodium 0.015%

Octoxynol ——

Octoxynol ——

Plcase confirm the acceptability of this formulation.

)
o
el
-

Q
N
Edetate disodium 0.10% I
——
=
rm
<Y
Q
-
-

Reviewer’s Comment:

ormuyl

f i cilion is acceptable. Would the stability data in the NDA be generated from this new
ormulalion. . et Aok ~— C rendly u/(,./vuc' G
| froe wiels s /- 7
2. Since the new formulation is very similar to the currently approved formulation, Allergan
would like to propose conducting one Phase 3 clinical trial in support of the ketorolac
tromethaminc 0.4% ophthalmic solution NDA submission instead of two Phase 3 studies. Please

comment on this possibility. If one study is acceptable to the Agency, would the requirement for
the sample size be different?

Reviewer’s Comments:

The current Acular formulation is not approved for this indication therefore efficacy would have
to be shown by conducting two (2) reproducible clinical trials with the new formulation.
Alternatively, a three arm study with the new formulation, Acular PF and vehicle could be
performed. Safety data from the current formulation would be able to be used in the review of the

proposed 0.4% formulation. — 7t L ?_,M’VLL,M ./ /%n/zf A¢

3. The overall study design is a multi-center, randomized, double-masked, vehicle-controlied
study with two parallel treatment groups. Patients will be assigned to receive either ketorolac

0.4% or ketorolac vehicle. See section 4.0 of the protocol. Please confirm the acceptability of the
overall design and treatment groups.

¥

Reviewer’s Comments:

Acceptable.



4. Approximately 150 patients who are candidates for unilateral photorefractive keratectomy
(PRK) will be enrolled at 5-8 sites. See sections 5.1,5.2 and 5.3 for details of the study

population and selection criteria. Please confirm the acceptability of the study population.

Reviewer’s Comments:
Please provide clarification on inclusion criteria 3 & 4 and exclusion criteria #2,3,4,5,6,8 & 9.

"S. The primary efficacy variable will be pain intensity during the second 6-hour post PRK
period, and the secondary efficacy variables will include: pain intensity at other time periods,
pain relief, escape medication usage and ocular symptoms. See sections 6.1.1.1 .and 6.1.1.2.
Allergan proposes the use of 5-point scales for the assessment of pain intensity and pain relief
collected in a patient diary, as outlined in Attachment 13.2 of the protocol. The criteria for

—cifectiveness will be based on clinically and statistically significant between- group differences

(section 6.1.2). Please confirm the acceptability of the efficacy response measures.

Reviewer’s Comments:

The primary efficacy variable is not acceptable. It would only support 12 hours of dosing.
Additionally, the sponsor should provide the agency with further clarification on how pain
intensity will be recorded if the patient uses escape medication or if the patient experiences
multiple bouts of pain during the evaluation period. (section 10.2}:

ey | e
4 ,' '
(f CowT O TTRETC ek e S
4

f /
Clinical efficacy needs to be defined: ju < et 7 Ade,
/- Leck

6 The safety variables include adverse events, visual acuity, and biomicroscopy (s"ee section 6.2)
Please confirm the acceptability of these safety measures.

Reviewer’s Comments:

Acceptable

7. The dosing regimen for Day 0 (Section 4) will include, one dose of masked study treatment
(ketorolac or vehicle) immediately post-operative, three hours post-operative, and then every
four hours while awake, not to exceed four doses on the day of surgery. On days 1-3 the regimen
will be QID; dosing of the masked medication may be discontinued early in the event of pain
intensity =0. ——— _ will be administered 5 minutes prior to the masked medication at
each time point. e will be provided as an escape medication since this is a
vehicle-controlled study. See sections 7.1 -7.2. Please confirm the acceptability of this dosing
regimen.

Reviewer’s Comments:
Acceptable.

8. Post-operatively, patient visits will occur daily until complete re-epithelialization has
occurred. See section 8.4.1. Please confirm the schedule of visits and procedures.

Reviewer’s Comments:

Acceptable.

BEST POSSIBLE COPY



9. Section 10.0 outlines the statistical analyses planned. Please confirm the acceptability of this
plan.

Reviewer’s Comments:

The agency highly recommends that analyses be carried out on the per-protocol population and
the intent-to -treat population. The sponsor should provide further rationale for the proposed

« safety population analysis. o Wf&u { ; o F /e e T —

10. Allergan is considering the use of electronic patient diaries to capture the primary efficacy
data. Please comment on the acceptability of this proposed electronic data capture.

————Reviewer's Comments: —_—

Acceptable.

APPEARS THIS WAY
ON ORIGINAL
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L NDA ORIG AMENDIT
. DMERT

September 26, 2002
Raphael Rodriguez.
Project Manager RECEIVED
~ Division of Anti-Inflammatory, Analgesic, SEP 2 7 2007
& Ophthalmologic Drug Products, HFD-550
Food & Drug Administration MEGA/ CDER

9201 Corporate Blvd. Building 2
Rockville, MD 20850

RE: Ketorolac tromethamine ophthalmic solution 0.4%
Statistical amendment, NDA 21-528

Dear Raphael,

Reference is made to the e-mail request received from you on September 23, 2002. The
request was from Dr. Lu, the statistical reviewer, asking for Kaplan-Meier curves for data
it on time to first use of escape medication in each primary study.
;
Enclosed please find the two curves requested, one for each study.

Should you have any questions regarding this application or require any additional
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth@allergan.com.

Sincerely,

Elizabeth Bancroft
Senior Director -,
Regulatory Affairs

DUFLicATE
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NDA ORIG AMENDMENT
B -

September 27, 2002

Wiley A. Chambers, M.D. RECEIVED

Deputy Director SEP 3 0 2002
Division of Anti-Inflammatory, Analgesic,

and Ophthalmic Drug Products, HFD-550 MEGA/CDER

——Food-and-Drug-Administration™ = )

9201 Corporate Blvd. Building 2
Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Amendment to A Pending New Drug Application — Proposed Tradename

Dear Dr. Chambers:

Reference is made to the New Drug Application NDA 21-528 submitted to the Agency
on August 6, 2002 for Ketorolac Tromethamine Ophthalmic Solution 0.4%. As
mentioned in the original NDA cover letter, Allergan had not yet finalized a proposed
tradename at the time of filing but anticipated submitting a proposed tradename within
120 days of the submission. This amendment proposes a tradename for the new
ketorolac tromethamine product.

: /
Allergan proposes a tradename for Ketorolac Tromethamine Ophthalmic Solution 0.4%
of:

ACULAR® == (ketorolac tromethamine ophthalmic solution) 0.4%.

We ask that the Agency review and comment on this proposed tradename and include
this information in NDA 21-528. Should you have any questions regarding this
submission or require any additional information, please contact me by telephone at
(714) 246-4391, by fax at (714) 246-4272 or e-mail at bancroft_elizabeth(@allergan.com.

Sincerely,

Elizabeth Bancroft
Senior Director
Regulatory Affairs

DUPLICATE
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October 15, 2002
Raphael Rodnguez. -
" Project Manager RECEIVED
Division of Anti-Inflammatory, Analgesic,
& Ophthalmologic Drug Products, HFD-550 OCT 1 6 2002

Food & Drug Administration MEGA/CDER
9201 Corporate Blvd. Building 2 ]

Rockville, MD 20850 S o

RE: Ketorolac tromethamine ophthalmic solution 0.4 %
Clinical amendment, NDA 21-528

Dear Raphael,

Reference is made to the e-mail request received on October 9, 2002. The request was
from Dr. Lim, the clinical reviewer, and is repeated below.

Question

Volume 15, page 285 (Table 14.6-1) contains an analysis on visual acuity at last visit:
number (%) of patients with change from baseline (safety population). If a similar
analysis was performed on data that excluded investigator 3753, please identify where
it is located in the submission. Please perform such an analysis if it has not been
performed.

Response

The requested information can be found in Table 14.6-27 (Visual Acuity at last Visit:
Number (Percent) of Patient with Change from Baseline excluding Investigator 3753),
Volume 15, page 307. This is from clinical study report 191578-002.

Should you have any questions regarding this application or require any additional -
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth@allergan.com.

Sincerely,

Elizabeth Bancroft

Senior Director
Regulatory Affairs

DUPLICATE
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Qctober 15, 2002

8 : ~ Raphael Rodriguez.
Project Manager
Division of Anti-Inflammatory, Analgesic,
& Ophthalmologic Drug Products, HFD-550

Food & Drug Administration RECE’VED
9201 Corporate Blvd. Building 2 0CT 18 2007
Rockville, MD 20850 —

MEGA/CDER

RE: Ketorolac tromethamine ophthalmic solution 0.4%
Statistical amendment, NDA 21-528

Dear Raphael,

Reference is made to the e-mail request received on October 9, 2002. The request was
from Dr. Lu, the statistical reviewer, and is repeated below.

Question

I'd like to clarify with Allergan for the rcason why the number of patients with pain

intensity measured immediately after surgery 1s smaller than that being randomized
Satey (98 vs 156 in Study 002, 138 vs 157 in Study 003). This information is based on

C Sponsor's Table 14.1-8 in both studies. ;

Response
Only patients who recorded a pain intensity rating (non-missing) immediately
post-surgery and prior to the 1st dose of study medication were included in Table 14.1-8.
All but 3 of the paticnts missing pain intensity at this timne point were patients who did
not record pain intensity prior to their 1st dose. Instead, these patients had already taken
their 1st dose before attempting to record their pain intensity. A detailed explanation is
attached.

Should you have any questions regarding this application or require any additional

information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272 ~
or e-mail at bancroft_elizabeth @allergan.com.

Sincerely, W/
Elmchgf t

Senior Director
Regulatory Affairs
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Qctober 16, 2002
Raphael Rodriguez.
Project Manager
Division of Anti-Inflammatory, Analgesic, RECEIVED
& Ophthalmologic Drug Products, HFD-550
Food & Drug Administration OCT 1 8 2002
9201 Corporate Blvd. Building 2 MEGA/CDER
Rockville, MD 20850
RE: Ketorolac tromethamine ophthalmic solution 0.4% B
Microbiclogical amendment, NDA 21-528 OR'G AMENDMENT
Dear Raphael,
Reference is made to the telephone conference between Vinayak Pawar, HFD-805, and ¢

Allergan on October 9, 2002 to discuss questions about Section 7, Microbiology, Aseptic
Process, Report VR-V38-PSO-01-P196 Rev.00, Filter Validation. This report is located in-

the original NDA, paper volume 10, beginning on page 249. The questions and responses are
included below.

5 Question 1

[This question refers to original NDA Section 7, paper volume 10, page 266]

Table 7.2.2.3-3 (page 17 of the filter validation report) gives the bactenal challenge recovery
results for the filters. Dr. Pawar was unclear if the 3 CFU reported in the table were the
actual CFU recovered from the 0.45um control filter or the number of filters. If these were

CFU recovery, he commented that P. diminuta should have passed through this filter and the
counts should have been higher than 3.

Response

Table 7.2.2.3-3 contains the correct value for the recovery of the challenge microorganism as
_ The stated criteria in the study for the 1 control
filter is that it must allow penetration of the challenge organism, Pseudomonas diminuta.

The study protocol did not include quantitative limits for recovery of the challenge organism
from the control filter. .

The !




NDA 21-528 ketorolac trometharmine ophthaimic solution 0.4%
Micrebiological amendment
October 16, 2002

Because of these findings, future filter validation protocols will require that the maximum BP
used for challenge control 0.45¢m filters not exceed 38 psit?.

Question 2
[This question refers to original NDA Section 7, paper volume 10, page 270)

Table 7.2.5.3 (page 22 of the filter validation report) Bubble Point Filter Integrity Results.
Dr. Pawar wanted confirmation of the following interpretation of the data presented in this
table: the first bubble point challenge data did not meet the criteria stated — there is an out of
specification (OOS) value reported in the table.

Response

Table 7.2.5.3. (page 22 of the report) does not contain an OOS value. The data are the
experimental test data used to calculate the minimum product-wetted bubble point (BP) lim1t
for use in routine integrity testing, pre- and post-use, for water-wetted, product-wetted and
70% IPA-wetted filters. The calculated product-wetted and IPA-wetted ( .
respectively) BP limits were derived using a formula which correlates the experimental test
data to the established minimum water-wetted BP limit ——  for the specified filter. The
formula and calculations are taken from PDA Technical Report No. 262 '

The results of the study showed significant variation (10% RSD) in the product-wetted BP
test values, therefore the manufacturer’s calculated minimum product-wetted BP is not
appropriate for use as a BP limit to determine filter integrity. In addition, filters with lower
product-wetted BP values than the manufacturer’s calculated minimum product bubble point

R ) have been shown capable of producing sterile filtrates based on
bactenal challenge results.

All filters used in the determinations were considered integral pre- and post-use. Integnty
tests were repeated for all filters using 70% IPA (isopropyl alcohol) as wetting agent after
exposure to product. Test resuits are consistent with the manufacturer’s established TPA-

wetted bubble point limit of 18 psi®.

Based on the results of the study, Allergan will only use water as a wetting agent for bubble

point testing, pre- and post- use, for sterile filtration of ketorolac tromethamine 0.4%. This
value is . ==

—~

1005
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NDA 21-528 ketorolac tromethamine ophthalmic solution 0.4%
Microbiclogical amendment

October 16, 2002

References

1) Sartorius Memo, Project 01-01019, October 14, 2002

2) PDA Joumal of Pharmaceutical Science and Technology, Technical Report No. 26,
Stenlizing Filtration of Liquids. 1998 Supplement, Volume 52, Number $1

3)

~ 8 8 s r m o=

Should you have any questions regarding this application or require any additional

information, please contact me by telephone at (714) 246-4391, by fax at (714) 2464272 or

e-mail at bancroft_elizabeth@allergan.com. i

Sincerely,

* Elizabeth Bancroft
. Senior Director
' Regulatory Affairs

- g e —— W — o —————
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'Dupom Drive, PO Box 19534, Invine, Califormia, USA 92623-9534 Telephone (714} 246-4500 Website www allergan com

October 18, 2002

Raphael Rodriguez.
Project Manager

Division of Anti-Inflammatory, Analgesic, RECEIVED
“ * ™ & Ophthalmologic Drug Products, HFD-550

Food & Drug Administration 0CT 21 2002

9201 Corporate Blvd. Building 2 MEGA/CDER

Rockville, MD 20850

ORIG AMENDMENT

RE: Ketorolac tromethamine ophthalmic solution 0.4% 8 5
Statistical amendment, NDA 21-528

Dear Raphael, -

Reference 1s made to the e-mail request received on October 17, 2002. The request was
from Dr. Lu, the statistical reviewer, and 18 repeated below.

Question

I just found out that there was no information provided for the 0-3 hour and
3-6 hour periods in the Kaplan-Meier curves sent by the sponsor. Could you
please ask them to add those information to the curves?

Response
== Aesponse

The figures showing the Kaplan-Meier curves for both (1) time to filI'S'[ zZero pain intensity
and (2) time to first use of escape medication for both studies (191578-002 and -003)
have been updated to include the time interval from 0 to 6 hours. The plotted values are
in the corresponding tables 14.2-1.2 and 14.2-3.3, respectively, in the clinical study

reports. However, the time intervals are in 6-hour increments, as stated in the prospective
analysis plan.

The figures for 191578-002 and -003 are attached.

Should you have any questions regarding this application or require any additional
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272 -
or e-mail at bancroft_elizabeth@allergan.com.

Sincerew

Elizabeth Bancroft
Senior Director
Regulatory Affairs
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October 18, 2002
ORIG AMENDMENT REGEIVED
Wiley A. Chambers, M.D. B
« >~ Deputy Director 0CT 21 2002
Division of Anti-Inflammatory, Analgesic,
and Ophthalmic Drug Products, HFD-550 MEGA/CDER
Food and Drug Administration

9201 Corporate Blvd. Building 2
Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Amendment to A Pending New Drug Application — Proposed Tradename

Dear Dr. Chambers:

Reference is made to the New Drug Application NDA 21-528 submitted to the Agency
on August 6, 2002 for Ketorolac Tromethamine Ophthalmic Solution 0.4%. Reference is
also made to the September 27, 2002 Amendment to A Pending New Drug Application —
Proposed Tradename and the October 16" and 18", 2002 telephone conversations
between Allergan and Dr. Su Tso, FDA Review Chemist regarding an explanation for the
additional letters in the proposed tradename. This amendment provides an explanation.

L

Allergan proposes a tradename for Ketorolac Tromethamine Ophthalmic Solution 0.4%
=R of:

ACULAR® — (ketorolac tromethamine ophthalmic solution) 0.4%,

The ~ abbreviation in the proposed new tradename stands for —=—

————-

We ask that the Agency review and comment on this proposed tradename and include
this information in NDA 21-528. Should you have any questions regarding this
submussion or require any additional information, please contact me by telephone at
(714) 246-4391, by fax at (714) 246-4272 or e-mail at bancroft_elizabeth@allergan.com.

Sincerely,

Eliz:ﬂ;m%ﬁﬁ;ﬁ

Senior Director
Regulatory Affairs

cc: Dr. S. Tso

D
s
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November 4, 2002 :
t
Raphael Rodriguez. :
Project Manager ¢
Division of Anti-Inflammatory, Anaigesic, RECEIVED ¢
& Ophthalmologic Drug Products, HFD-550
' Food*& Drug Administration NOV ¢ § 2002
920! Corporate Blvd. Building 2 MEGA/CDER
Rockville, MD 20850 ‘
:
RE: NDA 21-528 Ketorolac tromethamine ophthalmic solution 0.4% i
Chemistry amendment 5
Dear Mr. Rodriguez,
Reference 1s made to the fax received on October 11, 2002 from Dr. Su Tso, Chemistry
Reviewer. The questions and responses are provided in the attached documents. We
believe we have fully responded to all the questions. _
¢ t
Should you have any questions regarding this application or require any additional . g

information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft elizabeth @allersan.com.

(
<
£
£

QRISINAL Y

Thank you for your assistance with this application.

== Sincerely,

Ehzabeth Bancroft
Semor Director
Regulatory Affairs
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November 12, 2002

RECEIVED
Wiley A. Chambers, M.D.
Deputy Director NOV 13 2002
Division of Anti-Inflammatory, Analgesic, MEG A/
and Ophthalmic Drug Products, HFD-550 CDER
Food and Drug Administration

9201 Corporate Blvd. Building 2
Rockwville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Amendment to A Pending New Drug Application —- Proposed Altemative Tradename

Dear Dr. Chambers:

Reference is made to the New Drug Application NDA 21-528 submitted to the Agency
on August 6, 2002 for Ketorolac Tromethamine Ophthalmic Solution 0.4% and to the

amendments of September 27, 2002 and October 18, 2002. Reference is also made to the :
November 1, 2002 e-mail from Raphael Rodnguez regarding the unacceptability of

Allergan’s original proposed tradename. This amendment proposes an alternative
tradename.

Allergan proposes an alternative tradename for Ketorolac Tromethamine Ophthalmic
Solution 0.4% of:

ACULAR® ~ (ketorolac tromethamine ophthalmic solution) 0.4%.

The =~==="in the proposed new tradename is not intended to be an abbreviation of any
other word.

We ask that the Agency review and comment on this proposed altemative tradename and
include this information in NDA 21-528. Should you have any questions regarding this
submission or require any additional information, please contact me by telephone at
(714) 246-4391, by fax at (714) 246-4272 or e-mail at bancroft_elizabeth@allergan.com.

Sincerely, ~

Elizabeth Bancroft
Semor Director
Regulatory Affairs

cc:Dr. L. Lim

DUPLICATE
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“5 Dupont Drve, PO Box 19534, Irvine, Calforria, USA 92623-9534 Telephone: (714) 246-4500 Website www allergan com

December 6, 2002

Wiley A. Chambers, M.D. REC:E'VE"”~

~ Deputy Director D
Division of Anti-Inflamnmatory, Analgesic, EC1 o 2007
and Ophthalmic Drug Products, HFD-550 MEGNCDE}«

Food and Drug Administration
9201 Corporate Blvd. Building 2
Rockviile, MD 20850

Re: NDA 21-528 Qu

Ketorolac Tromethamine Ophthalmic Solution 0.4% MENT
120-Day Safety Update ORlG AMEND

Dear Dr. Chambers:

Reference is made to the original New Drug Application NDA 21-528 for Ketorolac
Tromethamine Ophthalmic Solution 0.4% submitted to the Agency on August 6, 2002.
Pursuant to 21 CFR 314.50(d){(5)(vi)(b), Allergan is submitting the 120-Day Safety
Update for Ketorolac Tromethamine Ophthalmic Solution 0.4%.

The pivotal Phase 3 studies in support of the original NDA, clinical studies 191578-002
and 191578-003, were completed and full study reports were submittet}'in the original
submission. There are no additional safety data to report from these studies.

No new preclinical or clinical studies have been planned or conducted during this 120-
Day reporting period.

Should you have any questions regarding this submission or require any additional .
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth(@allergan.com.

Sincereiy,

Elizabeth Bancroft g
Senior Director
Regulatory Affairs
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§5 Dupont Drive, P O Box 19534, Inane, Calidormia, USA 92623-9534 Telephone (714) 246-4500 Websile www.allergan com

December 6, 2002

"Wiley A. Chambers, M.D. RECEIvE

Deputy Director D

Division of Anti-Inflammatory, Analgesic, EC1o 2007
and Ophthalmic Drug Products, HFD-550 MEGA/C DEr

Food and Drug Administration
9201 Corporate Blvd. Building 2
Rockville, MD 20850

Re: NDA 21-528 S

Ketorolac Tromethamine Ophthalmic Solution 0.4% MENT
120-Day Safety Update ORlG AMEND

Dear Dr. Chambers:

Reference 1s made to the original New Drug Applicatton NDA 21-528 for Ketorolac
Tromethamine Ophthalmic Solution 0.4% submitted to the Agency on August 6, 2002.
Pursuant to 21 CFR 314.50(d)(5)(vi)(b), Allergan is submitting the 120-Day Safety
Update for Ketorolac Tromethamine Ophthalmic Solution 0.4%.

The pivotal Phase 3 studies in support of the original NDA, clinical studies 191578-002
and 191578-003, were completed and fuil study reports were submitted in the original
submission. There are no additional safety data to report from these studies.

No new preclinical or clinical studies have been planned or conducted during this 120-
Day reporting period.

Should you have any questions regarding this submission or require any additional

information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mat] at bancrofi_elizabeth@allergan.com.

Sincerely,

@Q]ﬁwxﬁf}w witd .

Elizabeth Bancrofi
Senior Director
Regulatory Affairs
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E December 23, 2002
f
. . RECEIVED
Raphael Rodriguez. DEC 2 4 2002
Project Manager
Division of Anti-Inflammatory, Analgesic, MEGA/CDER

& Ophthalmologic Drug Products, HFD-550
Food & Drug Administration
9201 Corporate Blvd. Building 2
Rockwville, MD 20850

RE: NDA 21.528 Ketorolac tromethamine ophthalmic solution 0.4%
Chemistry amendment

Dear Mr. Rodniguez,

Reference 1s made to the fax received on December 13, 2002 from Dr. Su Tso, Chemistry
Reviewer. The questions and responses are provided 1n the attached documents.

Should you have any questions regarding this application or require any additional
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth @allergan.com.

Thank you for your assistance with thts application.

Sincerely,

Elizabeth Bancroft
Senior Director
Regulatory Affairs

ORIGINAL
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February 24, 2003 ORIG AMENDMENT

L]

Raphael Rodriguez RECEIVED

Project Manager

Division of Anti-Inflammatory, Analgesic, FEB 2 52003
and Ophthalmic Drug Products, HFD-550

Food and Drug Administration MEGAfCDER

9201 Corporate Blvd. Building 2
Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Chemistry Amendment

Dear Mr. Rodriguez:
Reference is made to the facsimiles received on January 20, 2003 and February 13, 2003
from Dr. Su Tso, Chemistry Reviewer. The questions and responses are provided in the
attached documents.
Should you have any questions regarding this application or require any additional
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth@allergan.com.
Thank you for your assistance with this applicétion.
Sincerely,

~

‘técrn,&uﬁ—ﬁ}m»cw{'/
Elizabeth Bancroft

Senior Director
Regulatory Affairs
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February 28, 2003

. RECEIVED
Raphael Rodriguez MAR 0 3 2003
Project Manager '
Division of Anti-Inflammatory, Analgesic, MEGA/CDER

and Ophthalmic Drug Products, HFD-550 ee
Food and Drug Administration
9201 Corporate Blvd. Building 2 ORIG AMENDMENT

Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Chemistry Amendment

Dear Mr. Rodriguez:

Reference is made to the February 26, 2003 and February 28, 2003 telephone :
conversations between Dr. Su Tso, Chemistry Reviewer, and myself regarding )
NDA 21-528.

Enclosed in Section 1, please find a copy of a Technical Memorandum containing
pictures of the ketorolac container ¢losure as requested by Dr. Tso in our telephone
conversation of February 26™.

At this time, we would also like to clarify the word “exterior” in the last sentence of
Allergan’s response to Question 2, page 1 011, (FDA fax of January 20, 2003) in the
Chemistry Amendment previously submitted on February 24, 2003,

The sentence reads “The yellow precipitate on the exterior of the stability samples does
not compromise the chemistry or the container integrity (¢.g. microbial contamination) of
the product.”

The word exterior means the exterior of the tip-bottle interface, under the closure cap.

Therefore, the sentence should read “The yellow precipitate on the exterior of the tip-
bottle interface, under the closure cap of the stability samples does not compromise the
chemistry or the container integrity (e.g. microbial cofitamination) of the product.”

Section 2 contains a copy from the pending NDA of the Summary of BAK Titration
Studies for Formulation 9437X as requested by Dr. Tso in our February 28" telephone
conversation. This report is located in the original NDA in Section 7, Volume 10, (paper
review copy) pages 10 056 - 10 089.



R. Rodriguez
NDA 21-528/Chemistry Amendment
Page 2

A desk copy of this submission has also been sent to Dr. Tso.

Should you have any questions regarding this submission or require any additional
information, please contact me by telephone at (714) 246-4391, by fax at (714) 246-4272
or e-mail at bancroft_elizabeth@allergan.com.

Thank you for your assistance with this application.

Sincerely,

Elizabeth Bancro

Senior Director
Regulatory Affairs

APPEARS THIS WAY
ON ORIGINAL
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Raphael Rodriguez
Project Manager RECEWED

Division of Anti-Inflammatory, Analgesic,

& Ophthalmologic Drug Products, HFD-550 APR 03 2003

Food & Drug Administration MEGA/CDER
9201 Corporate Blvd. Building 2

Rockville, MD 20850

RE: NDA 21-528 Ketorolac tromethamine ophthalmic solution 0.4%

Chemistry Amendment

Dear Mr. Rodriguez.

Reference is made to NDA 21-528 and the correspondence of March 21, 2003 from
Dr. Tso, Chemistn Reviewer.

Enclosed please find the chemistry information relating to the questions on container
closures.

The following key statements should be considered:

1.

I

All aseptically filled and sealed products unequivocally meet the chemical, physical,
sterility and package integrity specifications throughout their shelf-life.

The ophthalmic container closure systemns are manufactured by and conform to
recognized and standard industry-wide practices and processes.

The validity of both the aseptic manufacturing process and packaging/microbial
integnty is justified through validated container media fill runs. 100% testing of the

filled/capped units occur, the results of which demonstrate that stenlity is mantained
and that no microbial ingress occur.

Any observed trace precipitate formation is a consequence of the presence of the
inherent micro-imperfections occurring at the tip weld line. These trace precipitates

always occur at the weld line, and is also the location observed with competitor
product.

Precipitate formation occurs from an initial wetting of the tip weld line inside of the
container closure system. Wetting occurs from 2 events. First, during _
handling/transportation of the filled and sealed product. At this point, liquid motion or
a splashing effect inside the sealed container occurs as a response to movement of the
Container along the packaging line. Secondly, and to a lesser extent, the natural
Process of condensation can contnbute to inner surface wetting. These 2 events cause

NRIGINAI



NDA 21-528 Chemisry Amendment
April 2, 2003
Page 2 of 4

a small residual amount of liquid inside the container to be held at the tip weld line
due to surface tension/adhesion forces. At this point, capillary action ensues causing
the residual hquid to travel along the micro-imperfections. This phenomenon is a
slow process and supported by the fact that trace precipitation is not evident at
product release (time zero).

6. Visibility of these sporadic trace precipitates is extremely difficult under normal
viewing concitions. It was not unul a highly colored (yellow) product, Ketorolac
Reformulation (9437X), on a white tip background was examined, and the trace
precipitate was seen. This event resulted in an increased level of scrutiny for
Ketorolac Reformulation and at that juncture for all other products under
development in R&D. A chronological summary of events is provided.

7. Media validation studies, sterility tests, aerosol challenge tests and vacuum leak tests
confirmed that package integrity and sterility of products were never compromised.
Notwithstanding, in order to better track and record trace precipitates, an ——
investigation process (in conjunction with extraordinary observation methodologies)
was used as the means for data collection.

8. Where sporadic trace precipitate formation occurred it was always under the sealed,
sterile cap closure of the container.

smemte 9. Again, it can not be overstated that all the microbial challenge tests and package
Integrity tests support and justify that the quality and, indeed stenlity, are maintained
throughout product shelf-life.
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NDA 21-528 Chemistry Amendment

April 2. 2003
Page 3 of 4

Question 1

® . N
Please provide an in depth explanation for the observation of

at the

tip-bottle interface under the closure cap of the stability samples at all time points and all
_temperature conditions regardless of the sample orientation (upright or inverted). Please
provide a proposed correction plan to prevent and eliminate future occurrence.

Allergan Response

The following information is included in response to this question. The same information
was submitted to NDA 21-493 as a chemistry amendment dated March 12, 2003.
NDA 21-493 was approved on March 28, 2003,

Secuon 1

Section 2

Section 3

S

Section 4

Section 5

Section 6

Chronology of R&D Trace Precipitate Observations
(flow chart and summary)

Packaging Development Summary of the Tip-Bottle Interface
Technical Memorandum PDD-TM-03-013 — Mechanism of Precipitate
Formatton

Results of Vacuum Leak Test (10 mL container ketorolac)
Results of Sterility Testing (Brimonidine Combo Product)
Results of Sterility Testing (Epinastine)

Results of PSO Fill Line Media Qualification

Package Integrity Testing of Allergan Ophthalmic Soiution Containers
(Dust Chamber Method) BTC Number 38209 (10 mL container)

SOP LAB-03E Performing pH and Physical Appearance Tests

SOP LAB-12E Evaluation and Disposition of Qut of Specification (00S)
Results

SOP LAB-24 Package Integrity and Fill Volume Testing

SOP TPC-037 Vacuum Leak Test

Proposed Correction Plan
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NI A 21-328 Chermistry Amendment
April 2. 2003
Page 4 of 4

Question 2

Please commit to place the first three production batches on stability, and modify the

stability protocol to include a parameter to control package integrity (as a visual test) for
the formation of _ "

Allergan Response

Allergan f_:ommit_s to place the first 3 production batches of ketorolac tromethamine
ophthalmic .SOILIIIOU 0.4% into ongoing stability. Allergan agrees to modify the stability
protocol to include a parameter to monitor package integrity at each interval.

We trust that these responses are complete and adequate for approval. If you should

require additional information, please contact me at telephone (714) 246-4391, fax (714)
246-4272, or email at bancroft_elizabeth @allergan.com.

Sinccrely

Ehzag o 944{4/

eth Ba croft
Sr. Director
Regulatory Affairs

APPEARS THIS WAY
ON ORIGINAL




LERGAN

Duport Drve. PO Box 19534, Irvne, Califorvia, USA 926239534 Telephone. (714) 246-4500 Websiie www allergan com

L]
R
A
C——
R
——
Ll

April 11,2003

Raphael Rodriguez.
Project Manager
Division of Anti-Inflammatory, Analgesic,
& Ophthalmologic Drug Products, HFD-550
Food & Drug Administration
9201 Corporate Blvd. Building 2
Rockville, MD 20850

RE: NDA 21-528 Ketorolac tromethamine ophthalmic solution 0.4 %
Proposed Draft Labeling
Dear Mr. Rodriguez,

Reference is made to the proposed draft labeling received from the Agency on
March 5, 2003. Enclosed please find the Allergan comments on the proposed labeling.

Included are a draft package insert and an annotated draft package insert. We look
forward to discussing this proposal with you.

Should you have any questions regarding this application or require any additional

information, please contact me by telephone at (714) 246-4391, by fax at (714) 2464272
or e-mail at bancroft elizabeth @allergan.com.

Thank you for your assistance with this application.
Sincerely,
W /%mwﬁ
Elizabeth Bancroft N

Senior Director
Regulatory Affairs

1 004
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' ; April 29, 2003
: _o0G{ Bl
| | RECEIE, M-00c BL.)

«f. : ~  Wiley A. Chambers, M.D. APR

‘ Deputy Director 302 003

__:H Division of Anti-Inflammatory, Analgesic, MEGA/C D

1. and Ophthalmic Drug Products, HFD-550 ER

Food and Drug Administration

9201 Corporate Blvd. Building 2

=i Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%

Amendment to A Pending New Drug Application — Proposed Alternative Tradename and
Draft Labeling

Dear Dr. Chambers:

Reference is made to the New Drug Application NDA 21-528 for Ketorolac

Tromethamine Ophthalmic Solution 0.4% and to the tradename amendments of

September 27, 2002, October 18, 2002 and November 12, 2002. Reference is also made

to the proposed draft labeling received from the Agency on March 5, 2003, Allergan’s

response submitted to the Agency on April 11, 2003; to the April 21, 2003 teleconference
in which proposed changes to the package insert were discussed with the Agency and to

=E the April 28, 2003 videoconference called to discuss a different product at which the

] Agency informed Allergan of the unacceptability of Allergan’s altemnative proposed

! tradename ACULAR® .~ This amendment proposes another altemative tradename

and includes draft labeling which incorporates the agreed upon changes to the package
insert.

Allergan proposes an altemnative tradename for Ketorolac Tromethamine Ophthalmic
4 Solution 0.4% of: '

ACULAR® LS™ (ketorolac tromethamine ophthalmic solution) 0.4%.

| The “LS” abbreviation in the proposed new tradename stands for “Lower Strength”. ~
! Allergan agrees to use only “Lower Strength” to define “LS” in any promotional
1 materials.

Draft Package Inser DUPLICATE

Appended in Section ! is a copy of the draft package insert. The following revisions
have been made:

J 1. Under “Description”, the words “and Molecular” have been added to Structural
- Formula. Under the subsection Contains, 2™ puragraph; the word “approximately” has



Wiley Chambers, M.D.
NDA 21-528 / Amendment
Page 2 of 3

been inserted into the first sentence before 7.4 and into the [ast sentence before 290
mOsml/kg.

2. Under “Clinical Pharmacology”, Mechanism of Action, deleted the second paragraph.
3. Under “Clinical Pharmacology”, Pharmacokinetics, deleted the first paragraph.

4. Under “Clinical Pharmacology”, Clinical Studies, 1* paragraph, revised the last
sentence to read “following photorefractive keratectomy surgery.”

5. The “Indications and Usage” section has been revised to read “Tradename ophthalmic
solution 0.4% is indicated for the reduction of ocular pain and ocular symptom of
buming/stinging following corneal refractive surgery.”

6. Under “Precautions”, 1* paragraph, revised first sentence to include the words
“including ketorolac tromethamine ophthalmic solution,”

7. Under “Precautions”, subsection Carcinogenesis, Mutagenesis, Impairment of Fertjlity,
1st paragraph, added the word *either” before rats and changed the word *“‘or” to “nor” in
mice.

8. Under “Adverse Reactions”, 1* paragraph, revised e ] " to
“ocular edema” and “ocular pain.” Re-ordered the adverse reactions.

9. Under “Adverse Reactions”, 2™ paragraph, deleted the words *© e,
~—= " from the first sentence.

10. Under “Adverse Reactions”, 3 paragraph, deleted w= changed == to
“ocular pain” and re-ordered the adverse events.

11. Under “Adverse Reactions™, 4™ paragraph, Clinical Practice, deleted the — and
added “s” to solution in the first and third sentences.

12. The “Dosage and Administration” section has been revised to read “The
recommended dose of Tradename ophthalmic sofution 0.4% is one drop four times a day
in the operated eye as needed for pain and buming/stinging for up to 4 days following
corneal refractive surgery.”

13. Under “How Supplied”, = fill size has been deleted and the statement has
been revised to reflect one product size. The storage temperature has been revised to read
“Store at 15° - 25°C (59°F - 77°F).



Wiley Chambers, M.D
NDA 21-528 / Amendment
Page 30f 3

14. The statement * -——

—_ . . ) S " has been
revised to read “This product is manufactured and distributed by ALLERGAN under
license from its developer, Roche Palo Alto LLC, Palo Alto, California, U.S.A.” The
documentation for the name change which was sent to Allergan from Hoffmann La
Roche is appended in Section 2.

We ask that the Agency review and comment on this proposed alternative tradename and
draft package insert and include this information in NDA 21-528. Should you have any
questions regarding this submission or requtre any additional information, please contact
me by telephone at (714) 246-4391, by fax at (714) 2464272 or e-mail at
bancroft_elizabeth @allergan.com.

Sincerely,

Elizabeth Bancroft

Senior Director
Regulatory Affairs

APPEARS THIS WAY
ON ORIGINAL
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May 6, 2003

N 050 (BY )
Wiley A. Chambers, M.D.
“Deputy Director
Division of Anti-Inflammatory, Analgesic, RECEIVED
and Ophthatmic Drug Products, HFD-550
Food and Drug Administration MAY 0 7 2003
5201 Corporate Blvd. Building 2 MEGA/CDER

Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4% ) ~ T
Amendment to A Pending New Drug Application — Final Draft Labeling il AMENDMEN

Dear Dr. Chambers:

Reference is made to Allergan's Amendment to A Pending New Drug Application —
Proposed Alternative Tradename and Draft Labeling submitted to the Agency on April
29, 2003 and to the May 6, 2003 telephone conversation between Raphael Rodriguez and
myself in which he requested a copy of the draft package insert with the proposed

, tradename ACULAR LS™ inserted in place of TRADENAME and some additional

revisions to the Precautions section. This amendment contains the following labeling
information 1n response to the Agency’s request:

== Final Draft Package Insert

Appended in Section | is a copy of the revised final draft package insert. The following
additional revisions have been made:

Under “Precautions”, subsection Carcinogenesis, Mutagenesis, Impairment of Fertility;
the first paragraph has been revised to read “Ketorolac tromethamine was neither
carcinogenic in rats given up to 5 mg/kg/day orally for 24 months (156 times the
l maximum recommended human topical ophthalmic dose, on a mg/kg basis, assuming
? 100% absorption in humans and animals) nor in mice given 2 mg/kg/day orally for 18
months (62.5 times the maximum recommended human topical ophthalmic dose, on a
meg/kg basis, assuming 100% absorption in humans and animals). -

Label and Carton

Section 2 contains a color copy of the proposed ACULAR LS™ 5 ml. label and 5 mL
unit carton.

ORIGINAL



Wilgy Chambers, M.D.
NDA 21-528 / Amendment
Page 2 of 2

We ask that the Agency review and approve this final draft package insert, label and
carton and include this information in NDA 21-528. Should you have any questions
regarding this submission or require any additional information, please contact me by

telephone at (714) 246-4391, by fax at (714) 246-4272 or e-mail at
bancroft_elizabeth @allergan.com.

Sincerely,

Elizabeth Bancroft

Senior Director
Regulatory Affairs

pPEARS THIS WAY
§ ON ORIGINAL
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May 9, 2003

Wiley A. Chambers, M.D.

Deputy Director

Division of Anti-Inflammatory, Analgesic,
and Ophthalmic Drug Products, HFD-550

Food and Drug Administration

9201 Corporate Blvd. Building 2

Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Trometharnine Ophthalmic Solution 0.4%
Amendment to A Pending New Drug Application — Final Draft Labeling

Dear Dr. Chambers:

Reference is made to Allergan’s Amendment to A Pending New Drug Application -
Final Draft Labeling submitted to the Agency on May 6, 2003 and to the May 9, 2003
telephone conversation between Raphael Rodriguez and myself in which he requested
an additional revision to the draft package insert for ACULAR LS™ This amendment
contains the revised package insert in response to the Agency's request.

Final Draft Package Insert

Appended in Section ! is the revised final draft package insert. The following additional
revision has been made:

Under “Indications and Usage”, the sentence has been revised to read *"ACULAR LS™
ophthalmic solution is indicated for the reduction of ocular pain and the ocular symptom
of burning / stinging following comeal refractive surgery.”

We ask that the Agency review and approve this revised final draft package insert, and
include this information in NDA 21-528. Should you have any questions regarding this
submission or require any additional information, please contact me by telephone at (714)
246-4391, by fax at (714) 2464272 or e-mail at bancroft_clizabeth@allergan.com.

Sincerely,

sty Panse

Elizabeth Bancroft
Senior Director
Regulatory Affairs
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May 20, 2003

M-000(BF )
Wiley A. Chambers, M.D.

Deputy Director RECEIVED ORIG AMENDMENT

~ Division of Anti-Inflammatory, Analgesic,

and Ophthalmic Drug Products, HFD-550 MAY 2 1 2003
Food and Drug Administration
9201 Corporate Blvd. Building 2 MEGA/CDER

Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4%
Amendment to A Pending New Drug Application — Final Draft Labeling

Dear Dr. Chamb_ers:

Reference is made to Allergan’s Amendment to A Pending New Drug Application —

Final Draft Labeling submitted to the Agency on May 9, 2003 and to the May 12, 2003
telephone conversation between Dr. Lim and myself in which she requested additional L
revisions to the draft package insert, 5 mL label and 5 mL unit carton for ACULAR

LS™._ Reference is also made to the May 13, 2003 telephone conversation between Dr.

Lim and Dave Garbe regarding tradename placement. This amendment contains the

following revisions in response to the Agency’s request:

Draft Package Insert

Appended in Section 1 is the revised draft package insert:
Under “Contains: Active:” added a penod after “ketorolac tromethamine 0.4%.”

Under “Indications and Usage”, deleted the words *  emsee= " and revised
the sentence to read “ACULAR LS™ ophthalmuc solution is indicated for the reduction

of ocular pain and burning / stinging following comeal refractive surgery.”

Under “How Supplied”, deleted the ‘= between the 5 mL and 10 mL so that the line is
revised to read “S mL in 10 mL bottle - NDC 0023-9277-05".

5 mL Label / 5 mL Unit Carton

Allergan has revised the label and carton as discussed with Dr. Lim. A copy of the
artwork for each piece is included in Section 2.

ORIGINAL




Wiley Chambers, M.D.
NDA 21-528 / Amendment
Page20f 2

a .~ We ask that the Agency review and approve this revised final draft package insert and

‘ include this information in NDA 21-528. Should you have any questions regarding this
submission or require any additional information, please contact me by telephone at
(714) 246-4391, by fax at (714) 246-4272 or e-mail at bancroft_elizabeth@allergan.com.

Sincerely,
Elizabeth Bancroft

Senior Director
Regulatory Affairs

APPEARS THIS WAY
ON ORIGINAL
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Wiley A. Chambers, M.D.
~ Deputy Director

Division of Anti-Inflammatory, Analgesic, RECEIVED
and Ophthalmic Drug Products, HFD-550 MAY 2 3 2003

Food and Drug Administration

9201 Corporate Blvd. Building 2 MEGA/CDER

Rockville, MD 20850

Re: NDA 21-528 / Ketorolac Tromethamine Ophthalmic Solution 0.4% W
Amendment to A Pending New Drug Application — Labeling Response NEW CORRES P

Dear Dr. Chambers:

Reference is made to NDA 21-528 and the labeling amendment dated May 20, 2003.
Reference is also made to the May 22, 2003 telephone conversation between Dr. Lim,
myself and Dave Garbe regarding the ACULAR LS™ tradename placement on the label
and unit carton. This amendment contains the following labeling commitment by
Allergan:

Label / Unit Carton

Allergan commits to changing the prominence of the LS™ to mirror that of the word
ACULAR on both the label and carton. _ /

We ask that the Agency approve this labeling commitment and include this information
in NDA 21-528. Should you have any questions regarding this submission or require any
additional information, please contact me by telephone at (714) 246-4391, by fax at

(714) 246-4272 or e-mail at bancroft_elizabeth@allergan.com.

Sincerely,

M(MW R
ElfﬂBancroft

Senior Director
Regulatory Affairs



