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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
C Food and Drug Administration
Rockville MD 20857
NDA 21-079 ‘ SEP 2 4 999
Santen Incorporated
Attention: Merwin Jerry Hansen
Chief Executive Officer
555 Gateway Drive
Napa, CA 94558
Dear Mr. Hansen:

Please refer to your new drug application (NDA) dated March 25, 1999, received
March 26, 1999, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act
for Alamast (pemirolast potassium ophthalmic solution), 0.1%.

We acknowledge receipt of your submissions dated March 26, April 23 and 28, May 12 and 18,
June 14, 21, 25 and 29, July 14 (two), 15, 22, 23 (two) and 28, August 4, 5,11, 12, and 25, and
September 9, 20, and 23, 1999.

I'ms new drug application provides for the use of Alamast (pemirolast potassium ophthalmic
solution), 0.1% for the prevention of itching of the eye due to allergic conjunctivitis.

We have completed the review of this application, as amended, and have concluded that adequate
information has been presented to demonstrate that the drug product is safe and effective for use
as recommended in the labeling text submitted September 23, 1999. Accordingly, the
application is approved effective on the date of this letter.

The final printed labeling (FPL) must be identical in content to the submitted package insert
dated September 23, 1999. Marketing the product with FPL that is not identical to the approved
labelmg text may render the product misbranded and an unapproved new drug.

Please submit 20 copies of the FPL as soon as it is available, in no case more than 30 days after it
is printed. Please individually mount ten of the copies on heavy-weight paper or similar
material. For administrative purposes, this submission should be designated "FPL for approved
NDA 21-079." Approval of this submission by FDA is not required before the labeling is used.

We remind you of the Phase 4 commitment specified in your submission dated

September 20, 1999. This commitment is for the submission of the full testing results for the next
6 production batches of both the drug substance and the drug product. For administrative
purposes, all submissions relating to this Phase 4 commitment must be clearly designated "Phase

4 Commitments.”
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Validation of the regulatory methods has not been completed. At the present time, it is the policy
of the Center not to withhold approval because the methods are being validated. Nevertheless,
we expect your continued cooperation to resolve any problems that may be identified. '

In addition, please submit three copies of the introductory promotional materials that you
propose to use for this product. All proposed materials should be submitted in draft or mock-up
form, not final print. Please send one copy to the Division of Anti-Inflammatory, Analgesic and
Ophthalmic Drug Products and two copies of both the promotional materials and the package
insert directly to:

Division of Drug Marketing, Advertising, and Communications, HFD-40
Food and Drug Administration

5600 Fishers Lane

Rockville, Maryland 20857

Please submit one market package of the drug product when it is available.

We remind you that you must comply with the requirements for anvapproved NDA set forth
under 21 CFR 314.80 and 314.81. '

If you have any questions, contact Raphael R. Rodriguez, Project Manager, at (301) 827-2090.

Sincerely,

( /Q/ ’1)7?(/‘(”/—“6“ /i??
- [

Robert DeLap, M.D., Ph.D.
i~ Director
APPIATS THIR ™ M Office of Drug Evaluation V
(ol L Center for Drug Evaluation and Research

DEANS T T
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Medical Officer’s Review of NDA 21-079

NDA 21-079
Medical Officer’s Review

Proposed Tradename:
Generic Name:

Chemical Name:

Original

Submission: 3/25/99
Review Completed:  7/19/99

Alamast
Pemirolast potassium ophthalmic solution, 0.1%

9-methyl-3-(1H-tetrazol-5-yl)-4H-pyrido[ 1,2-
a)pyrimidin-4-one, potassium salt

4H-pyrido[ 1,2-a]pyrimidin-4-one,9-methyl-3-(1H-
tetrazol-5-yl)-potassium

Sponsor:

Pharmacologic Category:

Proposed Indication:

Dosage Form and
Route of Administration:

NDA Drug Classification:

Related IND:

Chemical Structure — Formula C;oH;KNgO
Santen Incorporated

555 Gateway Drive

Napa, CA 94558

Mast cell stabilizer

Prevention and relief of ocular itching due to
allergic conjunctivitis

Ophthalmic solution for topical ocular
administration
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Chemistry/Manufacturing Controls — See Chemistry Review

: Table 1
-+ - Quantitative Composition
| Ingredient Quantity Percent (w/v)
A (mg/mL)
Pemirolast potassium ' \ /[ \
Lauralkonium chloride \ ) / \
. , \
Glycerirf, ) . ( \

Dibasic sodium phospha@ )
(- 1

A

Monobasic sodium %homhate, - ‘ [

Sodium hydroxid{ __ ) L -
Phosphoric Aci¢ | : L \ , ' /
Purified wate(”_—__1 ) ) § i j

¢ ]
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!- 6 Clinical Background

Allergic conjunctivitis is one of the most common forms of ocular allergy. Sensitive
individuals develop ocular manifestations such as injection, itching, chemosis, discharge,
and tearing after exposure to airborne antigens. These responses are caused by a number
of preformed allergic mediators (histamine, chemotactic factors, etc.) that are released
‘during mast cell degranulation. The release of these mediators also triggers a secondary

cascade of chemical agents to produce newly formed mediators such as leukotrienes and
‘prostaglandins.

Pemirolast potassium is a mast cell stabilizer that inhibits the in vivo Type I immediate
hypersensitivity reaction. '

6.1 Relevant Human Experience

Allergic conjunctivitis has been treated effectively with topical agents such as
decongestants, antihistamines (or their combinations), mast cell stabilizers,
corticosteroids, and nonsteroidal anti-inflammatory drugs (NSAIDs).

There are no mast cell stabilizers currently marketed in the United States for the
treatment of allergic conjunctivitis.

6.4 Foreign Experience

The following formulations of pemirolast potassium are commercially available in
foreign countries (see below).

Country Date Approved Formulation
Japan 1991 10 mg tablets for bronchial asthma
~ | and allergic rhinitis
1992 | Dry syrup for bronchial asthma B
1994 " | 5 mg tablets for bronchial asthma and
allergic rhinitis
1995 0.1% ophthalmic solution for allergic
and vernal conjunctivitis
China 1996 0.1% ophthalmic solution for allergic
and vernal conjunctivitis
Korea 1998 0.1% ophthalmic solution for allergic

and vernal conjunctivitis
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The 5 and 10 mg tablets, and the dry syrup formulation are marketed in Japan by Tokyo
Tanabe and Bristol-Myers Squibb K.K. under the trade names Alegysal® and
Pemilaston,® respectively. The 0.1% ophthalmic solution is marketed by Santen Ltd.
and Bristol-Myers Squibb K.K. under the trade names Alegysal® and Pemilaston,®
respectively, and is the same formulation proposed for approva] under this NDA.

The drug has not been withdrawn from marketing in any country for any reason related to
safety or effectiveness. There.are no pending foreign marketing applications for this drug.

6.4 Human Pharmacology,
- Pharmacokinetics, & Pharmacodynamics — See Pharmacology Review

7 Description of Clinical Data Sources
Included in this medical officer’s review are the following five clinical trials conducted in

the United States under IND 49,936:

e  Three Phase III environmental studies with prophylactic dosing in
* adult ocular allergy patients (Study 02-002 conducted in Allergy
Season 1996) and ocular allergy patients at least 10 years of age

(Studies 02-003_and 02-004 conducted simultaneously-in-Allergy
Season 1997)

e A Phase II dose-response study in adult ocular allergy patients to
- assess the optimal concentration of TBX (Study 02-001)

e A Phase I safety study in healthy children three to five years of age
(Study 02-005)

See Clinical Data Sources, Table 3

APPEARS THIS WAY
ON b?lﬁ‘u"éAL
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Table 3

Clinical Data Sources
Study No. Investigator  Study Design/ Treatment doses, Patients Age Sex Race Irides
(Locatlon)  pygient Population frequency and entering/  Range pyp  Bw/O  LightDark
duration recelving/ (mean) '
Start Date (%) (%) (%)
(Study completing
Status) treatment ,
' Phase 3 U. S. Controlled Clinical Studies P
02-002 Abelson Randomized, triple-masked, 0.1% TBX 60/59/52 18-66 53/47  4/95/1 . '45/55
(US) parallel-group, placebo- Placebo . 60/60/56 (38.7) .
controlled, single-center in adult - ;
patients with a history of allergy . -
Aug. 1996 and a positive CAC response qu.d. x 11 wks
(Completed) . : : :
02-003 Berdy, Randomized, double-masked, 0.1% TBX 71/70/65 10-66 46/54  15/82/3 ' 57/43
Parver, parallel-group, placebo- Placebo 72/69/62  (35.1) L
Greiner, controlled, multi-center in :
Crampton patients 2 10 years of age with a . )
(US) history of allergy and a positive qid x 12-16 wks
CAC response
Aug. 1997
(Completed)
02-004 Mundorf, Randomized, triple-masked, 0.1% TBX 67/65/57 12-64 50/50  11/87/2 61/36
John, parallel-group, placebo- Placebo 64/64/49  (36.1)
Lonsdale controlled, multi-center in ‘ .
(US) patients 2 10 years of age with a . . )
history of allergy and a positive Qid x 1517 wic
Jul. 1997 CAC response
(Completed)
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Table 3

Clinical Data Sources

Study No.  Investigator Study Design/ Treatment dolses, Patients Age Sex Race Irides
(Location) Patient Population frequency and entering/ Range B/W/O Light/Dark
Start Date - duration recelving/ (mean) .
letin (%) (%) (%)
(Study compileting
Status) treatment
Phase 2 U. S. Controlled Clinical Study
02-001 Abelson Randomized, triple-masked, 0.1% TBX/ Placebo  60/60/57 18-62  48/52  1/99/0 68/32
(USA) contralateral-eye comparison, 0.25% TBX/ Plabebo  58/58/55 (36.1) '
placebo-controlled, single-center
in adults with a history of allergy . .
Mar. 1_9 96 and a positive CAC response. b.i.d. x 14 days (prior
(Completed) to CAC) '
' Phase 1 U.S. Controlled Clinical Study
02-005 Rubin Randomized, double-masked, 0.1% TBX or 20/20/17 3-5 63/37  3/37/60 ———f--
(USA) parallel-group, placebo- Placebo 10/10/9 4.0)
_ controlled, single-center in
Oct. 1997 healthy chnlgiren with q.i.d. x 6 wks
asymptomatic eyes.
(Completed)

Demographic information (age, sex, race, and iris color) is presented for evaluable subjects.

Note: Light iris color includes green, blue, and hazel irides; and dark iris color includes black and brown irides. Studies 02-003 (Study 1997a) and 02-004 (Study
1997b) were conducted simultaneously during Allergy Season 1997.

TBX = Pemirolast potassium

M/F = Male/Female
—- = Data not available

CAC = Conjunctival allergen challenge
B/W/O = Black/White/Other
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8 Clinical Studies
8.1.1 Study #1 Protocol 02-002 .-
Title: A prospective,- randomized, triple-masked, parallel-group, single-center

comparison trial of the ocular efficacy and safety of 0.1% pemirolast
potassium ophthalmic solution with that of placebo in subjects with
allergic conjunctivitis

Objective: The objective of this trial was to compare the efficacy and safety of 0.1%
pemirolast potassium ophthalmic solution with placebo (vehicle) when
administered bilaterally four times daily (QID) for approximately 6-12
weeks (depending on the length of the allergy season) in treating the
ocular signs and symptoms associated with allergic conjunctivitis.

Study Design: . A prospective, randomized, triple-masked, parallel-group, single-
center study comparing 0.1% pemirolast with placebo (vehicle)
used prophylactically in subjects with a history of allergic
conjunctivitis. Study duration was 11 weeks.

Test Drug Schedule: Subjects instilled 1-2 drops of either pemirolast 0.1% or vehicle

four times a day (QID) in each eye beginning at Visit 1 and
continuing until 5-30 days after the first killing frost (Visit 4).

In addition, the investigator or his trained designee administered 1-
2 drops of study medication in each of the subject’s eyes 20 + 1
~Ininutes prior to allergen challenge at Visit 4.

" No.of
_ Subjects Subject First Subject | Exit Visit for Study
Investigator (ID No.) | Enrolled Nu::_nbem Enrolled Last Subject | Duration

Mark B. Abelson, MD 120 501-620 18 Aug 1996 1 Nov 1996 11 weeks

«
r >

—

863 Turnpike Street
North Andover, MA
01845

(978) 685-8900

8.1.1 Study Design

This was a prospective, randomized, triple-masked, parallel-group, single-center study
comparing 0.1% pemirolast with placebo (vehicle) used prophylactically in subjects with
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- a history of allergic conjunctivitis. 120 subjects were enrolled in order to obtain 108
completed subjects. '

Visit 1 (Day 0, Baseline) occurred prior to the start of the ragweed pollen season.
Prospective subjects who gave written informed consent and met required entry criteria
underwent a conjunctival allergen challenge (CAC) titration procedure with ragweed.
This titration procedure involved bilateral instillation of progressively greater
concentrations of ragweed antigen to determine the final concentration necessary to
provoke a positive response in both eyes [(2+ itching and (2+ redness in at least one of
the three vessel beds (ciliary, episcleral, or conjunctival)]. Qualified subjects were
enrolled, and randomly assigned to receive either 0.1% pemirolast or placebo. Subjects
instilled 1-2 drops of masked study medication four times a day (QID) in each eye
beginning on Day 1 and continuing until 5-30 days after the first killing frost (Visit 4).
During the study, subjects recorded their ocular itching and redness in a diary each day at
bedtime starting on Day 1 and continuing until 1-5 days after Visit 4 (Visit 5).

The study duration was to be approximately 6-12 weeks, depending on the length of the
ragweed allergy season and occurrence of the first killing frost. The first killing frost was
defined as a frost that was sustained through two or more hours below 32 °F (0°C). The
killing capacity specifically for ragweed was confirmed by ragweed pollen counts of zero
(0) grains per cubic meter. Subjects returned for four scheduled follow-up visits: Day 7+
2 (Visit 2), Day 28 ( 3 +Visit 3), 5-30 days after first killing frost (Visit 4) .and_1-5_days
after Visit 4 (Visit 5). In addition, subjects were contacted by telephone each week
during those weeks that did not include a scheduled office visit.

Ophthalmic evaluations were performed at baseline and each scheduled follow-up visit,
and included best-corrected visual acuity (Snellen), slit-lamp-examination
(biomicroscopy), and ocular signs and symptoms. In addition, fundus examinations
(ophthalmoscopy) and IOP measurements were performed at Visits 1 and 5.

At Visit 4, subjects received 1-2 drops of study medication in each eye 20 + 1 minutes
prior to undergoing a second CAC with the same concentration of ragweed antigen that
provoked a positive response at Visit 1. Post-challenge ocular signs and symptoms were
recorded at 3, 10, and 20 minutes after challenge. Photographs of each eye were also
taken after the 10-minute post-challénge assessment. Subjects were exited from the study
at Visit 5. :

Study Medications

Study medications were supplied in 10 cc bottles with a 10 mL fill, and were shipped to
the investigator labeled with the subject number, the protocol number, and storage
instructions. The following lots of investigational products were used in this study:

¢ 0.1% pemirolast potassium ophthalmic solution containing 0.1% pemirolast
potassium, lauralkonium chloride (LAK) 0.005%, glycerin, monobasic sodium

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




10

phosphate, dibasic sodium phosphate, phosphoric acid and/or sodium hydroxide
(adjust pH), and purified water (Formulation No. 1008S, Lot No. 6A9001)

 Vehicle of pemirolast potassium ophthalmic solution (placebo) containing
lauralkonium chloride (LAK) 0.005%, glycerin, monobasic sodium phosphate dibasic
sodium phosphate, phosphoric acid and/ot sodium hydroxide (adjust pH), and
purified water (Formulation No. 1007S, Lot No. 6B0001)

Study Masking

This study used a triple-masked design, where the:identities of the study medications
were concealed from the subject, the investigator, and the Sponsor's monitors and clinical
research personnel. During the study, no study medication was unmasked.

Study Population — Inclusion and Exclusion Criteria

Inclusion Criteria .

To be eligible for participation in this study, subjects were required to meet all of the
following criteria:

* Ocular health within normal limits with the exception of a history of allergic

conjunctivitis

e Willing to avoid disallowed medications during the study period; disallowed
medications included steroids, antihistamines, mast cell stabilizers, NSAIDs,
newly instituted immunotherapy, immunosuppressive agents, all topical ocular
preparations, and any medication that the investigator felt could interfere with the
study parameters.

 Willing to discontinue contact lens wear at least 72 hours prior to Visit 1, and
agreed not to wear contact lenses for the duration of the study

* Women of childbearing potential must have been using reliable contraceptive
methods [chemical contraceptives (oral, implantable, or injectible), spermicide
with barrier, or [UD] throughout the study, and must have had a negative urine
pregnancy test prior to enrollment into this study

e 18 years of age or older

e Either sex and any race

e Willing to follow instructions and able to make all required study visits
e Willing to give written consent |

* History of allergic conjunctivitis, and a positive skin-prick test with ragweed
antigen within the past two years

e Positive reaction to ragweed antigen challenge in both eyes [(2+ itching and (2+

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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redness in at least one of the three vessel beds (ciliary, ;:piscleral, or
conjunctival)] at Visit 1 (Day 0, Baseline)

Exclusion Criteria

Subjects with any of the following conditions were excluded from participating in the
study: .

* Females who were lactating, pregnant, or were planning a pregnancy; not using
adequate birth control per inclusion criteria; or not surgically sterile

* Using any systemic medication which may have interfered with the study: MAO
inhibitors, nonsteroidal anti-inflammatory agents (e.g., aspirin, ibuprofen), mast
cell stabilizers, antihistamines, or steroids should have been discontinued 72 hours
before the study and not used during the study

* Presence of any significant illness that could be expected to interfere with the
study, particularly any autoimmune disease such as rheumatoid arthritis which
can be associated with dry eye syndrome

* Regular use of topical ophthalmic solutions during the study, including tear
substitutes, or use of any topical ophthalmic medication less than one week before
the study ‘

e—Subjects-using-ophthalmic-medications-that required-longer than-a-one=-week
washout were not included in the study

o Useof ény oral/topical investigational drug or device within 30 days before
receipt of study medication

* Ocular surgery within 6 months before the beginning of the study
e History of uncontrolled cardiovascular, hepatic, and/or renal disease

* History of allergy or sensitivity to any mast cell stabilizer or to any component of
' the study medication, including the preservative

e Current alcohol and/or drug abuse ' -

¢ History of retinal detachment, diabetic retinopathy, or any retinal disease which
may be progressive during the time course of the study

e External ocular disease, inflammation or infection of the eye and/or eyelids

e History of recurrent corneal erosion syndrome, either idibpathjc or secondary to
previous corneal trauma or dry eye syndrome '

o Subjects with only one sighted eye or not correctable to 20/80 in both eyes
e Stable immunotherapy for less than 3 months prior to the initiation of the study

e Evidence of signs and/or symptoms of allergic conjunctivitis [i.e., >0.5+ itching
and/or >1+ redness in any of the three vessel beds (ciliary, episcleral, or
conjunctival)] at the pre-challenge examination at Visit 1

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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In addition, the investigator could have declared any subject ineligible for any sound
medical reason. - :

The use of any prescription or over-the-counter medication during the study or within 30
days of entering the study was noted on the subjects’ CRFs, including start and stop
+dates, dosing regimen, and indication. Treatment necessary for a subject’s welfare that
did not interfere with the response to study medication was permitted at the discretion of
the investigator.

The following concomitant medications were prohibited prior to and/or during the study:

® Any systemic steroids, antihistamines, mast-cell stabilizers, nonsteroidal anti-
inflammatory agents (e.g., aspirin, ibuprofen), or monoamine oxidase inhibitors
during the study period or within 72 hours of entering the study [Note that
histamine Hz-receptor antagonists (e.g., famotidine, cimetidine) and up to 162 mg
per day of aspirin were allowed)

e Any topical dphthalmjc solutions, including tear substitutes, during the study
period

e Any topical ophthalmic medications within one week of entering the study

e Any ophthalmic medication requiring longer than a one-week washout period

»Use-of any-oral/topical-investigational-drug-or-device-during-the study periodor ———————
within 30 days before receipt of study medication

* Use of stable immunotherapy for less than 3 months prior to entering the study

The decision to administer a prohibited medication was done with the safety of the study
participant as the primary consideration. '

Efficacy Variables

The primary efficacy variables in this study were daily ocular itching and redness ' -
recorded in the subject diary, and ocular itching and redness recorded at the office visits.

Daily Ocular Itching and Redness from Subject Diary:

The following subject diary variables were evaluated using 9-point scales (0-4 scale with
half-grades allowed). '

‘e Worst Itching During the Day
Each day at bedtime during the study period, subjects evaluated their worst ocular

itching episode during the day using the following 9-point scale (0-4 scale with
half-grades allowed): : :

0 None

1+ A tickling sensation involving more than just the comer of the eye

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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2+ A mild, continuous itch not requiring rubbing. This itch may be localized
(i.e., involving just the corner of the eye)

3¥ A severe itch which you would like to rub (but do not, as it would -
Jjeopardize the study and exacerbate your symptoms)

4+ An incapacitating itch which would require significant eye rubbing (but
do not, as it would jeopardize the study and exacerbate your symptoms)

e Bedtime Itching
Each day at bedtime during the study period, subjects evaluated ocular itching
using the same 9-point scale as described above.

e Bedtime Redness :
Each day at bedtime during the study period, subjects evaluated ocular redness
using a 9-point scale (0-4 scale with half-grades allowed). Each subject diary

contained the same set of color photographs displaying examples of 0, 1+, 2+, 3+,
and 4+ ocular redness.

Ocular Itching and Redness at Study Visits:

The following pre-challenge and/or post-challenge ocular itching and redness variables
were evaluated at each study visit using.9-point scales (0-4 scales with half-grades
allowed).

e Ciliary Injection

e Episcleral Injection

e Conjunctival Injection
e Maximum Redness

The maximum redness score was calculated using the greatest score among
ciliary, episcleral, and conjunctival injection

e Itching _
Subjects evaluated ocular itching using the same 9-point scale as described above.

Ocular itching and redness were evaluated at each study visit, and included the pre-
challenge evaluations obtained at Visit 1 (Day 0, Baseline) and Visit 4 (5-30 days after
the first killing frost), in addition to the evaluations obtained at follow-up visits without a
CAC [Visit 2 (Day 7), Visit 3 (Day 28), and Visit 5 (1-5 days after Visit 4)).

Secondary Efﬁcacy Variables

Secondary-efficacy variables included the following pre-challenge and/or post-challenge
ocular signs and symptoms. Variables were evaluated at each study visit using 9-point
scales (0-4 scales of increasing severity with half-grades allowed).

e Chemosis

e Lid Swellin

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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e Tearing

Ocular signs and symptoms were evaluated at each study visit, and included the pre-
challenge evaluations obtained at Visit 1 (Day 0, Baseline) and Visit 4 (5-30 days after
the first killing frost), in addition to the evaluations obtained at follow-up visits without a
CAC [Visit 2 (Day 7), Visit 3 (Day 28), and Visit 5 (1-5 days after Visit 4)).

Other Study Variables

Each day at bedtime during the study period, subjects evaluated their exposure to the
outdoors (Ragweed pollen) using a 3-point scale (0-2 scale).

Safety Variables

This study included the following safety variables:

e Adverse Events
Subjects were queried at each follow-up visit and telephone contact regarding
occurrence of any adverse events. Adverse event information included a
description of the event, onset, severity, treatment required, outcome, and
relationship to use of the study medication.

e Visual-Acuity
Best-corrected visual acuity was measured at each study visit using a standard
Snellen chart, and recorded in English units (e.g., 20/20). For the purpose of
analysis, English units were converted to ETDRS logMAR scoring units.

e Slit-Lamp Examination (Biomicroscopy)

A biomicroscopic evaluation was performed at each study visit, and included the
lids, conjunctiva, anterior chamber, cornea, tear meniscus, and lens. Variables
were graded as normal or clinically significantly abnormal.

e Intraocular Pressure )
IOP was measured in mm Hg at baseline (Visit 1) and the exit visit (Visit 5).

¢ Fundus Examination (Ophthalmoscopy)

An undilated ophthalmoscopic evaluation was performed at baseline (Visit 1) and
the exit visit (Visit 5), and included the vitreous (graded on a 4-point scale: 0-3);
the retina, macula, choroid (graded on a 3-point scale: 0-2); and the optic nerve
(graded on a 4-point scale: 0-3). )

APPEARS THIS WAY
OGN ORIGINAL
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Table 4
Schedule of Visits and

Measurements

VISIT |
Day 0, Baseline

VISIT 2 'Telephone

Procedures Contact 1

Pre-CAC | Post-CAC Day 7+2

Telephone

Day 14+ 3 Day 21 +3

VISIT 3
Contact 2

Day 28+ 3

Telephone
Contact 3 !

Day 353

VISIT 4
5-30 Days after First Killing

Frost

Pre-CAC

Post-CAC

VISIT 5
1-5 Days
after Visit 4

informed Consent

Medical History X X

X X

X

X

Pregnancy Test

Skin Prick Test

Visual Acuity :

Slit-Lamp Exam

| <] K] < ] <) <

) =

Allergic Evaluation

b B Ka

| <] ¢

> x| ¢

Investigator Instill Drug

b

CAC (Ragweed)

Photographs

Instill Relief Medication *

10P

Fundus Exam (Undilated)

Dispense Drug

) K |

Dispense Diary

Diary Review/Record X

Diary Review/Collect

Collect Drug

Exit Form

' Additional telephone contacts conducted prior to Visit 4 if necessary.

? Post-CAC allergic evaluation performed 10 minutes after challenge.

3 Post-CAC allergic evaluations performed at 3, 10, and 20 minutes after challenge.

* Study medication administered 20 minutes prior to CAC.

$ Determined allergen dose necessary to induce 22+ ocular redness and itching OU.

§ Used the same allergen dose that induced 22+ ocular redness and itching OU at Visit 1.

? Photographs of each eye were taken after the 10-minute post-challenge assessment.

¥ Approved topical ocular antihistamine/vasoconstrictor administered in each eye if necessary.
® Dispensed additional study medication if necessary.

NDA 21-079: Alamast, pemirol
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Changes in Planned Analyses

Originally the data were to be analyzed to determine if there was: 1) a statistically
significant difference in the percentage of subjects (0.1% pemirolast vs. placebo) whose
condition did not worsen from their baseline post-challenge measurements (<0.5 units
worsening); 2) a statistically and clinically (>1 unit) significant mean change from
baseline in post-challenge measurements; and 3) a statistically significant difference
(active vs. placebo) in the percentage of allergic episodes (combined itching and redness
score of (2+) as reported daily in subject diaries.

However, treatment success, rather than treatment failure, was considered a more
appropriate analysis since the objective of this study was to determine the efficacy of
0.1% pemirolast in preventing ocular signs and symptoms associated with allergic
conjunctivitis. Prevention of ocular itching and redness was assessed by calculating the

daily percent of subjects with a score of zero in both eyes for each of worst itching during
the day, bedtime itching, and bedtime redness. ~

Subject Disposition and Demographics ]

One hundred twenty (120) subjects were enrolled in the study by one investigator, with
90% (108/120 subjects) completing the study as planned. The first subject was enrolled
on August 18, 1996. The last subject exited the study on November 1, 1996.

Ten percent (10%, 12/120) of the subjects were discontinued early: 13% (8/60 subjects)
in the 0.1% pemirolast group and 7% (4/60 subjects) in the placebo group. There was no
statistically significant difference between treatment groups in the discontinuation rate.
Reasons for discontinuation included: seven subjects due to improper entry, three
subjects due to subject decision, one subject due to an adverse event (a severe
anaphylactic reaction), and one subject due to non-compliance (missed visits).

Table 5§ -

Subject Disposition
Pemirolast Placebo Total P-Value
N % . N % N %
Enrolled 60 100.00 60 100.00 . 120 100.00 0.361
Completed 52 86.67 56 93.33 108 90.00
Discontinued 8 13.33 4 6.67 12 10.00
Non-Compliance 1 1.67 0 0 1 0.83
Subject Decision 2 3.33 1 1.67 3 2.50
Adverse Event 1 1.67 .. 0 0 1 0.83
Improper Entry 4 6.67 3 5.00 - 7 5.93
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Subjectit  Date

0506  08/18/1996
0514  08/18/1996
0541 08/18/1996
0581 08/20/1996
0585  08/20/1996
0609  08/20/1996
0612 - - 08/22/1996-
0618  08/22/1996
Subject#  Date

0502  08/18/1996
0523  08/18/1996
0550 -08/18/1996
0576  08/20/1996
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Table 6
Discontinued Subjects

Exit Date Reason

09/15/1996
08/18/1996
09/17/1996
08/20/1996
08/27/1996
09/03/1996

-10/23/1996 -

08/27/1986

Exit Date

09/15/1996
09/11/1996
09/03/1996
09/23/1996

pemirolast 0.1%

Subject Decision

Subject Decision

Improper Entry- - T
Improper Entry

Anaphylactic Rxn to Antigen
improper Entry
Non-Compliance - ----
improper Entry
Reason placebo
Subject Decision

Improper Entry

Improper Entry

Improper Entry

There-wereno statistically significant differences between treatment groups for any of the

medical history variables. There was also no significant between-group difference in the
mean concentration of ragweed antigen needed to provoke a positive response to
conjunctival allergen challenge at Visit 1.

APPEARS THISWAY
CH ORIGINAL
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Table 7
Demographic Information — ITT Population
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Pemirolast Placebo Total P-Value

Age )

N 60 60 . 120 0.603
Mean 39.03 37.95 38.49
Std 11.36 11.38 11.34
Min 18.00 18.00 18.00
Max 64.00 66.00 66.00
Pemirolast Placebo Total P-Value
N % N % N %

Gender 0.044
Male 26 43.33 38 63.33 64 53.33 :
Female 34 56.67 22 36.67 56 46.67

Race 1.000*
Caucasian 57 95.00 57 95.00 114 95.00
Black 3 5.00 2 5.00 5 4.17
Other 0 0 1 1.67 1 -0.83

Iris Color 0.141*

Dark Eyes 29 48.33 38 63.33 67 55.83
Brown 14 23.33 26 43.33 40 33.33
Black .15 25.00 12 20.00 27 22.50

Light Eyes 31 51.67 22 36.67 53 44.17
Bilue 27 .45.00 20 33.33 47 39.17
Green 4 6.67 2 333 6 5.00

“Caucasian vs. Non-Caucasian

**Dark Eyes vs. Light Eyes

8.1.1 Efficacy — Protocol 02-002

[

Primary Efficacy Variables

Reviewer’s Comments:

Intent-to-Treat Population

A negative change on the severity scale indicates improvement. '
Diary data evaluated to Day 55 — subject numbers precipitously dropped after that date

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




Subject Diary - Worst

Itching
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Subject Diary — Worst Itching

ll+ pemirolast 0.1% __gg placebo

difkrence]

Worst itching during the day was lower in pemirolast-treated subjects tlhan in placebo-tréated subjects on 43 out of 55 days, with 25
days being statistically significant. The difference occurred primarily after Day 28 of treatment. For 56% (31/55) of the days, the
mean difference in itching was 0.10-0.34 units lower in the pemirolast 0.1% group than in the placebo group.
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Subject Diary - Bedtime itching

Severity Scale (0-9)

04 e e —— T T T e
N 6 A N 9% 6 o ,;b.ga'\q - T \'b,,g:
o‘*o“o“‘o*“o‘*ds‘\o@\od\o& e\" @*s\@f@ &'ﬁ P PSP g & c\ s\ iy s\”&
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. l+ pemirolast 0.1% —a— placebo - difference]

Subject Diéry — Bedtime Itching

Ocular itching at bedtime was lower in pemxrolast—treated subjects than in placebo-treated subjects on 36 out of 55 days, with 11 days
being statistically significant. The difference was most consistent after Day 28. For 42% (23/55) of the days, the mean difference in
itching was 0.10-0.19 units lower in the pemirolast 0.1% group than in the placebo group. .
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Subject Diary - Bedtime Redness
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Subject Diary — Bedtime Redness

Ocular redness at bedtime was lower in pemirolast-treated subjects than in placebo-treated subjects on 40 out of 55 days, with 18
days being statistically significant. The difference was most consistent after Day 28. For 53% (29/55) of the days, the mean
difference in itching was 0.10-0.24 units lower in the pemirolast 0.1% group than in the placebo group.

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




22

Subject Diary — Worst Itching, Bedtime Itching, and Bedtime Redness: Percent of
Subjects with a Score of Zero by Day

Although there were more reports of no itching and no redness in pemirolést-treated
subjects than in vehicle-treated subjects, only one day (Worst Itching Diary) reached
statistical significance.

Ocular Redness and Itching at Study Visits — Pre-Challenge and Post-Challenge

Although statistically significant berween-group differences were seen, the difference in
_mean scores for these variables was never more than 0.2 to 0.45 units.

Secondary Efficacy Variables — Pre- and Post-Challenge

Although statistically significant between-group differences were seen, the difference in.
mean scores for these variables was never more than 0.08 units.

Outdoor Exposure to Ragweed Pollen

There were no statistically significant differences between treatment groups in subject’s
recorded outdoor exposure to ragweed pollen during allergy season.

8.1.1 Safety
Adverse Events

Of the 120 enrolled subjects, 70 subjects reported 149 adverse events during the study.
There were no significant differences between treatment groups in overall adverse events.
The incidence of adverse events was 60% (36/60 subjects) in the 0.1% pemirolast group
and 57% (34/60 subjects) in the placebo group. Most adverse events were of mild-to-
moderate severity. There were two serious adverse events in the 0.1% pemirolast group:
one subject experienced severe repeated dislocation of the shoulder, and one subject
experienced a severe anaphylactic reaction to ragweed used in the baseline skin-prick test
and CAC prior to using study medication. No deaths or other significant events occurred
during the study

There were no significant differences between treatment groups in the incidence of
adverse events. The most frequently reported events were headache (30%, 36/120
subjects), rhinitis (25%, 30/120 subjects), cold symptoms (12%, 14/120 subjects), and
back pain (4%, 5/120 subjects).

The incidence of ocular adverse events was 5% (6/120): 5% (3/60 subjects) in the 0.1%

pemirolast group and 5% (3/60 subjects) in the placebo group. The most frequently
reported ocular event was itching (2%, 2/60 subjects).

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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Table 8
Adverse Events by Body System

Reported >3%

COSTART body system/ pemirolast 0.1% vehicle
Preferfed toria-— "~ | — . A
N % N %
No Adverse Event 24 40 26 43.33
BODY/GEN
infect 6 10.0 8 13.3
Pain 2 3.33 1 1.67
BODY/BACK
Pain Back 0 0 5 8.33
RES/NASP
Pharyngitis 2 3.33 1 1.67
RES/NOSE
Rhinitis . 16 36.67 14 23.33
RES/SINS
Sinusitis 0 0 2 3.33
SS/EYE/GEN
ltching Eye 0 0 - 2 3.33
UG/FG/MENS
Dysmenorrhea 3 5.00 0 0’
Table 9
Serious Adverse Events
Investigator/Patient - | Investigator's' Adverse Event Description
pemirolast 0.1%
003-0541 Pneumonia
003-0541 Repeated Shoulder Dislocation
003-0585 Anaphylaxis
placebo .
none | none

Visual Acuity and Slit Lamp Exam

There were no statistically significant differences between treatment groups in best-
corrected visual acuity (Snellen) or slit lamp exam at baseline or any follow-up visit, and
no significant differences between groups in change from baseline in visual acuity or slit
lamp findings. There were also no significant between-group differences in the percent
of subjects with a visual acuity change of two lines (0.2 logMAR units) or more.
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Intraocular Pressure

JOP OU in mmHg by Visit

204 -
/ | =
15-/[ E
mmHg 104/—.
5- . .
ﬁiﬁr
0.
O pemirolast 0.1%
|@placebo

S Study Visit

|G pemirolast 0.1% @placebo | -

There were no statistically significant differences between treatment groups in IOP at

baseline or at the follow-up visit, and no significant difference between groups in

changes from baseline in IOP. There was also no significant between-group differences

in the percent-of subjects-with-an-IOP-change of-6.mm Hg or more. During the study,

two subjects in the 0.1% pemirolast group (Subjects 519 and 567) were noted with an
‘increase from baseline of 6 mm Hg in both eyes and in one eye, respectively.

Dilated Fundus Examination

There were no differences between treatment groups for any of the ophthalmoscopic

variables at baseline or the follow up visit. All subjects were noted with a normal (score -
of zero) retinal, macula, choroid, normal optic nerve, and normal vitreous in both eyes

during the study. ‘

8.1.1 Reviewer’s Summary of Efficacy and Safety

Pemirolast demonstrates mild efficacy in the treatment/prevention of ocular itching and
redness as demonstrated in statistically significant between-group differences in the
primary efficacy variables.

Adverse experiences appeared mild to moderate in nature. The most serious events,

repeaied shoulder dislocation and severe anaphylactic reaction to baseline ragweed
challenge, appear unrelated to treatment.
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8 Clinical Studies
8.1.2 Study #2 Protocol 02-003
Title: A prospective, randomized, doubls-masked, parallel-group, multi-center

comparison trial of the ocular efficacy and safety of 0.1% pemirolast
potassium ophthalmic solution with that of placebo in subjects with a
history of allergic conjunctivitis

Objective:  The objective of this trial was to compare the efficacy and safety of 0.1%
pemirolast potassium ophthalmic solution with placebo (vehicle) when
administered bilaterally four times daily (QID) for approximately 9-16
weeks (depending on the length of the allergy season) in treating the
ocular signs and symptoms associated with allergic conjunctivitis.

Study Design: A prospective, randomized, double-masked, parallel-group, multi-
* center study comparing 0.1% pemirolast with placebo (vehicle) in
subjects with a history of allergic conjunctivitis. Study duration
was 12-16 weeks at four study centers.
Test Drug Schedule: Subjects instilled 1-2 drops of either pemirolast 0.1% or vehicle
four times a day (QID) in each eye beginning on Day 1 and

continuing until 5-30 days after the first killing frost (Visit 5).

In addition, the investigator or his trained designee administered 1-

2 drops of study medication in each of the subject’s eyes 20 + 1
minutes prior to allergen challenge at Visit 5.

No.of | -. - | . - . . )
: Subjects Subject First Subject | Exit Visit for Study
Investigator (ID No.) Enrolled | Numbers Enrolled Last Subject | Duration

Gregg J. Berdy, MD 62 101-162 2 Aug 1997 13 Nov 1997 15 weeks
(007)

456 North New Ballas
Road

Suite 386

Creve Coeur, MO 63141
(314) 993-5000

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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Investigator (ID No.)

No. of
Subjects
Enrolled

Subject
Numbers

First Subject
Enrolled

Exit Visit for
Last Subject

Study
Duration

Leonard M. Parver, MD

33

201-233

2 Aug 1997 -

20 Nov 1997

16 weeks
(010) _

456 North New Ballas
Road

Suite 386

Creve Coeur, MO 63141
(314) 993-5000

Jack V. Greiner, DO, 23
PhD, OD (016)

7 Whittier Place, Suite
105

Boston, MA 02114
(617) 248-3875

H. Jerome Crampton, MD 25
017)

~
e
—138-Haverhill-Street

Andover, MA 01810
(978) 475-0705

163-170,
234-248

5 Nov 1997

12 Aug 1997 12 weeks

171-195 14 Aug 1997

3 Nov 1997 12 weeks

8.1.2 Study Design

This was a prospective, randomized, double-masked, parallel-group, multi-center study
comparing 0.1% pemirolast with placebo (vehicle) in subjects with a history of allergic
conjunctivitis. Approximately 120 subjects were planned to be enrolled in order to obtain
108 completed subjects (54 completed subjects per treatment group), assuming an
estimated drop out rate of 10%. Visit 1 (Day 0, Baseline) occurred approximately 1-2
weeks prior to the average historical start date of the ragweed pollen season at each study
center. Qualified subjects who met all required entry criteria, including a positive
response to ragweed allergen challenge, were enrolled in the study, and randomly
assigned to receive either 0.1% pemirolast or placebo. Subjects instilled 1-2 drops of
masked study medication four times a day (QID) in each eye beginning on Day 1 and
continuing until 5-30 days after the first killing frost (Visit 5). During the study, subjects
recorded their ocular itching and redness in a diary each day at bedtime starting on Day 1
and continuing until 1-5 days after Visit 5 (Visit 6).

The study duration was to be approximately 9-16 weeks, depending on the length of the
ragweed allergy season and occurrence of the first killing frost at each study center.
Subjects returned for five scheduled follow-up visits: Day 7 + 2 (Visit 2), Day 35+ 3
(Visit 3), Day 56 + 3 (Visit 4), 5-30 days after first killing frost (Visit 5), and 1-5 days

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




27

after Visit 5 (Visit 6). If applicable, subjects returned for a follow-up visit on Day 84 + 3
(Interim Visit). In addition, subjects were contacted by telephone each week during those
weeks that did not include a scheduled office visit.

Ophthalmic evaluations were performed at baseline and each scheduled follow-up visit,
and included best-corrected visual acuity (ETDRS), slit-lamp examination
(biomicroscopy), and ocular signs and symptoms. In addition, dilated fundus
examinations (ophthalmoscopy) and IOP measurements were performed at Visits 1 and 6.

At Visit 5, subjects received 1-2 drops of study medication in each eye 20 + 1 minutes
prior to undergoing a second CAC with the same concentration of ragweed antigen that
provoked a positive response at Visit 1. Post-challenge ocular signs and symptoms were
recorded at 3, 10, and 20 minutes after challenge. Subjects were exited from the study at
Visit 6. )
Study Medications

Identical to Protocol 02-002, pg. 9, except that pemirolast Lot No. TC0636 was used.
Study Masking |

This study used a double-masked design, in which the identities of the study medications

were concealed from the subject and the investigator. During the study, no study
medication was unmasked.

Reviewer’s Comments:
Protocol 02-003 was not triple masked, as Were Protocols 02-002 and 02-004. There
were d, ferences in the bottle cor figuration used for each cf the two study medications.

The identity ¢ f the study medications remained concealed from both sul jects and
investigators.

Study Population - Inclusion and Exclusion Criteria

Identical to Protocol 02-002 and Protocol 02-004, pg. 10.

Efficacy Variables

The primary efficacy variables in this study, as described in the protocol, included the
following subject diary parameters:

e Worst Itching During the Da
e Bedtime Itching

e Bedtime Redness.
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Subject diary variables were evaluated using 9-point scales (0-4 scale with half-grades
allowed).

Secondary efficacy variables included the following pre-challenge and/or post-challenge
ocular signs and symptoms. Variables were evaluated at each study visit using 9-point
scales (0-4 scales with half-grades allowed).

e Ciliary Injection
e Episcleral Injection
) Coniuxictival Injection

e Maximum Redness

Maximum redness score was the greatest score among ciliary, episcleral, and
conjunctival injection

APPEARS THIS WAY
ON ORIGINAL

e Chemosis

' ABDTADC TiHQ Way
° Lid Swe]]in Ar’?_t?‘::;:l}w::f:}q b’Lﬂi
~=CoWelling Ol GRIGIHAL
e Tearing
e Itching

Subjects evaluated ocular itching using the same 9-point scale as described above.

Worst Itching During-the-First-10-Minutes-after Challenge-(evaluated-only-after

allergen challenge at Visits 1 and 5) Subjects evaluated ocular itching using the
same 9-point scale as described above.

Ocular signs and symptoms were evaluated at each study visit, and included the pre-
challenge evaluations obtained at Visit 1 (Day 0, Baseline) and Visit 5 (5-30 days after
the first killing frost), in addition to the evaluations obtained at follow-up visits without a
CAC [Visit 2 (Day 7), Visit 3 (Day 35), Visit 4 (Day 56), Interim Visit (Day 84), and
Visit 6 (1-5 days after Visit 5)]. :

" Each day at bedtime during the study period, subjects recorded their exposure to the
outdoors (outdoor exposure to Ragweed pollen) using a 3-point scale (0-2 scale).

Safety Variables
Identical to Protocol 02-002 and Protocol 02-004, pg. 14.

APPEARS THIS WAY
CH SRIGINA

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




Table 1
Schedule of Visits and

D

Measurements

Procedures

VISIT 1
Day 0, Baseline

VISIT 2

Pre-CAC | Post-CAC

Day 7+2

?elephone
Contact 1
Day 14+ 3

Telephone
Contact 2
Day 21 +3

Telephone
Contact 3
Day 28+3

VISIT 3

Day35+3

"T‘elephone
Contact 4
Day42+3

Telephone
Contact §
Day 49+ 3

VISIT 4

Day 56 % 3

Informed Consent

Medical History

X

X

X

X

X

X

X

X

Pregnancy Test

Skin Prick Test

Visual Acuity

Slit-Lamp Exam

Allergic Evaluation

| <l ] ¢ ] )

baikai ko

| >4 ¢

> |

Investigator Instill Drug

CAC (Ragweed)

Photographs

Instill Relief Medication °

10P

Fundus Exam (Dilated)

Dispense Drug

»| > ¢ ¢ K

Dispense Diary

Diary Review/Record

Diary Review/Collect

Collect Drug

Exit Form

! Post-CAC allergic evaluation performed 10 minutes after challenge.
? Determined allergen dose necessary to provoke 22+ ocular redness and itching OU.

3 Approved topical ocular antihistamine/vasoconstrictor administered in each eye if necessary.

4 Dispensed additional study medication if necessary.

NDA 21-079: Alamast, pemirola
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Table 10
Schedule of Visits and Measurements (continued)

Interim Interim Interim INTERIM Interim Interim Interim VISIT 5 VISIT 6

Telephone Telephone Telephone visiT? Telephone Telephone Telephone 5-30 Days after First 1-5 Days
" Contact * Coantact * Contact * Contact ® Contact * Contact * Killing Frost after Visit §
Day 63 +3 Day 70+ 3 Day 773 Day 84 +3 Day 91 +3 Day98+3 | Day 105+3 | Pre-CAC | Post-CAC

’ . Informed Consent

| Medical History X X X X X X X X X

| Pregnancy Test '

| Skin Prick Test

g Visual Acuity X X X

: Slit-Lamp Exam X X X

| Allergic Evaluation X X X° X

; Investigator Instill Drug X'

; CAC (Ragweed) X°

l Photographs X’

i Instill Relief Medication '~ X

| 0P X

| Fundus Exam (Dilated) X

Z Dispense Drug X"

: Dispense Diary

| Diary Review/Record X X

! Diary Review/Collect X

i Collect Drug X

i Exit Form ! X

3 Interim visit and interim telephone contacts occurred as scheduled until the first killing frost.
¢ Post-CAC allergic evaluations performed at 3, 10, and 20 minutes after challenge.

7 Study medication administered 20 minutes prior to CAC.
* Used the allergen dose that provoked 22+ ocular redness and itching OU at Visit 1.

s Photographs of each eye were taken following the 10-minute post-challenge assessment.

' Approved topical ocular antihistamine/vasoconstrictor administered in each eye if necessary.

' Dispensed additional study medication if necessary.
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Changes in the Planned Analyses

As planned in the protocol, subjects were enrolled at each study center approximately 1-2
weeks prior to the average historical start date of the ragweed allergy season. To adjust
for differences among study centers in the actual start date of the ragweed pollen season,
only subject diary data for those days occurring on or after the start date at each center
were included in the study analyses. Diary data for days occurring before the start of the
ragweed season were excluded from all efficacy analyses. At each center, the start of the
ragweed season was defined as the first of two consecutive measurements of at least four
(4) grains per cubic meter of ragweed pollen. The start dates of the ragweed allergy
season at each study center appear below.

First Subject Ragweed Season Ragweed Pollen
Investigator (ID No.) Enrolled Start Date Count (Grains/ms)
Gregg J. Berdy, MD (007) ' 2 August 1997 13 August 1997 12
Leonard M. Parver, MD (010) 2 August 1997 14 August 1997 4
Jack V. Greiner, DO, PhD, OD (016) 12 August 1997 16 August 1997 9
H. Jerome Crampton, MD (017) 14 August 1997 16 August 1997 9

Prevention of ocular signs or symptoms was included as a relevant study analysis,

although it was not specified in the statistical analysis section of the protocol. Prevention
of ocular itching or redness was assessed by calculating the daily percent of subjects with
a score of zero in both eyes for each of worst itching during the day, bedtime itching, and
bedtime redness.

Subject Disposition and Demographics

One hundred forty-three (143) subjects were enrolled in the study by four investigators,
and 89% (127/143 subjects) completed the study as planned. The first subject was
enrolled on August 2, 1997. The last subject exited on November 20, 1997.-

Eleven percent (11%, 16/143) of the subjects were discontinued early, with 8% (6/71
subjects) in the 0.1% pemirolast group and 14% (10/72 subjects) in the placebo group.
There was no statistically significant difference between treatment groups in the
discontinuation rate. Reasons for discontinuation included: 10 subjects due to non-
compliance (use of prohibited medications, missed visits, non-compliance with study
medication regimen), four subjects due to improper entry, one subject due to lost to
follow-up, and one subject due to an adverse event related to study medication (moderate
ocular irmtation). -
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Table 11
Subject Disposition
Pemirolast Placebo Total P-Value
N % N % N %
Enrolled 71 100.00 72 100.00 143 100.00 0.444
Completed 65 91.55 62  86.11 127  88.81
Discontinued 6 8.45 10  13.89 16 11.19
Non-Compliance 4 5.63 6 8.33 10 6.99
Lost to Followup 1 1.41 0 0 1 0.70
Adverse Event 0 0 1 1.39 1 0.70
improper Entry 1 1.41 3 4.17 4 2.80
Table 12
Discontinued Subjects

Subjecti# bate Exit Date Reason pemirolast 0.1%

106 08/02/1997 09/27/1997 Non-Compliance

116 08/02/1997 09/06/1997 Non-Compliance -

148 08/09/1997 08/09/1997 Improper Entry

170 08/12/1897 09/03/1997 Lost to Follow-up

186 08/14/1997 09/25/1997 Non-Compliance

212 08/02/1997 11/15/1997 Non-Compliance

Subject##  Date Exit Date Reason placebo

105 08/02/1997. 09/07/1997 Non-Compliance.

134 08/09/1997 . 09/04/1997 Non-Compliance

142 08/09/1997 08/28/1997 Non-Compliance

156 08/10/1897 08/10/1997 Improper Entry

195 08/14/1897 08/15/1997 |mproper Entry

208 08/02/1997 08/02/1997 Improper Entry

215 08/02/1997 09/06/1997 Non-Compliance

221 08/02/1997 11/13/1997 Non-Compliance

226 08/04/1997 09/08/1997 Non-Compliance

242 08/12/1997 08/19/1997 Eye Irritation

In the per-protocol group.of sﬁﬁjects, there were no statistically significant differences
between treatment groups in age, gender, race, or iris color. There were no statistically
significant differences between treatment groups for any of the medical history variables.

Overall, there was no statistically significant difference between treatment groups in the
mean concentration of ragweed antigen required to provoke a positive CAC response at
Visit 1. However, when ragweed concentrations were examined by investigator, a
significant between-group difference was observed at one study center. For Investigator
007, the mean concentration was approximately 3.7 times greater in the placebo group
(342 AU/mL) than in the 0.1% pemirolast group (92 AU/mL) (p=0.023).
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Table 13
- Demographic Information — ITT Population

Pemirolast Placebo Total P-Value
Age ‘
N 70 - 69 139 0.994
Mean 34.97 34.96 34.96
Std 10.00 11.90 10.95
Min 10.00 14.00 10.00
Max 57.00 66.00 66.00
Pemirolast Placebo Total P-Value
N % N % N %
Gender ' - 0.548
Male 35 50.00 30 4348 65 46.76
Female 35 50.00 39 56.52 74 53.24
Race 1.000*
Caucasian 57 81.43 56 81.16 113 81.29
Black 12 17.14 10 14.49 22 15.83
Hispanic 0 0 3 4.35 3 - 216
Other 1 1.43 0 0 1 0.72
Iris Color . 0.:274**
Dark Eyes . 27 38.57 34 49.28 61 43.88
Brown 27 38.57 33 47.83 60 43.17
Black 0 0 1 1.45 1 0.72
Light Eyes 43 61.43 35 50.72 78 56.12
Blue 26 37.14 20 28.99 46 33.09
Green 8 11.43 2 2.90 10 7.19
9 12.86 13 18.84 22 15.83

*Caucasian vs. Non-Caucasian
**Dark Eyes vs. Light Eyes

8.1.1 Efficacy - Protocol 02-003 Intent-to-Treat Population
Primary Efficacy Variables
Reviewer’s Comments:

Diary data evaluated to Day 75 — subject numbers precipitously dropped after that date.
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Subject Diary - Worst itching

14

Severity Scale (0-9)
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Subject Diary — Worst Itching

Worst itching during the day was lower in pemirolast-treated subjects than in placebo-treated subjects on only 7 out of 75 days. None

of these between-group differences was statistically significant.
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Subject Diary - Bedtime Iltching

Severity Scale (0-9)
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!
Subject Diary — Bedtime Itching

Bedtime itching during the day was lower in pemirolast-treated subjects
None of these between-group differences was statistically significant.
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than in placebo-treated subjects on only 8 out of 75 days.
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Subject Diary - Bedtime Redness

Severity Scale (0-9)
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Subject Diary — Bedtime Redness

Ocular redness was lower in pemirolast-treated subjects than in placebo-treated subjects on only 1 out of 75 days. This between-
group difference was not statistically significant.
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Subject Diary — Worst Itching, Bedtime Itching, and Bedtime Redness: Percent of
Subjects with a Score of Zero by Day

There were no statistically significant differences between treatment groups in the
percent of subjects with no itching on any day during allergy season.

Although there were more reports of no redness in pemirolast-treated subjects than in
vehicle-treated subjects, only one day out of 75 reached statistical significance.

Secondary Efficacy Variables

Secondary efficacy variables (ocular signs and symptoms): ciliary injection, episcleral
injection, conjunctival injection, maximum redness (the greatest score among ciliary,
episcleral, and conjunctival injection), chemosis, lid swelling, itching, and worst itching
during the first 10 minutes after challenge.

Pre-Challenge Ocular Signs and Symptoms

There were no statistically significant differences between treatment groups for any of the
ocular signs and symptoms at baseline (pre-challenge score af Visit 1) or any follow-up
Visit.

Py

Post-Challenge Ocular Signs and Symptoms

Although statistically significant between-group differences were seen, the difference in
mean scores for these variables was never more than 0.49 units.

Outdoor Exposure to Ragweed Pollen

There were no statistically significant differences between treatment groups in subject’s

recorded outdoor exposure to ragweed pollen during allergy season.

8.1.2 Safety ‘ -
Adverse Events

Of the 139 subjects who used study medication, 106 subjects reported 299 adverse events
during the study. There were no significant differences between treatment groups in
overall adverse events or treatment-related events. The incidence of overall adverse
events was 70% (49/70 subjects) in the 0.1% pemirolast group and 83% (57/69 subjects)
in the placebo group. Most adverse events were of mild-to-moderate severity. There
were no deaths, serious adverse events, or other significant events during the study.

There were no significant differences between treatment groups in the incidence of
adverse events. The most frequently reported events were headache (47%, 66/139
subjects), rhinitis (33%, 46/139 subjects), and cold symptoms (14%, 19/139 subjects).
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The incidence of ocular adverse events was 14% (20/139 subjects): 11% (8/70 subjects)
in the 0.1% pemirolast group and 17% (12/69 subjects) in the placebo group. The most
frequently reported ocular events were allergic cot junctivitis/allergy symptoms (4%,
5/139 subjects), dry eye (2%, 3/139 subjects), and conjunctival/limbal hyperemia eye

(2%, 3/139 subjects).
Table 14
Adverse Events by Body System
Reported > 3%
COSTART body system/ pemirolast 0.1% vehicle
Preferred term
N % N %

No Adverse Event 21 30.00 12 17.39
BODY/GEN

Allerg React 2 2.86 4 5.80

Infec 8 11.43 11 15.94
BODY/HEAD

Headache 31 4429 - 35 50.72
RES/GEN

Cough Inc 3 4.29 1 1.45
RES/NASP R N e o

Pharyngitis 4 5.71 1 1.45
RES/NOSE

Allerg React 1 1.43 3 4.35

Rhinitis 24 34.29 22 31.88
RES/SINUS

Sinusitis 4 5.7 0 0
SS/EYE/CON

Allerg React 1 1.43 4 5.80

Table 15
Serious Adverse Events
Investigator/Patient | Investigator's Adverse Event Description

pemirolast 0.1%

10-231 Nasal congestion
16-244 Severe head cold
17-180 Excessive tearing - left eye
17-186 Headache
17-186 Sinus Congestion
placebo
10-216 [ Migraine
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- Visual Acuity and Slit Lamp Exam

There were no statistically significant differences between treatment groups in best-
corrected visual acuity or slit lamp exam at baseline or any follow-up visit, and no

significant differences between groups in change from baseline in visual acuity or slit
lamp exam.

Intraocular Pressure

There were no statistically significant differences between treatment groups in IOP at
baseline or at the follow-up visit, and no significant difference between groups in
changes from baseline in IOP. There was also no significant between-group differences
in the percent of subjects with an IOP change of 6 mm Hg or more. During the study, 7
subjects were noted with an increase from baseline of 6 mm Hg or more: 5 subjects in
the 0.1% pemirolast group (Subjects 132, 174, 187, 189, and 202) and 2 subjects in the
placebo group (Subjects 193 and 234).

Dilated Fundus Examination

There were no differences between treatment groups for any of the ophthalmoscopic
variables at baseline or the follow up visit.

8.1.2 Reviewer's Summary of Efficacy and Safe;y N

Pemirolast does not demonstrate superiority over placebo in the treatment/prevention of -
ocular itching and redness. There are no statistically significant between-group
differences in the primary efficacy variables. Adverse experiences are mild to moderate
in nature.

One treatment center consistently favored placebo. At this center (Investigator 007),

there was a significant between-group difference in baseline characteristics; patients

assigned to receive 0.1% pemirolast required substantially lower ragweed exposure

during the baseline allergen challenge in order to manifest approximately the same -
allergic response as patients assigned to receive placebo.

These results for this center suggested that between-group differences in ragweed
sensitivity at this site might have interfered with the comparison of the two study
treatments. Since this center enrolled a majority of patients, this difference between
groups in reactivity to ragweed possibly confounded the overall efficacy results.

Protocol 02-003 also differs from Protocols 02-002 and-004 in two other ways. The drug
lots of pemirolast 0.1% are different (-002 and —004 used the same lot numbers), and the
trial was not “triple masked” because of a difference in the shape of the study bottles.

Neither of these differences would be expected to account for the lack of efficacy in
Protocol 02-003.
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8.1.3

Title:

Objective:

Study Design:

40

Clinical Studies
Study #3 Protocol 02-004

A prospective, randomized, double-masked, parallel-group, multi-center
comparison trial of the ocular efficacy and safety of 0.1% pemirolast
potassium ophthalmic solution with that of placebo in subjects with a
history of allergic conjunctivitis

The objective of this trial was to compare the efficacy and safety of 0.1%
pemirolast potassium ophthalmic solution with placebo (vehicle) when
administered bilaterally four times daily (QID) for approximately 9-16
weeks (depending on the length of the allergy season) in treating the
ocular signs and symptoms associated with allergic conjunctivitis.

. A prospective, randomized, double-masked, parallel-group, multi-
center study comparing 0.1% pemirolast with placebo (vehicle) in
subjects with a history of allergic conjunctivitis. Study duration
was 15-17 weeks at three study centers.

Test Drug Schedule: Subjects instilled 1-2 drops of either pemirolast 0.1% or vehicle

four times a day (QID) in each eye beginning on Day 1 and

continuing until 5-30 days after the first killing frost (Visit 5).

In addition, the investigator or his trained designee administered 1-
2 drops of study medication in each of the subject’s eyes 20 + 1
minutes prior to allergen challenge at Visit 5.

No. of
Subjects Subject First Subject | Exit Visit for Study

Investigator (ID No.) Enrolled | Numbers Enrolled Last Subject | Duration -

Thomas K. Mundorf, MD 62 301-348, 25 July 1997 24 Nov 1997 17 weeks

(011)

“1718 E. 4th Street, Suite

902

Charlotte, NC 28204
(704) 334-3222

433446
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Investigator (ID No.)

No. of
Subjects
Enrolled

Subject
Numbers

First Subject
Enrolled

Exit Visit for
Last Subject

Study
Duration

Thomas John, MD
(014)

;F
) Centennial Drive,

Suite 103N
Tinley Park, IL 60477
(708) 429-2223

21

401-421

27 July 1997

13 Nov 1997

16 weeks

John D. Lonsdale, MD

(015)
)

181 Russell Street _
Lewiston, ME 04240

(207) 784-1814

48

501-548

19 July 1997

3 Nov 1997

15 weeks

8.1.3

Study Design

Identical to Protocol 02-003, pg. 26.

Study Medications

Identical to Protocol 02-002, pg. 9.

Reviewer’s Comments:

The same lots of pemirolast 0.1% and vehicle were used in Protocols 02-002 and 02-004.

A different lot was used for the pemirolast 0.1% in Protocol 02-003.

Study Masking

Identical to Protocol 02-002, pg. 10.

Study Population — Inclusion and Exclusion Criteria

Identical to Protocol 02-002 and Protocol 02-003, pg. 10.

Efficacy Variables

Identical to Protocol 02-003, pg. 27.
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Safety Variables

Identical to Protocol 02-002 and Pro.tocol 02-003, pg. 14.
Schedule of Visits and Measurements

Identical to Protocol 02-003, pg. 29. .

Changes in the Planned Analyses

Identical to Protocol 2-003, pg. 31. |

The start dates of the ragweed allergy season at each study center appear below.

First Subject Ragweed Season Ragweed Pollen

Investigator (ID No.) Enrolled Start Date Count (Grains/m’)
Thomas K. Mundorf, MD (011) 25 July 1997 4 August 1997 6
Thomas John, MD (014) 27 July 1997 15 August 1997 12
John D. Lonsdale, MD (015) 19 July 1997 16 August 1997 9

Subject Disposition and Demographics

One hundred thirty-one (131) subjects were enrolled in the study by three investigators,
and 81% (106/131 subjects) completed the study as planned. The first subject was
enrolled on July 19, 1997. The last subject exited the study on November 24, 1997.

Nineteen percent (19%, 25/131) of the subjects were discontinued early: 15% (10/67
subjects) in the 0.1% pemirolast group and 23% (15/64 subjects) in the placebo group.
There was no statistically significant difference between treatment groups in the
discontinuation rate. Reasons for discontinuation included: 12 subjects due to non-
compliance (use of prohibited medications, missed visits, non-compliance with study
medication regimen), three subjects due to lost to follow-up, three subjects due to
personal decision, two subjects due to improper entry, and five subjects for other reasons
(two subjects due to unresolved symptoms from Visit 1 allergen challenge, one subject
due to relocation associated with a broken leg, one subject due to pregnancy, and one
subject due to physician’s decision).

'S WAY
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Table 16
Subject Disposition -
Pemirolast Placebo Total P-Value
N % N % N %
Enrolled 67 100.00 64 100.00 131 100.00 0.309
Completed 57 85.07 49 76.56 106. 80.92
Discontinued 10 14.93 15 2344 25 19.08
Non-Compliance 5 7.46 7 10.94 12 9.16
LosttoFollowwp . 2. . ..299 ... .1 .15 __ 3.__ 299
Subject Decision 1 1.49 2 3.13 3 2.29
Improper Entry 0 0 2 3.13 1 1.53
Other 2 2.99 3 4.69 5 3.82
Table 17
Discontinued Subjects
Subject# Date . Exit Date Reason pemirolast 0.1%
301 07/25/1997 09/24/1997 Relocation Asso'd with Broken Leg
310  07/25/1997 11/03/1997 Non-Compliznce

313___07/25/1997__08/22/1997__Subject.Decision

338 07/31/1997 08/07/1997 Unresolved Sx from Visit 1 Challenge
408  07/27/1997 08/03/1997 Lost to Follow-up
413  07/27/1997 11/03/1997 Non-Compliance
443 07/31/1997 09/26/1997 .. Non-Compliance
502  07/19/1997 10/29/1997 Non-Compliance
511 07/19/1997 09/26/1997 Non-Compliance
525  07/19/1997 09/08/1997 Lost to Follow-up
Subject#  Date Exit Date Reason placebo
303  07/25/1997 09/19/1997 Improper Entry
304  07/25/1997 10/14/1997 Non-Compliance
317 07/25/1997 11/24/1997 Non-Compliance
322 07/25/1997 09/11/1997 Unresolved Sx from Visit 1 Challenge
328 07/31/1997 09/22/1997 Non-Compliance
344  07/31/1997 11/14/1997 Non-Compliance
347  07/31/1997 11/14/1997 Non-Compliance
403 07/27/1997 08/08/1997 Non-Compliance
411 07/27/11997 09/21/1997 - Pregnancy ... .- - - L:
433  07/31/1997 08/22/1997 Subject Decision
506  07/19/1997 08/20/1997 Physician Decision
522 07/19/1997 09/30/1997 Non-Compliance
530  07/29/1997 09/12/1997  Improper Entry
§35  07/29/1997 08/04/1997 Subject Decision
545  07/29/1997 08/12/1997 Lostto Follow-up - -

In the intent-to-treat group of subjects, there were no statistically significant differences
between treatment groups in age, gender, race or iris color.
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There were no statistically significant differences between treatment groups for any of the
medical history variables. There was also no significant between-group difference in the
mean concentration of ragweed antigen needed to provoke a positive response to
conjunctival allergen challenge at Visit 1.

Table 18
Demographic Information — ITT Population
Pemirolast A Placebo Total P-Value
Age
N 65 64 129 0.241
Mean 35.43 37.50 36.48
Std 9.52 10.39 9.98
Min 12.00 19.00 12.00
Max 54.00 66.00 - 66.00
Pemirolast Placebo Total P-Value
N % N % N %
Gender 0.792
Male 34 52.31 31 48.44 65 "~ 50.39
Female . 31 47.69 33 51.56 64 49.61
Race 0:057*
Caucasian 61 93.85 57 95.00 114 95.00
Bilack .4 86.15 2 5.00 5 4.17
Asian 0 0. 1 1.56 1 0.78
Hispanic 0 .0 1 1.56 1 0.78
Iris Color o ' 0.061**
Dark Eyes 20 30.77 31 48.44 51 39.53
Brown 18 27.69 29 4531 47 36.43
Black 2 3.08 2 313 4 310
Light Eyes 45 '6923 33 51.56 78  60.47 _
Blue 25 38.46 17  26.56 42 3256
Green 3 462 6 9.38 9 698
Hazel 17  26.15 10 15.63 27 2093

*Caucasian vs. Non-Caucasian
**Dark Eyes vs. Light Eyes

8.1.3 Efficacy — Protocol 02-004 Intent-to-Treat Population
Primary Efficacy Variables
Reviewer’s Comments:

Diary data evaluated to Day 109 — subject numbers precipitously dropped after that date
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Subject Diary - Worst Itching
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Subject Diary — Worst Itching
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Worst itching during the day was lower in pemirolast-treated subjects than in placebo-treated subjects on 104 out of 109 days, with 46
days being statistically significant (primarily after Day 29). For 83% ( 90/109) of the days, the mean difference in itching was 0.10-

0.45 units lower in the pemirolast 0.1% group than in the placebo group.
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Subject Diary - Bedtime Itching
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Subject Diary — Bedtime Itching

Ocular itching at bedtime was lower in pemirolast-treated subjects than in placebo-treated subjects on 104 out of 109 days, with 68
days being statistically significant (primarily after Day 21). For 72% (80/112) of the days, the mean difference in itching was 0.10-

0.38 units lower in the pemirolast 0.1% group than in the placebo group.
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Subject Diary - Bedtime Redness

Severity Scale (0-9)
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Subject Diary — Bedtime Redness

Ocular redness at bedtime was lower in pemirolast-treated subjects than
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days being statistically significant (primarily after Day 50). For 36% (3

0.31 units lower in the pemirolast 0.1% group than in the placebo group.
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in placebo-treated subjects on 79 out of 109 days, with 32
9/109) of the days, the mean difference in itching was 0.10-
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Subject Diary — Worst Itching, Bedtime Itching, and Bedtime Redness: Percent of
Subjects with a Score of Zero by Day

Although there were more reports of no itching and no redness in pemirolast-treated
subjects than in vehicle-treated subjects, only seven days showed statistical significance
Jfor Worst Itching, only four days for Bedtime Itching, and no days Jor Bedtime Redness

Secondary Efficacy Variables

Identical to Protocol 02 003 pg 28

Pre-Challenge Ocular Slgns and Symptoms

Although statistically significant between-group differences were seen, the difference in
mean scores for these variables was never more than 0.14 to 0.19 units.

Post-Challenge Ocular Signs and Symptoms

Although one statistically significant between-group difference was seen, the difference
in mean scores for this variable was never more than 0.46 units. :

Outdoor Exposure to Ragweed Pollen

There were no statistically significant differences between treatment groups in subject’s
recorded outdoor exposure to ragweed pollen during allergy season.

8.1.3 Safety i L ——— o
Adverse Events

Of the 129 subjects who used study medication, 84 subjects reported 163 adverse events
during the study. There were no significant differences between treatment groups in
overall adverse events. The incidence of overall adverse events was 66% (43/65
subjects) in the 0.1% pemirolast group and 64% (41/64 subjects) in the placebo group.
Most adverse events were of mild-to-moderate severity. There was one serious event, in
which one subject in the 0.1% pemirolast group experienced a severe broken leg that was
considered unrelated to use of the study medication. No deaths or other significant
events occurred during the study. -

There were no significant differences between treatment groups in the incidence of
adverse events. The most frequently reported events were headache (18%, 23/129
subjects), rhinitis (14%, 18/129 subjects), and cold symptoms (10%, 13/129 subjects).

The incidence of ocular adverse events was 18% (23/129): 15% (10/65 subjects) in the

0.1% pemirolast group and 20% (13/64 subjects) in the placebo group. The most
| frequently reported ocula; events were dry eye (5%, 6/129 subjects), burning/stinging
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(3%, 4/129 subjects), eye pain (3%, 4/129 subjects), and foreign body sensation (3%,

4/129 subjects).
Table 19
Adverse Events by Body System
Reported > 3%
COSTART body system/ pemirolast 0.1% vehicle
Preferred term ‘
N % N %
No Adverse Event 22 33.85 23 35.94
BODY/GEN
Allerg React 4 6.15 4 6.25
Flu Synd 2 3.08 0 0
Infect 11 16.92 2 3.13
BODY/HEAD _
Headache 13 20.00 10 15.53
DIG/BUC
Tooth Dis 2 3.08 0 0
RES/GEN _
Dyspnea 1. 1.54 . 2 . 3.13
RES/NASP
Infect Bact 2 3.08 0 0
Pharyngitis 3 4.62 2 3.13
{ RES/NOSE
. Allerg React 6 9.23 3 4.69
Rhinitis 9 13.85 9 14.06
SKIN/GEN
Pruritis 1 1.54 3 4.69
SS/EYE/GEN
Buming Eye 3 4.62 1 1.56
Dry Eye 2 3.08 4 6.25
Foreign Body Sens 3 4.62 1 1.56
Pain Eye 2 3.08 2 3.13
Table 22
Serious Adverse Events
Investigator/Patient | Investigator's Adverse Event Description
pemirolast 0.1% : :
11-301 Broken leg (right)
14-402 Cold symptoms, headache, cough, post-nasal drip
14412 Headache ,
15-511 Cold with nasal congestion
15-518 Vertigo
placebo
14403 Buming eyes & nasal congestion following ragweed
challenge 7/27/97
15-522 Upper respiratory infection
NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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Visual Acuity and Slit Lamp Exam

There were no statistically significant differences between treatment groups in best- -
corrected visual acuity at baseline or any follow-up, and no significant differences
between groups in change from baseline visual acuity.

There were no notable differences between treatment groups for any of the
biomicroscopic variables at baseline or any Jollow-up visit. During the study, one
subject experienced a change in biomicroscopy Jrom normal to abnormal. For Subject
303 in the placebo group, a chalazion occurred in the OS lids at Visit 2 (Day 7), which
was resolved by the following visit.

Intraocular Pressure

There were no statistically significant differences between treatment groups in IOP at
baseline or at the follow-up visit, and no significant difference between groups in
changes from baseline in IOP. There was also no significant between-group differences
in the percent of subjects with an IOP change of 6 mm Hg or more.

During the study, one subject in the 0.1% pemirolast group (Subject 528) was noted with
an increase from baseline of 7 mm Hg in one eye.

Dilated Fuhdus Examination

There were no statistically significant differences between treatment groups for any of the
ophthalmoscopic variables at baseline or the follow up visit, and no subjects experienced
an increase from baseline in any ophthalmoscopic variable. All subjects were noted with
a normal (score of zero) optic nerve and vitreous in both eyes during the study.

8.1.3 Reviewer's Summary of Efficacy and Safety

Pemirolast demonstrates mild efficacy in the treatment/prevention of ocular itching (but
not redness) as demonstrated in statistically significant between-group differences in the
primary efficacy variables.

Adverse experiences appeared mild to moderate in nature. The most serious event, a
broken leg, was unrelated to treatment (subject dove under a table during a robbery).

APPEARS THIS way
GN GRIGiNAL
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8 Clinical Studies
8.14 Study #4 - Protocol 02-005 -
Title: A six-week, randomized, parallel group, single center comparison

trial of the ocular safety of 0.1% pemirolast potassium ophthalmic
solution with that of placebo in normal healthy children 3 to 5
years of age.

Objective:  The objective of this trial was to compare the ocular safety of 0.1%
pemirolast potassium ophthalmic solution to placebo (vehicle) when
administered bilaterally four times daily (QID) for six weeks in healthy
children three to five years of age with asymptomatic eyes.

Study Design: This was a 6-week randomized, parallel group, single center,
placebo-controlled safety comparison of 0.1% pemirolast
~ potassium ophthalmic solution to placebo (vehicle) in healthy
children three to five years of age with asymptomatic eyes.

Test Drug Schedule: Subjects received either 0.1% pemirolast potassium ophthalmic
solution or placebo (ratio 2:1) administered as one to two drops in

both eyes QID for six weeks. _ L
No. of
Subjects | —Sabject- | FirstSubject | Exit Visit for Study
Investigator (ID No.) Enrolled { Numbers Enrolled Last Subject | Duration
Jay M. Rubin, M.D. 30 901-930 190ct 1997 | 30Nov 1997 | 6 weeks
(001)
999 E. Basse Rd, Suite
128B
San Antonio, TX 78209

8.14 Study Design

This was a six-week randomized, parallel group, single center, placebo-controlled safety
comparison of 0.1% pemirolast potassium ophthalmic solution to placebo used QID in
healthy children three to five years of age with asymptomatic eyes. Enrolled subjects
were randomly assigned to receive one to two drops of either 0.1% pemirolast potassium
ophthalmic solution or placebo in both eyes QID for 6 weeks using a ratio of 2:1 (0.1%
pemirolast potassium : placebo). At baseline (Visit 1, Day 1), Visit 2 (Day 7 £ 2),

Visit 3 (Day 21 + 3), and Visit 4 (Day 42 + 3), subjects underwent visual acuity (HOTV
test) and biomicroscopy examinations, and parents/guardians were queried regarding
adverse events, compliance with dosing regimen, and medical and medication history.
Between clinic visits, parents/guardians were contacted by telephone three times (Day

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%




52

14 £ 2, Day 28 + 3, and Day 35 + 3) and again queried regarding adverse events,
compliance, and medical/medication history.

Study Medications

Subjects received either 0.1% pemirolast potassium ophthalmic solution (Lot #TC0635)
or pemirolast potassium vehicle (Lot #TC0638). Study medication was supplied in 10 cc
bottles containing a 10 mL fill.” The bottles were shipped to the clinical facilities labeled
with the subject number, protocol number, and storage instructions.

Study Masking -

Active (0.1% pemirolast potassium ophthalmic solution) and placebo (pemirolast
potassium vehicle) study medication were identical in appearance. A scratch card
concealing the description of the study medication was provided for each subject. In
cases of a medical emergency, the investigator could reveal the treatment information by
scratching the card, if it became necessary to know which study medication the subject
received. During the study, no study medication was unmasked.

Study Population — Inclusion and Exclusion Criteria

30 healthy children three to five years of age with asymptomatic eyes were enrolled in
the study. Only subjects meeting all eligibility requirements were enrolled into the study.
All subjects’ parents/guardians gave written informed consent for subjects prior to
enrollment.

Inclusion Criteria

Subjects of either sex and any race meeting all of the following conditions were eligible for
participation in this study:

‘e Subject and parent/guardiani were willing to follow instructions and be able to make all

the required study visits. . -
Subject’s parent/guardian was willing to give consent for subject.

Subject was three to five years of age.

Subject had to avoid disallowed medications during the study period.

Subject had no abnormalities noted during the baseline ophthalmic examination that

could interfere with the study parameters including, but not limited to, the safety

evaluations of the study medication. A

Exclusion Criteria

Subjects with any of the following conditions were not eligible for participation in this
study: :

e Presence of any significant illness that could be expected to interfere with the study.
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* Regular use of topical ophthalmic solutions during the study, or less than one week
before the study, including tear substitutes.

e Use of ophthalmic medications prior to the study which require longer than a one-week
washout. S

» Use of any systemic/topical investigational drug or device within 30 days before receipt
of study medication.
Ocular surgery within six months before the beginning of the study. :
History of allergy or hypersensitivity to any ophthalmic drug, including mast cell
stabilizers or the preservative benzalkonium chloride (BAK).

e Presence of external ocular disease, inflammation or infection of the eye and/or eyelids
including chronic or acute conjunctivitis.

e History of recurrent comeal erosion syndrome, either idiopathic or secondary to
previous comeal trauma or dry eye syndrome.
Subjects with only one sighted eye or not correctable to 20/80 in both eyes.

* Stable immunotherapy for less than three months prior to initiation of the study.

Efficacy and Safety'Variables

No efficacy data were collected in this study.

Safety was assessed by evaluating the incidence of adverse events, and changes from
baseline in visual acuity and biomicroscopy measurements

Table 21
Schedule of Visits and Measurements
Visit 1 Telephone Telephone | Telephone
(Baseline) | Visit 2 Contact 1 Visit 3 Contact2 | Contact 3 Visit 4
Procedures Day 1 Day 7+2 | Day 14+ 2 | Day 21+3 | Day 28+ 3 | Day 35t 3 | Day 42+ 3
Informed X
Consent
Medical History X X X X X X X -
Visual Acuity X X X X
Biomicroscopy X X X X
Query for AEs X X X X X X
Dispense Drug X X+ X*
Collect Drug X
Exit Form X
* If necessary

APPEARS THIS wWaAY
GN ORIGINAL
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Subject Disposition and Demographics

A total of 30 subjects were enrolled into the study and dosed with study medication:

20 subjects received 0.1% pemirolast potassium solution and 10 subjects received
placebo. A total of 26 subjects completed the study: 17 in the 0.1% pemirolast potassium
group and 9 in the placebo group. Three subjects were discontinued from the study after
being lost to follow-up (two in the 0.1% pemirolast potassium group and one in the
placebo treatment group) and one subject discontinued due to parent/guardian decision
(0.1% pemirolast potassium group). '

There were no significant differences between treatment groups regarding age, gender, or
race. Of the 30 subjects enrolled in this study, 18 (60%) were Hispanic, 11 (36.67%)
were Caucasian, and 1 (3.33%) was Black. Eleven (36.67%) subjects were female and 19
(63.33%) subjects were male. Subjects ranged in age from 3-5 years with a mean age of
4.00 (+ 0.83) years. Eleven subjects were 3 years of age, 9 subjects were 4 years of age,
and 10 subjects were 5 years of age. There were no significant differences between
treatment groups regarding age, gender, or race.

Table 22 )
Discontinued Subjects
Subject Treatment AE’'s First Study Last Drug Reason for
No. During Med Date Instaliation Discontinuation
Study
906 placebo none 10/19/97 v lost to follow-up
909 pemirolast 0.1% none "~ 10/19/97 v lost to follow-up
910 pemirolast 0.1% none 10/19/97 * lost to follow-up
914 pemirolast 0.1% none 10/19/97 10/21/97 subject or
parent decision

*last drug date not available for subjects lost to follow-up

8.1.4 Efficacy

No efficacy data was collected in this study. APPEARS THIS WAY
GN ORIGINAL
8.1.4 Safety Criteria :

Adverse Events

Six of twenty (30%) subjects (Subject Nos. 901, 902, 915, 920, 921, and 924) in the 0.1%
pemirolast potassium group and two of ten (20%) subjects (Subject Nos. 912 and 913) in
the placebo group experienced a total of 12 and 2 adverse events (AEs), respectively,
during the study period. The most common events were of the general body system
including fever, flu syndrome, and accidental injury. The second most common events
involved the eye, and included conjunctivitis, conjunctival discharge, discomfort (burning
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sensation), foreign body in the comnea, papilledema, and hyperemia (secondary to being
poked in the eye). Other events included diarrhea, cough, and urinary tract infection.

No AE was reported by more than one subject in either treatment group, and there were
no statistically significant between-group differences observed in the incidence of AEs
(p=0.682). See Tables 23 and 24. -

Subject No. 912 in the placebo group experienced an adverse event considered severe in
intensity. This subject lost consciousness for approximately 10 minutes secondary to a
fall. The subject recovered without treatment. ‘

There were no deaths or other significant adverse events during the study.
Reviewer’s Comment’s:

An adverse event experienced by subject #924 was coded as papilledema. Papilledema is
listed throughout the sponsor’s protocol summary as an adverse event.

In reviewing the data report listings, it became apparent that a “papillary reaction” at
Visit 2 was miscoded as “papilledema.” The sponsor was ontacted to provide the Case
Report Form for Visit 2. The Case Report Forms indicate the subject experienced a

conjunctival papillary reaction rather than papilledema.

Visual Acuity
Reviewer’s Comments:

There were no clinically significant differences between treatment groups in visual acuity
at baseline or at any follow-up visit. See Graph pg. 58.

Biomicroscopy

The biomicroscopy evaluation assessing ocular signs and symptoms included
examination of the lids, conjunctiva, cornea, anterior chamber, iris, lens, and vitreous. At
baseline, most of the 30 subjects enrolled had normal biomicroscopy results for both the
right (OD) and left (OS) eyes. In the 0.1% pemirolast potassium group (n = 20),
abnormalities of the lids (nevus), conjunctiva (follicles), and cornea (scar) were noted in
one (5%), five (25%), and one (5%) subject(s), respectively. In the placebo group

(n = 10), abnormalities of the conjunctiva (follicles, cyst) and cornea (pannus) were noted
in five (50%) and one (10%) subject(s), respectively.

Because of subject discontinuations, change values were available for only seventeen
0.1% pemirolast potassium and 9 placebo subjects. Changes from baseline (worsening)
were noted for lids and/or conjunctiva in two subjects in the 0.1% pemirolast potassium
group (Subject No. 921 [mattering of lids OU, bulbar injection OD, and papillary reaction
of conjunctiva OU at Visit 4 only] and Subject No. 924 [mucous and papillary reaction of
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the conjunctiva OS at Visit 2 oh]y]). There were no changes from baseline (Visit 1, Day

1) of the comnea, anterior chamber, iris, lens, or vitreous for any subject at any visit.

Table 23
Summary of Adverse Events

Treatment
pemirolast 0.1% placebo
Number of Subjects 20 10
Number of Subjects with Adverse Events 6 (30.0%) 2 (20.0%)
Body/Gen 2(10.0)
Fever ’ 1(5.0) -
Flu Syndrome ’ 1(5.0) 1(10.0)
injury/Accident 1(10.0)
Dig/Ec 1(5.0) )
Diarrhea 1(5.0)
Res/Gen : - 1-(5:0)
Cough Inc 1(5.0)
SS/Eye/Con L 2(10.0)
Conjunctivitis o . 1(5.0) ADDE IO Ty ar et
Discharge Conjunc 5 o 1(5.0) APP%::‘f 18] aé A4S Wnt
o OR ORIGINAL
SS/Eye/Gen 2(10.0)
Discomfort 1(5.0)
Foreign Body Sensation 1(5.0)
Hyperemia 1(5.0)
SS/Eye/ON : : 1(5.0)
Papilledema 1(5.0)
UG/UT/Gen 1(5.0)
Urinary Tract Infection 1(5.0)

APPEARS THIS WAY
GN ORIGINAL
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Adverse Event Information
Subjec | Treatment Adverse Event Coded Term | Body System Onset | Days After | Severity Outcome Resolve
t# : Date 1 Med Date
901 pemirolast redness OS — poked hyperemia SS/EYE/GEN | 11/01/97 13 mild resolved w/o tx | 11/04/97
0.1% in eye with finger i
corneal FB OS foreign body SS/EYE/GEN | 11/09/97 21 mild resolved w/tx | 11/09/97
sensation . :
cold flu syndrome BODY/GEN 11/08/97 20 mild resolved w/tx | 11/24/97
902 pemirolast fever fever BODY/GF.N 11/19/97 31 mild resolved w/tx | 11/19/97
0.1% |
912 placebo loss of injury/accident | BODY/GEN 10/30/97 11 severe resolved w/o tx | 10/30/97
consciousness due [
to fall |
913 placebo cold flu syndrome BODY/GEN 11/26/97 38 mild resolved w/tx | 10/29/97
915 pemirolast diarthea diarrhea DIG/EC 10/29/97 10 mild resolved w/tx | 10/29/97
0.1% | ‘
920 pemirolast burning sensation | discomfort OD | SS/EYE/GEN | 11/09/97 21 mild resolved w/o tx | 11/09/97
0.1% OD :
921 pemirolast UTI UTI UG/UT/GEN | 11/03/97 15 mild resolved w/ tx | 11/09/99
0.1% :
conjunctivitis OU conjunctivitis | SS/EYE/CON | 11/30/97 42 mild resolved w/tx | 12/05/97
ou [ :
924 pemirolast mucous OS discharge SS/EYE/CON | 10/26/97 7 mild resolved w/o tx | 10/31/97
0.1% conjunctiva _
' - papillary xn OS papilledema SS/EYE/ON 10/26/97 7 mild resolved wiotx | 11/11/97
mucous OS discharge SS/EYE/CON | 11/11/97 23 mild resolved w/o tx | 12/01/97
conjunctiva ' '
cough cough inc RES/GEN 11/23/97 35 mild resolved w/otx | 11/26/97
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8.1.4 Reviewer’s Summary of Safety

No subjects discontinued the study prematurely due to adverse events. The 0.1%

pemirolast ophthalmic solution when applied one to two drops in each eye QID for six
weeks seemed well tolerated in children aged 3 to 5.

The sponsor is submitting an amendment to correct the miscoded conjunctival papillary
reaction.

RPPEARS THIS WAY
GN ORIGINAL
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8 Clinical Studies -
8.1.5 Study #5 Protocol 02-001 -
Title: - Dose response of pemirolast potassium ophthalmic solution by

provocative antigen challenge

Objective: ~ The objective of this study was to compare the efficacy of two
concentrations of pemirolast potassium ophthalmic solution versus
placebo in the treatment of allergen-mediated conjunctivitis using a
provocation challenge model and to determine the onset and duration of
action of pemirolast potassium.

Study Design: = A triple-masked, placebo-controlled, single center, randomized,
‘two-arm, contralateral-eye comparison study in subjects with a -
. history of allergic conjunctivitis. Study duration was
approximately 5 weeks.

Test Drug Schedule: Subjects received either 0.1% pemirolast in one eye and placebo in
the other eye or 0.25% pemirolast in oné€ eye and placebo in the
other eye. Subjects instilled 1-2 drops of study medication in the
appropriate eye two times a day (BID) during the 7-day period
prior to Visit 3 and during the 7-day period prior to Visit 4.

In addition, 1-2 drops of study medication were administered in the
appropriate eye 10 minutes before allergen challenge at Visit 3,
and four hours before allergen challenge at Visit 4.

No. of
Subjects Subject First Subject | Exit Visit for Study
Investigator (ID No.) Enrolled | Numbers Enrolled Last Subject | Duration -

Mark B. Abelson, MD 118 101-218 10 Mar 1996 2 May 1996 5 weeks
(003) '
N

863 Turnpike Street
North Andover, MA
01845

(978) 685-8900
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8.1.5 Study Design

This was a triple-masked, placebo-controlled, randomized, two-arm, contralateral-eye
comparison study. Approximately 114 subjects were to be en-olled in order to obtain 102
completed subjects (51 subjects per treatment arm), based on a drop out rate of
approximately 10%. Qualified subjects who elicited a positive allergen challenge
response at Visit 1 (Screening Challenge) and Visit 2 (Confirmatory Challenge, >7 days
after Visit 1) were enrolled into the study, and randomly assigned to receive one of the
following treatment pairs: 0.1% pemirolast in one eye and placebo in the other eye, or
0.25% pemirolast in one eye and placebo in the other. Subjects instilled 1-2 drops of
assigned study medication in the appropriate eye two times a day (BID) during the 7-day
period prior to Visit 3 (Onset-of-Action Challenge, 214 days after Visit 2) and during the
7-day period prior to Visit 4 (Duration-of-Action Challenge, 214 days after Visit 3).

At Visit 3, 1-2 drops of assigned study medication were instilled in the appropriate eye 10
minutes prior to allergen challenge. Subjects were challenged with the final dose of
antigen that elicited a positive response at Visit 1, and signs and symptoms of allergic

conjunctivitis were assessed three (3 £ 1), ten (10 % 1), and twenty (20 + 1) minutes after
challenge.

At Visit 4, 1-2 drops of assigned study medication were insilled in the appropriate eye

four hours prior.to allergen challenge. Subjects were.challenged with-the final-dose-of.
antigen that elicited a positive response at Visit 1, and signs and symptoms of allergic

conjunctivitis were assessed three (3 + 1), ten (10 % 1), and twenty (20 * 1) minutes after
challenge.

Study Medications

Study medication was supplied in 10 cc bottles with a 10 ml fiil, and were shipped to the _
investigator labeled with the subject number, the protocol number, and storage
instructions. The following lots of study medication were used in this study:

Investigation Product Concentration | Formulation No. Lot No.
Pemirolast potassium ophthalmic 0.1% 1008S 6A9001
solution 0.25% 10098 6B1001
Placebo (vehicle of pemirolast 0% 1007S 6B0001
potassium)

Study Masking

This study used a triple-masked design, where the identity of the study medication was
concealed from the subject, the investigator, and the Sponsor's monitors and clinical
research personnel.
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During the study, no study medication was unmasked in this fashion.

Study Population

To be enrolled in this study, subjects had to be at least 18 years old, have a history of
seasonal allergic conjunctivitis or a positive diagnostic test; exhibit a positive reaction to
antigen challenge in both eyes at Visit 1 (Screening Challenge) and Visit 2 (Confirmatory

Challenge, > 7 days after Visit 1), and have no evidence of signs and/or symptoms of
allergic conjunctivitis at Visits 1 and 2.

Inclusion Criteria
Subjects were required to meet all of the followmg criteria to be eligible for participation
in the study:

* History of seasonal allergic conjunctivitis or positive diagnostic test

e Positive reaction to anti gen challenge in both eyes [>2+ itching and >2+ redness
in at least one of the three vessel beds (ciliary, episcleral, or conjunctival)] at Visit

1 (Screening Challenge) and Visit 2 (Confirmatory Chal]enge 2 7 days after
Visit 1)

e QOcular health within normal limits

¢ Must have been willing to avoid disallowed medication during the study

* Must have been willing to discontinue contact lens wear at least 72 hours before
challenge and for the duration of the study

* Women of childbearing potential must have had a negative pregnancy test before
entering the study and must use adequate birth control throughout the study period

e At least 18 years old
e Either sex or any race

e Must have been willing to follow instructions and be able to make all required
study visits

e Must have been willing to give consent

RPPEARS THIS WAY
OGN CRIGINAL
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Exclusion Criteria

Subjects with any of the following conditions were excluded from participating in the
study:

e Females who were pregnant or were planning a pregnancy, did not utilize
adequate birth control, or were not surgically sterile. A neganve pregnancy test
was required for women of childbearing potential.

e Presence of dry eye syndrome by history, blepharitis, follicular conjunctivitis,
iritis or pre-auricular lymphadenopathy, or any other ophthalmic abnormality

~ e Contact lens wear up to less than 72 hours before challenge and during the study
period

® Presence of bacterial or viral ocular infection, or positive history of ocular herpes

* Any systemic medication which may have interfered with the study: MAO
inhibitors, non-steroidal anti-inflammatory agents (e.g., aspirin, ibuprofen), mast
cell stabilizers, antihistamines, or steroids should have been discontinued 72 hours

- before the study and not used during the study

e Presence of any significant illness that could have been expected to interfere with
the study, particularly any autoimmune disease such as rheumatoid arthritis,
which can be associated with dry eye syndrome

e Regular use of topical ophthalmic solutions during the study, mcludmg tear
substitutes; or use of any topical ophthalmic medication less than one week before
the study. Subjects using ophthalmic medications that require longer than a one-
week washout were not to be included in the study.

e Evidence of signs and/or symptoms of allergic conjunctivitis, i.e., greater than 1+
redness in any of the three vessel beds (ciliary, episcleral, conjunctival) and/or
any 1tchmg at each baselme exam on Visits 1 or 2

. Use of any oral/toplcal mvestlgatlonal drug or device within 30 days before
receipt of study medication

e Ocular surgery within 6 months before the beginning of the study
e History of uncontrolled cardiovascular, hepatic, and/or renal disease

e History of allergy or sensitivity to any mast cell stabilizer or to any ophthalmic
drug, including the preservative(s)

e Current alcohol and/or drug abuse

e History of retinal detachment, diabetic retinopathy, or any retinal disease which
may be progressive during the time course of the study

e Subjects with only one sighted eye or vision not correctable to 20/80 in both eyes
e Stable immunotherapy for less than 3 months prior to the initiation of the study
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Additionally, the investigator or medical monitor could declare any subject ineligible for
any sound medical reason.

Efﬁcacy Variables
Primary Efficacy Variables

Primary efficacy variables included ocular (ciliary, episcleral, and conjunctival) injection,
average redness (average of ciliary, episcleral, and conjunctival injection), and itching,
which were assessed at 3, 10, and 20 minutes after allergen challenge at Visit 3 and Visit
4. Variables were graded using the following standardized 0-4 scales with half-grades
allowed:

e QOcular Injection

0.0 None. A normal, quiet eye; some subjects will exhibit rare vessels
which are naturally prominent either by location or a large normal vessel
diameter.

1.0 Mild. Slightly dilated blood vessels; color of vessels is typically pink;
can be quadrantic.

2.0 Moderate. More apparent dilation of blood vessels; vessel color is more
intense (redder); involves the vast majority of the vessel bed.

3.0 Severe. Numerous and obvious dilated blood vessels; in the absence of
chemosis the color is deep red - in the presence of chemosis, the leaking
interstitial fluid may make the color appear less red or even pinkish; is
not quadrantic.

4.0 Extremely Severe. Large, numerous dilated blood vessels characterized
by unusually severe deep red color, regardless of grade of chemosis,
which involves the entire vessel bed.

e Average Redness

The average redness score was the mean of ciliary, episcleral, and conjunctival
injection scores.

o Itching
0.0 None
1.0 A tickling sensation, involving more than just the corner of the eye.
2.0 A mild, continuous itch (can be localized) not requiring rubbing.
3.0 A severe itch; which you would like to rub.
4.0 An incapacitating itch which would require significant eye rubbing.
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Secondary Efficacy Variables

Secondary efficacy variables included chemosis, lid swelling, and tearing, which were
assessed at 3, 10, and 20 minutes after allergen challenge at Visit 3 and Visit 4. Variables
were graded using a 0-4 scale with half-grades allowed (0.0 - None, 1.0 - Mild, 2.0 -
Moderate, 3.0 - Severe, 4.0 - Extremely Severe). '

Safety Variables

This study included the following safety variables:

o Adverse Events

Subjects were queried at each follow-up visit regarding the occurrence of any
adverse events.

o Best-Corrected Visual Acuity

Best-corrected visual acuity was measured prior to allergen challenge at each
study visit using a standard Snellen chart, and recorded in English units (e.g.,
20/20).

e Slit-Lamp Examination Findings .
Biomicroscopy was performed prior to allergen challenge at each study visit.
This examination included the lids, tear meniscus, conjunctiva, cornea, and lens.

Variables-were-graded-as-normal-or-abnormal:-~ - —- - --

RPPEARS THIS WAY
Oi GRIGINAL
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_ Table 25
Schedule of Visits andMeasurements
Screening Challenge Confirmatory Challenge * Onset-of-Action Challenge Duration-of-Action Challenge
VISIT 1 VISIT 2 VISIT 3 VISIT 4,
27 days after Visit ] - 214 days after Visit2 . 214 days after Visit 3
Procedures Pre-CAC Post-CAC Pre-CAC | Post-CAC Pre-CAC- Post-CAC | Pre-CAC Post-CAC
{ 3,10,20 min 3, 10, 20 min : 3, 10, 20 min
Informed Consent X
Medical History X
Pregnancy Test X X -
Diagnostic Skin Test X ;
(If necessary) .
Visual Acuity X X X i X
Ocular Signs and X X X X X X - X
Symptoms ! _
Slit-Lamp Exam X X X g X '
CAC X X , X f : X
Fundus Exam X . ; i
(Undilated) ! i
Photographs X3 X
Dispense Drug X X" !
Drug Instilled by ‘ 10 min before 4 hrs before
Investigator i ' CAC’ CAC®
Exit Form i .

! Determined allergen dose required to elicit 22+ ocular redness and itching OU.

? Confirmed allergen dose required to elicit 22+ ocular redness and itching OU. i

3 Photographs of each eye were taken following the 10-minute post-challenge assessmjent

* Instructed subjects to bilaterally instill appropriate study medication BID beginning seven (7) days prior to Visit 3 and Visit 4.
3 Subjects were challenged 10 minutes after study medication instillation.
§ Subjects were challenged 4 hours after study medication instillation.
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Changes in the Planned Analyses

The following changes in the planned analyses were made due to the modest degree of
effectiveness of pemirolast in both treatment groups:

. Demographlc and baseline characteristics in each treatment group were tabulated
using descriptive statistics only, and comparison of eye-specific baseline
characteristics in pemirolast and placebo eyes were not performed.

“ o Comparisons of the efficacy of the two pemirolast concentrahons (0.1% and 0.25%)
were not performed.

In addition, a comparison of the number of adverse events in pemirolast-treated eyes vs.
placebo-treated eyes was not performed due to the small number of ocular events that
occurred during the study.

Subject Disposition and Demographics
One hundred eighteen (118) subjects were enrolled in this study: 60 subjects in the 0.1%

pemirolast group and 58 subjects in the 0.25% pemirolast group.” The first subject was
enrolled on March 10, 1996. The last subject exited the study on May, 2, 1996.

Five percent (5%, 6/118) of the subjects were discontinued from the study early: 5% (3/60

' subjects) in the 0.1% pemirolast group and 5% (3/58 subjects) in the 0.25% pemirolast
group. Reasons for subject discoutinuation included: two subjects due to health and safety
in thz 0.1% pemirolast group (Subject 114 due to conjunctivitis and Subject 211 due to pre-
challenge redness and itching OS at Visit 4), two subjects due to lost to follow-up in the
0.25% pemirolast group (Subjects 190 and 200), one subject due to an adverse event in the
0.25% pemirolast group (Subject 173 due to corneal infiltrates OU), and one subject due to
pregnancy in the 0.1% pemirolast group (Subject 149).

There were no notable differences between treatment groups in age, gender, race, or iris

color. There were no notable differences between groups for any of the medical history -
variables.

8.1.5 Efficacy — Protocol 02-001 (No Excluded Data)

Primary Efficacy Variables

Pre-Challenge Ocular Injection and Itching

Reviewer’s Comments:

There were no significant differences between treatment groups in pre-challenge ocular
. injection or itching at any visit.
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Post-Challenge Ocular Injection and Itching

At Visits 1. and 2, there were.no szgmﬁcant differences.between treatment groups in post-
challenge ocular injection and tlchxng o e

In the 0.1% pemzroIast group, there were no chmcaIIy sxgngﬁcant d ﬁ’erences between
pemirolast-treated eyes and pIacebo-treated eyes at Visit 3. Although statistically
significant between—group differences were seen, the di ﬁ’erence in mean scores for these
variables was never more than 0.24 units. e o
Inthe 0.25% pemxrolast group, there were no cImtca71y sxgmﬁcant d ﬁerences between
pemirolast-treated eyes and placebo-treated eyes...

Secondary Efficacy Variables
Pre- and Post-Challenge Ocular Signs and Symptoms

There were no significant differences between treatment groups in pre-challenge
chemosis, lid swelling, or tearing at any visit.

In both the 0.1% and 0. 25 % pemirolast groups there were no significant differences
between pemirolast-treated eyes and placebo-treated eyes in mean scores Sfor chemosis,
lid swelling, and tearing at any post-challenge time point at any Visit.

APPEARS THIS wAY
| GN ORIGINAL
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8.1.5 Safety

Adverse Events

69

Table 26
i e oo Adverse Event Summary by Body System
[ Body System/Adverse Event pemirolast 0.1%..__ [ pemirolast 0.25%
n % . n %
Body as a Whole
flu syndrome 0 0 1 1.7
headache I I B < i - 8.6
infection 3 5.0 7 12.1
pain 1 T 1.7 0 0
pain back 1 1.7 . 0 0
Digestive }
abcess 0 0 1 1.7
pain 0 0 1 1.7
tooth caries 1 1.7 0 0
Respiratory
bronchitis 0 0 1 0
cough inc 0 0 1 1.7
pharyngitis— 1 1.7 0 0
rhinitis 0 0 2 34 .
Special Senses
allergic Reac 1 1.7 0 0
infiltrate comeal 0 0 1 1.7

The incidence of any adverse event was 25% (15/60 subjects) in the 0.1% pemirolast
group and 34% (20/58 subjects) in the 0.25% pemirolast group. The most frequently
reported events were headache (11%, 13/118 subjects), cold symptoms (8%, 10/118
subjects), and rhinitis (2%, 2/118 subjects). Other non-ocular events included flu
syndrome, back pain, knee pain, tooth abscess, tooth pain, dental caries, bronchitis,
cough, and pharyngitis. All non-ocular adverse events were of mild-to-moderate

severity.

There were no deaths or other significant events during this study.

Reviewer’s Comments:

Adverse event table does not list a placebo column because all subjects received placebo.

Subject # 117 developed corneal infiltrates OU noted at Visit 3. Subject was
discontinued from the study medication (0.25% pemirolast) and placed on PF QID.
Infiltrates resolved within 6 days. Subject wore CL’s but denied use during study.

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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Visual Acuity

There were no statistically or clinically significant differences between pemirolast-treated
eyes and placebo-treated eyes or between the two treatment groups in visual acuity at any
visit. -

At Visit 3 and Visit 4, there were no notable differences between pemirolast-treated eyes
and placebo-treated eyes or between the two treatment groups in changes from baseline
(Visit 2) in visual acuity. At Visit 3, one eye treated with 0.1% pemirolast was noted with a
two-line decrease from baseline: At Visit 4, two eyes treated with 0.1% pemirolast and two
eyes treated with placebo (one eye in the 0.1% pemirolast group and one eye in the 0.25%
pemirolast group) were noted with a two-line decrease from baseline.

Slit-Lamp Examination

There were no notable differences between pemirolast-treated eyes and placebo-treated
eyes or between the two treatment groups in biomicroscopy findings at any visit. All
biomicroscopy variables were normal at each visit, except for one subject in the 0.25%

pemirolast group (Subject 173) who was noted with an abnormal cornea OU (corneal
infiltrates OU) at Visit 3.

8.1.5 Reviewer’s Summary of Efficacy and Safety—

There are no clinically significant between-group differences in the primary efficacy
variables.

One subject receiving 0.25% pemirolast was noted to have bilateral corneal infiltrates
(thus one eye developed infiltrates while on vehicle treatment).

9 Overview of Efﬁcaéy

Marginal efficacy has been demonstrated in the treatment/prevention of ocular itching.
This constitutes a marginal demonstration of the efficacy of pemirolast for the temporary
relief of the itching due to seasonal allergic conjunctivitis when used QID.

10 Overview of Safety

Adequate safety has been established for use in the temporary relief of itching due to
allergic conjunctivitis. Adequate safety has been established in children 3 to 5 years of
age.

Adverse experiences appear mainly confined to mild to moderate events. The most

Jfrequent side effects are non-ocular, i.e. headache, rhinitis, and flu/cold symptoms.
Ocular side effects were mild to moderate in severity in 2-3 % of subjects.

NDA 21-079: Alamast, pemirolast ophthalmic solution, 0.1%
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12 Conclusions

The submitted studies in NDA 21-079 with the exception of Protocol 02-003 demonstrate

safety and efficacy for the temporary prevention of itching of the eye due to seasonal

allergic conjunctivitis.

13 Recommendations

1. Following resolution of any chemistry/manufacturing issues and labeling issues,
NDA 21-079 is recommended for approval for the temporary prevention of
itching of the eye due to seasonal allergic conjunctivitis.

- 2. The applicant should submit revised labeling consistent with the
recommendations in this review.

- 3. Correction of a miscoded diagnosis in the Study Report of Protocol 02-005 should

be made.
N
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Medical _Ofﬁcer’s Review of NDA 21-079

NDA 21-079
Medical Officer’s Review # 2

Proposed Tradename:
Generic Name:

Chemical Name:

Submission: 8/11/99
Review Completed: 8/11/99

Alamast
Pemirolast potassium ophthalmic solution, 0.1%

9- -methyl-3-(1H-tetrazol- 5-y])-4H-pyndo[l 2-
alpyrimidin-4-one, potassium salt

4H-pyrido[1,2-a]pyrimidin-4-one,9- -methyl-3- (lH-
tetrazol-5-yl)-potassium

Sponsor:

Pharmacologic Category:

Proposed Indication:

Submitted:'

Chemical Structure - Formula CioH7KNO

Santen Incorporated
555-Gateway Drive
Napa, CA” 94558

Mast cell stabilizer

ALAMAST™ ophthalmic solution is indicated for
the prevention of itching of the eye due to allergic
conjunctivitis. Symptomatic response to therapy
(decreased itching) may be evident within a few
days, but frequently requires longer treatment (up to
four weeks).

Revised labeling based on previous review and
discussion with Pharm/Tox and the sponsor.







Recommendations:

NDA 21-079, Alamast (pemirolast potassium ophthalmic solution), 0.1% is
recommended for approval for the prevention of itching of the eye due to allergic
conjunctivitis. Symptomatic response to therapy (decreased itching) may be evident
within a few days, but frequently requires longer treatment (up to four weeks).

A revised labeling review recommendation by Pharm/Tox to include the statement, “No
adequate studies were conducted to assess the carcinogenic potential of pemirolast
potassium, " in the label was noted and overruled.
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MO Review #2 - NDA 21-079 pemirolast potassium ophthalmic solution, 0.1%




Medical Officer’s Review of NDA 21-079

NDA 21-079
Medical Officer’s Review # 3

Proposed Tradename:
Generic Name:

Chemical Name:

Submission: 9/23/99
Review Completed: 9/23/99

Alamast

Pemirolast potassium ophthalmic solution, 0.1%

9-methyl-3-(1H-tetrazol-5-y1)-4H-pyrido[1,2-
alpyrimidin-4-one, potassium salt

4H-pyrido[1,2-a]pyrimidin-4-one,9-methyl-3-(1H-
tetrazol-5-yl)-potassium '

Sponsor:

Pharmacologic Category:

Proposed Indication:

Submitted:

Chemical Structure — Formula C,oH;KN¢O

Santen Incorporated
555 Gateway Drive
Napa, CA 94558

Mast .cell stabilizer

ALAMAST™ ophthalmic solution is indicated for
the prevention of itching of the eye due to allergic
conjunctivitis. Symptomatic response to therapy
(decreased itching) may be evident within a few
days, but frequently requires longer treatment (up to
four weeks).

- Revised labeling based on previous review and

discussion with Pharm/Tox and the sponsor.







Recommendations:

NDA 21-079, Alamast (pemirolast potassium ophthalmic solution), 0.1% is
recommended for approval for the prevention of itching of the eye due to allergic
conjunctivitis. Symptomatic response to therapy (decreased itching) may be evident
within a few days, but frequently requires longer treatment (up to four weeks).

After further discussion with the Pharm/Tox group, a sentence in the Carcinogenesis,
mutagenesis, impairment of fertility section of the label and a sentence in the Non-

tera 7 cts section of the lab , clarity.
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Medical Officer’s Review of NDA 21-079
120-Day Safety Update

NDA 21-079 Submission: 7/23/99
Medical Officer’s Review. Review Completed:  8/5/99
Proposed Tradename: Alamast

Generic Name: ' Pemirolast potassium ophthalmic solution, 0.1%

Chemical Name: _ 9-methyl-3-(1H-tetrazol-5-yl)-4H-pyrido[ 1,2-
a]pyrimidin-4-one, potassium salt

4H-pyrido[1,2-a]pyrimidin-4-one,9-methyl-3-(1H-
tetrazol-5-yl)-potassium ‘
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Chemical Structure — Formula C;oH;KNO

Sponsor: Santen Incorporated
555 Gateway Drive _
Napa, CA 94558

Pharmacologic Category: Mast cell stabilizer

Proposed Indication: - Prevention and relief of ocular itching due to
o allergic conjunctivitis

Dosage Form and : .
Route of Administration: Ophthalmic solution for topical ocular administration




Submitted:

A statement from Santen, Inc.:

There has been no new safety information learned about the drug that would reasonably
affect the statement of contraindications, warnings, precautions, and adverse reactions in
the draft labeling.

Reviewer’s Comments and Conclusions:. . ... ... ...

Original conclusions regarding the safety of pemirolast potassium ophthalmic solution,

0.1% for the temporary prevention of itching of the eye due to allergic conjunctivitis are
not altered.
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Deputy Division Director’s Review of NDA 21-079

NDA 21-079 Submission Dates:  3/25/99, 7/23/99, 8/4/99 & 8/5/99
Review Date: 8/6/99
Drug: Alamast (pemirolast potassium ophthalmic solution), 0.1%
Applicant: Santen Incorporated
555 Gateway Drive

Napa, CA 94558

Related Reviews:

Medical Officer’s Review dated 7/19/99

Biopharm Review dated 7/14/99

Chemistry/Manufacturing Review dated 7/28/99

Pharmacology/Toxicology Review dated 7/30/99

Microbiology Review dated 6/18/99
I have reviewed the primary reviews for this application and concluded that the application
should be recommended for approval pending revisions in the labeling described in the Medical
Officer’s Review and a commitment by the applicant to withdraw any lots of drug product which
fall outside the stated specification. The applicant has submitted this commitment and revisions
to the labeling in the submissions dated August 4 and 5, 1999.

~hemistry Manufacturine Review:

The Chemistry/Manufacturing Review identified a number of iterus listed as deficiencies. After
review of these items, I have concluded that they are not items which are likely to affect the
safety or efficacy of the proposed drug product for the following reasons:

Reviewer's Comments The applicant has identified the source of the starting materials in

an amendmeny’ T ] _ ) ) )

are commercially available.

NDA 21-079_Alamast (pemirolast potassium éphthalmic solution), 0.1%







ti view:

Reviewer's Comments: Concur with the Overall conclusions, however, I disagree with
several statements in the Background section of the review and some of the labeling
recommendations. Specifically, corticosteroids are not “generally” used to treat allergic
conjunctivitis and disodium chromoglycate is not approved for the treatment of allergic
conjunctivitis. In addition, the half life and other specific pharmacokinetic parameters of oral
dosing are not considered necessary for the understanding and proper administration of
ophthalmic dosing of pemirolast.

Microbiology Review/Sterility Issucs:

The Microbiology Review identified a number of sterility assurance issues which have been
address by the applicant in their amendment dated July 15, 1999. These issues are listed below
and have satisfactorily addressed in the July 15, 1999 submission.

X, /‘)
e
{
|

___NDA 21-079 Alamast (pemirolast potassium ophthalmic solution), 0.1%
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Deputy Division Director’s Review of NDA 21-079

NDA 21-079 Submission Dates:  8/25/99 & 9/10/99 & 9/20/99 -
Review #2 ~ Review Date: 9/21/99
Drug: Alamast (pemirolast potassium ophthalmic solution), 0.1%
Applicant: Santen Incorporated
555 Gateway Drive

Napa, CA 94558

Related Reviews:
Medical Officer’s Review dated 7/19/99
Biopharm Review dated 7/14/99
Chemistry/Manufacturing Reviews dated 7/28/99 and 9/8/99
Pharmacology/Toxicology Review dated 7/30/99
Microbiology Review dated 6/18/99
Deputy Division Dircctor’s Review dated 8/6/99 -

Chemistry/Manufacturing review #3 is based on the applicant’s response to

€hemistry/Manufacturing review #1.—The issuesidentified in that review were considered tobe ———————
informational issues and not approvability issues in the Deputy Division Director’s Review of

8/6/99. From a clinical prospective, these issues do not represent a safety concern.

The Chennsh'y/Manufactunng Review 1dent1ﬁed a number of items listed as deficiencies. After
. review of these items, I have concluded that they are not items which are likely to affect the
safety or efficacy of the proposed drug product for the following reasons:

Chemiétry Post Approval Commitments

NDA 21-079 Alamast (pemirolast potassium ophthalmic solution), 0.1%







Recommendation:
NDA 21-079 is recommended for approval.

cc:

NDA 21-079
HFD-550 |
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HFD-550/PHARM/Yang
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NDA 21-079 Alamast (pemirolast potassium ophthalmic solution), 0.1%




Division of Anti-inflammatory, Analgesic and
Ophthalmic Drug Products

Review of Chemistry, Manufacturing, and Controls
NDA #: 21-079

REVIEW #: 1 DATE OF REVIEW: July 28, 1999

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

Original NDA 03/25/1999 03/26/1999 04/08/1999
Amendment, BC 06/25/1999 06/28/1999 07/09/1999

NAME & ADDRESS OF APPLICANT:

Santen Incorporated

555 Gateway Drive

Napa, CA 94558. : '

Contact: Michelle Carpenter, Director, Regulatory Affairs, 707- 256 2453,

Form FDA 356h (7/97) signed by Merwin Jerry Hansen, CEO, Santen, Inc., 707-254-1750.

DRUG PRODUCT NAME

Proprietary: Alamast™

Established: Pemirolast Potassium Ophthalmic Solution, 0.1%.
Code Name/#: TBX, BMY-26517, DE-068.
Chem.Type/Ther.Class: 1P.

PHARMACOL. CATEGORY: Mast Cell Stabilizer — Antiallergic.

DOSAGE FORM: Ophthalmlc Solution.

STRENGTHS: 0.1% w/w.

ROUTE OF ADMINISTRATION: Topical ophthalmic drops.

PROPOSED USUAL DOSAGE: One or two drops in each affected eye four times dally
DISPENSED: - By prescription only. X Rx __OTC

CHEMICAL NAME, MOLECULAR FORMULA. MOLECULAR WEIGHT, CAS
REGISTRY #. AND STRUCTURAL FORMULA:

9-methyl-3-(1H-tetfazol-5-yl)-4H-pyrido[1,2-0(] pyrimidin-4-one, potassium salt, or
4H-pyrido[1,2-o] pyrimidin-4-one, 9-methyl-3-(1H-tetrazol-5-yl)-potassium.
Ci1oH7/NsKO. MW=266.3. CAS Registry # 100299-08-9.




NDA 21-079
Chemistry Review # |

SUPPORTING DOCUMENTS:

DMF# | Type Holder Item/Component Review

Date

Status

CONCLUSIONS AND RECOMMENDATIONS:

In view of deficiencies identified in the CMC section of the application, from the CMC point of
view, this application is recommended for an APPROVABLE action. Analytical methods
validation is pending. The proposed trademark ALAMAST is acceptable. Based on stability data
prcvided at this time, a shelf life of nine months is recommended for the drug product. Overall
recommendation for the pre-approval inspections that have been requested is pending from the
CDER Office of Compliance (please see EES print out dated 7/28/99, attached). Chemistry
review related deficiencies identified on pages 69 and 70 of this review should be communicated

to the applicant.
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Division of Anti-inflammatory, Analgesic and
Ophthalmic Drug Products

Review of Chemistry, Manufacturing, and Controls .

NDA #: 21-079

REVIEW #: 2 DATE OF REVIEW: August 20, 1999

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

Original NDA 1 03/25/1999 03/26/1999 04/08/1999
Amendment, BC 06/25/1999 =~ - 06/28/1999 07/09/1999

The contents of the above two submissions were reviewed in Chemistry Review # 1,

dated July 28, 1999. This review is for the following submissions, and for other issues that are
mentioned in the review. '

Amendment, BC . 07/23/1999 07/26/1999 08/02/1999
Amendment, BZ ~08/04/1999 08/06/1999 ~08/16/1999
Amendment, Fax 08/12/1999

NAME & ADDRESS OF APPLICANT: -

Santen Incorporated

555 Gateway Drive
Napa, CA 94558.
Contact: Michelle Carpenter, Director, Regulatory Affairs, 707-256-2453.

Form FDA 356h (7/97) signed by Merwin Jerry Hansen, CEO, Santen, Inc., 707-254-1750.

DRUG PRODUCT NAME

Proprietary: Alamast™.

Established: Pemirolast Potassium Ophthalmic Solution, 0.1%.
Code Name/#: TBX, BMY-26517, DE-068.

Chem.Type/Ther Class: 1P.

PHARMACOL. CATEGORY: Mast Cell Stabilizer — Antiallergic.

DOSAGE FORM: Ophthalmic Solution.

STRENGTHS: 0.1% w/w.

ROUTE OF ADMINISTRATION: Topical ophthalmic drops.

PROPOSED USUAL DOSAGE: One or two drops in each affected eye four times daily.
DISPENSED: By prescription only. X Rx __OTC

CHEMICAL NAME, MOLECULAR FORMULA, MOLECULAR WEIGHT, CAS
REGISTRY #, AND STRUCTURAL FORMULA:

9-methyl-3-(1H-tetrazol-5-yl)-4H-pyrido[ 1,2-o] pyrimidin-4-one, potassium salt, or
4H-pyrido[1,2-a] pyrimidin-4-one, 9-methyl-3-(1H-tetrazol-5-yl)-potassium.




NDA 21-079
Chemistry Review # 2

Ci1oHiNgKO. MW=266.3. CAS Registry # 100299-08-9.
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CONCLUSIONS AND RECOMMENDATIONS:

In view of responses pending from the applicant for the chemistry deficiencies identified in the
application, and communicated to the applicant through faxed lists of chemistry deficiencies,
from the CMC point of view, this application continues to be recommended for an

" APPROVABLE action. Microbiology review of amendment dated 7/15/99 is pending. As of
8/20/99, overall recommendation for the pre-approval inspections that have been requested is
pending from the CDER Office of Compliance (please see EES print out dated 8/20/99,
attached). Analytical Methods validation is pending. Chemistry review related comments
identified on page 13 of this review should be communicated to the applicant.
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Review, Chemjst, HFD-830/550
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Division of Anti-inflammatory, Analgesic and
Ophthalmic Drug Products

Review of Chemistry, Manufacturing, and Controls
NDA #: 21-079

REVIEW #: 3 DATE OF REVIEW: September 8, 1999

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

Original NDA 03/25/1999 03/26/1999 04/08/1999
Amendment, BC 06/25/1999 06/28/1999 07/09/1999
The contents of the above two submissions were reviewed in Chemistry Review # 1,
dated July 28, 1999.

Amendment, BC 07/23/1999 07/26/1999 08/02/1999
Amendment, BZ ©08/04/1999 08/06/1999 08/16/1999
Amendment, NC 08/12/1999 08/16/1999 08/23/1999

The contents of the above three submissions were reviewed in Chemistry Review # 2, dated
August 18, 1999.

The current Review # 3 evaluates the following:

Amendment; BC 08/25/1999— - -~ ——08/26/1999————097/0371999— "
FDA CDER Office of Compliance, HFD-322, Memorandum dated 08/26/1999.

NAME & ADDRESS OF APPLICANT:

Santen Incorporated

555 Gateway Drive

Napa, CA 94558.

Contact: Michelle Carpenter, D1rector Regulatory Affairs, 707- 256 2453.

Form FDA 356h (7/97) signed by Merwin Jerry Hansen, CEO, Santen, Inc., 707-254-1750.

DRUG PRODUCT NAME

Proprietary: Alamast'" ,
Established: Pemirolast Potassium Ophthalmic Solution, 0.1%.

Code Name/#: TBX, BMY-26517, DE-068.
Chem.Type/Ther. Clas 1P.

PHARMACOL. CATEGORY: Mast Cell Stabilizer — Antiallergic.

DOSAGE FORM: Ophthalmic Solution.

STRENGTHS: 0.1% w/w.

ROUTE OF ADMINISTRATION: Topical ophthalmic drops.

PROPOSED USUAL DOSAGE: One or two drops in each affected eye four times daily.

DISPENSED: By prescription only. X Rx _ OTC




NDA 21-079
Chemistry Review # 3

CHEMICAL NAME, MOLECULAR FORMULA, MOLECULAR WEIGHT, CAS
REGISTRY #, AND STRUCTURAL FORMULA:

9-methyl-3-(1H-tetrazol-5-yl)-4H-pyndo[1,2-a] pyrimidin-4-one, potassium salit, or
4H-pyrido[1,2-a] pyrimidin-4-one, 9-methyl-3-(1H-tetrazol-5-yl)-potassium.

CioHNgKO. MW=266.3. CAS Registry # 100299-08-9.

APPEARS THIS way
OGN ORiGinAL

CONCLUSIONS AND RECOMMENDATIONS: -

From the CMC point of view, this application is recommended for an APPROVAL action

contingent upon completion of a satisfactory microbiology review and resolution of issues
identified on page 15 of this review. Based on data provided in the application and its
amendments, a shelf-life of 18 months is recommended for the drug product. Microbiology
review of amendment dated 7/15/99 is pending.. Analytical Methods Validation is pending.
Chemistry review related comments identified on page 15 of this review should be
communicated to the applicant.

C ey s

Rajendfa ¥gpoor, Ph.D., R.Ph.
Review Chemist, HFD-830/550
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Linda Ng, Ph.D.

Chemistry Team Leader, HFD-830/550




Division of Anti-inflammatory, Analgesic and
Ophthalmologic Drug Products -

Review of Chemistry, Manufacturing, and Controls

NDA #: 21-079

CHEMIST’S REVIEW #: 4 DATE OF REVIEW: September 21, 1999

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

Original NDA 03/25/1999 03/26/1999 04/08/1999
Amendment, BC 06/25/1999 06/28/1999 07/09/1999
The contents of the above two submissions were reviewed in Chemistry Review # 1,
dated July 28, 1999.

Amendment, BC g 07/23/1999 | 07/26/1999 08/02/1999
Amendment, BZ 08/04/1999. 08/06/1999 08/16/1999
Amendment, NC . 08/12/1999 08/16/1999 08/23/1999

The contents of the above three submissions were reviewed in Chemistry Review # 2, dated
August 18, 1999.

Chemist’s Review # 3 dated September 8, 1999 evaluated the following:

Amendment, BC : 08/25/1999————08/26/1999————-—09/03/1999
FDA CDER Office of Compliance, HFD-322, Memorandum dated 08/26/1999.

The current Chemist’s Review # 4 evaluates the following:
Amendment " 77709/2071999

NAME & ADDRESS OF APPLICANT:

Santen Incorporated

555 Gateway Drive

Napa, CA 94558. _

Contact: Michelle Carpenter, Director, Regulatory Affairs, 707-256-2453. -
Form FDA 356h (7/97) signed by Merwin Jerry Hansen, CEO, Santen, Inc., 707-254-1750.

'DRUG PRODUCT NAME

-Proprietary: Alamast ™.

Establisheéd: Pemirolast Potassium Ophthalmic Solution, 0.1%.
Code Name/#: TBX, BMY-26517, DE-068.
Chem.Type/Ther.Class: 1P.

PHARMACOL. CATEGORY: Mast Cell Stabilizer — Antiallergic.
DOSAGE FORM: Ophthalmic Solution.
. STRENGTHS: 0.1% w/w.
( ROUTE OF ADMINISTRATION: Topical ophthalmic drops.
PROPOSED USUAL DOSAGE: One or two drops in each affected eye four times daily.




NDA 21-079
Chemistry Review # 4 - -

DISPENSED: By prescription only. X Rx __OTC

CHEMICAL NAME, MOLECULAR FORMULA, MOLECULAR WEIGHT,
CAS REGISTRY # AND STRUCTURAL FORMULA:

9-methyl-3-(1H-tetrazol-5-yl)-4H-pyrido[1,2-a] pyrimidin-4-one, potassium salt, or
4H-pyrido[1,2-a] pyrimidin-4-one, 9-methyl-3-(1H-tetrazol-5-yl)-potassium.

CioHyNgKO. MW=266.3. CAS Registry # 100299-08-9.

CONCLUSIONS AND RECOMMENDATIONS:

From the CMC point.of view, this application is recommended for an APPROVAL action
contingent upon completion of satisfactory microbiology review. Analytical methods validation
is pending. A paragraph should be added in agency’s action letter regarding continued
cooperation from the applicant to resolve issues that may be identified during methods validation
at FDA laboratories. Reference to Santen’s commitments submitted to the application (in their
amendment dated 9/20/99) to perform drug substance and drug product testing should also be
included in agency’s letter.

/S | Y\zc\‘(?

Rajendra Uppoor, Ph.D., R.Ph. '
Review Ch€émist, HFD-830/550
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Linda Ng, Ph.D.
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1. PHARMACOLOGY

1.1. OVERVIEW

Pemirolast potassium (TBX) is a mast cell stabilizer that has been demonstrated to be effective in
inhibiting the antigen-induced allergic reaction in the eye of rats and guinea pigs. It has also been
shown to be specific for Type I allergic reactions but not effective in Type II, I or IV hypersensitivity
responses. A series of mechanism of action studies have indicated that the drug acts directly to
prevent de-granulation of the mast cell in response to antigen.

1.2. MECHANISM-RELATED IMMUNOPHARMACOLOGY

Most of the submitted information on pharmacodynamic effects of TBX relating to the proposed
actions was from published manuscripts. These studies were performed to assess the immuno-
pharmacological properties of this agent, especially as their inhibitory effects on type I (immediate
type) hypersensitivity.

1.2.1.  EFFECTS ON ALLERGIC CONJUNCTIVITIS BY TOPICAL AND SYSTEMIC APPLICATIONS

1.2.1.1.  Effects on Experimental Ocular Allergic Reaction. Folia Ophthalmol Jpn 1990; 41:867-
' 870. (SR2017-P)(Vol. 1.11, p 53) -

Report N2: SR2017-P

Compound: =~ TBX, Disodium Cromoglycate (DSCG), Amlexanox, Ketotifen, compound 48/80
Animal:— "~ 7" "Wistdr Rats, six weeks of age, weighing ~200g

Study Date: 5/1987 - 12/1998

Study Designs:

® Passive anaphylactic reaction in rat conjunctiva was induced by sensitization of rat via
subconjunctival injection of anti-egg albumin rat antiserum at a dose of 50 ul/eye. Rats were
challenged intravenously with a 1:1 mixture of 2.0% egg albumin and 1% Evans blue in saline to
induce anaphylactic reaction 48 hr post sensitization. Animals were sacrificed 30 min post
challenge, leaked dye was extracted and measured. The test compounds were given iv or topically
(eye instillation) 5-15 min before induction of passive anaphylaxis.
¢ Compound 48/80-induced rat conjunctivitis was induced by injection of both eyes with 50 ul/eye
of 0.1% solution of compound 48/80. The degree of inflammation was assessed by injection of
0.5% Evans blue in saline, 3 mU/kg before induction and measurement of leaked dye 30 min post -
induction. The drugs, 10 ul/eye, were instilled 2x, 5 & 15 min before induction.

Results:

* TBX, at doses 0.02 & 0.2 mg/kg iv, 4 anaphylactic reaction in rat conjunctiva by 95.5% and
98.5%, respectively. DSCG was effective (490.5%) at 2.0 but not 0.2 mg/kg.

e TBX at concentrations of 0.001%, 0.01% & 0.1%, administered by eye instillation, suppressed
anaphylaxis in a dose-dependent manner with values of 7.6%, 50.4% and 92.4% inhibition,
respectively.

e TBX, at concentrations of 0.1% and 1.0%, blocked 48/80-induced conjunctivitis by 33.1% and
59.4%, respectively. Amlexanox (0.1% &1.0%), but not DSCG, significantly suppressed 48/80-
induced inflammation by 31.9-38.6%.

1.2.1.2.  Effects on Allergic Conjunctivitis in Guinea Pigs. (Vol. 1.11, p 69)
Report N2: SR2018
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Compound: TBX (Lot N2 M10): 0.01, 0.1, and 1.0%; Amlexanox: 1.0%; DSCG: 1.0 and
10%; Mepyramine: 1.0% -
Animal: J" Hartley guinea pigs
Study Date: 3/1990
Study Designs: Allergic conjunctivitis was sensitized by subconjunctival injection with guinea pig

anti-egg albumin serum (100 uleye). Test solution was instilled (2x, 15 & 5 min before allergic
induction) in both eyes at a dose of 10 ul/eye 48 hr post sensitization. Inflammation was induced by
the instillation of 12.5% egg albumin in both eyes (10 uleye) immediately after iv injection of
1% Evans blue (1.5 ml/kg) in the ear vein. The animals were sacrificed 30 min post challenge and the
dye was extracted from the conjunctival tissues.

Results:  The effects of TBX and other anti-allergic drugs on allergic conjunctivitis in guinea pigs
are as follows. '

Compound Concentration (%) Inhibition (%)
[Control - -
0.01 A 12.3 )
TBX o1 G APPEARS THIS WAY
— o, iy GH ORIGINAL
exanox 1.0 -26.6
1.0 36.6" -
DSCG 10.0 32.3
{Mepyramine 1.0 60.6™

Each value represents the mean + SE of 14 eyes; ©  P<0.05; " P<0.01.

1.2.1.3. Ef%;ts on Leukocyte Migration in Allergic Conjunctivitis (PCA Reaction in Guinea Pigs).
(Vol. 1.11, p 75)

Report N%: SR2021

Compound: ~ "TBX:0.01, 0.1, and 1.0%; DSCG: 2.0; Ketotifen: 0.1%

Dose & Route: 10 pl/topical ocular instillation, 4x/day for 2 days prior to allergy induction and
15 min-and 1, 3;:and 3-hr post allergy induction.

Animal: d" Hartley guinea pigs, 6-9 weeks old

Study Date: 11/1990 - 6/1992

Study Designs: The drug solution (10 1) was instilled into both eyes 4x/day for two days before
the induction of allergic inflammation, and 15 min before and 1, 3, and 5 hr post induction. The
eosinophils and neutrophils in conjunctival tissue were evaluated 6 hr after induction of inflammation. -

Results: The effects of TBX on eosinophil and neutrophil migration to the conjunctiva under
allergic conditions-are listed in the following table. Based on the-data presented, TBX (0.01%-1.0%)
inhibited eosinophil and neutrophil migration to the conjunctiva during allergic reactions.

Compound N? of Eye Examined | Eosinophil Counts % Inhibition | Neutrophil Counts | % Inhibition
[Vehicle Control - 14 101.2 4+ 9.6 - - 467.1 £39.8 -
0.001% 6 59.7 + 19.0° 41.0 359.8 + 79.0 23.0
0.01% 14 31.2:+ 6.5 69.2 291.9 1+ 46.3” 37.5
TBX 0.1% 14 2991 4.4 70.5 265.1 + 24.5™° 43.2
1.0% 14 2721 48" 73.1 170.9 + 25.8™ 63.4
DSCG 2.9% 8 33.0:6.6" 67.4 153.1 £ 3337 67.2
Ketotifen 0.1% 8 453+ 134" 55.2 271.5 1+ 55.4° 41.9

Each value represents the mean + SE;* P<0.05; ™ P<0.01.

1.2.1.4.  Effects on Allergic Conjunctivitis in Rabbits: Prolongation of Action. (SR2022)(Vol. 1.11,
p 83)
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Report N2: SR2022

Study N: SRT-506, 055GLO30, 0s5GL100 ~ " . -
Compound: 0.1% TBX (Lot N2 901214)

Animal: o Japanese albino rabbits, weighing 2.5-3.5 kg, 3/group

Study Date: 2-3/1991 T

Study Designs: Rabbits were sensitized by the subconjunctival injection of 200 w1 of anti-DNP-
ascaris antiserum into each eye. A mixture of 0.4% DNP-ascaris and 1% Evans blue dye was iv
injected into an ear vein. The drug solution (0.1%, 50 ul) was instilled in both eyes 1, 3, or 6 hr
before the induction of allergic inflammation in the Experiment I and 0.5, 8.0, or 24 hr before allergic
induction in the Experiment II. The animals were sacrificed 30 min post induction of allergic reaction
and the drug effect was evaluated.

Results:  Based on the results presented in the following table, the anti-allergic effect of 0.1%TBX"
persisted for 8 hr.

D EXPERIMENT | EXPERIMENT 11
e Instillation Time (hr)* % Inhibition | Instillation Time (hr) % Inhibiton
iControl Vehicle 1.0 - 1.0 - APPEQRS ‘{5{ iS “,VAY
1.0 552" 0.5 30.4° e P r R
0.1 % TBX 3.0 733"~ | - 80 429" Giv GRIGINAL
6.0 64.7" 21.0 13.4.

*  Hour Before Allergic Induction; ~ p<0.0S; ~~ P<0.01.

1.2.1.5.  Effects on Allergic Conjunctivitis in Rats by Intravenous Injection. (SR2026)(Vol. 1.11,

—p-98).- - - T
Report N2: SR2026
Study N2 SRT-510, 160GM250 o
Compound: TBX (Lot N* M-10), DSCG (Lot N2 01292902)
Animal: o Wistar/ST Rats. 6-week of age, weighing ~250 g
Study Date: November 1992

Study Designs: Allergic conjunctivitis was sensitized by subconjunctival injection with rat anti-
egg albumin serum (50 ul). TBX or DSCG was intravenously administered to rats 48 hr post
sensitization. A mixture of 2% egg albumin and 1.0% Evans blue in physiological saline was given iv
one min after injection of the drug. The animals were sacrificed 30 min post challenge and the dye
was extracted from the conjunctival tissues.

Results: The effects of TBX adminisiered iv on the allergic conjunctivitis are presented in the
following table. TBX was more potent (~146x) than DSCG. :

Compound Dose (mp/kg) | % Inhibition | EDs, (mgrkg)

[Vehicle Control - - -
0.0002 -6.8

B 0.002 o R APPEARS THIS WAY

- 0.02 81.6 ’ t

02 519 GN ORIGINAL
0.02 6.2
0.2 19.2

&DSCG 0.6 69.5 0.437
2.0 79.5

1.2.1.6.  Duration of TBX Effect on Allergic Conjunctivitis in Rabbits. (Vol. 1.11, p 90)

Report N2: SR2524
Study N2: 055GO180
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Compound: 0.1% TBX (Lot N2 M10) '

Dose and Route: 50 wl/topical ocular instillation at 0.5, 1, 2, 4, 6, 8, 12, or 24 hr prior to allergic -
induction

Animal: d Japanese white rabbits, weighing ~2 kg, 4/group

Study Date: 5/9-13/1994

Study Designs: Rabbits were sensitized by the subconjunctival injection of 200 uI of anti-DNP-
ascaris antiserum into each eye. TBX, 0.1% 50 ul/eye, was instilled in both eyes at 0.5, 1, 2, 4, 6, 8,
12, or 24 hr prior to allergic provocation. A 50/50 mixture of 0.4% DNP-ascaris and 1% Evans blue
dye in 1.5 ml was iv injected into an ear vein to induce allergic reaction 48 hr post sensitization.

Results: Results showed that the effect of 0.1% TBX on anti-DNP-ascaris antiserum induced
allergic conjunctivitis lasted for 12 hr.

1.2.2.  EFFECTS ON OTHER ALLERGIC REACTIONS

1.2.2.1.  Inhibitory Effects on Passive Cutaneous Anaphylaxis (PCA) in Rats and Guinea Pigs.
Japan J Pharmacol, 1988, 48: 91-101. (SR2023-P)(Vol. 1.11, p 125)

Report N2 SR2023
Animals: Wistar Rats, weighing 200-300 g; Hartley Guinea Pigs, weighing 350450 g

Results:  In rats, TBX, at the dose levels of 0.0025-0.025 mg/kg iv and 0.01-0.1 mg/kg po, was
shown to inhibit IgE/IgG,-mediated homologous PCA 200x and several thousand times more
effective_than_Disodium. Cromoglycate- (-DSCG)-(0.—5-—5-mg/kg——i-v-)—and—tr—ani]ast—(—50-250-mg,, po);
respectively. At the dose levels of 0.05 and 0.25 mg/kg iv, TBX caused a significant reduction on
PGE, induced skin reaction but had no effects on extravasation of Evans blue dye induced by
histamine, serotonin and bradykinin. The effects of TBX on 8-day IgE/IgGa-mediated PCA in guinea
pigs are presented as followings:

Compound Dose (mg/kg) | Route | Animal Species | % Inhibition
0 -
0.25 39.5
TBX 1 iv  |Guinea Pig 45.3
5 69.8
Disodium Cromoglycate (DSCG) 10 28.5
0 . -
5 42.6 _
TBX 10 Guinea Pi 60.9
25 po 8 633
50 76.3
Tranijast 250 © 414

The IDs, values for TBX, DSCG and Tfanilast in rat and guinea pig homologous PCA are listed in the
following table.

APPEARS THIS WAY
GN ORIGINAL
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Animal | Ab-Mediated Route IDs, or % Inhibition
Species PCA TBX (up/kg) | DSCG (mg/kg) | Tranilast (mg/kg)
Rat IgE iv 7 13 - — L .
- - Dram 10y
S TS A1 - o f T TRPPEARS THIS Way
(3-tr PCA) po 107 - soeazm | O ORIGIMAL
Guinea  [Guinea Pig IgE iv 920 10 (28.5%) - T on
[pig (8-day PCA) po 6800 - 250(41.4%) | 7T

1.2.2.2. Effects of Pémirola&ﬁotassium-(]‘BX), a-_New;;;xi-alle;gy—Drug-nf'cSr--_Omrél wUse, on
Experimentally Induced Allergic Rhinitis-in-Rats-and Guinea Pigs.- Appl Pharmacol. 1992;
44 (6) 675-678. (92016)(Vol. 1.11, p 136)

Report N®: 92016

Compound: TBX (Lot N2 M-13) and Tranilast '

Animal: o JcI:SD Rats, 7-week of age and o Hartley guinea pigs, 5-6 weeks old
Results:

* TBX, 0.1-10 mg/kg po 1 hr prior to Ag challenge - L (63.2-78.1% at 0-10 min post Ag challenge
and 51-76% at 0-40 min post Ag challenge) IgE-mediated increase in nasal capillary permeability
in rats.

 TBX, 100 mg/kg po - significantly { (up t0-68.2%) IgG,-mediated increase in nasal resistance in

guineapigs.. . . ... ... ... ____

1.2.2.'3. Inhibitory Effects on Histamine Release from Peritoneal Mast Cells and Lung Fragments of
Rats. Jpn J Pharmacol 1988; 48: 103-112. (SR2024-P)(Vol. 1.12, p 8)

Report N SR2024-P Fs e e
Study N2 " SRT-508 : :

Animal: . Wistar-Rats- . .. APPEARS THIS WAY
Results: Gl ORIGINAL

e TBX (0.1 ug/mi) d (~85%) histamine release from -peritoneal exudate cells (PEC) collected from
homologous IgE sensitized rats. o ' : .
e TBX ! compound 48/80 (a mast cell degranulator)-induced histamine release from normal rat -
PEC, but had no effect on ionophore A23187 induced release of histamine by mast cells.
e TBX, at the concentration of 10 g/ml, significantly ! intracellular cyclic AMP levels in normal
rat PEC. : N
e TBX, at concentrations of 1010 g/mi, moderately | antigen-induced histamine release from
lung fragments of rats immunized with DNP-Ascaris (DNP-As) extract.
1.2.2.4. Inhibition of Chemical Mediator Release from Human Leukocytes and Lung Fragments
and Lung Fragments from Actively and Passively Sensitized Guinea Pigs by TBX. Jpn J
Allergy 1988; 37: 438-447. (SR2025-P)(Vol. 1.12, p 18)

Report N2: SR2025-P - e e
Study N2 SRT-509 - s e
Animal: Humans and Hartley Guinea Pigs ARPPTAR S THIS WAY

; Results: - Cf\; ﬂi?éGhé,&L




NDA 21-079 Page 7

e TBX, at 10°M, 1 (74.9%) antigen-induced histamine release from peripheral leukocytes of

patients with mite sensitive asthma. -
e TBX, at 210™M, caused a dose-dependent inhibition of anti-human IgE-induced histamine and

SRS-A (slow reacting substance of anaphylaxis) release from passive sensitized human lung

fragments.
e TBX, at 210°M, antigen induced histamine and SRS-A release from either active or passive

sensitized guinea pig lung fragments.

1.2.2.5.  Inhibitory Effects on Histamine Release from Lung fragments and Bronchoconstriction in
Guinea Pigs. Jpn J Pharmacol 1989; 51: 83-92. (SR2519-P)(Vol. 1.11, p 153)

Results:  Histamine release from lung fragments of passive sensitized guinea pig was inhibited by
TBX and tranilast in a dose-dependent fashion. In an in vivo study, guinea pigs were first passively
sensitized with iv anti-DNP-As IgE serum, and 48 hr later were then challenged with aerosolized
DNP-BSA. Tidal volume was measured. Oral administration of TBX, 50 and 100 mg/kg, either 2 or
8 hr before antigen challenge was able to block antigen inhalation-induced experimental asthma
significantly. TBX, at 1 & 10 mg/kg iv, also suppressed both platelet activating factor (PAF)-induced
bronchoconstrction in normal guinea pigs and PAF-induced platelet aggregation in vitro.

1.2.2.6. Effects on Type II to IV Allergic Reactions and Immunological Functions in Animal
Models. Jpn J Pharmacol 1989; 51: 93-100. (SR2520-P)(Vol. 1.12, pll14)

Results:

Typell'Hypersensitivity:  Afntibody Mediated

* Systemic Forssman Shock in o guinea pigs - No effect at 1, 5, 25 mg/kg iv.

* Reverse Cutaneous Anaphylaxis in o rats - No effect at 0.01, 0.05, 0.25 mg/kg iv.

Type I Hypersensitivity: Immune Complex Mediated

¢ Passive Arthus Reaction in ¢ guinea pigs and ¢ rats - No effect.

Type IV (Delayed Type) Hypersensitivity: T-cell Mediated

e DTH in ¢ Guinea pigs - No effect.

Antibody/Mitogen Responses: :

¢ No effects on antibody titers to SRBC and DNP-ovalbumin in rats.

At concentrations of <I ug/ml, TBX had no effects on spleen cells from normal mice response to
mitogen (Con A, PHA-P, LPS, and PWM) stimulation.

1.2.2.7.  Inhibitory Effect of Pemirolast Potassium (TBX) on Release of Histamine and Leukotriene
(LT) D4 and B, and on Production of Platelet Activating Factor (PAF). Appl Pharmacol.
1993; 46(4): 265-271. (93017)(Vol. 1.12,p 1)

Results:

e TBX (10%-10° M) caused dose-dependent { in antigen-induced release of histamine, LTD, and
LTB, from lung fragments of anti-OVA passive sensitized guinea pigs.

e TBX (10°-10° M) induced a dose-related 1 of antigen-induced PAF by peritoneal exudate cells
from rats that had passively sensitized with autologous anti-serum against dinitrophenylated
ascanis extract.

1.2.2.8. Effects of TBX on Histamine Migration and Leukotriene Production on the Exfoliative
Slice of Nasal Allergic Membrane Epithelium Caused by Antigen. Jpn J Allergol. 1992;
41(8): 472. (92013)(Vol. 1.12, p 54)
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Results:
e TBX (10°10* M) caused dose-dependent | in dust mite antigen-induced histamine migration in -
the mfenor nasal concha exfoliate slice with values of 11.4, 18.2 and 50.0% at the concentrations
of 10, lO5 and 10 M, respectively.
e TBX (lO 10“’M) induced a dose-related 4 of anngen -induced leukotriene productlon by the
inferior nasal concha exfoliate cells with values of 20.6, 24.4 and 60.0% at the concentrations. of
10, 10°,and 10* M, respectively.

1.2.2.9. Inhibitory Effect of Pemirolast, a Novel Ami-é]lergib Drug, on Leukotriene C4 and Granule
Protein Release from Human. Eosinophils.. Int. Arch-Allergy. Appl. Immunol. 1994; 103:
405-409. (94006)(Vol. 1.12, p 58)

Results:
e TBX (10°%-10° M) caused dose-dependent | (up to 77%) in A23187-mduced LTC, release by the
eosmophlls
e TBX (10°-10° M) caused dose-dependent | (up to 42%) in A23187-induced eosinophil cationic
protein (ECP) release by the eosinophils.
e TBX (10°°-10° M) caused dose-dependent | (up to 77%) in PAF and FMLP' induced LTC,
release by the eosinophils.
1.2.2.10. Effects on Activation of Rat Peritoneal Mast Cells: Inhibition of Exocytotic Response and
Membrane Phosphohpld Tumover. Int Arch Allergy Appl Immuno] 1991; 96: 62-67.
©1031)(Vel:-1-12; p-62)- C T T

Results:  The following findings were from the experiments conducted with rat peritoneal mast
cells:
o 1 antigen-induced conversion of phosphatidyllinosital 4,5-biphosphate (PI) to the second
messenger 1,2-diacylglcerol (1,2-DG), and phosphatidylcholine (PC) to phosphatidic acid (PA);
A dose-related | of antigen-induced 1,2 DG formation and AA liberation;
o | the release of 5-hydroxytryptamine (5-HT);
¢ blocked 48/80-induced 1,2-DG and PA formation.

1.2.2.11. Effects of Anti-allergy Drug, Pemirolast Potassium, on Phospholipase d Activation in
Antigen-Stimulated Rat Basophilic Leukemia (RBL-2H3) Cells. Allergy 1995; 44 (6):
626-629. (95044)(Vol. 1.12, p 68)

Results: TBX (1.0-10 ug/ml) dose-dependently inhibited the Ag-induced (DNP-As), but not PMA
(phorbol myristate acetate) or A23187-induced activation of phospholipase D (PLD) in rat basophilic
leukemic cells by measunng the production of phosphaudylethanol

1. 2 2.12. An Anti-allergic Drug, Pemirolast Potassium, Inhibits Inositol 1,4,5-Trisphosphate (IP;)
Production and Ca® Mobilization in Antigen-Stimulated Rat Basophilic Leukemia
(RBL-2H3) Cells. Jpn J Allergol. 1994; 43 (2): 142-151. (94017)(Vol. 1.12, p 88)

Results:  TBX (1.0-10 ng/ml) caused dose-dependent d of:
» Ag-induced degranulation by measuring serotonin ([C'*})5-HT) release in RBL- 2H3 cells;
« the formation of IP; as the results of | activation of phosphahpase C in RBL-2H3 cells;

! PAF = Platelet Activating Factor; FMLP = formyl-methionyl-leucyl-phenyl-alanine.




NDA 21-079 Page 9

- Ag-induced Ca”* mobolization in RBL—2H3 cells;
. »AAreleasein RBL-2H3 ¢cells;and
* 1,2-DG and PA (phosphatidic acid) production.. ._... ..___

1.2.2.13. FEffect of TBX-onCaUptake into Rat-Peritoneal MastCelts:- (SR2538)(Vol. I.12, p 98)

A-Study on-the- Antiallergic Effect of TBX - Its Effect Against Ca® in Mast Cells.
(SR2539)(Vol: 1.12, p 105) ' T

Report N2: SR2538 & SR2539. :

Compound: ~ TBX (Lot N* M-TI), DSCG, compoiind 40780, 4d “CaCly

Animals: J Wistar rats, weighing 200-300 g were used for the source of peritoneal mast
cells

Study Date: - 4/4-20/1990 for SR2538; 10/20/1989-4/20/1990 for SR2539

Results:  Various concentrations of TBX were added to rat peritoneal mast cells with compound
40/80 simultaneously. Influx of **Ca and the changing of Ca** levels (using quin2, a Ca®* sensitive
fluorescent indicator) in the mast cells were assessed to elucidate the suppressive mechanism of TBX
on the release of chemical mediators. Results from both studies showed that TBX inhibited the
compound 40/80 induced inflow of Ca and the increase of fluorescence intensity of quin-2 in mast
cells. It appeared that TBX was 100x more potent than DSCG on the inhibition of Ca influx. Mean
percentage inhibitions of “*Ca influx are listed in the following table.

Compound | Concentrations (ug/ml) | Compound 40/80 (1.0 ug/ml)| Mean % 4 of °Ca Uptake | Mean % | of fluorescence Intensity |
ongol I R - + I 0 0
10 + 83.5 -
! + 89.0 25
TBX 0.1 + 83.8 26
0.01 + 47.9 9
0.001 + 311 .
100 + 82.5 N
DSCG 10 T - =

1.2.3. SUMMARY OF ANTI-ALLERGIC EFFECTS OF TBX

Results from in vivo and in vitro pharmacology studies related to the anti-allergic properties of TBX
are summarized in the following two tables. ;

IN VIvo STUDIES
Ns,?é?oejp Doses Route Findings
Wistar rat. -10.001,.0.01. Topical |TBX caused a dose-dependent d of the allergic response with an EDsy, of 0.01%. Higher
180/group 0.1, 1% (Ocular) |doses of TBX were needed for non-allergic reactions.
Hartley guinea pig {0.01, 0.1, 1 Topical |TBX induced a dose-dependent 4 of the allergic reaction with a 67% inhibition at 0.1%.
144" /group (Ocular)
artley guinea pig {0:001, 0.01, 0.1,|Topical |TBX dose-dependently deosinophil and neutrophil migration to conjunctiva during allergic
16-144" /group 1% (Ocular) [reaction up to 73.1% and 63.4% inhibition, respectively.
Upa albino rabbit  |0.1% Topical |TBX prevented Ag-induced allergic inflammation up to 8 hours post a single application.
67" /group (Ocular) .
Jpn albino rabbit  |0.1% Topical |TBX significantly inhibited an allergic response when it was administered 0.5 - 12 hr prior to
40" /group (Ocular) |the challenge. The preatest inhibition was observed at 2 hr prior to the challenge.
[Wistar rat 0.02, 0.2 mg/kg |iv TBX at 0.02 mg/kg induced 95% inhibition o_[ the allergic response.
16/grou
Wistar mf 0.0002, 0.002, [iv TBX induced a dose-dependent inhibition of allergic reaction, with an EDy, of 0.003 mg/kg.
100/Group 0.02, 0.2 mg/kg
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IN VITRO STUDIES
Species Tissue Compound Dose Observations
o Hartley [Tracheal rings [TBX 10°-10* g/ml |TBX inhibited leukotriene but not histamine or methacholine induced conmaction.
inea pig .
o Wistar [Peritoneal TBX 10°-10" g/ml |[TBX, DSCG., and tranilast inhibited the release of histamine to the antigen
rat exudate cells |DSCG 107-10" gm! challenge, all with maximum inhibition of ~ 85 %. TBX was ~100x more potent
tranilast 10%-10" g/ml |than DSCG and ~1000x more potent than tranilast.
d Wistar  |Peritoneal TBX 10%-107 g/mi Inhibitory cffects on histamine release were not affected by the deficiency of
Tat . lexudate cells glucose, were reduced by the presence of D;0, and by the absence of calcium in
the medium. :
d Wistar  |Peritoneal TBX 107°-10°7 g/ml {TBX was most potent in inhibition of the release of histamine induced by
rat exudate cells |DSCG 10710 g/mt compound 48/°0 but not A23187.
tranilast 107-10" g/m}
d Wistar |Peritoneal TBX 10%-107 g/ml |TBX isoproterenol and theophylline increased an intracellular level of cyclic AMP.
rat exudate cells [isoproterenol [2x10 g/ml
theophylline [10” g/ml ‘
Jd Wistar  |Lung TBX 10° g/ml TBX and DSCG non-competitively inhibited cyclic AMP-dependent
rat fragment DSCG 10? g/mi phosphodiesterase, with Ki values of 8.7x10M and 3.25x10°° M, respectively.
theophyilline {5x10™ g/ml Theophylline displayed a competitive inhibition, with a Ki value of 2.5x10* M .
buman Leukocytes [TBX 10°-10°M  [TBX (210™M) caused dose-dependent inhibition of antigen-induced histamine
tranilast 10%.10° M release.
theophylline [10%-10° M
human  [Lung TBX 107-10° M [TBX (210°M) dosc-dependently inhibited antigen-induced release of histamine
W fragment DSCG 107-10°M  |and SRS-A. -
tranilast 107-10° M
& Hartley |Lung TBX 10%-10°M TBX but not DSCG ! the release of histamine and SRS-A.
inea pig |fragment DSCG 10%-10°M
o_Hartley _{lLung segment [TBX. — __{10°-10?M. _.{TBX-and tranilast inhibited the release-of-histamine- ~ ~ —-- —
uinea pig tranilast 10%-10°M TBX was more potent than tranilast.
Wistar rat |Peritoneal TBX 107-10° g/mi |TBX at the concentrations tested effectively inhibited degranulation in response (o
mast cells antigen and compound 48/80; suppressed the formation of 1,2-diacylglycerol and
phosphatidic acid and the decrease of phospholipase A,.

1.3. SAFETY PHARMACOLOGY

1.3.1.

OCULAR-RELATED EFFECTS

1.3.1.1.  Effects of TBX Ophthalmic Solution on Pupil Diameter. (SR2019)(Vol. 1.11, p 105)

Report N2
Compound:

Dose and Route:

Negative Control: Saline

Positive Control:  0.05% Cyclopentolate

Animal: d" Japanese albino rabbits, weighing 2.5-3.0 kg, 3/group

Compliance with GLP/QAU: N/A ‘

Study Date: " September 1989

Results: TBX (0.1% & 1.0%), 2% DSCG and 0.25% Amlexanox had no effect on pupil diameter

at 15-120 min post instillation. Ketotifen, 0.05%, had a mild mydriatic effect at 30-60 min post
instillation. Contrarily, 0.05% Cyclopentolate caused profound mydriasis (an T in pupil diameter) at

SR2019

0.1% Pemirolast Potassium (Lot» N2 M-10), 0.05% Ketotifen Fumarate,

2% DSCG, and 0.25% Amlexanox
50 uVocular topical instillation, 4x at 5-min intervals

15-60 min after instillation.

1.3.1.2.  Effects of TBX Ophthalmic Solution on Pupil Diameter II. (SR2028)(Vol. 1.11, p 112)

Report N2

2028
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Study N2 SRT-512, 049SMM130°

Compound: 1.0% Pemirolast Potassium (Lot N? M-10) -

Dose & Route—- 50 ul/ocular instillation; 4x-at S~min- mtcrvals~ S e e -

Negative Control: Saline :
~Positive Control:  0.05% Cyclopentolate ~ ~

Animal: d" Japanese albino rabbits, welghmg 2.53.0 kg, 5/group
Compliance with-GLP/QAU: N/A
Study Date: November 1992

Results: TBX (l 0%) had no cffect on- pupﬁ dxameter measured w1th a Haab puplllometer under

300 lux constant’ light, “at T5-120 mifl post” iistillation.” Paositive control, 0.05% Cyclopentolate,
induced marked mydriasis at 15-60 min after instillation.

1.3.1.3.  Effects of TBX Ophthalmic Solution on Comeal Sensory Reactions. (SR2020)(Vol. l..l 1,p
118)

Report N%: SR2020

Compound: 0.1% Pemirolast  Potassium (Lot N©M-10), 0.05% Ketotifen = Fumarate,
2% DSCG, and 0.25% Amlexanox

Dose and Route: 10 ul/ocular 1nst1]latlon 4x at 1-min intervals.

" Negative Control: “Saline ~ "7 T T

Positive Control: | 0.05% Oxybuprocaine . __ APPEADRS THIS WAY
Animal: d Hartley guinea pigs, welghmg -350 g, Slgroup _ PR T
Compliance with GLP/QAU: N/A . GRGRIGHHAL
Study Date: August 1989

Results:  0.1% TBX, 2% DSCG and 0.25% Amlexanox had no local superficial anesthesia effect as
blink reflex did not disappear during 45 min post instillation. Contrarily, 0.05% Ketotifen and
. positive control OOS%_Qxyhupmcmne._had sxgmﬁcantly reduced. blink reflex at 15-30 min after
instillation.

1.3.2.  OTHER EFFECTS:

‘The following table summarized findings of a variety studies performed to evaluate the effects of
TBX on CNS, respiratory and circulatory system, autonomlc nervous system, and platelet coagulation
functions.

APPZARE THIS WAY
CR ORIGINAL
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Test Species Route | Dose (mg/kg) . Results
Genera) Signs d Mouse (N=5) |po 10, 100 No effect within S hr
CNS
Spontaneous motor Activity J Mouse (N=5-8) [po 1,10, 100 1 mg/kg: No effect, 5 br;
210 mg/kg: transit slipht inhibition within 30 min.

“{EEG™ d" Rabbit (N=34)[iv 1.1, 20 2T mp/kg” sight somniclence, 5-30 min post dose

Potentation of Anesthesia d Mouse (N=10) Jpo 1.10, 100 =

Electric, Pentetrazol, & Strychnine Séizure |& Mouse (N=5)"" [po " 1,10,100 |

|Brewer’s Yeast-Induced Hyperthermia -~ --I¢* Rat (N=5) po 110, 100~ [3T fip/kg: antipyretic effect

[Prostaglandin E4-Induced Hyperthermia | Mouse (N=5) po 1,10, 100 o

LPS-Induced Hyperthermia d Rabbit (N=3-5) |[po 1,10, 100 No Effect within § hr

Analgesic Effect (Acetic Acid Writhing Test)[¢ Mouse (N=9) |po 1,10, 100 o

Motor Coordination (Rotar Rod) J Mouse (N=5)  |po 1,10, 100 No Effect within 5 hr

Somatic Nerve System

Local Anesthesia (Corneal Reflex) d Guinea Pig 10 0.1% No effect within 30 min.
: (N=5)
Diaphragmatic Neuromuscular Preparation  |o Rat (N=3) bath  {10*10° g/ml {10° g/mi: T contraction to stmulation of nerve and

muscle

Respiratory and Circulatory Systems

Respiration, Blood Pressure, Heart Rate,

d & ¢ Dog (N=3) [iv 0.01,0.1, 1, |21 mg/kg: 4 BP T HR & T blood flow in femoral
Blood Flow 20 artery transit slight | respiration
ECG (Lead II) o & 9 Dog (N=3) fid,iv [i.d.: 10,100 |
i.v.:1, 20
Isolated Atria @ Guinea Pig bath  110°-10” g/m! [>10"° g/ml: T rate and contraction, dose-dependent
(N=6-9)

Autonomic Nervous System

isolated leum__ _.

o Rabbit (N=7)

bath

210" g/mk: T contraction; 107 g/ml: T contraction,

Spontaneous Contraction 107-10° g/mi
1 frequency of contraction

Acetylcholine, Histamine, Serotonin, BaCl,, | Guinea Pig  |bath 107-10% ymi [>10* g/ml: induced 2 contraction of cholinomimetic|
and Bradykinin Contraction (N=3-13) mechanism

Isolated Trachea:

Restin Tension ¢ Guinea Pig 17 0 2107 g/mi: d tension dose-dependently
Acetyicholine, Histamine, Serotonin, BaCl,, N=4.7) bath 10%-10" g/ml [>10° g/ml: 4 contractions to the agonist dose-
and Bradykinin Contraction ( dependently

Isolated Uterus : :

Oxytocin & Spontaneous Contraction ? Rat(N=3-6) Ibath  {10*-10” g/m1 [10° gymt: L

Uterus Spontaneous Contraction in Situ ? Rat(N=4-7)  [iv 0.01,0.1,1  |>0.1 mg/ke: slight 4

Isolated Vas Deferens Contraction by o Rat (N=3) bath  [10°-10” g/ml [10” g/ml: slight 4

Norepinephrine .

Isolated Blood Vessel Contraction by o Rat (N=9) bath  [107-10° g/mi [210" g/ml: dose dependent relaxation
Norepinephrine

Gastrointestinal Transport (Charcoal d Mouse (N=5) [po 1,10, 100 “
{Loading)

Pupil d Mouse (N=5) |po 1, 10, 100 (=3

IContraction of Nictitating Membrane d & ¢ Cat(N=3) fjiv 1 No effect within 3 hr :
Gastric Secretion (Pylorus Ligation) o Rat (N=9-11) |id 1, 10, 100 100 mg/kg : inhibited secretion of gastric juice,

acid, and pepsin
Antinuclear Effect (Shay Ulcer) d" Rat (N=5-9) id 1, 10, 100 =)
Test Species Route | Dose (mg/ke) Results
Other Effects

lAnti-inflammatory (Carrageenin Edema) d" Rat (N=6) po 1,10, 100 -

Diuretic effect & PSP Test J Rat (N=6-9) Ipo 1, 10, 100 100 mg/kg: T K* excretion: 4 PSP excretion
Liver Function (BSP test) o Rat (N=6) [po 1, 10, 100 (=3
|Biood Coagulation o Rat(N=4-7)  [po 1,10,100 e
[Gastrointestinal Tract Jd Rat (N=5) po 1,10,100  [e&
WPlatclex Coagulation: ADP, Collagen, @ Rat (N=3-4) - 210" g/ml: 4 ADP; 23x10* g/ml: 1 Collagen;
Arachidonic Acid (AA) culture [10°-107 g/mi 12107 p/ml: LAA

PAF J Guinea pig >3x10* p/ml: {

id = Intraduodenal; io = intraocular; PSP = Phenolsulfonphthalein; BSP = Bromsuphalein; <> = No effect
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1.3.2.1. References - S

1. Santen Ltd. Study Report. Pharmacologic Properties of BMY-26517. (SR2105)(Vol. 1.11, p 163)
2. General Pharmacological Study of TBX. Pharmacol Treat 1989, 17 (4): 1249-1279. (89007)(Vol.
1.12,p 122) :

1.3.3.  RECEPTOR BINDING . . o L .

Radioligand binding studies with rat brain membrane receptor systems.demonstrated that TBX had
little or no affinity for oy-adrenergic, -B-adrenergic, muscarinic, - cholinergic, - histamine H,, or
dopamine D, receptors. - ot

2. ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION
2.1. OCULAR ADME

2.1.1.1. Ocular Penetration and distribution of Pemirolast Potassium Ophthalmic Solution after
Topical Applications in the Rabbits. Folia Ophthalmol Jpn 1990; 41: 2095-2100. (Vol.

1.12, p 208)
Report N2 SR2029-pP
Study N: SRT-601 )
Compound: Pemirolast Potassium (Lot N2 M-10): 0.1%, pH 8.0
Dose: 50 ul of 0.1% TBX, instillation -
Animal: 32 Japanese male albino rabbits, weighing 2.4-2.9 kg, 4/group
Compliance with GLP/QAU: Not indicated.

Study Designs: TBX (0.1%, 50 ul) was instilled into right eye of each rabbit. Blood was collected

from the articular artery of the rabbits at 0.25, 0.5, 1, 2, 4, 8, 24, and 72 hr after ophthalmic .
instillation with TBX. After the blood was taken, the rabbits were sacrificed. The palpebral and bulbar

conjunctiva were dissected, aqueous humor was collected, and the eye was excised and rapidly frozen

with liquid'N,. The levels of TB (free acid) in the plasma and ocular tissues were determined with an

established HPLC method. =~ '

Results:  Mean plasma concentrations (ng/ml) and ocular tissue distribution of TB (free acid, ng/g)
~at 0.25 - 72 hr post instillation are listed in the following table. Higher concentrations of TB were
found in extra-ocular tissues (palpebral conjunctiva, bulbar conjunctiva, cornea, and anterior sclera) -
than in intraocular tissues. Drug levels in the tissue and plasma declined over time. However, high
levels of TB remained in the palpebral and bulbar conjunctival 24 hr post instillation. In contrast,
plasma TB levels were not detectable by 4 hr post instillation of the drug.

APPEARS THIS WAY
ON ORIGINAL
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" Concentration of TBX (ng/mi or ng/g)

Tissues Samples —ooer 0.5 br 1hr 2 hr 4 hr 8 hr 24 hr 72 hr
Palpebral 11801.8 673.5 659.1 1485.1 11419 | 1598 870.2 106.6
Conjunctiva (705.3 | (188.9) (253.8) (795.0) (352.8) | (972.3) (517.4) (61.7)
Bulbular 4020.8 1109.3 780.1 15432 1011.0 519.5 5102 - 57.1
Conjunctiva (1121.5) (307.8) (224.1) (542.9) (339.9) | (189.8) 216.4) (42.6)
Comea 23478 1545.4 4778 237.4 60.2 12.6 95 »

(54.6) (251.4) (61.1) (43.5) (6.9) (1.5) (4.8)
Aqueous Humor 287.6 328.6 202.0 109.6 12.8 1.7 - -
(72.4) (61.0) (34.5) (20.5) (3.7 ‘
Iris/Ciliary Body 282.6 313.8 140.6 84.0 73 1.9 33 -
(48.0) (29.0) (30.9) (15.0) (1.3) (0.3) 0.7)
Anterior Sclera 2639.4 11744 219.5 205.1 65.1 135 9.4 6.4
(800.1) (256.1) (40.8) (61.8) (26.4) (4.5) (5.1)
Lens - 5.5 1.8 1.7 3.9 1.6 1.5 2.0 -
(0.9) (0.2) (0.3)
Retina/Choroid 63.4 275 16.1 15.1 4.2 1.6 - 29
L (32.5) . (8.3) (6.3) (4.6) (1.2) (0.5)
lPoslcrior Sclera 134.1 95.3 576 3738 214 5.6 4.1 1.9
(54.3) (30.7) (15.0) (13.2) (10.2) (1.8)
lesma 12.4 3.9 3.0 1.6 - - - -
(L.5) (0.5) (0.6) (0.3)

Values in the parenthesis represented standard error of mean; ®  Values < 1.0 ng/ml or ng/g (detection limit).

2.1.1.2.  Ocular Penetration and distribution of Pemirolast Potassium Ophthalmic Solution after
Repeated Topical Applications inthe' Rabbits. (Vol. 1712;p 221y~ =~ =~ == =~

Report N%: SR2033

Study N SRT-605

Compound: ~  Pemirolast Potassium (Lot N® M10), 0.1 %

Animal: Japanese male albino rabbits, weighing 2.0-3.0 kg, 5/group
Compliance with GLP/QAU: Not indicated.

Study Designs: TBX (0.1%) was instilled into the conjunctival sac of each eye of rabbits once
only or twice daily for a total of either 7 or 13 times. The levels of TBX in blood, palpebral and
bulbar conjunctiva, and aqueous humor were measured according to the following schedule:
* 3,6, 12, 24 and 72 hr after a single instillation
» 3, 6, and 12 hrafter 7 instillation : :
« 3, 6, 12 hr after 13 instillation -

Results: Mean TB (free acid of TBX) concentrations in conjunctiva and aqueous humor after
single and multiple instillation are presented in the following table. Calculated T, for single
instillation was 15.4 hr. TBX was not detectable in the aqueous humor 12 hr post either single or
multiple (7. & 13 times) instillation. TBX levels reached a steady state after 7 instillation by the
evidence that similar concentrations were measured after 7 and 13 repeated instillation. After repeated
instillation (7 & 13 times), the concentrations of TB in conjunctiva and aqueous humor decreased
over time, suggesting that TB might not accumulate in the ocular tissues.
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Sampling | Instillation Concentration of TBX (ng/ml) .
Site- Frequency 1 hr 3 hr 6 hr 12 hr 24 hr 72 hr

Palpebral 1 ND' 954.7 £ 179.8 559.5 + 389.7 462.9 + 139.9 278.4 + 933 26.2 + 10.1
(Conjunctiva 7 ND 2019.1 1+ 1176.9 1688.7 + 1072.2 [ 1112.4 + 715.5 ND* ND
13 ND 1900.6 + 701.5 1097.8 + 510.6 1012.1 + 821.5 ND ND

Bulbar 1 ND 1071.1 + 306.2 606.0 + 341.5 4454 2 153.2 248.5 + 50.3 304 + 19.6
[Conjunctiva 7 ND 2208.7 + 1161.4 1623.4 + 725.8 1017.4 + 381.1 ND ND
13 ND 19304 + 392.1 1604.1 + 620.5 1038.5 + 356.7 ND ND

Aqueous 1 457.8 + 1300 | 61.5433.8 5.6+ 1.2 > - -

Humor 7 ND 80.9 + 41.9 8.9: 8.0 - ND ND
13 ND 86.0 + 21.5 7.5+6.1 ND ND

* ND=NotDone;* Values < 1.0 ng/ml or ng/g (detection limit).

Retainability of Pemirolast Potassium in bulbar Conjunctiva in Albino Rabbits after

of 0.1% Pemirolast Potassium Ophthalmic Solution. (Vol. 1.12,

SRT-606, 088DN040
Pemirolast Potassium (TBX), 0.1% (Lot N¢ D-2); N-acetylcysteine (NAC), 20%
Japanese male albino rabbits, weighing 2.0-3.0 kg, 5/group
Not indicated.

2.1.1.3.
Topical Applications
P230) .
Report N*: SR2034- -
Study N2
Compound:
Animal:
Compliance with GLP/QAU:
Study Date: 3/1993
Methods: o

® InVivo - NAC (20%, 25 ul) was instilled (a total of 3x, at 5-min intervals) into the lower palpebral
conjunctival sac of the left eye and physiological saline into the right eye at -20, -15, and 10 min
prior to administration of 0.1% TBX (50 ul) into both lower conjunctival sac of both eyes. The
rabbit was sacrificed 6 hr post instillation of TBX, the bulbar conjunctival was isolated, and TB
concentrations were determined.
e In Vitro - The bulbar conjunctiva was isolated from normal rabbit and immersed in 0.1% TBX.
The uptake of TB was 1.7 ug/mg. The conjunctiva with 1.7 ug/mg TBX uptake was incubated in
an artificial tear solution and the concentration of released TB in the artificiai tear solution was
determined with HPLC.

Results: The effect of mucin removal on TB
concentrations in bulbar conjunctiva are shown as
follows.
TB Concentration (ng/g)

Control Eye NAC Treated Eye
Animal Ne 1241.8 2299
Animal N° 2 616.5 395.5
Animal N° 3 402.2 60.3
Mean + SD 753.5 + 436.2 228.6 2 167.6

In the in vitro setting, the retention of TB by the
conjunctiva decreased over time as illustrated in

the right figure; at the end of 12 hr evaluation |~

pericd, the retention of TB by, conjunctiva was
only 3.2%. Therefore, the retention of TB in

conjunctiva appeared to be mucin-related.

‘Retention (%)

Retention (%) of TB in conjunctiva - in vitro

100

50

12
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2.1.1.4.  Affinity of Pemirolast Potassium (TBX) to Melanin. (Vol. 1.12, p 239)

Report N¢: SR2030

Study N*: SRT-602,003CI010 =

Compound: Pemirolast Potassium (Lot N¢ M-10), Chloroquine Diphosphate (Lot N¢ 104F-
0821)

Compliance with GLP/QAU:  Not indicated.

Study Date: 2-4/1988 __ .. e

Study Designs: A melanin- suspension at a concentration of 1- mg/ml.was prepared from bovine

. €ye uvea and retinal pigment epithelia- TBX-melanin binding rate was determined by the incubation
of TBX (0.05'mM," final concentration) ‘with “melanin_at’ 37°C for 8 hr. The free drug in_the

supernatant of the reaction mixture was assayed using a( )

Results:  The binding rate of TBX-melanin was much lower than that of chloroquine diphosphate-
melanin (1.1 + 0.6% vs 94.3 + 1.6%). Therefore, TBX had little or no affinity for melanin.

2.2. SYSTEMIC ADME

2.2.1. ABSORPTION, TISSUE DISTRIBUTION AND EXCRETION

2.2.1.1.  Studies on the Metabolic Fate of TBX (1): Absorption, Distribution and Excretion in Rats
after Administration " 6f ['‘C)-TBX. "Jpn' Pharmacol Ther, 1989; 17:1215-1229.
(89004)(Vol: 1:12, p245) ———- — - mmrrm—e - = o e -

Compound: ['“C]-TBX, 46.5 mCi/mmol.

Dose/Route: 1 mg/kg single dose iv, po, or intestinal infusion
Dosing Duration: single dose

Animals:

» & SD rats, 6 weeks old;
* pregnant ? rats (Gestation-Day-18);and
« dams with pups at Post Partum Day 10.

Results:

¢ Radioactivity in Blood - Radioactivity
was readily detected in the blood with a ‘”E
Tmax of 10 min following oral V.
administraticn, an indicative of rapid , ®) p.o.
absorption. The relative radioactivity in
the blood over the period of 168 hr after
iv and oral administration of ['“C]-TBX
was illustrated in the right figure.

e Excretion of Radioactivity in Urine,
Feces, and Expired Air - The urinary
excretion was the major route of B S T T T T B Y
radioactivity elimination. Approximately Time (hr)

73% - 80% of radioactivity dose was
excreted in the urine at 168 hr post oral | F value (%) = [(Radioactivity in sample)(Sample weight)}/

and iv administration. Minute levels of | [(Radioactivity in administered fluid¥(Animal weight)] x 100
radioactivity (~0.2%) were eliminated
through expired air. The cumulative excretion of radioactivity (% dose) in urine, feces and expired

10 4

F value
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air at various time points following oral and iv administration of [“C]-TBX to male rats is

-summarized.in-the followingtable.._ .
Sample Mean % Radioactive Dose (+ D)
06hr | 12hr T 24hr T  48hr |  72hr | 96w | 120hr | .68nr
ORAL ADMINISTRATION
Urine 56.79+ 542 166.53+0.74 |72.16+2.79 | 72.50+2.86 [72.55+2.89 [72.59+2.91 | 7262+292 | 72.63  2.92
Feces 001+00! | 001£001 |2051+2.08 |21.19+2.00 | 21.28+1.95 |21.33+1.93 [2136+1.92 | 21.39+ 1.92
Expired Air | 0.0240.01 | 0.04+0.02 | 006+0.02 | 008+0.02 | 0.09+0.03 | 0.11+004 | 014004 | 0.160.05
Carcass ND ND ND ND ND ND ND 0.65 £ 0.04
IV ADMINISTRATION

Urine 74754238 177794291 [79.20+2.30 [79.39+2.33 [79.44+235 | 79.47+2.35 | 79.49+2.36 | 79.60 + 2.36
Feces ND 236+3.81 [16.04+1.91 |16.68+1.90 [1675+1.90 |16.79+1.89 [16.83+1.89 | 16.86+ 1.89
[Expired Air | 0.01£001 | 0.03+0.02 | 0.05+0.03 | 0.06£0.03 | 007+0.03 | 0102004 | 011004 | 0.15%003
[Carcass ND ND ND ND ND ND ND 0.51 +0.07

ND= Not Detected.

¢ Excretion of Radioactivity in Bile - The cumulative excretion of radioactivity expressed as mean

% dose in bile, urine, feces after oral and iv administration, and intestinal infusion of *C-TBX to
bile duct-cannulated &' rats is presented in the following table. In the intestine and liver re-
circulation experiment, around 22% of dose was recovered -again in the bile at 48 hr after the
infusion. Majority of radioactivity was eliminated via the urine.

Sample Mean % Radioactive Dose (+ SD)
Otbe | 2b | 3b [ 4br | 6b | 8hr | 12hr | 24mw | 48hr
ORAL ADMINISTRATION OF "“C-TBX T0 BILE DUCT-CANNULATED MALE RATS
Bile 678 +0:63 [11:34+1-147113.75 +1.267|15.12°# 1:087[16:80% 1.72 [17.90+71.73 |19.46 £ 0.96 |20.65+ 0.62 |20.87 + 0.72
Urine NA NA NA NA 43.74 +5.52 NA 58.93 +4.15 [66.16 + 1.54 [67.13 + 1.03
Feces NA NA NA NA NA NA 221+0.66 |3.34+034 [5.38+093
1V ADMINISTRATION OF "*C-TBX TO BILE DUCT-CANNULATED MALE RATS .
Bile 9.13+161 {12.62+1.70 {14.97+1.51 {16.47+1.55 [17.92+1.64 |18.56+ 1.61 [19.02+1.62 [19.33 + 1.60 |19.43 + 1.58
Urine ND ND ND ND 72.23+3.34 ND 76.26 + 0.80 [78.81 £1.36 [79.68 + 1.48
Feces ND ND ND ND ND ND 0.33+0.17 | 049+0.19 | 074 £ 0.37
SINGLE INTESTINAL INFUSION OF RADIOACTIVE BILE FLUID* TO BILE DUCT-CANNULATED RATS

Bile 3314098 [562+1.51 | 7.61+2.18 [9.53+2.27 [11.82+2.26 [13.60+2.28 [16.12+1.29 [20.47 +2.35 [22.46 * 1.42
|Urine NA NA NA NA NA NA 13.75 2 0.20 {38.44 +2.95 [41.16 + 3.58
[Feces NA NA NA NA NA NA 1.88+1.70 {17.92+5.61 [26.98 +1.71

ND = Not Detected; NA = Not Available; * Excreted from the other rats.

¢ Whole Body Macro-autoradiography -
o rats: Whole body autoradiographs revealed that high concentrations of radioactivity could be

administration. In addition, strong radioactivity signals were observed in the kidney, bladder, and
urethra. Significant levels of radioactivity were noted in the liver, blood, and lung at 3 hr post
administration. By 24 hr post dosing, the radioactivity was only observed in the large intestinal
tract.

Pregnant ¢ (GD 18) rats: The radioactivity distribution patterns were similar to those observed in
the J' rats. Additionally, the radioactivity could be observed in the fetuses at 3 hr post dosing.
Tissue Distribution of Radioactivity in ¢ and Pregnant ¢ (GD 18) Rats - Highest levels of
radioactivity were detected in the stomach, kidneys, liver, and small intestine at 10 min post
dosing. In addition to the GI tract, high levels of radioactivity were detected in organs/tissues rich
in blood contents, such as kidney, liver and lungs at 3 h post dosing. By 24 hr post dosing, except
for the contents in the large intestine, the concentrations of radioactivity had decreased in all the
organs and tissues. The results of radioactivity measurements were in agreement with that of the
autoradiographic observations. Results from GD 18 pregnant rats showed that the radioactivity
was detectable in the fetus, indicating that TBX crossed through the placenta and was available to

observed in the stomach, upper intestine, esophagus, and mouth membrane at 5-10 min after oral
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the fetus. However, the radioactivity in the fetal blood was much lower than that in the maternal
blood. Mean (+SD) TBX concentrations expressed as ng equivalent/g tissue in the representative
tissues/organs at various time points after oral administration to ¢ and pregnant ? are shown in the

P

following tables.
Tissue Mean (£SD) TBX Concentrations (ng eq/g)
10 min | 1 hr } 3hr 24 hr
o RATS
Cerebrum 49.89+7.06 48.1243.82 25.6740.83 2.98+1.31
Cerebeilum 54.54+8.60 50.30+5.06 27.4740.29 3.2540.53
Pituitary 217.98+28.07 174.67121.41 65.30+17.16 21.06+19.86
Eyeball 91.62+17.33 83.91+9.93 44.5416.16 3.66x1.29
Thyroid 326.37+110.56 243.37+78.00 79.29+19.32 79.49+20.99
Thymus 177.5747.26 112.67£12.39 37.0411.97 6.78+0.57
Hean 356.9456.79 187.82+12.49 56.72+4.20 4413094
Lung 550.20+49.30 275.20231.31 76.22+17.65 6.2040.90
Trachea 463.01+78.00 241.55475.85 63.19£10.31 16.64+5.37
Liver 1945.16+247.42 1166.03£132.65 180.77419.42 14.91+2.29
Spleen 349.64+32.66 213.65£53.10 52.02+18.42 6.4810.56
Pancreas 661.35+£187.45 343.65+41.10 71.65+19.64 13.54+1.51
Kidney 13965.37+1724.60 8418.55+914.82 631.50£70.21 11.58+3.88
Adrenal 673.20£112.55 380.98+101.52 85.86+30.74 13.8115.84
Fat 96.90+38.04 68.18+13.76 44.1843.04 . 5.45+2.53
Muscle 167.22+21.34 92.90+14.15 28.5314.53 2.99+1.19
Bone Marrow 228.06+18.75 141.89+18.73 56.73+6.16 17.71+7.71
Stomach 24463.24+5583.74 11371.144631.65 1161.87+485.01 32.43+19.14
Small-Intestine-|——1584:72+332:20— ~"|-——5352:22%111049~ | ~— 9037.0731611.41 352421860
Cecum 270.25276.90 764.85+139.69 875.691632.41 189.14+105.87
Large Intestine 702.51+226.30 1272.76+132.31 481.79+405.66 . 280.20+130.27
Bladder 1346.92+125.12 2992.46+1655.24 925.58+798.48 14.32+6.24
Testes 77.7546.60 75.18+8.79 38.567.01 4.15+1.0]
Prostaie 249.14+36.02 124.0337.13 63.47+30.56 9.665.24
Skin 244 .46+22.30 172.8217.16 67.29+10.52 10.063.00
Blood 711.89+49.62 299.27+22.53 106.46+7.25 17.25+1.14
Plasma 1432.49+88.53 623.187.12 180.82+18.25 17.00+0.64
APPEARS THIS WAY

ON ORIGINAL
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Tissue Mean (+SD) TBX Concentrations (ng eg/g)
10 min } 1 hr | 3hr 24 hr
PREGNANT ¢ (GD18)

Adrenal 427.61465.12 212.42+39.33 170.20+54.40 14.85+5.67
Bladder 261.90+88.04 412.962134.77 367.12+109.26 21.09+10.89
Blood 463.16+28.25 285.4150.15 143.7746.56 25.62+5.08
Bone Marrow 229.29+40.95 137.28+21.23 125.03£34.85 28.77+18.84
|Cecum 508.91+376.53 347.62+126.50 1696.16£233.19 485.21110.93
|Cerebetium 44.38+1.41 27.34+2.68 18.9712.94 5.4611.03
Cerebrum 42.4843.25 27.95+3.66 18.15+3.64 5.47+1.37
Eye Ball 65.51+4.32 63.07410.57 29.14+12.18 7.59+2.19
Fat 69.9114.86 91.12443.42 80.54138.05 6.48%1.11
Heart 300.08+56.43 145.05+29.58 78.75£16.42 8.60+3.09
Kidney 7375.932773.77 - 6606.691513.77. .. _|. .3602.53+1107.08 114.25+25.56
Large Intestine 191.72+107.99 219.06485.26 329.28485.45 637.474208.53
Liver 1383.38+100.58 887.92+53.43 265.98+35.16 16.9016.37
Lung 437.09+21.91° 255.51166.06 162.66+35.20 12.05+1.74
Muscle 129.7748.47 73.73£10.50 43.5349.47 5.32+1.36
Ovary 299.7831.60 155.8)+48.70 105.57+28.63 9.92+3.10
Pancreas 593.39+197.76 273.89+62.60 113.16129.08 13.30+6.00
Pituitary 221.09+54.98 144.15+11.07 103.3149.23 32.88+2.34
Plasma 938.06+63.90 413.92497.56 220.9119.76 30.69+9.85
Skin 196.51+15.81 187.26+22 .44 113.94139.86 10.15+2.58
Small Intestine 1165.61+184.06 1396.33£296.35 5134.85+632.61 - 69.79+17.91
Spleen 255.05+50.10 156.23+42 81 68.02+24.55 7.56+2.77
Stomach 30688.27+3772.19 25104.21+6737.24 17766.04£870.55 43.30+20.04
Thymus 225.77+45.60 132.41+34.62 80.35+24.08 8.61+2.08
Thyroid 2714636354~ | T 226.61421.93 146.6715.17 68.67+9.01 -
Trachea 533.98+247.91 151.25+4.48 102.85435.64 18.0024.06
Uterus 214.49+12.39 176.99+25.09 120.08+32.82 10.88+3.73
Placenta 152.86+1.64 156.19+37.57 95.50+19.93 11.87+2.82
Amniotic Fluid 2.2740.13 53.66+2.89 21.44+3.81 17.30+4.93
Fetus 74.75+16.38 84.91£15.59 49.23+14.89 10.74+2.61
Fetus Blood 89.09+2.86 116.71+21.43 64.05+15.02 18.59+3.57
Fetus Brain 34.75+2.36 36.96+3.99 24.90+1.53 6.67+1.18
Ferus Heart 80.62+4.29 91.66+14.55 56.16£10.03 17.63+2.20
Fetus Lung 66.99+10.13 75.40£10.05 45.1139.71 8.44+1.91
Fetus Liver 45.11+5.40 60.75+23.22 29.12+7.68 7.35+1.85
Fetus Kidney 108.01+5.92 96.19+26.18 57.62+8.57 16.06+6.60

® Milk Transfer - Data showed that the radioactivity in the milk at 3 h after dosing was higher than
that in the maternal blood. Relative concentrations of radioactivity in maternal blood and ingested
milk in suckling rats at various time points after oral administration of '*C-TBX to lactating rats
(n=3) are listed in the following tables.

TBX Concentrations (ng eq/ml)
1 hr 3br 6 hr 24 hr
Ingested Milk 20.4926.66 | 251.13+59.23 | 123.24$19.26 | 40.4617.66
Maternal Blood | 131.1616.73 92.51+13.56 | 85.6216.68 10.7044.16
2.2.1.2.  Studies on the Metabolic Fate of TBX (2): Absorption, Distribution and Excretion in Rats

After Daily Oral Administration of '“C-TBX. Jpn Pharmacol Ther. 1989; 17(4): 1231-
1239. (89005)(Vol. 13.1,p 1)

[“C}-TBX, 46.5 mCi/mmol.
1 mg/5 ml/kg iv or po
28 days

Compound:
Dose/Route:
Dosing Duration:
Animals:
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» " SD rats, 8 weeks old;
» pregnant ¢ rats (GD 18); and
* dams with pups at Post Partum Day 10.

Results:
e Radioactivity in the Blood - Relative ® 7 doses
concentrations (expressed as F values) of 100 Séggg::

radioactivity in blood (n=3) after 7-, 14-, and
28-day of repeated dosing were depicted in the
right figure. Accumulation did occur as higher
relative exposures (F values) were noted after

|

14 and 28 repeated doses.

e Excretion Rates in Urine and Feces - The ratio T [ -
of radioactivity excreted through urine and priie e " *
feces was 2:1 following either single or Time (hr)

repeated doing. The cumulative excretion of F value (%) = ((Radioactivity in sample)/(Sample weight))/
radioactivity through urine and feces was 98- IRadi d fluidy(Animal weighy)} x 100
99%.

* Whole Body Autoradiography - Autoradiographs revealed that high levels of radioactivity were
observed in the stomach and small intestine contents at 10 min after dosing. In addition, strong
radioactivity signals were identified in the kidney, bladder, liver, lung, blood and trachea.

¢ Tissue Distribution of Radioactivity - A slight increase of the radioactivity concentrations was
observed in the organs and tissues with increasing number of doses. The following table shows

: summarized data of the tissue distribution of radioactivity in ¢ rats (n=3) at 24 hours after 7, 14,

and 28 days of repeated oral dosing.

tivity in admini

Tissue Mean (+SD) TBX Concentrations (ng eq/g)

24 hr Post 7 Doses 24 hr Post 14 Doses 24 hr Post 28 Doses 7 Days Post 28 Doses
Cerebrum 10.2240.81 ©16.53+3.21 16.2541.19 9.7311.72
Cerebellum 10.18+1.06 19.12+2.88 19.64+0.73 9.37+1.25
Pituitary 49.2949.18 61.14+21.11 75.03+48.23 49.42+23.32
Eye Ball 11.33+1.87 16.03+1.10 14.97+1.19 10.84+1.32
Thyroid 230.06126.52 246.78+39.99 318.94166.92 212.02+31.47
Thymus 19.89+2.65 37.50+2.38 38.02+2.84 19.4942.69
Heart 14.50+2.37 22.49+1.71 22.97+3.81 14.71+1.26
Lung 18.5740.80 32.54+7.78 38.62+9.03 17.1740.51 -
Trachea 57.59+3.64 92.7749.99 90.79+5.30 59.7617.32
Liver 51.67+3.89 71.3940.96 69.93+1.19 50.31+8.10
Spleen 22.49+2.56 40.74+1.85 40.7412.54 21.50+1.59
Pancreas 43.3514.99 69.99+3.37 70.45+2.77 38.03+0.62
Kidney 38.3715.83 67.85+2.40 63.73+3.53 34.00+5.03
Adrenal 48.3814.91 69.09+15.58 57.13+4 41 52.89+5.21
Fat 17.4715.28 34.53+1.74 34.49+2.28 13.51+1.95
Muscle 9.0610.92 16.7616.05 17.90+5.71 7.6140.39
Bone Marrow 44.78+2.99 128.8749.15 123.68+13.13 35.5147.13 -
Stomach 62.94+41.33 106.78+33.58 79.91428.43 2.8410.33
Small Intestine 127.41+47.32 143.84176.89 143.18+23.14 4.15+0.56
Cecum 288.19+65.78 292.89+83.57 321.56143.60 3.39+0.90
Large Intestine 450.45+120.41 457.73453.62 420.68+54.87 3.14+0.38
Bladder 38.29+6.24 75.55+8.30 83.7749.30 37.4119.24
Testis 15.78+2.12 27.83+3.34 28.99+2.17 13.66+0.65
Prostate 23.4842.08 31.1324.96 26.19+1.13 22.30+1.67
Skin 32.79+2.84 48.97+2.80 51.36+1.36 31.17+1.86
Blood 65.34+1.99 86.61+1.56 100.01+4.39 49.82+1.79
Plasma 49.35+2.14 49.62+2.43 40.97+2.15 20.85+1.89
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2.2.1.3. Plasma Concentration of Pemirolast Potassium (TBX) with "the Repeated po
Administration at the Toxic Dose. Toxicol Sci. 1996; 21: 401. (96001)(Vol. 1.13, p 30)

Note: ~ The following information was summarized by the reviewer based on a submitted
abstract in the current NDA. )

Compound: Pemirolast Potassium (TBX)

Dose & Route: 50 mg/kg po

Dosing Duration: 4 weeks ,

Animal: d Crj:CD Rats, 5 weeks of age. _

Blood Collection: Day 1 and Weeks 1 and 4 at 0.5, 1, 2, 3, 4, 8, and 24 hr post dosing.

Results: Data of mean plasma levels of various time points showed two peak values. Summarized
mean PK parameters for TBX following single and repeated oral dosing are presented in the
following table. Higher plasma AUC and C,, values were obtained during Weeks 1 and 4, an
indicative of accumulation of TBX following repeated oral dosing. :

Parameters Single Dose Week 1 Week 4
[T s (hr) i 4 2 8 2 8
Crnas (/M) 1.8 4.4 19.4 16.4 22.9 40.4
AUCs.2¢ (gehr/ml) 76.8 246.9 499.6

2.2.1.4.  Urinary Excretion of TBX administered in High Doses to i{ats. (SR2317)(Vol. 1.13, p 31)

Report N2: . SR2317

Study-N¢: T TT6K090; KAUL-S-21696 = —— T~ T

Compound: Pemirolast Potassium dissolved in distilled H,O

Dose & Route: 50 and 250 mg/kg, 5 ml/kg po for 1 day or 29 days

Animal: d' & ? SD Rats, 6 weeks of age

Compliance with GLP/QAU: Not indicated.

Test Period: 11/9/1988 - 3/31/1989

Study Designs: Rats were maintained in a metabolic cage TBX

immediately after oral administration of TBX, 50 or 250 mg/kg. Urine
samples were collected 24, 48, and 96 post dosing and urine TBX and
calcium salt of the main metabolite of TBX [TBX-01, I-hydroxymethyl-
3-(1H-tetrazol-5-yl)-4H-pyrido[ 1,2-a]pyrimidin-4-one] concentrations

were assayed by an HPLC method. The urine samples collected at 6 hr
after 1-, 4-, 7-, 14-, 21-, 29-day repeated dosing of TBX (250 mg/kg)

were examined microscopically for the urine crystals. Bladder contents CH;OH
were also evaluated macro- and microscopically 24 hr after the last dose.

. TBX-01
Results:

e Urinary Excrction Following a Single Dose Administration - Cumulative urine excretion of TBX
and TBX-01 in the rat after a single oral dose are presented in the following table.

Dose Uﬁm Ty Cumulative Unn;-rz'sE:rcrcuon {% of Dose) —
(mg/kg)| Metabolites = ; - 3 5 :
TBX 24:09 452 1.3 26+ 1.0 49+ 1.3 27+ 1.0 5013
50 [TBX-01 288:21 323208 ]298:20 |335:+10 300220 |.338:1.1
TBX 1.3+ 0.1 1.6+ 0.3 15202 1.8+0.3 1.6 + 0.2 1.9: 0.3
250 TRX-01 303225 [307206 | 330211 [337+:09 | 334:1.0 343 : 0.9

e Urinary Excretion Following Repeated Oral Dose Administration - The levels of TBX-01 in male
and female rats after 28-day repeated oral doses of 250 mg/kg are as follows.
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Sex Urinary Levels of TBX-01 (ug/mi, N=4)
0-2 hr 2-4 hr 4-6 hr 6-8 hr 8-24 hr
d 1388 + 764 1604 : 408 785 + 148 839 + 73 831 + 54
¢ 1513 + 131 1325 + 152 1127 + 181 1641 + 431 835 + 285

Urinary excretion of TBX and TBX-01 in & and ¢ rats after repeated oral administration for 29

days are shown in the following table.

Uni Cumulative Urinary Excretion (% of Dose) in 24 hr
Dose (mg/kg) Mcmcs Day | Day 4 Daa;y7 Day 14 Day 21 Day 29
- TBX 1.8+ 0.5 1.0+ 0.1 1.4+ 0.1 20:04 20:08 24+05
50 TBX-01 355+ 1.0 359+1.0 40.2 + 1.1 380+ 1.1 389+ 14 355+ 1.0
N TBX 411 0.8 21+0.5 25+ 05 3.1:08 37+:05 44+ 09
TBX-01 37.8: 0.7 394+ 03 41.1: 0.7 39.9: 0.9 39.6 : 0.2 403+ 0.9
. TBX 1.1 0.1 1.0: 0.2 1.6+ 0.5 1.3:0.2 14+ 0.1 14 :0.1
2'50 TBX-01 375+ 19 35512 5.0 36.1 + 4.1 346+ 25 36.7 + 2.1 3882 1.7
¢ TBX 22:02 1.5:04 16:04 1.6+ 04 20+ 08 2.1:+03
TBX-01 3504+ 28 383+ 2.5 366+ 3.5 404 : 18 385:19 36.5 + 3.1

* Examination of Urine Crystals - The crystals formed from the TBX metabolite could be detected
in urine of male rats after the first administration of the drug at a dose of 250 mg/kg. In contrast,
crystals were not formed until after 7-day dosing in the female rats. The following table shows the
presence of urine crystals and urine TBX-01 concentrations following oral administration of
250 mg/kg TBX to rats on Days 1, 4, 7, 14, 21, and 29. No biadder stones were detected.

Animal Day 1 Day 4 Day 7 Day 14 Day 21 Day 29
Ne d ? d ? o 2 o Q J ) P ?
1. - - - - - + - + + ++ + ++

(1131) (586) (539) [ (1151 (615) (660) (603) | (1204) (732) 1 (1372) | (1496) | (2172)

2 + - + - + - ++ + ++ - ++ -
(832) (973) (739) 1 (1028) (774) (776) | (1178) (492) | (1100) (453) (914) (559)

- - - - - - - - - - - +

3 (836) (424) (604) (305) (822) (519) (934) (994) | (1276) (248) | (1095) | (1785)
- - - - - - - + + + ++ -

4 (700) (512) (616) (623) (738) (985) (746) [ (1958) (811) | (1013) | (1059) (789)

- not observed, + slight, ++ remarkable; Values in parentheses denote urinary TBX-01 levels (pg/mi).

2.2.1.5. Plasma Level and Urine Excretion in Dogs After Administration of TBX. Jpn Pharmacol
Ther 1990; 18(3). (90004)(Vol. 1.13, p 135) :

Compound: Pemirolast Potassium

Dose/Route: 0.2, 1, and 5 mg/ml/kg in H,O for po; 0.2 and 1.0 mg/ml/kg in saline iv

Animal: ¢ Beagle dogs

Study Designs: This was a cross over study with one week washout period between iv and oral
administration. For the food effect study, the animals were given food 1 hr prior to
oral administration of 0.2 mg/kg TBX.

Results:

* Plasma TBX PK Parameters - The PK parameters in the plasma for TBX following iv and oral
administration are presented as followings.
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Dose (mg/kg)- IV Dose (mg/kg)- Oral

Parameters 02 i 02 ﬁ% 5.0
K. (hr'" 1.078 £ 0.071 | ..1.044 + 0.087 6.197.%1.131 ..3.965 + 0.561 0.943.3 0.181
K. (hr) - ol 0.984 1 0.065 0.932.£0.098 . | 0667+0.035.
[Ty (hr) 0.668 + 0.048 | .0.7101 0.071 0.732 + 0.052 0.894+0.193 . [. 1.064 +0.057
T oar (hr) - - 0.315 + 0.043 0.555 + 0.088 1.722 + 0.313
Coma (12g/ml) - - 0.235  0.015 0.996 £ 0.112..—..]_. 4.359 + 0.564
V(L/kg) 6.191 +0.367 |- 5.312 +.0.284 - - - -
CL (mUmin) -.--- 107-8+94— 4 013497 oo foeee . e el SRR
AUC (ugehr/ml) | 0.416+0.026 | 2.567 +0.251 0.307 + 0.027 1.737 +0.182 15.895 + 1.563
Absolute BA (%) | - - -] 155436 | 66646 - i
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Values.expressed as mean + SE (n=9).

Data showed that food reduced and delayed drug absorption from T
the GI resulting in lower Ciax and AUC values as depicted in the
right figure. The food effect on plasma PK parameters for TBX
following a single oral dose of 0.2 mg/kg to dogs is tabulated in

L d
1Y

. i
the following table. 3
Parameters Fasting Non-Fasting =! o
oms (Ug/ml) 0.283+0.020 | 0.137+0.019° -
T e (hr) 0.267+0.041 | 0.43310.067
AUC (ugehr/mi) 0.31540.037 | 0.270+0.014 .

T
Tim {or}

Values are the mean * SE (n=5); *p<0.05.

e Urine Excretlon of TBX - Followmg oral administration of 0.2 mg/kg of TBX ~3.9 and 5.1% of
the dose excreted from urine during a 24 hr and 48 hr collection, respectively.

2.3. METABOLISM

APPEARS TH!S WAY
2.3.1. METABOLIC PROFILES GH OﬂiaiﬂAL
 2.3.1.1.  Identification and Determination of Metabolites in Dog’s Urine After Administration of
TBX. Jpn Pharmacol Ther 1990; 18(3). (90005)(Vol. 1.13, p 153)
Compound: Pemirolast Potassium
Dose: 50 mg/kg in capsule po or 1 mg/4 mlkg by gavage
Animal: d and ¥ beag]e dogs, weighing 13-15 kg
Method of Analysis: o 2
Study Designs: Dogs were given TBX 50 mg/kg in capsules Blood was collected various time
' points and urine was  sampled at' 0-3; 3-6, N N,
) -...6-24, and 24-48. hrpost domg i) N*gN Njg‘é"
Results: z ”%)wﬁ ~ |
: N N
o Metabolic_Profiles of TBX in Dog Plasma { Rhe Liton
- ' ')of urine showed 4 peaks that represented | 0 TBR01
unchanged TB, TBX-03, a glucoside of TBX, TBX-01, a N N,
hydroxyl metabolite, and TBX-02. The molecular structures o N ez 0 N.f_.:.:
of these metabolites are illustrated in the right figure. |~ N)‘j)i & N)Y
The following figure depicts the kinetics of mean plasma | "SN" qou NN
levels of unchanged parent compound and metabolites Hy CHy WQ
following oral administration of 1 mg/kg TBX.
TBX-02 TBX-03
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* Metabolic profiles of TBX in Dog Urine
C_v—,—k))f urine showed thr

represented unchanged TB, TBX-03, a glucoside of

TBX, and TBX-0!, a hydroxyl iaetabolite. The
o™ molecular structures of these metabolites are illustrated
o roxm in the above right figure. Accumulative urinary
excretions of TBX following oral administration of
1 mg/kg were 19.3%, 48.4%, 64.8%, and 67% of dose
3, 6, 24 and 48 hr, respectively. The major metabolite
excreted in the urine was TBX-03, which represented
62.8% of dose eliminated within 48 hr post dosing.
Contrarily, only small amounts of unchanged drug and
TBX-01, the hydroxyl metabolite, were present in the
Tom 01 urine excretion with values of 2.9 and 1.7% of dose,
respectively.

Newe Lewt (ogrud}

2.3.2.  EFFECTS ON HEPATIC ENZYMES

2.3.2.1. Effects of TBX on Drug-Metabolizing Enzymes. (SR2318)(Vol. 1.13,p 113)

24.

Report N%: .SR2318 e

Compound: Pemirolast Potassium (Lot N2 18) in H,0O

Dese:r— -~ -———10;50;-and-2560-mg/kg-po-for-30-days

Control: H,0 '

Animal: d & ¢ Crj:CD (SD) rats, 5-week-old, weighing 203-242 g for o and 138-178 g
for ¢ :

Compliance with GLP/QAU: Not indicated.

Test Period: 6/11/1984 - 1/28/1984

Results:  Significant increases in absolute (3 T15%; 9: T19%) and relative (o T21%: 9: T39%)
liver weights were noted in rats at 250 mg/kg. TBX, administrated orally for 30 days, had little or no
effects on cytochrome p-450 content and NADPH-cytochrome C reductase activity. A slight increase
in cytochrome bs content (T13%) and a significant decrease in the NADPH-cytochrome bs reductase
activity (119%) were seen in the o and ? at 250 mg/kg, respectively. Slight increases in the
aminopyrine N-demethylase (: T38%; ¢: T48%) and aniline hydroxylase activity (¢: T36%; 2:
T27%) were found in rats at 250 mg/kg. Male rats at 50 mg/kg also had an elevated aniline
hydroxylase activity by 25%. TBX had no effect on the hexobarbital-induced sleeping time in both ¢
& 2 rats; yet a slight reduction (i19%) in the cerebral hexobarbital concentration was detected in the
d rats at 10 mg/kg.

PLASMA PROTEIN BINDING

24.1.1.  Plasma Protein Binding Study of TBX In Vitro. (SR2319)(Vol. 1.13, p 179)

Plasma Binding of TBX I Vitro. Jpn Pharmacol Ther 1990; 18 (3): 1049-1050. (SR2319-
P)(Vol. 1.13, p 189). _

Report N2 SR2319 & SR2319-P
Study N#: 88-816, KAUL-S-21181
Study Aims: To determine in vitro plasma protein binding of TBX with samples from rats,

dogs, and humans.
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Compound: Pemirolast Potassium

Compliance with GLP/QAU: Not indicated.

Study Sites: {\

Testing Period:- - 8/4/1988--9/12/1988- e

Plasma Source: rat (d' Jcl SD) dog (d' beagles) and human (d‘ healthy volunteers)

Results:  The in vitro binding of TBX to rat, dog, and human plasma, and human serum albumin
(HSA) are as listed in the following table. The binding of TBX to the serum protein varied from
species to species. The highest binding affinity was seen with human plasma and HSA. Similar
binding affinity was noted for human plasma and HSA. .. ... .. .. . ___

TBX Ratio of Binding (%)*
(ug/ml) Rat Plasma Dog Plasma Human Plasma HSA
0.1 84.1+ 0.2 64.5+ 0.7 95.6 + 0.2 ND
0.5 853:0.2 67.3 + 0.8 95.6 + 0.1 96.1+ 1.4
2.5 84.0+ 0.2 66.2 1.0 95.6 + 0.2 96.9 + 0.2
* Data were expressed as the mean + SD of 3 experiments.
Lo
APPEARS THIS way
Nl ¥ B NN
UV UKIGITNAL
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3. TOXICOLOGY
3.1. OCULAR TOXICITY

3.1.1.1.  Ocular Irritation Test of Pemirolast Potassium Ophthalmic Solution (TBX) in Rabbits.
(SR2012)(Vol. 1.13, p 199)

Report N2 SR2012

Study N SRT-402, 879415

Study Aims: To determine ocular irritation of TBX in the rabbit by a single day frequent
instillation.

Compound: Pemirolast Potassium (Lot N M-10): 0.1 (Lot N TBX871005-3), 0.5 (Lot N¢
TBX871005-2) and 1.0% (Lot N® TBX871005-1)

Dose: 10 instillations/day, 1 drop each instillation, at 30-min intervals

Vehicle Control:  The compositions of vehicle control were not stated in the submission.
Negative Control: Physiological Saline

Animal: Japanese male albino rabbits, weighing 2.0-3.0 kg, 5/group

Study Site: - Santen Pharmaceutical Co., Ltd., 9-19,.Shimoshinjo 3-chome, Higashiyodogawa-
ku, Osaka, 533, Japan ;

Compliance with GLP/QAU: "~ Yes (Japanese) °

Study Date: 10/1987 - 21/1987

Dosing Date: 10/9/1087 I

Study Designs: Saline, vehicle control, or test ’I'BX solution (0.1, 0.5 or 1.0%) was instilled into
the left conjunctival sac of each | rabbit. Ocular imitation, aqueous flare, blinking frequency, and

corneal epithelial lesions were assessed.

Results:  Slight palpebral conjunctival congestion was observed in both treated and non-treated eyes
in all groups. There was no significant difference among groups. One animal in each of 0.1 and 0.5%
TBX groups had signs of congestion in nictitating membranes. No abnormalities were noted in-
comeas or anterior chambers. The score of corneal epithelial lesions in each group was similar. The
mean blinking frequency was 0.2-1.8 times/min for each group. Therefore, 0.1, 0.5 or 1.0% TBX and
its vehicle did not cause any eye irritation or damage during one day frequent instillation in rabbits.

3.1.1.2.  Single Day/Frequent Instillation Schedule with Aged TBX. (SR2015)(Vol. 1.13, p 212)

Report N SR2015

Study N#: SRT 405, 889414

Study Aims: To determine ocular irritation of aged 0.1% TBX, which was stored at 40°C in
75% relative humidity for 6-mon, in rabbits by a single day frequent instillation.

Compound: Pemirolast Potassium (Lot N® M-10): 0.1% (Lot N® TBX880125-2), stored at
40°C for 6 mon; 0.1% TBX (Lot N® TBX881209-2), freshly prepared

Dose: ‘ 10 instillations/day, 1 drop each instillation, at 30-min intervals

Vehicle Control:  The compeositions of vehicle control were not stated in the submission.

Animal: __. Japanese male albino rabbits, weighing 2.28-2.73 kg, 7/group

Study Site: “Santen Pharmaceutical Co., Ltd., 9-19, Shimoshinjo 3-chome, ngashlyodogawa-
ku, Osaka, 533, Japan

Compliance with GLP/QAU: Yes (Japanese)

Study Date: 12/1988 -1/1989

Dosing Date: 12/28/1988
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Methods: Vehicle control, or test 0.1% TBX solution (aged or freshly prepared) was
instilled into the-left-conjunctival-sac- of -each rabbit. Ocular irritation, aqueous flare, blinking -
frequency, and corneal epithelial lesions were assessed.

Results: —A-slight-congestion—of-the-palpebral conjunctiva was observed in treated eyes of each
group. There was no significant difference among the groups. No abnormality was seen in any comnea
or anterior chamber. The mean blinking frequency and scores of coreal epithelial lesions were
similar in each group. Therefore, the results suggested that one day frequent instillation of aged TBX
ophthalmic solution do not cause ocular irritation. '

3.1.1.3.  Single Day/Frequent Instillation Schedule with Light Exposed TBX. (SR2016)(Vol. 1.13,

p 226) .

Report N2: ~ SR2016

Study N2 939410

Study Aims: To determine ocular irritation of TBX that had exposed to severe light conditions
in rabbits by a single day frequent instillation.

Compound: Pemirolast Potassium (Lot N2 BF06): 0.1% (Lot N® PT50130), pH 7.9, exposed to
light at 600000 lux *Hr; 0.1% TBX (Lot N*PT50130), freshly prepared

Dose: 10 instillations/day, 1 drop each instillation, at 30-min intervals

Vehicle Control:  The compositions of vehicle control were not stated in the submission.

Animal: _____ Japanese male albino rabbits, weighing 2.04-2.34 kg, 6/group

Study Date: 6/15/1993 - 8/26/1993 o

Dosing Date: 771671993 T T

Study Site: Santen Pharmaceutical Co., Ltd., 9-19, Shimoshinjo 3-chome, Higashiyodogawa-
ku, Osaka, 533, Japan

Compliance with GLP/QAU:  Yes (Japanese)

Methods: Vehicle control or test 0.1% TBX solution (light-exposed or freshly prepared) was

instilled into the left conjunctival sac of each rabbit. Ocular iritation, aqueous flare, blinking
frequency, and comeal epithelial lesions were assessed.

Results:  No significant findings were noted for all the examined parameters. Therefore, the results
implied that one day frequent instillations of light-exposed 0.1% TBX ophthalmic solution do not
cause ocular irritation.

-3.1-+4.  Ocular Irmritation Test of Pemirolast Potassium Ophthalmic Solution (TBX) in Rabbits for
one month. (SR2013)(Vol. 1.13, p 241) -

Report N2: SR2013
Study N2 SRT-403, 879418 ‘ :
Study Aims: To determine the potential of TBX, to induce ocular irritation in rabbits following
' 28-day ocular application. -
Compound: Pemirolast Potassium (Lot N2 M-10): 0.1 (Lot N2 TBX871116-2), 0.5 (Lot N2
TBX871116-3) and 1.0% (Lot N2 TBX871117 and TBX871130)
Dose: 4 instillations/day for 28 days, 1 drop each instillation, at 2-hr intervals.

Dosing Duration: 28 days.

Vehicle Control:  The compositions of vehicle control were not stated in the submission.
Animal: Japanese male albino rabbits, weighing 2.0-3.0 kg, 10/group

Study Date: 11/1987 - 3/1988

Compliance with GLP/QAU: Yes (Japanese)
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Study Site: Santen Pharmaceutical Co., Ltd., 9-19, Shimoshinjo 3<home, Higashiyodogawa-

ku, Osaka, 533, Japan -
Study Designs: Vehicle control or test TBX solution (0.1, 0.5 or 1.0%) was instilled into the left
conjunctival sac of each rabbit 4x/day for 28 days. Animals were observed daily for the general
condition. Ocular irritation and weight measurement were recorded on Days 7, 14, 21 and 27. The
aqueous flare was assessed on Days 0, 7, and 14. Corneal epithelial lesions were examined on Day 27.
Lenses were checked on Days O and 28. The fundus was observed and photographed on Day 28.
Animals were sacrificed on Day 28 after the final instillation and histopathological examination was
performed. ‘

Results:

* General Condition, Food Consumption & Weight Gain - No treatment-related changes were noted.

* Ocular Irritation - Slight congestion in the palpebral conjunctiva or the nictitating membrane was
observed in treated eyes in all groups; no significant difference among groups was noted.

® Aqueous Flare - No abnormalities in the comea or anterior chamber were seen.

¢ Comeal Epithelial Lesions - No treatment-related lesions were noticed.

* Histopathological Examination - The sponsor stated that no histopathological abnormalities
developed in the eyeballs or their appendages in any examined eyes. However, no detailed
pathological data were submitted. i

3.1.L.5. Three Months Ocular Toxicity Study of TBX Eye Drops (DE-068) in Rabbits.

(SR2322)(Vol. 1.14, p 001)

Toxicological Study of TBX Eye Drops (DE-068) in Rabbits: Ocular Irritatibn Test and
Systemic Influence with Topical Application for Three Months. The Clinical Report. 1990;
24:2659-2668. (SR2322-P)(Vol. 1.14, p 77) '

Report N2 SR2322 & SR2014

Study N2 SRT-404, 5068 .

Study Aims: To determine the potential of TBX to induce ocular irritation in rabbits following
91-day ocular application.

Compound: Pemirolast Potassium (Lot N°M-10): 0.1% (Lot N® TBX881222-2), pH 8.15

Dose: 1 drop every 2 hr, 4 instillations/day

Dosing Duration: 91-day
Vehicle Control:  The compositions of vehicle control were not stated in the submission. -

Animal: o . Japanese male albino rabbits, weighing 2.28-2.76 kg, 10/group
Compliance with GLP/QAU: Yes (Japanese)

Study Site: T 3
Study Date: 12/20/1988 - 11/10/1989

Dosing Date: = 1/25/1989 - 4/25/1989

Study Designs: Vehicle control or test TBX solution (0.1%) was instilled into the left conjunctival

sac of each rabbit 4x/day for 91 days. The following observations were performed.

® General Sings and Mortality - 1x/day.

¢ Food Intake -1x/day.. . . .

e Body Weight - 1x/week for Weeks 1-4 and 1x/2 weeks thereafter.

e Clinical Pathology - Urinalysis, Week 13; Hematology and Blood Chemistry, Day 91. The
following table shows the parameters analyzed during clinical laboratory evaluations.
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I HemaToLOGY SERUM CHEMISTRY URINALYSIS
[rRBC ALT Inorganic Phosphorus Appearance lpH —
[WBC with Differential JAlbumin Total Bilirubin Bilirubin
[Ht A/G Ratio Total Cholesterot Protein
|1 ALP (Alkaline Phosphatase)  [Glucose IGlucose
Mcv fLactate Dehydrogenase (LDH) [Creatinine Specific Gravity
IMCHC AST Total Protein Ketones
jMCH Sodium -Glutamyltransferase  [Urobilinogen
JPiatelet Count {Potassium Triglycenides IOccult Biood
fReticulocyte Count Calcium Globulin [Total Volume
jpT |aPTT [Urea Nitrogen Microscopic Examination of Sediment

* Ophthalmological Examination (ocular irritation, aqueous flare, comeal epithelial lesions, lens
observation and ophthalmoscopy) - Days -2, 30, 60 and 90 or Days -1, 31, and 91.
* Necropsy - Day 91.
Organ Weight: The following organs were weighed and pair organs except the eyes were weighed
together: the eyes, brain, pituitary, submandibular glands, thyroid glands (including the
parathyroid glands), thymus, heart, lungs (including the bronchi), liver, spleen, kidneys, adrenal
glands and testes.
Histopathological Examlnatlon The following organs and tissues, as well as weighed organs,
were histopathologically examined: the accessory lacrimal glands, parotid glands, thoracic aorta,
trachea, tongue, esophagus, stomach, duodenum, jejunum, ileum, cecum, colon, rectum, pancreas,
mesenteric lymph nodes, urinary bladder, lumbar spine (including spinal cord and bone marrow),
femurs, femoral medullae, sternum (including bone marrow), back skin, mammary glands,
epididymis, seminal vesicle-and -prostate: -All - tissues- were--fixed--with--10%-—neutral--buffered
formalin fixative, except the eyes, which were fixed with glutaraldehyde formalin.
Electron Microscopic Examination of the Cornea: The comeas of both eyes from
2 rabbits/group were fixed with 2.5% glutaraidehyde and 1% osmium and processed for both
scanning electron microscopy (SEM) and transmission electron microscopy (TEM).

Results:

¢ General Clinical Signs - No remarkable clinical signs were observed.

 Body Weight & Food Consumption - No treatment related changes were noted.

* Hematology, Blood Chemistries and Urinalysis - Normal.

* Ophthalmological Examinations - No ocular irritation was noted in either treated or untreated eyes.
Aqueous flare was normal for all animals. Neither abnormal funduscopic findings nor unusual
appearances in the lens were observed in all animals. The results expressed as slit lamp score for
corneal epithelial lesions are presented as follows.

. Pre-R Day 30 Day 90*
IGroup N® Animals - g L R T R
Vehicle Control 10 0.10 0.20 0.25 0.30 0.13 0.19
[TBX Treated 10 0.30 0.15 0.35 0.35 0.19 0.19

* Eight animals were used;*  Mean Score of treated left eye; ¢ Mean score of untreated right eye.

¢ Pathological Findings - Right testicular and epididymal atrophy were characterized in one TBX
treated rabbit. Histopathological examination revealed a slight inflammatory cell infiltration in the
conjunctiva of untreated eyes of one rabbit from each group. Chondroidal metaplasia in both
treated and untreated eyes was seen in one rabbit receiving TBX. Electron microscopic observation
did not show any abnormal changes in comeal epithelial cells or fine structure of the comeal
, stroma in both groups. Inflammatory cell infiltration in the accessory lacrimal gland was noted in
{ either treated or untreated eyes of TBX treated and vehicle control animals.
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Based upon reported information, TBX did not produce adverse systemic toxicity or ocular irritations
during 91-day repeated instillation (4 x/day).

3.1.1.6.  Six-Month Ocular Toxicity Study of Pemirolast Potassium Ophthalmic Solution in Rabbits.
(SR2500)(Vol. 1.14,p 114 - Vol. 1.16)

Report N¢: SR2500

Study Ne: ( T6776-102
Study Aims: o evaluate the ocular toxicity potential of pemirolast potassium ophthalmic
- solution following topical instillation on the cornea of rabbits 4x/day for

26 months.

Compound: Pemirolast Potassium (Lot N® M-10): 0.1% (Lot N2 6A 9001) and 0.25% (Lot N¢
6B1001), pH 8.0-8.2

Dose and Route: 0, 40, and 100 ng/40 ul/dose, topical ocular instillation at 3-hr intervals

Vehicle Control:  The compositions of vehicle control were not stated.

Animal: Hra:(NZW)SPF rabbits, weighing 2111-2473 g for ¢ and 2966-2429 g for %,
6/sex/group.
Group Compound Dose (up/dose) Dose Vol. Dosing Frequency | Dosing Duration | N® of Animals
1 Vehicle Control 0
2 TBX 0.1% 40 40 ul 4x/day 6-month 6/sex
3 TBX 0.25% 100 :
Compliance with GLP/QAU: Yes _

Study Site: C ' )
Dosing Initiation: 4/15/1997 ’

Terminal Sacrifice: 10/16/1997

Study Designs: Vehicle control or test TBX solution (0.1% and 0.25%) was instilled onto the
right cornea surface of each rabbit 4x/day for at least 6 months. On the days (Days 9, 16, 23, 30, 59,
87, 115, 144, and 182) of ophthalmological examination, dosing frequency was reduced to 3x/day.
Left eye remained untreated but was handled in the same fashion. The following observations were
conducted.

¢ Clinical Signs and Mortality - 2x/day.

Body Weights and Food Intake - Pre-R (Day 1) and 1x/week.

e Macroscopic Ocular Examinations - 1x/day.

Ophthalmoscopic Examinations - Days 9, 16, 23, 30, 59, 87, 115, 144, and 182. Ocular irritation
was scored according MacDonal-Shadduck system.

Clinical Pathology - Days -6, 88, and 184/185. The following parameters were analyzed.

|  HematoLoGy SERUM CHEMISTRY URINALYSIS
|[rBC ALT Inorganic Phosphorus Appearance |pH
[WBC with Differcntal JAlbumin Total Bilirubin |Bilirubin

[He A/G Ratio ‘Total Cholesterol JProtein

Hb IALP (Alkaline Phosphatase)  [Glucose Glucose

mMcv JLactate Dehydrogenase (LDH) [Creatinine Specific Gravity

[MCHC AST Total Protein Ketones

{McH Sodium y-Glutamyitransferase  JUrobilinogen

|Piatelet Count otassium (Triglycerides Occult Blood

JReticulocyte Count cium Globulin Total Volume

fpT |aPTT Urea Nitrogen {Microscopic Examination of Sediment

e TK/PK - Days -5, 14, 91, and 183 at 1 hr followi e t day. Plasma samples
were shipped on dry ice to'&
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* Necropsy - Week 27 (Day 184/185). A gross postmortem examination was performed on all
unscheduled deaths, animals that were sacrificed in extremis and all surviving animals.
Organ Weights: The following organs were weighed after careful dissection and trimming of fat

and other contiguous tissue:

Adrenals Heart

Liver (with Gallbladder Drained)

Spleen

Thymus

Brain (Including Brainstem) |Kidneys

Ovaries

Testes with Epididymides

Tissue Preservation:

The following tissues (when present) from each animal were preserved in

10% neutral buffered formalin except eyes and eyelids that were placed in modified Kamovsky's
fixative (2% paraformaldehyde/2.5% glutaraldehyde in 0.1 M sodium phosphate buffer).

Adrenals Kidneys (Both)

Eye* (with Optic Nerve) and Eyelids

Spleen

Stomach

Aorta (Thoracic) |Lesions

Pituitary

|Pancreas

Skin

Ovaries (Both)

Bone (Femur, Including Knee Joint)

Liver with Gallbladder |Prostate

Testes with Epididymis (Both)

Bone Marrow (Stermum) [Lung (with Bronchi):[Salivary Glands (Mandibular)

Thyrmnus

[Uterus, with Vagina and Cervix

Brain With Brainstem (Medulla/Pons, Cerebellar Cortex, and Cerebral Cortex)

Spinal Cord (Cervical, Mid-Thoracic, and Lumbar)

IColon, Cecum, Rectum Mammary Gland (2 Only) Sciatic Nerve Thyroid (Parathyroids)
Duodenum, Jejunum, Deum Mandibular Lymph Node Seminal Vesicles [Trachea
Esophagus |Hean Mesenteric Lymph Node Skeletal Muscle  |Uninary Bladder

Histopathology: All eye associated tissues as listed in the following
high-dose animals were examined microscopically.

table from control and

[Pa]pebm] and Bulbar Conjunctiva Anterior Chamber Sclera [Retina Lids
{inis Posterior Chamber Ciliary Body Optic Nerve
{Comea (Includin g Limbus, Epithelium, Stroma, Descemet's Membrane, and Endothelium)_____{Lens_______ —— -

Results:

* General Clinical Signs and Mortality - There were 4 unscheduled deaths (19" in control at Week 8:
1¢" in Group 2 at Week 17; 37" in Group 3 at Weeks 17, 18, and 19, respectively). Cold to touch, '

hunched posture, pale, hypoactive, diarrhea, poor water intake, and poor appetite

symptoms observed in the TBX-treated ¢ that died during the study.
* Body Weight & Food Consumption - Slight higher but not statistically significant mean body

were major

Mexs Body Weights
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weights were noted in high-dose ¢ at Weeks 4—27 (T5-11%) and & at Weeks 21527 (T5-8%).
Similarly, high dose animals had higher cumulative body weight changes from Week 1 to Week 26 -
by 20%. The above two figures depicted mean body weight and food consumption for each group.

¢ Hematology, Blood Chemistries and Urinalysis - No remarkable changes were attributable to the
treatment.

* Ophthalmological Examinations - There were no significant treatment-related changes noted.
Necropsy - .
Organ Weight: The high dose o had a slight decrease ({9%) in absolute brain weight.
Macroscopic Changes - No significant findings were identified in & that die during the study.
Enlarged lymph node and ovary cyst were noted in 1 Group 3 9.
Microscopic Findings - Chronic inflammation in the upper and lower eye lids with similar
incidence between treated (OD) and untreated (OS) eyes was noted in both control and
TBX-treatment animals , i

* PK/TK - The plasma TBX and it metabolite TBX-01 levels on Days 14, 91, and 183 following
ocular administration to rabbits are shown in the following table. Generally, higher concentrations
of TBX and TBX-01 were noted on Day 183 than Days 14 or 91 in 0.25% group, an indicative of

accumulation.
Day 14 Day 91 Day 183
Group - )l' 5 - Z)I’ 5 — a)'[ :
TBX (og/ml)
0.1 %TBX {1.399+0.750 |1318+0.156 [1.057+0.482 [0.733+0.292 ]0.859 £ 0.397 | 1.545 £ 0.681
0.25% TBX |1.802%0.508 [2.592+1.029 [2.348+0.702 |2.262 + 1.251 |3.525 + 2.354 |4.732 + 0.955
T T T T T T TBXA0) (ng/mi) )
0.1%TBX 10.142+0.156 |0.000 + 0.000 [0.000 + 0.000 [0.000 + 0.000 ]0.000 + 0.000 ]0.000 % 0.000
0.25% TBX 10.042+0.102 [0.187 +0.153 [0.116+0.128 [0.052+0.127 |0.743 + 1.056 |0.883 = 1.279
3.2. SYSTEMIC TOXICITY
3.2.1. ACUTE TOXICITY
3.2.1.1.  BMY-26517 (BLX): Acute Toxicity in Mice. (SR2143)(Vol. 1.17, p 61)
Report N SR2143
Study N2 83-003
Study Aims: To determine acute toxicity of TBX in mice following oral and iv administration.
Compound: Pemirolast Potassium (Lot N2 M-06) dissolved in distilled H,O -
Dose & Rcute: 1030-2745 mg/kg po; 410-800 mg/kg sc, 139-415 mg/kg iv
Animal: Crj:CD-1 (ICR) mice, ~5 weeks of age, weighing 22.0-28.5 g for the o" and 18.2-

23.5 g for the ¢ in oral administration groups, and 26.1-35.0 g for the &* and 20.9-
28.5 g for the 2 in the sc and iv groups; 10/group

Compliance with GLP/QAU: Not Indicated. .
Study Site: ( — a 43
\
-Study Date: 5/16/1983 - 10/31/1983
Results:

¢ Mortality & Clinical Signs - General symptoms and mortality were monitored for 7 days after the
administration of the drug. Decreased voluntary movement, somnolence and convuision were the
major clinical complaints. Most deaths occurred within 3 hr post dosing. The following table

i exhibits the LDs, of each route of treatment.
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Route LDy
-3 e p—
PO 1317 (1131.3-1472.2) 1185 (973.4-1325.5)
SC 566 (532.9-602.2) 543 (518.5-567.7)
v - 220 (194.9-247.5) 283 (260.9-308.1)

¢ Pathology - Gross pathological examination on the dead mice revealed hemorrhaging in the gastric
intestinal organs for the oral treatment group, in the subcutaneous area for the subcutaneous
treatment group, and in the lungs for the iv group. The characteristics of hemorrhaging was not
observed in the survival mice one week post administration.

3.2.1.2.  BMY-26517 (BLX): Acute Toxicity in Rats. (SR2142)(Vol. 1.17, p79)

Report N%: SR2142

Study N . 83-004

Study Aims: To determine acute toxicity of TBX in rats following oral and iv administration.
Compound: Pemirolast Potassium (Lot N2 M-06) dissolved in distilled H,O

Dose & Route: 500-1790 mg/kg po; 310-620 mg/kg sc, 260-610 mg/kg iv

Animal: Crj:CD-1 (ICR) rats, ~5 weeks of age, weighing 139-171 g for & and 107-136 g

for ¢ in oral administration group, and 139-171 g for & and 120-155 g for 2 in
the sc and iv groups; 10/group

Compliance with GLP/QAU: Not Indicated \
Study Site: - : )
Study Date: 571671983 - 10/31/1983 _

Results:

¢ Mortality & Clinical Signs - General symptoms and mortality were monitored for 7 days after
administration of the- drug. Somnolence, reduced voluntary movement, salivation, perspiration,
tears, erect tail, .breathing difficulty and convulsion were the major clinical complaints. Most
deaths occurred within 3 hr post dosing. Most survivors showed temporary weight loss. The
following table exhibits the LDs, for each route of treatment.

Route LDso
I [
PO 755 (649.4-855.7) 687 (535.6-808.1)
SC 430 (408.4-450.0) 474 (449.3-503.8) -
v 372 (343.2-402.8) 389 (359.8-420.2) -

* Pathology - Gross pathological examination of the dead rats revealed hemorrhages in stomach and
intestines for the oral treatment group, subcutaneous bleeding, hemorrhages in the lung, glandular
stomach and intestines, spotty bleeding in the thymus for the subcutaneous treatment group and
hemorrhages in the lungs and spotty bleeding in the iv group. The characteristics of hemorrhaging
was not observed in the survival rats one week post administration. Precipitation of the drug at the
injection sites and GI tract was identified.

3.2.1.3. BMY-26517 (BLX): Acute Toxicity in dogs. (SR2106)(Vol. 1.17, p 98)

Report N: SR2106

Study N¢: SBL 85-07

Study Aims: ~ To determine acute toxicity of TBX in dogs following oral administration.
Compound: Pemirolast Potassium (Lot N® M-06) dissolved in distilled H,O

Dose & Route: 60, 600, 6000 mg/kg po : ,
Animal: d Beagle dogs, ~6-7 months of age, weighing 7.0-8.8 kg; 2/group




Compliance with GLP/QAU: Yes (Japanese)

Study Date: 7/22/1985 - 10/30/1985

Study Site: & ' /]
Study Date: 7/22/198S - 10/30/1985

Resulits:

* Mortality & Clinical Observations - General symptoms and mortality were monitored at least 2x a
day for 2 weeks after the administration of the drug. Vomiting, salivation, tarry stools, loss of
appetite, and reddening of the oral mucosa and conjunctiva were major chmcal signs. No deaths
occurred. The LDs, was >6000 mg/kg. -

* Food Intake and Body Weights -A decrease in food consumption was noted in one of each at 60
and 6000 mg/kg groups. No significant changes in body weights.

e Pathology - There were no abnormalities in the organ (absolute & relative) weights. Gross
pathological examination showed slight red-tinted jejunum mucosa (1 @ 60 mg/kg), slight red-
tinted in duodena. and ileum (1 @ 600 mg/kg), and hemorrhages in ileum mucosa (l1e
6000 mg/kg). Thickening of the alveolar septum (1 @ 60 mg/kg), lymphocyte infiltration around
bronchi and round cell infiltration in the interstitium in the kidney (1 @ 6000 mg/kg), and
leukocyte infiltration in the pancreases and round cell infiltration in the interstitium in the kidney
(1 @ 6000 mg/kg) were major lesions seen under microscopic examinations.

3.2.2. SUBACUTE TOXICITY

3.22.1. BMY-26517 (TBX): Three-Month Oral Range Finding Study in  Mice.
(SR2146)(Vol. 1.17, p 182)

Report N SR2146

Study N2 6K089

Study Aims: To determine doses for an 18-month carcinogenicity study by given TBX via feed
adm