
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   
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NOA 20-613 

Allergan, Inc. 
Attention: Adelbert L. Stagg, Ph.D. 
Director, Regulatory Affairs 
2525 Dupont Drive 
P.O. Box 19534 
Irvine, CA 92713-9534 

Dear Dr. Stagg: 

Please refer to your August 31, 1995, new drug application submitted under section 505(b) of 
the Federal Food, Drug, and Cosmetic Act for Alphagan"' (brimonidine tartrate ophthalmic 
soluti:m) 0.2 % . 

We acknowledge receipt of your amendments dated October 12 and 23, 1995, and 
February 26, March 1, 18, 22, and 26, April 5, 11, and 25, May 8, 10 (two), 14, 16, June 4, 
12 (two), July 16, and August 28, 1996. 

This new drug application provides for the indication of lowering intraocular pressure in 
patients with open-angle glaucoma or ocular hypertension. 

We have completed the review of this application, including the submitted draft labeling, and 
have concluded that adequate information has been presented to demonstrate that the drug 
produ~t is safe and effective for use as recommended in the draft labeling in the submission 
dated August 28, 1996 with the following revision: the first sentence of the Clinical 
Pharmacology se:::tion should be revised into the following two sentences, "ALPHA GAN"' is 
an alpha adrenergic receptor agonis1. It has a peak ocular hypotensive effect occurring at two 
hours post-dosing." Accordingly, the application is approved effective on the date of this 
letter. 

The final printed labeling (f-PL) must be identical to the draft labeling submitted on August 28, 
I 996, as revised above. Marketing the product witl, FPL that is not identical to this revised 
draft labeling may render the product misbranded and an unapproved new drug. 

Please submit sixteen 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 "FINAL 
PRINTED LABELING" for approved NOA 20-613. Approval of this submission by FDA is 
not required before the labeling is used. 

Should additional infonnation relating to the safety and effectiveness of the drug become 
available, additional revisions of that labeling may be required. 



NDA 20-613 
Page 2 

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

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, we acknowledge the commitment made during the September 6, 1996, telephone 
conversation between Peter Kresel (Allergan, Inc.) and Wiley Chambers (FDA). Allergan, 
Inc .. agreed to conduct a Phase 4 study to further evaluate the potential (in at least two 

Pl~ase submit one market package of the drug when it is available. 

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

If you have any questions, please contact: 

Joanne Holmes, M.B.A. 
Project Manager 
(3UJ / 827-2090 

Sincerely yours, 

Michael Weintraut, M.D. 
Directtir 
Offi • e :)f Drug Evaluation V 
Cen,er for Drug Evaluation and Research 



FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE 

PUBLIC. 

FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.

Eye Therapies Exhibit 2015, Page 7 of 286
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Confider111al 

14. PA TENT CERTIFICATION 

Allergan. lnc 
Brunorudine Tartnte C.5'1- Opht.biLlauc Soluuon 

OnginaJ hling For NOA W-613 
Secuon 14 

Because the only patent related to brimonidine for use in ophthalmic products has expired, no 
patent certifications will be made at this time. A copy of U.S. Patent No. 3.890,319. which covered the active compound brimonidine in Brimonidine Ophthalmic products and expired on 17 June 1992, is provided in this NOA under Section 13. Patent Information. 



PEDIATRIC PAGE 
IC....,i.te for al origNI applicalians nl d effoacy ~I 

NDA/PLA # d 21) ft .-9Q - 4' I 3 Supplement # ~N~;; .... 14-.... __ Circle one: SE1 SE2 SE3 SE4 SES SE6 

Ar.tion: 
~k-r,k- AP@NA Hf'.b ::,;'2 ""D Trade (generic) name/dosage form: t/1p ~ r, f {l<(.f¼oa,<i,,,: + ~.a0 J ci~il'IH,'-- Sc.;/v~)O.~ ;l 

Applicant ,4//4.,,,,r,,v<, Therapeutic Class----'-~----------

lndication(sl previously approved --W~~==------,----------------
Pediatric labeling of approved indication(sl is adequate ~madequate __ 

1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has been submitted in this or previous 
appUcations and has been adequately summarized in the labeling to pennit satisfactory labeling for an pediatric 
subgroups. Further informatwn is not rtquired. 

2. PEDIATRIC STUDIES ARE NEEDED. Th~re is potential for use in chadren. and further informati~n is required to 
permit adequate labefing for this use. 

a. A new dosing formation is needed, and appficant has agreed to provide the appropriate formulation. 

b. The applicant has evmmitted to doing such studies as wm be required. 
(1) Studies are ongoing, 
(2) Protocols werA submitted and approved. 
(3) Protocols were submitted and are under review. 
(4) 11 M protocol has been submitted, explain the status of cftscussions on the back of this form. 

c. If the sponsor is not willing to do pediatric studies, attach copies ol FDA's written request that such 
studies be done and of the sponsor's written response to that request 

~ PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biolugili product has ittle potential for use in chndren. 
Explain. _on the back of this form. why pediatric studies are not needed. ~ s. , .,d, ad? o•• -~ r<-<'~ 

p tY >' .. _,.- ,~--r I ,, . I' f' d', ,..1-,,, '- "P CLY, ,·,,.)'.s 
4. EX?LAIN. If none of the above apply, explain, as necessary, on the back of this form. 

EXPLAIN, AS NECESSARY. ANY OF THE FOREGOING ITEMS OM TRE BACK Of THIS FORM. 

d Title (PM, CSO, MO, other) Date 
/ I 

cc: Ori(§J~JPLA /I dQ -v 1 1 
Hfu.: ;;,-:',:IJ /Div File 
NDA/PLA Action Package 
HFD-510/GTroendle (plus, for CDER APs and AEs, copy of action letter and labeling) 

NOTE: A new Pediatric Page must be completed at the time of eath action even though one was 
prepared at the time of the last action. 
5195 



J.\LLERGAN 

DEBARRMENT CERJIEJCATIQN 

REF: Bnmonidine Tanrare 0.2% Ophthalmic Solution - NOA 20-613. 

U oder the provisions of Section 306(1t) of the Federal Food, Drug and Cosmetic Act. Allergan. 

Inc. bas made a diligent effon to insure that no individual. corporation. pannersbip or 

association debarred under Section 306(a) or 306(b) of the Act. as referenced above. bas 

provided any services in connection with this application. This effon included identifying all 

employees of Allergan. Inc. connected with this application and requiring each of them to 

certify that be or she bas not been debarred. This effect also included a requirement that all 

persons not employed by Allergan. Inc. who provided services in connection with this 

application certify to us that neither they nor any person employed by them bas been disbarred. 

Relying. in part. on these certifications to us. Allergan, Inc. certifies that it did not and will not 

use. in any capacity. the services of any individual, corporation. partnership or association 

debarred under Section 306(a) or 306(b) of the Federal Food. Drug and Cosmetic Act in 

connection with this New Drug Application. 

Vice President. Global Regulatory Affairs 

Allergan. Inc. 



NOA 20-613 
Original 

Sponsor: 

Drug name: 

Medical Officer's Review NOA 20-613 
Original 

Submission date: 
Received date: 
Review date: 

Allergan Inc. 
2525 Dupont Drive 
P.O. Box 19534 

9{7/95, 4/5/96, 6/12/96 
9/13/95, 4/8/96, 6/14/96 
7/3/96 

Irvine, California S:2713-9534 

Alphagan 

- - ---- -- ---

1 

Pharmacologic Category: Alpha adrenergic receptor agonist 

Proposea Indication: 

Dosage Forrr and 
Route of Administration: 

Submitted: 

Manufacturing Controls: 

Pharmacology: 

Related Submissions: 

For the reduction of elevated intraocular pressure in 
patients with open angle glaucomd and ocular 
hypertension. 

Topical ophthalmic solution. 

This application consists of 209 volumes divided into 
15 sections. The clinical section consisted of 
volumes 1. 136-1.142. The sporJsor has identified 2 
Pi1ase Ill studies as pivotal trials: #A:342-103-7831 
and #A342-104-7831 

See Chemist's Review. 

See Pharmacology and Toxicology Review. 

IND# 

NOA# 



Clinical Studies Conducted In Support of Brimonidine 
for the Reduction of Elevated IOP 

Phase 
tudy 

Description 

Clinical 
Pharmacokinetics 

Safety and 
Comfort/ 
Dose-titration 

s 
Cotm 
Dose 

Efficacy and 
Safety Dose 
Response 

0 y 
Volunteers 

y 

y 

y 

n-ang e g auco 
ocular hypertension 

A342-106-7831 
A342- I 19-7831 
A342-120-8042 

A342-104-7831 

2 
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APPLICANT'S RATIONALE FOR DOSE AND REGIMEN 

A three <lay dose-response study (S342- l 09-7829) was conducted that compared the safety and 
efficacy of brimonidme 0.02%, 0.08%, and vehicle in 13 subjects with glaucoma or ocular 
hypertension (S342-109-7831). Subjects were treated twice-daily in both eyes. Toe results showed a 
significant difference in mean !OP change from baseline only at one timepoint. At this visit, the 
0.08% group had a significantly greater decrease than the vehicle group. 

A one-month dose-response study (A342-l10-7831) was conducted comparing the safety and efficacy 
of brimonidine tartratc 0.08 % , 0.2 % , 0.5 % , and vehicle in !94 subjects with open-angle glaucoma or 
ocular hypertension (A342-116-7831; Derick et al., 1993). Subjects were treated twice-daily in both 
eyes. Results f:om this study indicated that all three brimonidiric concentrations lowered !OP 
significantly more than vehicle at all follow-up visits (p<0.05). At days 14, 21, and 28, the 0.5% 
concentration lowered JOP to the same extent as the 0.2% concentration. The 0.5% concentration, 
however, was associated with a greater incidence of blurring of vision and foreign body sensation. 
Incidence of fatigue and/or drowsiness and dry mouth were also higher for this concentration than for 
either the 0.2% or the 0.08% concentrations. Based on the rc,,-ults of the dose-response study, 
brimonidine 0.2 % was selected for funher clinical development in the treaanent of open-angle 
glaucoma and ocular hypertension. 

Dosing of brunonidine 0.2% at twice per day (b.i.d.) was compared to three times per day (t.i.d.) in 
a lhree-month study (A342-l 19-7831) to ascertain if more frequent instillation would sigruficantly 
enhance overall clinical effectiveness (A342-119-7831). One-hundred one patients with glaucoma or 
ocular hypertension were randomly assigned to the b.i.d. or t.i.d. groups. The data demonstrated that 
t.i.d. dosmg did not enhance overall clinical effectiveness. At morning trough, !OP was reduced 
approximately 4 mm Hg for both dosing regimens. At the afternoon trough, t.i.d. dosing resulted in 
a significantly greater reduction in IOP at three hours (3 mm Hg greater with t.i.d. than b.i.d. dosing) 
and one hour ( 1.4 mm Hg greater) before the evening dose. The value of this additional decrease is 
minimal, since a) !OP is generally lowest in the afternoon and evening (Henkin<! ct al., 1973; David 
et al, 1992), b) both regimens resulteo in afternoon trough IOPs of under 20 IIIIJl Hg, c) there was not 
an enhanced !OP reduction at the morning trough,,a.,d d) compliance will likely suffer with t.i.d. 
dosing (Kass et al , 1987). Brimonidine was safe whether dosed b.i.d. or t.i.d. The conclusion from 
this study was that while t.i.d. dosing was safe, it did not contribute to a clinically significant 
enhancement of efficacy. 

One small, additional study (A342-!16-8042) was conducted to aso:rtain whether a smaller drop size 
(26 uL) of brimonidine would be as effective as the standard drop size (35 uL) while enhancing the 
safety profile (A342-l 10-7831). Sixty-seven patients with glaucoma or ocular hypertension were 
dosed b.i.d. for seven days. The results showed that the smaller drop size did not enhance the safety 
profile and therefore, the 35uL drop size was used iu all future studies. 

Reviewer's Comments: The applicants rationale for bid dosing is seriously flawed. The morning 
trough measured was taken in each group 9-12 hours after the evening dose. The equivalence between 
groups is reflective of the equal arrwunts of time since the last dose in each group. 
The difference in the afternoon measurement demonstrates CM need for an additional afternoon dose. 
An occasional missed afternoon dose due to compliance issues is still bmer than a routinely missed 
dose because it was not attempted. 
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Study Design - Phase ill Studies 

In the two phase ill studies (A342-103-7831 and A342-104-7831), all patients were diagnosed with 
glaucoma and/or ocular hn,enension. Patients were required to meet the following inclusion and 
exclusion criteria to panic1pate in the study: 

Inclusion Criteria: Male or female volunteers, 21 years of age or older, with 
post-washout lOPs of 23 mm Hg or greater (but less than 35 mm Hg) in each eye at the Hour 0 
measurement, and corrected visual acuity of 20/80 (A342-104-7831) or 20/100 (A342-103-7831) 
English units or bc,tter in each eye. 

Exclusion Criteria: Existence of any uncontrolled systemic disease.-; pregnancy, 
nursing, or childbearing potential (an adult female was considered of childbearing potential uilless she 
was post-menopausal, bad her uterus and/or both ovaries removed, or bad a bilateral tubal ligation1; 
contraindications 10 alplu:-adrenoceptor agonist therapy sucb as depression, cerebral or coronary 
insufficiency, Raynaud's phenomenon, onhostatic hypotension, or thromboangiitis obliterans; 
contraindications to beta-adrenoceptor antagonist therapy (such as chronic obstructive pulmonary 
disease, bronchial asthma, hean block more severe than first degree or uncontrolled congestive bean 
failure); abnormally lcw or high hean rate or blood pressure for age; known hyperseru.;t1vity to any 
of the ingredients in the study medication, or diagnostic agents used in the study; chronic treatment 
with any other topical or systemic alpha-adrenor.cptor agonist or alpha-adrenoceptor antagonist; 
alteration of exist:ng chronic therapy with agents which could have a substantiw effect on !OP, a 
substantial effect on the ocular activity of alpha-adrenergic agonists, or substantially interact with 
alpha-agonists; and treatment with adrenerg1c-augmenting psychotropic drugs. 

Ophthalmic Exclusion Criteria: Corneal abnormalities that would preclude ac.:urate 
readings with an applanation tonometer, use of contact lenses during thf' study, any other actiw 
ocular disease, dry eye (with confirmation of a Schirmer strip test < 5 mm), Sjogren's syndrome or 
kerazoconjunctivitis sicca. required use of other ocular medications during the study, asymme~ of 
IOP > 5 mm Hg between eyes, visual field loss of 50% or greater or any visual field loss which in 
the opinion of the investigator was functionally significant, laser or other intraocular surgery within 
the past six months, and r.apping of the optic disc~ 0.8 in either eye. 

Study Design: Before study medications were dispensed, subjects provided written 
informed consent. At the prestudy visit (vISit I), an ophthalrnii, ex•minatinn co11.sisting of assessments 
of intraocular pressure (IOP), visual acuity, biomicroscopy, ophthalmoscoP.y, pupil size, Schirmer 
tear test, and a visual field were performed to determine a subject's eligibility to panicipate in the 
study. Those subjects meeting the initial entry criteria were enrolled into the study and a medical and 
ophthalmic history was taken. For systemic safety evalu.-.tion, heart rate and blood pressure were 
measured. An ECG was optional at this visit. Blood samples were drawn to evaluate the subject's 
complete blood count (CBC) and blood chemistry. 

The washout period was four days to four weeks depending on the prestudy glaucoma medication that 
wa;, used. Following washout, all subjects returned for a baseline examination (visit 2, day 0). If no 
washout period was required, visits I and 2 could occur on the same day. At this visit, baseline 
measurements c,f !OP, visual acuity, pupil size, heart rate, and blood pressure were taken. 
Measurements of !OP were taken between 7:30 and 9:30 am (corresponding to trough, 12 hours after 
treatment-hour O ) ~nd again between 9:30 and 11 :30 am (corresponding to peak, two hours after 
treaanent). Biornicrn~copy and a Schirmer tear test were performed. Subject comfon was also 
assessed. Subjects who qualified for entry were randomly assigned to one of the two treaanent 
groups (brimonidine 0.2 \t, or timolol 0.5 % ). Subjects were instructed to instill the study medication 
at twelve hour intervals, between the hours of 7:30 AM and 9:30 AM and between 7:30 PM and 9:30 
PM, for a duration of 12 mooths. Subjects were instructed not to use the morning medication on the 
day of a scheduled visit. 

Subjects returned for follow-up examl.nations at weclcs I and 2, and months I, 2, 3, 6, 9, and 12. At 
these eiwrun,uions, efficacy was assessed by evaluating changes from baseline in IOP, visual fields, 
and cup/disc ratio (month 6 and 12). Ocular safety was assessed by evaluating changes from baseline 
in visWII acuity, pupil size, biomicroscopy, a.id ocular discomfon. A Schirmer tear test (month 6 and 
12) and an ophthalmoscopic eumina!lon (month 6 and 12) were also assessed for ocular safety. 
Systemic safety was assessed by evaluating changes from baseline in hean rate and blood pressure, 
systemic discomfon, and CBC and blood chemistry (months 6 and 12). Peale (two hours 
post-instillation) measurements of !OP were taken at week I and 2, and at months 1, 3, 6, and 12. 
Subject comfon was also assessed at all follow-up visits. 
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Statistical Analysis: One year data from A342-J03-7831 and six-month data from 
A342-104-7831 were analyz•.:d in each respective final report. In this integrated swnmary, 
meta-analysis was pcrformej for the combined six-month data from both studies. However, in some 
tables/graphs, Months 9 and 12 data from A342-J03-7831 were also included. 

lntraocular pressure was the key variable for both pivo!al studies. A p-value less than or equal to 
0.05 was considered statis!iCJ..lly significant for the main effects and 0. JO for the trcannent-by-study 
interaction effects. 

The followin 

10n, ms co or, 1agnos1S, 

10nucroscopy, op oscopy, ocu ar an 
systemic discomfort, adverse events 

Size 

pressure 

two-way ys1s o vanancc 

two-way es or 
significant changes 

two-way ; 
significant changes 

two-way 

two-way 

two-way 

two-way ; 
baseline as a covariate 

1-square test or 

es or 

covanancc w1 

Two major analyses were performed on the two combined studies: 

(I) Preferred Analysis. Subjects from the efficacy analyzable population were included in this 
analysis. The preferred analysis was the primary analysis for efficacy. 

(2) Responder Analysis. Responders were defined as subjc:,..-is included in the preferred analysis 
with an IOP reduction of at least 3 mm Hg or greater from baseline at two consecutive visits 
within the first month of trcatmem (trough effect, Hour O measurement). 



13 Study # l 
Protocol # A342-103-7831 

Demograph.ics 

(All S\.lbj ects) 

Variable 
0.2t Brlll 0.5t Tim All P-value Age (Years) N 

221 222 443 0. 969 
Mean 62.6 62.5 62.5 SD ll.2 10.3 10.7 Min 27.9 34.4 27.9 Max 83.9 83.4 83.9 
<45 17 ( 7. 7') 16 ( 7.2t) 33( 7. 4t) 45-65 100 (45.2t) 104 (46.8t) 204 ( 46. Ot) >65 104 (47.UJ 102 (45.9t) 206( 46.5\) Sex Male 100 (45.2t) 117 (52.7t) 217( 49.0t) 0.134 

Female 121 (54 .St) 105 (47.Jt) 226 ( 51.0\) Race Caucasian 175 (79.2t) 172 (77.5t) 34 7 { 78.Jtl o.585 
Hispanic 16 ( 7 .2t I le ( 8.lt) 34( 7. 7') Black 26 (11.81) 25 (ll.3t) 51( ll.5t) Asian 4 ( l. St) s ( 2.3t) 9( 2. Ot) Other [bl 0 ( 0. Ot) 2 ( 0.9t) 2 ( 0.5\) Iris Color Blue 79 (35.7~) 79 (3S.6t) 158 ( 35. 7tl 0.710 

Green 12 { 5. 4\) 5 ( 2.3t) 17 ( 3. et) Hazel 23 (10.4\) 27 (12. 2t) 50( ll.3t) Brown 107 (48,;41) lll (50.0t) 2l.8( 49.2\) Diagnosis OAG 137 (62.0t) 138 (62.2t) 275( 62 .lt) 0.933 
ORT 81 (36.7\J 80 (36.0t) 161 ( 36.3\) OAG/Ol!T [c) 3 ( 1.4\) 4 ( l.Bt) 7 I 1. 6\) 

[bl Other: two Hawaiians [cl One eye with OAG and the fellow eye with OHT. 



Demographics 

(Preferr"d Analysis) 

Variable 0.2t Brm 0.5t Tim All P-value 

Age (Years) N 186 188 374 0.713 
Mean 62.7 62.2 62.5 
SD 11.4 10.3 10.9 
Min 27.9 34.5 27.9 
Max 83.9 81.4 83.9 

<45 15 ( 8.H) 13 ( G . 9t) 28( 7.St) 
45-65 81 (43.St) 90 (47.9t) 171 ( 45.7\-) 
>65 90 (48.4\-) 85 (45 .2t) 175( 46. st) 

Sex Male 84 (45. 2t) 103 (54.St) 187 ( 50.0t) 0.052 
Female 102 (54.St) 85 (45. 2t) 187( 50.0ti 

Race Caucasian 150 (80.6t) 145 (77.H) 295 ( 78. 9t) 0.456 
Hispanic 14 ( 7. St) 17 ( 9.0t) 31( a .n> 
Black 18 ( 9. 7\) 21 (ll.2t) 39( 10.4.t) 
Asian 4 ( 2.2t) 4 ( 2.H) 8 ( 2.lt) 
Other [bl 0 ( O.Ot) l ( O.St) l ( o.n) 

Iris Color Blue 69 (37.H) 68 (36.2t) 137 ( 36.6t) 0.648 
Green 8 ( 4.3t) 5 ( 2.7\-) l.3 ( 3.St) 
Hazel 20 (l.O.St) 20 (l.0.6t) 40 ( 10.7\-) 
Brown 89 (47.St) 95 (SO.St) 184 ( 49.2t) 

Diagnosis OAG 115 (6l.. St) 118 (62.St) 233 ( 62 .3t) 0.886 
OHT 68 (36 .'6t) 66 (35. H) 134 ( 35.St) 
OAG/OHT [cl 3 ( l..6t) 4 ( 2.H) 7 ( l.. 9t) 

[bl Other: one Hawaiian 
(c] One eye with OAG and the fellow eye with OHT. 

Reviewer'• Comment■ : There was no significant differences between the two 
treatments groups in age, sex, race, iris color, diagnosis distribution, 
medical or ophthalmic history. 
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.nvestigators 

~aim; and Addres~ Alle:rgan 0.2lL Brm 0.5lL Tim. Total 
"1entific.lll'ic>L 

Nwnber 

. Diane Albracht, MD 1 ;;o 14 17 31 
21675 Redwood Rd 
Cuuo Valley, CA 94540 

Walrer Alias, MD 1979 " 12 25 ,, 
Nalle Clinic 
1350 South Kings Dr 
Charloae, NC 28207 

Howard Barnebey, MD 1688 9 10 19 
90 I Boren St, So ire I 030 
Seallle, WA 98104 

Neil Cboplin, MD 1486 7 9 16 
Naval Hospital of San Diego 
Dept. of Ophthalmology, Code 69 
San Diego, CA 92134 

E. Randy Cruen, MD 2027 12 11 23 

Glaocoma Associates 
·50 E. Harvard, Suite 205 
Jenver, CO 80210 

Roben David, MD 0398 14 16 30 

lllmar Klemperer, MD 
Ben-Gurion Univeniry of the Nege\· 
Sorou Medical Cenrer 
Beer-Sheva 84101 Israel 

Ronald Gros.s, MD 1642 3 4 7 

Baylor College of Medicine 
6501 Fannin, C529 
Houston, TX 77030 

Stanley Hersh, MD 1756 l 2 

1201 W. Main St, Suite 100 
Waterbury, CT 06708 

Barry Horwitz, MD 1513 19 18 37 

8945 Long Ptnnt Rd, Suite 111 
Houston, TX 77055 

Roben Jones, MD 1484 8 

1401 Avoado Ave. Suite 505 
Newpon Beach, CA 92660 
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L. Jay Katz, MD 1960 8 8 16 
Wills Eye Hospiial 
9dl and Walnut St 
Philadelphia, PA 19107 

. Larry Lab,uu, MD 1532 14 15 29 

srudy conducted at: 
917 Washington Ave 
Miami Beach, FL 33139 
new address: 
1034 Alton Rd. 
Miami Be..:h, FL 32139 

Kathleen Lamp,,g, MD 0654 14 13 27 

stUdv conducted at: 
I 6 I I South Green Rd, Suite 140 
South Euclid, OH 44121 
new address: 
1611 South Green Rd. Suite 144 
South Euclid, OH 44121 

Norman Levy, MD, PhD 0619 8 ·; 15 

Aorida Ophlhalm1c lnsurute 
7106 NW I Ith Place, Suite B 
,ainesville, FL 32605 

Howard F. Pen,11, MD 1752 1 2 

Nonb Arundal Physicians Center 
203 Hospiial Dr. Suite 306 
Glen Burnie, MD 21061 

Michael Rotberg, MD 2037 11 11 22 

Cbuloae EENT Associates 
1600 E. Third St 
Cborloae, NC 28204 

Joel Schuman, MD 2110 5 4 9 

New England Eye Center 
750 Washtngton St, Bo, 450 
Boston, MA 02111 

Les Siegel, MD 1653 4 9 

Glaucoma Center of Mich1g111 
29201 Telegraph Rd #301 
Soudme:.;, :-.!! ~!0'.\4 

David Silverstone, MD 0342 6 5 11 

60 Temple St 
New Haven, CT 065 IO 
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Fnnt Sloari, MD 1536 9 8 17 

401 79ut Ave North 
Myllle Beac~. CA 29577 

Richard Srunn, MD 1587 10 10 20 

-~ Hempstead Ave 
Lynbrook, NY 11563 

so .. n Terry, MD ISl2 6 6 12 
Soulh Teus Catanct and Glaucoma Center 
215 E. Quincy St, 1200 
San Antonio, TX 78215 

Christopher Tonora, MD 2026 4 7 
Hawaiian Eye Center 
606 Kilaoi Ave 
Wabiawa, HI 96786 

Manin Wax, MD 2109 7 6 13 
Washington Univ School of Medicine 
Dept of Ophlhalmology, Box 8096 
660 S. Euclid Ave 
St. Louis, MO 63110 

1CDb Wilensky, MD 0296 I 7 14 
Jniversity of Illinois at Chicago 
Dept of Ophlhalmology (MIC 648) 
1855 West Taylor Sr 
Chicago, ll. 60612 

Thom Zimmennan, MD 0151 II II 22 
University of Louisville 
Kenrucky Ey, Research 
301 East Muhammed Ali Blvd 
Louisville, KY 40292 



Summary of Subject Enrollment and Exit Status 

(All Subjects) 

Exit. Statcis [a] 0.2\ Brm o.s, Tim Total 

Included in Preferred Analysis[b] 

Enrolled 186 198 374 
Completed 115 61. 8l) 154 81.9\) 269 
Terminated - LOE 13 7 0\) 6 3. 2\) 19 
Terminated - AE (Ocular) 30 16 .1\) 3 1. 6\) 33 
Terminated AE (Systemic) 18 9. 7\) 9 4. 8\) 27 
Discontinued 14 7. St) 17 9.0\) 31 

Excluded from Preferred Analysis 

Enrolled 35 34 69 
Completed 4 11.0) 13 38.2\) 17 
Terminated - LOE 4 11. 4\) 3 8. 8\) 7 
Terminated - AE(Ocular) 2 5. 7\) 0 0. Ot) 2 
Terminated AE(Systemic) 4 11.4\) 3 8.8\) 7 
Discontinued 21 60 .0\) 15 44. l\) 36 

All Subjects 

Enrolled 221 222 443 
Completed 119 53.8\) 167 75.2\) 286 
Terminated LOE 17 7. 7\) 9 4.11) 26 
Terminated - AE(Ocular) 32 14. 5\) 3 1. 4\) 35 
Terminate.:;. AE (SyRtemic) 22 10.0\) 12 5.4') 34 
Discontinued 35 15. 8\) 32 14. 4\) 67 

[a] LOE•lack of ef'.icacy. AE•adverse event. 
[bl Four ~ubjects (0.2\ Brm) and one subject (0.5\ Tim) were terniinated 

due to both the ocular and systemic Ms. The percentage was calculated 
based on the actual sample size as the denominator, and did not add 
up to 100\. 
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Reviewer'• Comcent■ : Significantly fewer patients in the brimonidine group 
completed the study and significantly more patients in the brimonidine group were 
te.rfflinated due to ocular adverse events and lack of efficacy as canpared to the 
timolol group. 



EFFICACY RESULTS: 

Intr~ocular Prea ■ure (nm Hg) 
Baaeline and Mean Changes from Baaeline at Each Scheduled Visit 

(Hour 0 - Preferred Analy■ i ■ ) 

Baaeline 

~eek. l 

Week 2(cl 

Month 1 

Month 2 

Month 3 

Month 6 

Month 9 

Month 12 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value(bl 

N 
Mean 
SD 
Min 
Max 
P-value(b) 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P · val•.ie (bl 

N 
Mean 
SD 
Hin 
Max 
P-value(b] 

N 
Mean 
SD 
Min 
Max 
P-value(b] 

N 
Mean 
SD 
Min 
Max 
P-value[b) 

0.2, Brm 

186 
25.80 

2. 31 
23.00 
32.00 

171 
-5.32 
2.90 

-16.50 
6.00 

<0.001 

63 
-4.45 
2.82 

-10.00 
2.00 

<0.001 

112 
-4.35 
3.27 

-13.50 
11. 00 

<0.001 

153 
-4.26 
3.25 

-11.50 
11.50 

<0.001 

154 
-4.49 
3.10 

-12.00 
3.50 

<0.001 

130 
-3.89 

3. 40 
-11.00 

6.00 
<0.001 

119 
-4. 20 

3.51 
-12.50 

6.50 
c0.001 

106 
-3.67 

3.98 
-11. 50 

8.50 
c:0.001 

0.5, Tim 

188 
25.87 

2.81 
23.00 
34. 00 

174 
-6.47 
3.00 

-13 . 50 
1. 50 

c:O.0O1 

65 
-5.81 
2.89 

-12.00 
1.50 

c:0.001 

179 
-6.57 
2. 92 

-16.50 
1.00 

c:O.OO1 

171 
-6. 84 
3. 03 

-15.00 
2.50 

c:0.001 

168 
-6.32 
3.40 

-16.00 
4.00 

.0. 001 

162 
-6.40 
3.21 

-15.00 
3.50 

c:0.001 

153 
-6.16 
3.10 

-14. 00 
4.00 

c:0.001 

149 
-5. 88 
3.38 

-16.00 
6.50 

c0.001 

ANOVA P-value 
Treatment Interaction 

0.662 0.868 

c:0.001 0. 727 

0.030 0.986 

c:0.001 0. 241 

c:0.001 0.209 

0 .477 

c:0.001 0.258 

<0.001 0.107 

c:0.001 0 .221 

(b) Within-group analy■ i• of changee from ba ■eline uaing paired t-te■ t. 
{c) Twelve out of the 26 inve ■tigator■ uaed the revi~ed protocol 

where Week 2 wa• •cheduled. 
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Intraocular Pressure (mm Hg) 
Baseline and Mean Change,; fI·om Baaeline at Each Scheduled Viait 

Timepoint 

Baaeline 

·week l 

Week 2(d] 

Month l 

Month 2 

Month 3 

Month 6 

Month 9 

Month 12 

[bl 

lei 
\di 

(Hour o - Reaponder Analyais(a]) 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value [cl 

N 
Mean 
SD 
Min 
Max 
P-value[c) 

N 
Mean 
SD 
Min 
Max 
P-value [c] 

N 
Mean 
SD 
fo:in 
Max 
P-value(cl 

N 
Mean 
SD 
Min 
Max 
P-value{c) 

N 
Mean 
SD 
Min 
Max 
P-value[c] 

N 
Mean 
SD 
Min 
Max 
P-value(c] 

N 
Mean 
SD 
Min 
Max 
P-value (cl 

0. 2t Br,n 

124 
25.88 

2.36 
2].00 
32.00 

113 
-6 .46 
2.30 

-16.50 
-1.00 

c0.001 

44 
-5.85 

2.03 
-10.00 

-3.00 
<0.001 

118 
-5.64 
2.48 

-13.50 
5.00 

•.0.001 

106 
-5.09 

3 .11 
-11. 50 
11.50 

<0.001 

107 
-5.49 
2.64 

-12.00 
0.50 

<0.001 

89 
-4.63 
3.53 

-11. 00 
6.00 

<0.001 

79 
-5.03 

3 .41 
-12.50 

6.00 
<0.001 

72 
-5.03 
3.39 

-11.50 
3.50 

<0.001 

0.51 Tim 

159 
26 .11 

2.90 
23,00 
34. 00 

147 
-7 .14 
2,61 

-13. 50 
-2.50 

<0.00.: 

55 
-6. 54 

2. 44 
-12.00 
-3.00 

<0.001 

153 
-7,10 
2,50 

- ~~. 00 
-2,00 

c0.001' 

148 
- 7. 42 
2,70 

-15.00 
-1.00 

c0.001 

145 
-6,84 

3.10 
-16.00 

0,00 
c0.001 

141 
-6.80 

3 ,16 
-15,00 

3,50 
c0.001 

132 
-6.67 
2.88 

-14. 00 
4,00 

c0.001 

127 
-6.28 
3.37 

-16.00 
6.50 

c0.001 

ANOVA P-value(b] 
Treatment Interaction 

0.431 0.992 

0.017 0.785 

0.198 0.935 

<0.001 0.049 

<0.001 0.551 

<0.001 0.523 

<0.001 0.276 

c0.001 0.043 

0.003 0.442 

Responder■• Sui>j ■cta i.n the pr■lened analyaia with an lOP reduction of ■t i•■•t 3.,. Hg 
frOffl ba■eline at two cona■cuti.,. vi■ it• within tbe fir■ t -,nth of tre■taant. 
P•value ba■ed on t.ba two--y analy■ i ■ of variance. Trfft-■:nt • between·!JtOUP COlllp,■ riaon. 
Interaction• tr-■ t■-at-by-~•tig■tor int•r■ction. 
IUth1n-9roup analyai■ of cbangH froa b■Hline uaing paired t-t•■t 
Tweh• D'l.lt of the l6 1rrn■t.19ator■ u■.-d t.htl -rwi•ed protocol llber• ..,_. • wa■ ■cbeduled. 
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'cular Preaaure (mm Hg) 
95\ ConfidP rval of Between-Group Difference 

:hanges from Baseline 

Preferred Analysis) 

Estimate of Std Error o! 
Timepoint Difference (a) Estimate 95\ CI of 

Baseline -0.12 0.27l -o. 65, 

W(?ek l l. l~ 0.324 

Week 2 {bl l.24 0.563 

Month l 2.21 0.333 

Month 2 2.65 0.349 

Month 3 l. 87 0.377 

Month 6 2. 5"2 0.396 

Month 9 2.13 0. 400 

Month 12 2.27 0.474 

[al Eatiiute waa computed for the difference of •an baaeline 
and mean chang~• from N•eline at each ■cheduled follow-up 
vi ■it baaed on the lea■t-■quare• mea.na by 0.21 81111•group 
lftinua O.S\ Tim group. 

(bl Twelve out of ~he 26 inve■tigator■ uaed the revi■ed protocol 
where Week 2 wa• ■cheduled. 

Intraocular Pressure (mm Hg) 

0. 55, 

0 .13, 

1.55, 

l.97, 

1.13, 

1.74, 

\.34, 

1.34, 

Estimate 

0 .42) 

l. 82) 

2.36) 

2.86) 

3.34) 

2. 61) 

3. 29) 

2 .9l) 

3.21) 

95\ Confidence Interval of Between-Group Difference 
in Mean Changes from Baseline 

(Hour o - Responder Analysis(al) 

Estimate of Std Error of 
Timepoint Diffe;rence[b] Estimate 951 CI of 

Baseline -0.27 0.345 -0.95, 

Week l ~-82 0.342 0.15, 

Week 2 !cl 0 .67 0.516 -0.36, 

Month l l. 55 0. 322 0. 91, 

Month 2 2.56 0. 386 1.80, 

Month 3 l.59 0.406 0. 79, 

Month 6 2.28 0.477 1.34, 

Month 9 2.18 0.449 1.29, 

Month 12 l. S9 0.525 0.56, 

(al Raapondar• • SUbj ■ce■ in th■ pnferr.d analyai• with an lOP 
r■du.ceion of ae l ■a•e l - Hg froa bll•■U.ne ae ewo canaecueiva 
viaiea wiehin ehe fir•e .:,nt.h of eraaeaene. 

(bl Bau ... ee ••• ~eed for the diUeranc. of ae.n buelin■ 
and -an change■ from b&eoline •e Neb ecbeduled follow-up 
vi■H baaed on ebe l•• ■e--.quarea -■na by 0.21 Bra group 
ainu■ 0.51 Ti■ group. 

(cl Twelve oue of eh• 26 i.Dv■aeigator• u■ed the rwvieed proeoeol 
where W..k 2 --• ■cbeduled.. 

Estimate 

0.41) 

l.49) 

1.69) 

2.18) 

3.32) 

2 .39) 

3.22) 

3.06) 

2.63) 
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•Viewer'• CQJIIID.enta: 

.JP at trough: 

22 

In the prefered analysis mean decreases in IOP from baseline ranged between 3.7 

to S.l mml!g in the brimonidine group and from 5.8 to 6.8 mm!lg in the Timolol 

group. Mean decreases were statistically significant from baseline in both groups 

at all visits. Timolol was statistically superior to Brimonidine at all visits. 

Adjusting the p-value for two interim analysis did not significlllltly altered 

·these results. (See Biostatistician Review page #51 

In the responder analysis mean decreases from b~seline ranged from 4.6 to 6.5 mn, 

Hg in the brimonidine group and from 6.3 to 7.4 mm Hg in the timolol group. Mean 

decreases from baseline were statistically sigr,ificant in both treatment groups 

at all follow-up visits (p<O.OOl). Treatment with timolol resulted in 

significantly greater decreases compared with brimonidine at months 1 through 12 

(p~ 0.003). 
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Intraocular Pressure (nun Hg) 
Number and Percent of Subjects in Each Change Interval 

(Hour 0 - Preferred Analysis) 

Changes 
Timepoint (111nt Hg) 0.21 Bnn 0.51 Tim 

Week 1 <• -5 106 (62.01) 124 (71. 3\-) 
> -5 to <• -4 14 ( 8.21) 23 (13.21) 
> -4 to <• -3 19 (11.11) 9 ( 5.21) 
> -3 32 (18.71) 18 (10.31) 

Total (N) 171 174 

Week 2 <• -5 30 (47.61) 41 (63.11) 
> -5 to<• -4 5 ( 7. 91) 6 ( 9.21) 
> -4 to<• -3 10 (15.9\) 10 (15.41) 
> -J 18 (28.61) 8 (12.3\ci 

Total (N) 63 65 

Month 1 <E -5 76 (44.21) l'l1 (73.71) 
> -5 to<• -4 29 (16.91) 25 (14.01) 
> -4 to<• -3 23 (13.41) 8 ( 4. 5\) 
> -3 44 (25.6\) 14 ( 7. 8\) 

Total (N) 172 179 

Month 2 <• -5 66 (43.11) 133 (77.8\) 
> -5 to<• -4 22 (14.41) 14 ( 8.2\) 
> -4 to<• -3 23 (15.01) 8 ( 4. 7\) 
> -3 •2 (27. 5\) 16 ( 9.41) 

Total (N) 153 171 

Month 3 <• -5 76 (49.4\) 113 (67.31) 
> -5 to<• -4 15 ( 9.71) 23 (13.7\) 
> -4 to<• -3 18 (ll.71) 11 ( 6. 5\) 
> -3 45 (29.2\) 21 (J.2.5\) 

Total (N) 154 168 

Month 6 <• -5 54 (41.5\) 113 (69.81) 
> -5 to <• -4 12 ( 9.21) 17 (10.51) 
> -4 to <• -3 13 (10.01) 14 ( 8. 6\) 
> -3 51 (39.2\) 18 (11.11) 

Total (N) 130 162 

Month 9 <• -5 52 (43.71) 107 (69.9\) 
> -5 to <• -4 15 (12.6\) 12 ( 7. 8\) 
> -4 to<• -3 18 (15.11) 12 ( 7. 8\) 
> -3 34 (28.6\) 22 (14. 41) 

Total (N) 119 153 

Month 12 <• -5 40 (37. 71) 96 (64.4\) 
> -5 to<• -4 18 (17.01) 12 ( 8 .11) 
> -4 to<• -3 5 ( 4.7\) 16 (10.7\) 
> -3 43 (40.6\) 25 (16.8') 

Total (N) 106 149 
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Intraocular Pressure (mm Hg) 
Number and Percentage of Subjects in Each Change Interval 

(Hour 0 - Responder Analysis[a]) 

Changes 
Timepoint (mm Hg) 0.2\ Brm 0.5\ Tim 

Week 1 <• -5 90 (79.6\) 118 (80.3\) 
-5 to <• -4 10 ( 8.8\) 21 (14.31) 

> -4 to <• -3 10 ( B .8\) 7 ( 4. 8\) 
> -3 3 ( 2. 71) 1 ( 0. 7\) 

Total (N) 113 147 

Week 2[b] <• -5 30 (68.2\) 41 (74.5\) 
> -5 to<• -4 5 (11.4\) 5 ( 9.1") 
> -4 to<• -3 9 (20.5\) 9 (16.4\) 
> -3 0 ( 0.0\) 0 ( 0.0\) 

Total (N) 44 55 

Month l <• -5 71 (60.2\) 126 (82.4\) 
> -5 to<• -4 26 (22.0\) 19 (l:!.4\) 
> -4 to<• -3 14 (11. 9\) 6 ( 3.9\) 
> -3 7 ( 5 .9\) 2 ( 1.3\) 

Total (N) 118 153 

Month 2 <• -5 58 (54.7\) 127 (85.8\) 
> -5 to <a: -4 15 (14.21) 11 ( 7.4\) 
> -4 to<• -3 17 (16. 0\) 3 ( 2.0\) 
> -3 16 (15.1\) 7 ( 4. 7\) 

Total (N) 106 148 

Month 3 <• -5 65 (60.7\) 109 (75.2\) 
> -5 to <• -4 11 (10.3\) 18 (12.4\) 
> -4 to <• -3 10 ( 9.3\) 9 ( 6 .2\) 
> -3 21 (19.6\) 9 ( 6.21) 

Total (Nl 107 145 

Month 6 <• -5 48 (53.9') 108 (76.6\) 
> -5 to<• -4 6 ( 6. 7\) 14 ( 9. 9\) 
> -4 to<• -3 9 (10.1\) 8 ( 5.7\) 
> -3 26 (29.2\) 11 ( 7 .8\) 

Total (N) 89 141 

Month 9 <• -5 H (55.7\) 101 (76.5\) 
> -5 to<• -4 12 (15.21) 10 ( 7.6\) 
> -~ to<• -3 8 (10.1\) 11 ( 8. 3\) 
> -3 15 (19.0\) 10 ( 7.6\) 

Total (N) 79 132 

Mont!".' 12 <• -5 37 (51. 4\) 90 (70.9\) 
> -5 to<• -4 14 (19.0) 9 ( 7 .1\) 
> -4 to<• -3 2 ( 2. 8\) 9 ( 7 .lt) 
> -3 19 (26.4\) 19 (15.0\) 

Total (N) 72 127 

(al Responders. subjects in the preferred analysis with an IOP 
reduction of at least 3 nan Hg from baseline at two consecutive 
visits within the first month of treatmeJlt. 

[bl Twelve out of the 26 investigators used the revised protocol 
in which Week 2 was scheduled. 
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Intraocular Pressure (mm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(Hour 2 - Preferred Analysis) 

Timepoint 

BBseline 

Week 2 [cl 

Month l 

Month 3 

Month 6 

Month 12 

OV.era:1 [dl 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 

0.21 Brm 

185 
24.20 

3.45 
15.00 
34.50 

62 
-6.66 
3.50 

-15.50 
1.00 

<0.001 

170 
-5.58 
4.31 

-H.50 
12.00 

<0.001 

151 
-6.41 
3.73 

-17.00 
6.50 

<0.001 

134 
-5.68 
3.33 

Min -13. SO 
Max 6.50 
P-value[b] <0.001 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

113 
-5.30 
3.79 

-13.50 
8.00 

<0.001 

-5.83 

0.51 Tim 

187 
24.19 

3.35 
12. 50 
34.00 

63 
-5.01 
3.66 

"12.50 
3.00 

<0.001 

177 
-5.86 
3.65 

-15.50 
7.50 

171 
-5.75 
3.83 

-16,00 
10.50 

<Q.001 

159 
-5. Sl8 
3.65 

-16.00 
4.50 

<0.001 

l.45 
-5.61 
3.62 

-14.00 
4.50 

<0.001 

-5.60 

ANOVA P-value 
Treatment Interaction 

0.966 0.695 

0.033 0.642 

0.783 0.653 

0.045 0.544 

0.673 0.760 

0.958 0.312 

U.663 

[bl Within-group analysis of changes from baseline using paired t-test. 
!cl Twelve out of the 26 investigators used the reviaed protocol 

where Week 2 waa scheduled. 
[d] Least-square• meana for IOP changes over the one-year of atudy. 

Note that d....-ug--hy-time in~cr:c~ic::. waD cig:1ifi ':3..lt. St=c At,~idix .t:s.i 
for ANOVA tables. 
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Intraocular Pressure (1111\ Hg) 
Baseline and Mean Changes from Baseline at Each scheduled Visit 

(Hour 2 - Responder Analysis) 

Timepoint 

Baseline 

Week 2 [d) 

Month 1 

Month 3 

Month 6 

Month 12 

Overall (el 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[cl 

N 
Mean 
SD 
Min 
Max 
P-value [cl 

N 
Mean 
SD 
Min 
Max 
P-value[cl 

N 
Mean 
SD 
Min 
Max 
P-value[cl 

N 
Mean 
SD 
Min 
Max 
P-value(cl 

0.21 Brm 

123 
24.31 
3.29 

16.00 
34.50 

43 
-7.26 
3.56 

-15.50 
1.00 

<0.00~ 

118 
-6.38 
3.55 

-1.4.50 
5.00 

<0.001 

104 
-7.27 
3.26 

-17.00 
3.50 

<0.001 

91 
-6.47 
3.01 

-13.50 
2.00 

<0.001 

76 
-6.14 
3.45 

-13.50 
3.50 

<0.001 

-6. 45 

0.5\ 'rim 

158 
24.42 
3.37 

12.so 
34.00 

Sol 
-5.25 
3. 71 

-12.50 
3.00 

<0.001 

151 
-6.23 
3.43 

-1.5.50 
7.50 

<0.001 

148 
-6.15 

3•.66 
-16.00 

;i.o. so 
<0.001 

13:1 
-6.32 
3. 52 

-16.00 
4.50 

<0.001 

123 
-6.06 

3.56 
-14.00 

4.50 
<0.001 

.. 6.11 

ANOVA P-velue 
Treatment 

0.504 

0.017 

0.089 

0.013 

0.865 

O.E'J7 

0.105 

Interaction 

0.805 

O.G60 

0.624 

0.886 

0.770 

0.692 

0.812 

[cl Within-group analysis of changes from baseline us:i.ng paired t-tcst. 
[dl Twelve out of the 26 investigators used the revised protocol 

where Week 2 was scheduled. 
(el Least-squares means for IOP chal~ges over the one-year of study. 

Note that drug-by-time interaction-• significant. See Appendix BJ 
for ANOVA tables. 
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Safety Parameters: 

cup/Disc R<1tio 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

Timepoint 

Baselin · 

Month 6 

Month 12 

(Preferred Analysis) 

ANOVA P-value[al 
0.2\ Brm 0.5\ Tim Treatment Interaction 

N 184 188 0.990 0.416 
Mean 0.14 0.44 
SD 0.17 0.16 
Min 0.10 0.05 
Max 0.79 o.n 

N 131 165 0.077 0.590 
Mean 0.00 -0.00 
SD 0.06 0.04 
Min -0.30 -0.20 
Max 0.30 0.15 
P-value [bl 0.337 0.488 

N 111 149 0.7!55 0.615 
Mean 0.00 0.00 
SD 0.06 0.05 
Min -0.20 -0.15 
Max 0.20 0.20 
P-value[bl 0.609 0.67 7 

cup-Disc Ratio 
Compared to Baseline at Subject's Final Evaluation 

(Number cf Subjects - Preferred r.nalysisl 

Change from 
Baseline[al 

0.2\ Brm 
(N•lRS) 

2 ( 1.11) 
3 ( 1.6\) 

0.51 Tiin 
(N•l88) 

2 ( 1.1\) 
2 ( 1.1') 

[al Subjects with the changes of at least 0.2 in one eye or both 
eyes. 

Ravi-•r•s comment•: No significant differences were seen between the 
brimonidine and timolol treatment groups in mean changes from baseline 
cup-to-disc ratio values over the 12-month study period. 
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Visual Fields: Mean Defects (dB) 
Analysis of Changes from Baseline at Month 6 

{Preferred Analysis) 

Variable 0.21 Brm 0.51 Tim P-value 

Visual Field Change 

N 152 171 0.270[bl 
Mean -1.0 -0.9 
SD 2.4 2.5 
Min -13.6 -13.9 
Max !1.4 10.9 

Change Inter..,al 

<• -5 7 { 4. 61) 4 ( 2 .3') 0.372[cJ 
> -5 to <• 5 143 (94.U) 165 (96.51) 
> 5 2 ( 1.:,1) 2 ( 1.21} 

Reviewer's Comments: No significant differences were seen between the 
brimonidine and timolol treatment groups in mean changes from baseline. 
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Schirmer Tear Test (l!ln) 

Baseline and Hean Changes from Ba11eline at Each Scheduled Viait 

(All Subjects) 

ANOVA P-value (a) 
Timepoint o.~, Brm 0.St Tim Treatment Interaction 

Baseline N 216 214 0.152 0.981 
Hean lJ. 24 14 .29 
SD 7.44 7.09 
Min 1.00 3.00 
Max 35.00 35.00 

Month 6 N 141 175 0.489 0.344 
Mean -0.04 -0.81 
SD 6.75 6.17 
Hin -27.50 -26.50 
Max 20.50 20.00 
P-value lb) 0. 940 0.085 

Month 12 N 117 156 0.931 0.285 
Hean -0.91 -1. 28 
SD 7.40 6.34 
Min -25.00 -20.00 
Max 29.50 19.00 
P-value(b) 0.184 0.012 

[al P-value based on the two-way analysiR of variance. 
Treatment• between-group comparison. 
Interaction• treatment-by-investigator interaction. 

[bl Within-group analysis of changes from baseline using paired t-test. 

Schirmer Test (mm) 
Number and Percentage of Subjects with A Clinically Significant(~) Decrease from 

Baseline at One or Hore Follow-up V!.sita 

Variable 

Schirmer Teat 

(All Subjects) 

0.2t Brm 

<N•216l [bl 

38 (17.6') 

0.St Tim 

(N•214) [bl 

46 (21. St) 

P-value[cl 

0.307 

[al Schirmer teat re■ult■: (ll ba■eline < 10 111n and follow-up 
below 5 nwn, or (2) ba■elin• >• 10 nwn, follow-up below 10 mm 
and a decrea■e fr0111 baaeline of more than 5 a111. 

[bl Sample size of the treatment group. 
[c) P-value baeed on Pear■on' ■ Chi-aquare te■t. 

Note: some ■ubject■ who die not have Viait 2 (baaeline) data were not 
included in the tabulation . 

33 

. ev1ewer'• Comme~t•: Schirmer test results, 
secretion, indicate negligible mean changes 
groups over the 12-month study. 

testing for changes in tear 
from baseline in both treatment 



Visual Acuity 
Compared to Baseline at Subject's Final Evaluation 

Number of Subjects - All Subjects 

Changes [al 

Worse 

No Char.ge 

Bett<,r 

Total 

(All Subjects) 

0.21 Brm 

13 ( 5.91) 

208 (94.1') 

0 ( O.Ot) 

221 

a.st Tim 

21 9.51) 

201 (90.St) 

O ( 0. Ot) 

222 

[al Worse• decrease of 2 lines or more 
No Change• change between -2 to +2 lines 
Better• increase of 2 lines or more 

P-value [bl 

0.158 

[bl P-value based on Wilcoxon rank-sum test using CM!i methods 
withModified Ridit Scores. 

Note: Tabulation was based on the eye with worse change comparing to the 
fellow eye. 

34 

Reviewer's Comments: Comparing final visit visual acuity to baseline, no 
change i.i v.; sual acuity occurred in 9,4. lt (208/221) of subjects in the 
briinonidint. group and 90.St (201/222) of those in the timolol group. 

-,r·sening of ··isual acuity of two lines or more occurred in 5.9t (13/221) 
,f the subject·- in the brimonidine 'group and 9.St (21/222) of the subjects 

in the timolol group, Between-group differences were not significant. 



Pupil Size (mm) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

Tiaepoint 

B.B•eline 

Week l 

Week 2 (c] 

Month 1 

Month .2 

Month 3 

Month 6 

Month 9 

Month 12 

N 
Mean 
•D 
Min 
M&x 

N 
Hean 
SD 
Min 
Max 
P-value(b) 

N 
Mt.can 
SD 
Min 
Ma,c 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value (bl 

N 
Mean 
SD 
Min 
Max 
P-valuelbl 

N 
Hean 
SD 
Hin 
Max 
P-value [bj 

N 
Mean 
SD 
Hin 
Max 
P-value (b) 

N 
Mean 
so 
Min 
Max 
P-value (bl 

0.21 arm 

221 
3.41 
0.9S 
1.50 
8.00 

215 
-0.22 
0.63 

-3 .uo 
1.50 

<0.001 

74 
-0.16 
0.67 

-2.00 
1.00 

0.050 

203 
-0.13 
0. 60 

-2.00 
1. so 

0.002 

183 
-0.16 
0.68 

-2. 00 
2.50 

0.002 

173 
-o .16 
0.70 

-3 .00 
2.00 

0.004 

147 
-0.14 
0.68 

-3. 00 
2.00 

0.011 

128 
-0.18 
0.65 

-) . 00 
1.00 

0.003 

120 
-0.16 
0.74 

- 3. 00 
2.00 

0.017 

ANOVA P-value(a] 
0.51 Tim Treataent Int•~•ction 

222 
'.\ .49 
0.99 
2.00 
7.00 

218 
-0.08 
0.60 

-2. 00 
2.00 

0.062 

75 
0.07 
0.71 

-2.00 
2.00 

0.417 

211 
-0.02 
0. 66 

-2.50 
2. 00 

o. 594 

U7 
-0.06 
0.69 

-2. 01) 
2.00 

0.244 

192 
-0.06 
0.61 

-2. 00 
:2.00 

0.201 

183 
-o .10 
0.75 

-3.00 
2.00 

0.062 

172 
-0.15 
0. 72 

-3.00 
2.00 

0.001 

168 
-0.17 

0.81 
- 3. 00 
J. 00 

0.010 

0.378 0.670 

0.012 

0.143 0.J11 

0.099 0.589 

0.206 0.391 

0.369 

0.769 0.533 

0.838 

0.717 0.510 

Reviewer's Comments: There is a small decrease in pupil size in the 
brimonidine group. 
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Heart Rate (bpm) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

Timepoint 

Baseline 

Week l 

Week 2 [cl 

Month l 

Month 2 

Month 3 

Month 6 

Month 9 

Month 12 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

0.2t Brm 

220 
73.98 

9.20 
48.00 
98.00 

213 
-0.28 
8.44 

-32.00 
32.00 
0.632 

74 
-0.05 
10.05 

-30.00 
28.00 
0.963 

200 
0.12 
8.79 

-32.00 
34.00 
0.853 

182 
0.14 
7.24 

-18.00 
26.00 
0.791 

173 
0.12 
8.33 

-20.00 
28.00 
0.848 

147 
-0.59 
8.61 

-20.01; 
28.00 
0.406 

130 
-0.52 
9.96 

-26.00 
34.00 
0.550 

119 
-0.10 
9.78 

-28.00 
26.00 
0.911 

o.5t Tim 

222 
72.85 

9.37 
48.00 
99.00 

218 
-1. 77 
7.50 

-20.00 
28.00 

<0.001 

73 
-2.97 
7.20 

-18.00 
28.00 

<0.001 

210 
-2.06 
8.09 

-28.00 
20.00 

<0.<lOl 

198 
-l.89 
8.29 

-28.00 
24.00 
0.002 

193 
-l.87 
8.17 

-30.00 
28.00 
0. 002 

184 
-2.42 
9.03 

-30.00 
32.00 

<0.001 

168 
-2.57 

9.03 
-28.00 
24.00 

<0.001 

168 
-3.00 
10.02 

-33.00 
24.00 

<0.001 

ANOVA P-value[al 
Treatment Interaction 

0. 092 0.046 

0.022 0.170 

0.030 0.344 

0.005 0.153 

0.004 0.251 

0. 028 0.731 

0.025 0. 040 

0.0ll 0.041 

0.009 0.038 
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Figure 6 
Mean Heart Rate (bpm) 

(All Subjects) 
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Reviewer's Comment.a: Changes in heart rate with brimonidine treatment were 
minimal and not clinically significant. 
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Figure 7 
Mean Blood Pressure (mm Hg) 

(All Subjects) 
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Reviewer's Comments: No clinically significant differences 
between both treatment groups. 
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Systolic Blood Pressure (nm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

ANOVA P-value[al 

39 

Timepoint 

Baseline 

0.2t Brm 

220 
137.07 

18.32 
100.00 
200.00 

0.5t Tim 

220 
136.53 
17.87 

100.00 
190.00 

Treatment Interaction 

,leek l 

Week 2[cl 

Mont.t. t 

Month 2 

Month 3 

Month 6 

Month 9 

Month 12 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
tAin 
Ma.:x. 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-va.lue [bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

212 
-0.88 
12.80 

-48.00 
40.00 
0.319 

73 
-4.14 
14. 36 

-44.00 
30.00 
0.016 

199 
-1. 61 
13.93 

-50.00 
S!j.00 
0.104 

182' 
-0.18 
13.31 

-42.00 
43.00 
0.854 

173 
-0.95 
12.69 

-40.00 
35. 00 
0.327 

146 
-1. 03 
15.15 

-66.00 
36.00 
0.414 

130 
-0.35 
14.72 

-34.00 
46.00 
0.784 

120 
0.64 

15.88 
-44.00 
40.00 
0.659 

216 
-0.59 
13.82 

-70.00 
40.00 
0.532 

73 
0.79 

14.08 
-34.00 
28.00 
0.631 

207 
1.14 

14. 74 
-40. 00 
40.00 
0.267 

196 
-0.16 
14.21 

-40.00 
40.00 
0.876 

191 
0.19 

15.68 
-60.00 
46.00 
0.865 

180 
0.61 

16.81 
-50.00 
52.00 
0.629 

169 
-0.21 
16.28 

-54.00 
50.00 
0.869 

166 
0.46 

17.38 
-72. 00 
42.0C 
0.735 

0.654 0.240 

0.741 0.241 

0.151 0.210 

0.033 0.602 

0.808 0.621 

0. 548 0.686 

0.598 0.163 

0.973 0.021 

0. 924 0.084 



Diastolic Blood Pressure (n111 Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

ANOVA P-value[al 

40 

Timepoint 

Baseline 

0.2t Brm 0.5t Tim Treatment Interaction 

Keek l 

Week 2 [cl 

Month l 

Month 2 

Month 3 

Month 6 

Month 9 

Month 12 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-•ralue [bl 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

220 
82.05 
10.12 
55.00 

130.00 

212 
-1. 73 
8.68 

-32.00 
40.00 
0.004 

73 
-2.23 
8.43 

-22.00 
20.00 
0.027 

199 
-2.46 
9.88 

-30.00 
20.00 

<0.001 

182 
-l. 38 
9.57 

-34.00 
30.00 
0.054 

173 
-l.20 
8.68 

-24.00 
20.00 
0.070 

146 
-2.23 
10.29 

-32.00 
25.00 
0.010 

130 
-0.78 
10.48 

-25.00 
34.00 
0.395 

120 
-0.89 
11.09 

-30.00 
24.00 
0.380 

220 
81.47 
10.50 
50.00 

128.00 

216 
-0.41 
8. 71 

-30.00 
22.00 
0.493 

73 
-0.33 
8.65 

-28.00 
24.00 
0.746 

207 
0. 71 
8. 77 

-22. 00 
30.00 
0.245 

196 
-1.15 
9.03 

-26.00 
24.00 
0.075 

191 
0.60 

10.98 
-42.00 
60.00 
0.449 

180 
0.09 

10.51 
-32.00 
30.00 
0.904 

169 
-0.50 
10.91 

-30.00 
30.00 
0.550 

166 
0.40 

10.98 
-38.00 
30.00 
0.641 

0.556 0.459 

0.390 0.339 

0.350 0.299 

<0.001 0.714 

0.805 0.691 

0.150 0.519 

0.083 0.675 

0.790 0.179 

0.345 0.104 



Subjects Treated with Brimonidine 
Terminated from the Srudy Due to Adverse Events 

(Incidence Greater than I % ) 

Advene Event Percent of Subjects Number of Subjects ,_ 
Ocular allergic reaction• 7.7% 17/221 

Ocular hyperemia 3.1% 7/221 

Gastrointestinal symptoms 1.8% 4/221 

Dizziness 1.4% 3/221 

Ocular irritation 1.4% 3/221 

Or.ii dryness 1.4% 3(.l21 

Somnolence 1.4% 3/221 

>harocc: n uncuv1t1S. aucr 1c con unr'AVlUS, ma rou1cwar con uncuvi • ua.-1Udes suo ects With aucr lC bl g cp g 
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tis. 

During the treatment period, 14.4 % (64/443) of all subjects were terminated from the study becaus.: of adverse 
events. Subjects terminated because of adverse events indudcd 22.6% (50/221) of subjects treated with 
brimonidine and 6.3% (14/222) treated with timolol. Terminations because of ocular adverse events include 
14.5% (32/221) of subjects in the brirnonidine grou-,i and 1.4% (3/222) of the timolol group. Terminations due 
to systemic adverse events occurred in 10.0% (22:2.21) of subjects in the brimonidine group and 5.4% (12/222) 
of subjects in the timolol group. 



ADVERSE EVENTS: 
Adverse Events 

Number and Percentage of &ubjects wjth at Least One 
Severity Grade Increased trom Baseline at 

One or More Follow-up Visits 

Finding[al 

Ocular Byperuda[d] 

Burning/Stinging 

Oral Dryne■■ 

Blurring 

Fatigue/Drowsiness 

Lens Pathology 

Headache 

Foreign Body Sensation 

Ocular Pruritu■ 

Fundus Pathology 

Follicle■ (Conjunctiva) 

Lid llrytbama 

Photophobia 

Lid !Idema 

Lacrimation Disorder 

Conjunctival Edema 

Cc~eal Staining/Erosion 

Vitreous Pathology 

Ocular Dryness 

Conjunctival Blanching 

Ocular Ache/Pain 

Ocular Irritation 

Allergic Conjunctiviti■ 

Ocular Other 

Dizziness 

Upper Respiratory Symptoms 

I..ash Debris 

Abnormal Vision 

Gastrointestinal Symptoms 

(All Subjects) 

0.2, Brm a.st Tim 
(N•221) (N•222) P-value (b] 

86 (38.9\) 52 (23.0) <0.001 

76 (34.0) 93 (41.9t) 0.104 

73 (33.0t) 43 (19.0) 0.001 

58 (26.2\) 50 (22.St) 0.362 

44 (19.9\) 38 (17.lt) 0.449 

43 (19.St) 50 (22.St) 0.428 

42 (19.0t) 44 (19.6\) 0.828 

41 (18.6\) 36 (16.2\) 0.517 

39 (17.6\) 21 ( 9.5\) 0.012 

33 (14.9\) 36 (16.2\) 0.709 

32 (14. St) 

32 (14.St) 

29 (13.lt) 

28 (12.7t) 

24 (10.9\) 

24 (10.9\) 

20 

17 

17 

15 

14 

13 

13 

13 

13 

13 

12 

10 

9.0t) 

7. 7t) 

7. 7\) 

6.8\) 

6. 3\) 

5.9\) 

5.9\) 

5.9\) 

5. 9\) 

5. 9\) 

5.0) 

4.5\) 

10 ( 4.5\) 

5 

16 

2.3\) <0.001 

7.2\) 0.014 

25 (11.3\) 0.549 

7 

13 

13 

3.2t) <0.001 

5.9\) 0.057 

5.9\) 0.057 

24 (10.8') 0.536 

12 

21 

14 

11 

3 

0 

9 

10 

6 

10 

6 

7 

5.0) 0.331 

9.5\) 0.507 

6.3') 0.838 

S.Ot) 0.529 

1.4\) O.Oll[c] 

a.at) <O.on[cl 

4.1\/ N/A 

4.5\) 0.513 

2.7') 0.099 

4.St) 0.654 

2.7\) 0.304 

3.21) 0.452 
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43 

Crusting (Lid) 9 4 .11) 8 3.6\) 0.797 

Arcus (Cornea) 9 4.lt) 3 1.4\) 0.088[cl 

Systemic Other 9 4.11) 11 5.0\) N/A 

Lid Other 8 3. 6\) 10 4 .5\) N/A 

Cornea Other 8 3.6\) 2 0.9\) N/A 

Conjunctiviti■ 7 ( 3 .2\) 1 0.5\) 0.037[cl 

Pinguecula 6 2.7\) 4 1.8\) o.544 [cl 

Ocular Edema 6 2. 7\) 2 0.9\) 0.175[cl 

Blepharitis 5 2 .3\) 4 1.8\) 0.75l[cl 

Hemorrhage (Conjunctiva) 4 1. 8\) 1 0.5\) 0.216[cl 

Discharge (Conjunctiva) 4 1.8\) 4 l.8'ri ,0.999[cl 

Opacity (Cornea) 4 1.8\) ~ 0.9\) 0.449[cl 

Vitre:ous Floaters 4 1.8\) 3 1.4\) o. 724 [cl 

Muscular Pain 4 1.8\) 4 1.8\) >0.999[cl 

Asthenia 4 1. 8\) 2 0.9\) 0.449[cl 

Follicular Conjunctivitis 4 ( 1.ij\) 0 0.0\) 0. 061 [c:l 

Heibomianitis 3 1.4\) 3 1.4\) >0.999[cl 

Conjunctiva Other 3 1.4\) 3 1.0) N/A 

Local Iris Atrophy 3 1. 4\) 1 0.5\) 0.372[cl 

Asthenopia (Eyestrain) 3 1.4\) 5 2.3\) o. 724 [cl 

Eyelid Discomfort 3 1.4\) 2 0.9\) o.685 [cl 

Abnormal Taste 3 1.4\) 4 1.8\) >0.999[c] 



Continue ... 

Cheat Pain 3 l.41) 2 0.91) 

Allergic 3 1.41) 0 0.01) 
Blepharoconjunctivitis 

Carcinoma 3 l.41) 4 l.81) 

Hypertension 3 1.41) 2 0.91) 

Corneal Endothel. Changes 3 1.41) 6 2. 7') 

Papillae (Conjunctiva) l 0.51) 6 2.71) 

Guttata (C::,rnea) l 0.51) 3 l .41) 

sc .. r (Cornea) l 0.51) 5 2.31) 

Dyspnea 1 o. st) 4 l.8t) 

Influenza l o. st) 3 1.41) 

Cyst (Conjunctiva) 0 0.01) 3 1.41) 

Tear Film Abnormality 0 0.01) 3 1.41) 

Depression 0 o.otl 3 1.41) 

Other [dl 60 53 

[al Identified from adverse event data, biomicroscopy and 
pathology data, and/or ocular and systemic symptom■. 
For a detailed classification, see Appendix D10. 

[bl Unless stated otherwise, p-value based on Pearson's 
Chi-square test. 

[cl P-value based on Fisher's exact test. 

0.685[c] 

0.123[cl 

>0.999[c] 

0.685[cl 

O.SOJ[c] 

O.l22[c] 

0.623[c] 

0.2l6[c] 

0.372[cl 

0.623[c] 

0.248[c] 

o.248 CcJ 

0.248 [cl 

[dl Findings whose incidence were in less than 11 of the subjects 
in both treatnient groups are grouped tog<,ther in the 'Other' 
category. Subjects may report more than one finding in the 
'Other' category; thus percentage &&"'l.d p-value ~!:e not calculated. 
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Serious Adverse EVents [al 

0.21 Brm 0.51 Tim 
System P-ceferred Term (N•221) (N.222) 

C.N.S. Cerebrovascular accident 0 (0.00\) 1 (0.45\) 
Dizziness 1 (0.451) 0 (0.001) 

Cardiovascular Angina pectoris 1 (0.45\) 1 (0.45\) 
Aortic aneurysm 0 (0.001) 2 (0.901) 
Atrial fibrillation 1 (0.451) 0 (0.00\) 
Bradycardia 1 (0.451) 0 (0.00\) 
Heart failure 1 (0.45\) 0 (0.001) 
Hypertension 1 (0.451) 0 (0.001) 
Hypotension 1 (0.451) 0 (0.001) 
Myocardial infarction 2 (0.901) 1 (0.451) 

Respiratory Bronchitis 1 (0.451) 0 (0.00\) 
Neoplasm benign, lung 1 (0.451) 0 (0.001) 

Gastrointestinal Abdominal pain 0 (0.001) 1 (Cl.451) 
Appendicitill 0 (0.001) 1 (0. 451) 
Neoplasm benign, colon 0 (0.001) 1 (0.451) 

Genito-Urinary Kidney failure 0 (0.001) 1 (0.451) 
Prostatic disorder 1 (0.451) 0 (0.001) 

Huaculo-Skeletal Bone fracture, apontaneous 0 (0.001) 1 (0.451) 

·t.:inoma Carcinoma, colon 1 (0.451) 0 (0.001) 
carcinoma, gastroni~estinal 0 (0.001) 2 (0.901) 
carcinoma, lung 0 (0.001) 1 (0.451) 
Carcinoma, mouth 0 (0.00\) 1 (0.451) 
Carcinoma, prostatic 1 (0.451) 0 (0.0Ct) 
carcinoma, throat 1 (0.451) 0 (0.001) 

Other Chest pain 1 (0.451) 0 (0.001) 
Denth 0 (O.OOt) 1 (0.451) 
Fever 0 (0.001) 1 (0.451) 
Hernia 0 (0.001) 1 (0. 451) 

[a] Serious adverse events occured in 5.41 (12/2211 of ~ubjects in 
the 0.21 Bnn ga·oup and 5.41 (12/222) of subjects in the 0.51 Tim group. 

Serious adverse events occurred in 5.4% (12/221) of the subjects 
treated with brimonidine and 5.4% (12/222) of subjects treated with 
timolol. None of these events were judged to be treatment 
associatP.d. Six of the 19 subjects treated with brimonidine and 
three of the five subjects treated with timolol experiencing serious 
adverse events were terminated from the study. 
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Summary and Conclusions: 

Brimonidine 0.2\ significantly reduced IOP from baseline at 
every scheduled follow-up visit over the one-year study period 
when measured at trough and at peak. 

48 

2) For the preferred analysis, when IOP was measured at trough, the 
overall mean decrease from baseline IOP was 4.3 mm Hg. 

3) At trough, intraocular pressure reductions with timolol 0.5\, 
were significantly greater than ~ith brimonidine 0.2\ at most 
scheduled follow-up visits. At peak, decreases with brimonidine 
were similar to timolol. Similar results were seen in the 
responder analysis. Adjusting p-values for interim analysis 
results in only statistically significant differences at week 2. 

4) With respect to cup/disc ratio, no significant differences were 
seen between the brimonidine and timolol treatment groups. 

5) Changes in visual field were minimal and clinically 
insignificant in both groups. 

6) Adverse Events: 
The most frequently reported ocular adverse events included 
ocular hyperemia, burning and stinging, blurring, foreign body 
sensation, ocular pruritus, conjunctival follicles, photophobia, 
lid edema, ocular allergic reactions, and ocular pruritus. 

Non Ocular: The most frequently reported non ocular adverse 
events were oral dryness, headache, fatigue/drowsiness, upper 
respiratory symptoms, dizziness, and gastrointestinal symptoms. 

7) Ocular Safety 

Visual acuity remained unchanged in the majority of the 
subjects. 
Mean pupil size was numerically smaller in the brimonidine 
group. 



Study #2 
~tudy Protocol: A342-104-7831 

.ae long-term safety and ocular hypotenaive efficacy of brimonidine tartrate 
0.21 in subjects with open-angle glaucoma or ocular hypertension 

Demographics 

(All Subjects) 

Variable 0.21 Brm 0.51 Tim All P-value 

Age .(Years) N 292 191 483 0.257 
Mean 62.7 61.4 62.2 
SD 11.1 11. 0 11. l 
Min 28.5 32.8 28.5 
Max 86.4 83.0 86.4 

<45 21 ( 7. 21) 17 ( 8. 91) 38 ( 7.91) 
45-65 134 (45.91) 91 (47 .61) 225( 46.6t) 
>65 137 (46. 9t) 83 (43.5t) 220( 45.5t) 

sex Male 145 (49. 7t) 101 (5~.91) 246( 50. 91) 0.471 
Female 147 (50.3t) 90 (47.11) 237( 49.lt) 

Race Caucasian 242 (82.91) 162 (84. et) 404 l 83.6t) 0.499 
Hispanic 8 ( 2. 7t) 9 ( 4. 71) 17( 3.St) 
Black 32 (11.0t) 16 ( 8 .4t) 48( 9.9t) 
Asian 6 ( 2 .lt) l ( O.St) 7 ( 1.41) 
Other[b] 4 ( 1.41) 3 c'1.6tl 7 ( 1.0) 

is Color Blue 99 (33. 91) 63 (33.0t) 162 ( 33.5t) 0. 728 
Green 15 ( 5. lti 11 ( 5.Bt) 2<i ( 5.41) 
Hazel 64 (21. 91) 44 (23.0t) 108 ( 22 .4t) 
Brown 111 (38. Ot) 70 (36 .61) 181( 37.St) 
Other [cl 3 ( l. Ot) 3 ( l. 6t) 6 ( l.2t) 

Diagnosis OAG 164 (56.2t) 103 (53.91) 267( 55.Jt) 0.707 
OHT 115 (39. 0) 81 (42 .0) 196 ( 40.6t) 
OAG/OHT [d] 13 ( 4.St) 7 ( 3. 71) 20( 4. lt) 

[bl Other: Arabic, Yamanit, Irakian and Angloasian. 
[ c] Othex·: gray, blue-gray, blue-green, mixed, 
[d] one eye with OAG and the fellow eye with OHT. 

49 

Reviewer's C01111nenta: There was no significant difference between the 
two treatment groups in age, sex, race, iris color, or diagnosis 
distribution. 
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Ot!mographics 

(Preferred Analysis) 

Variable o.2t Brm 0.5t Tim All P-valu?. 

Age (Years) N 280 183 ·l63 0.216 
Mean 62.9 61.4 6-.?.3 
SD 11.0 11.2 11.1 
Min 28.5 32.8 28.5 
Max 86.4 83.0 86.4 

<45 19 ( 6. 8t) 17 ( 9.3t) 36( 7. 8t) 
45-65 128 (45. 7t) 85 (46.0) 213( 46.0tl 
>65 133 (47. St) 81 (44. 3t) 214 ( 46.2t) 

Sex Male 138 (49. 3t) 96 (52.5t) 234 ( SO.St) 0.468 
Female 142 (50.7t) 87 (47.St) 229( 49. St) 

Race Caucasian 231 (82.St) 155 (84.7t) 386( 83.4t) 0.432 
Hispanic ~ ( 2. 9t) 9 ( 4. 9t) 17( 3.7t) 
Black 32 (11.0) 15 ( 8.2t) 47( 10.2t) 
Asian 6 ( 2. lt) 1 ( 0.51) 7( l.St) 
Other[bl 3 ( 1.lt) 3 ( 1. 6t) 6 ( l.3t) 

Iris Color Blue 94 (33.6t) 60 (32.St) 154( 33 .3t) 0.811 
Green 13 ( 4.6\) 10 ( 5.5t) 23( 5.0t) 
Hr..zel 64 (22.9t) 42 (23 .0t) 106( 22. 9t) 
Brown 106 (37. 9\) 68 (37.2\) 174( 37.6t) 
Other [cl 3 ( l.lt) 3 ( l.6t) 6 ( l.Jt) 

,911osis OAG 157 (56.lt) 98 (53.6t) 255( 55.lt) 0.799 
OHT 112 (40.0t) 78 (42.6t) 190( 41.0t) 
OAG/OHT(dl 11 ( 3. 9t) 7 ( 3. St) 18( 3.9t) 

Cbl Other: Arabic, Yamanit, Irakian and Angloasian. 
[cl Other: gray, blue-gray, tl1...1e-green, mixed. 
[dl One eye with OAG and the fellow eye with OHT. 
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Investigators 

Name and Address Allergan 0.2\IL Bnn 0.S\IL Total 

Identification Tim. 

Number 

Marl: B. Abelson. MD lS84 3 2 s 
Ophtbalnnc Research Assoc. 

&63 Turnpike Street. Suite 224 

Nonb Andover. MA 0184S 

A. Gordon Balaz 1, MD (subsite 1) 0760 7 2 9 

Oscar Kasner, MD (subsne 2) 

1100 Rue Beaumont 

Suite 406 

Ville Mont-Royal 

Quebec H3P 3HS 

Canada 

Cecil C. Beehler. MD 1784 IS 10 

Eye Associates of Ft. Myers 

4225 Evans Avenue 

Fon Myers, FL 33901 

Ellioa Blaydes, MD 1296 10 6 16 

1be Blaydes Clinic 

Between Nonh & Fredericks Streets on Woodland 
Avenue 
P.O. Box 1380 

Bluefield, WV 24701 

Anne M. V. Brooks, MD. PhD 2008 9 s 14 

William Gillies, MD 

394 Alben Street 

East Melbourne VIC 3002 

Australia 

Louis Cantor. MD 2117 60 4 10 

Indiana Uruversiry Medical Center 
Department of Ophthalmology 

702 Rotary Circle, 

Indianapolis .. IN 46202 

David L. Cooke, MD 2232 18 12 30 

Great Lu.es Eye Care 

2848 Niles Road 

St. Joseph, MI 49085 
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Andrew C. S. Crichton, MD 

2003 l2 8 :.o 
~pt. o! Oph~lmology 
Foothills Hospira! 
l 403 • 29th Sueet NW 
C.!gary. Albena T2N 2T9 

· t::anada 

Monte Dirks, MD 
2078 3S 23 58 

FilZ.•llllllluOS Army Medical Service Op:ithalmology Clinic. Bldg #404 Aurora. CO 80045-5001 
R;chard A. Fichman, MD 

2020 
3 6 

Fichlnan Eye Center 
178 Hartford Ro•d 
Manchester. CT 06040 
lloben I. Foerttcr. MD 

0207 14 9 23 

Colorado Eye Associates 
2920 North Cas<OAde 
Colorado Springs, CO 80907 
Douglas Gaasitrland, MD 

2159 
3 2 5 

University Ophlllalmic Consultants of Washingron 49l0 Mauachuseas Ave. NW. Suire ZIO la.,hingto,l, DC 200!6 
)YID Goldberg, Mll 

2005 
4 9 

187 Macquarie Srreer. Floor 4 Sydney. NSW 2000 
Awrralia 

Ben Huey. MD 
2!60 25 17 42 

Advanced Eye Care of Bay County 1500 W. 23rd Street 
Panama Ciry. FL 32405 
R.lymond P. LeB!aoc. MD 

0659 

' 4 l 1 

Nova Scotia Eye Cenrre 
ffalifu lnfinnary 
1335 Queen Srreet 
Halifax, Nova Scotia B31 2H6 
(Ana~ 

Ille.bard A. Lewis. MD 
0526 14 9 

3939 1. Street. Suite l02 
Sac"'1\tnto. CA 958 l 9 
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James McCulley, MD 16'6 10 8 18 

University of Teus 

Southwestern Medical Center 

Dept. of Ophl.halrnology 

Mail Code 9057 

. 5323 Harry Hines Blvd. 

Dallas, TX 75235 

Shlomo Melamed, MD 1172 14 10 24 
The Chaim Sheba Medical Center 

Tel•Hashomer 

Israel 

Frederick Mikelbcrg, MD 0689 4 2 6 
1.O.D.E. Glaucoma Centre 

2550 Willow Street 

Vancouver, BC V5Z 3N9 

Canada 

John C. Morrison. MD 1799 3 2 5 
Casey Eye Institute 

Oregon Health Sciences University 
3375 SW Terwilliger Blvd. 

Portland, OR 97201 

,omas K. Mundorf, MD 1485 18 10 28 

.-resbyterian Medical Tower 

1718 East Founh St .. Suite 902 

Charloae, NJ 28204 

Paul Murphy. MD 2001 7 6 13 

Dept. of Ophthalmology 

Eye Care Centre 

SaskalOOn City Hospiial 

70 I Queen Street 

SaskalOOn, Saska1ehewan S7K 0M7 

Canada 

Fr.anklin Spiro. MD 2288 2 3 

I 52 Central A venue 

Clark, NJ 07066 

Robert Swnrer, MD 0232 0 

Ca~fornia Pacific Med,cal Center 

2340 Clay Street 

P.O. Box 7999 

San Francisco, CA 94120 

Uriel Ticho, MD 0165 30 20 50 

Hadusah University Hospital 

Dept. of Opblbalmology 
-y,, Karcm 

;rusalem, Israel 
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David P. Tingey, MD 2000 2 6 
Ive) Institute of Ophthalmology 

Victoria Hospiul 

750 Commissioner's Rd. wt 

London, Ontario N6A 405 

·-Canada 

Graham E. Tror:, MB, PhD 1999 4 3 7 

The Toronto Hospiul 

Western Division 
Edith Cavel Wing 7-048 

399 Bathurst St. 

Toronto, Ontario Mn 2S8 

Canada 

Thomas R. Walters, MD 1634 IO 6 16 
Center for Clinic.al Research 

911 W. 38th Street, 1301 

Austin, TX 78705 



Summary of Su.bject Enrollment and Exit Status 

(All Subjects) 

Exit Status['.1] 0.2t Brm 0.5t Tim 

Included in Preferred Analysis(b] 

Enrolled 280 183 
Completed 209 74 .6t) 165 90.2t) 
Terminated - LOE 23 8 .2t) 6 3.3t) 
Terminated - AE(Ocular) 26 9.3t) 1 0.5t) 
Terminated - AE (Systemic) 14 5.0t) 3 l.6t) 
Discontinued 10 3.6t) 8 4.4t) 

Excluded from Preferred Analysis 

Enrolled 12 8 
Completed 1 8. 3t) 2 25.0t) 
Terminated - LOE 1 8. 3t) 0 0.0t) 
Terminated AE(Ocular) 1 8.3t) 0 0. 0t) 
Discontinued 9 75.0t) 6 75.0t) 

All Subjects 

'nrolled 292 19"J. 
~mpleted 210 71.91) H,7 87.41) 

,·erminated - LOE 24 8.21) 6 3.11) 
Terminated - AE(Ocular) 27 9.21) 1 0.51) 
Terminated - AE (Systemic) 14 4. St) 3 1.61) 
Di:1conti1:1ued 19 6.51) 14 7.31) 

(a] LOE-lack of efficacy. AE•adverse event. 

Total 

463 
374 

29 
27 
17 
18 

20 
3 
1 
1 

15 

483 
377 

30 
28 
17 
33 

[bl One subject (0.21 Brm) was terminated due to both an ocular and 
systemic AE. Another subject (0.21 ~nn) was tenninated due to LOE 
and an ocular AE. The percentage w,~s calculated using the actual 
sample size as the denominator, and did not add up to 1001. 
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Revie,,.r•• Cc:maent•: Significantly smaller percent of subjects in the brimonidine 
group completed the study and significantly more subjects -re te.nninated due to 
lack of etf~ct and ocular adverse events as COIJ1Pared to the timolol group. 



srrICACY RBS'O'LTS: 

Intraocular Pressure (11'1!1 Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

Study: A342-l04 
(Hour O - Preferred Analysis) 

Timepoint 

Baseline 

Week l 

Week?. 

Month l 

Month 2 

Month 3 

Month 6 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
S!J 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

0.2\ Brm 

274 
25.96 
3.0l 

22.50 
34.50 

265 
-4.78 
2. 96 

-16.50 
4.50 

<0.001 

254 
-4. 59 
2.98 

-16.00 
4.00 

<0.001 

250 
-3.98 
2.84 

-11 so 
8.00 

<0.001 

239 
-4.18 
3.07 

-13.50 
3.00 

<0.001 

230 
-4.04 
3.15 

-l3. 50 
5.00 

<0.00l 

198 
-3.79 
3.37 

-12.50 
7.00 

<0.001 

0.5\ Tim 

180 
25.85 

2.80 
23.00 
34.00 

l 74 
-6.44 
3. 02 

-17.00 
a.so 

<O.OOl 

164 
-6.18 
3.12 

-15.00 
2.50 

<'). 001 

l 71 
-6.16 
3.18 

-u·.oo 
l.50 

<0.00l 

165 
-6.42 
3.04 

-14.50 
2.50 

<0.00l 

16:'· 
-~.20 
2.97 

-l4.SO 
2.50 

<0.00l 

159 
-6.lO 
3.12 

-15.00 
2.50 

<0.001 

(a) P-value baaed on the two-way analy■ i• ot variance. 
Treat .. nt • between-group c011pari■on. 
Interaction• treat .. nt-by-inV9atigator interaction. 

ANOVA P-value[a] 
Treatment Interaction 

0.273 0.178 

<0.00l 0.643 

<0.001 0.739 

<0.00l 0.491 

<0.00l 0.898 

~0.001 0.271 

<0.001 0.322 

(b) Within-group analy■i■ of change■ frc. ba■elin• uaing paired t-te■t. 
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ewer' ■ C.-ent■: IOP at Trough: Hean decreases in IOP ranged frnm 3.8 to 4.8 
• ,1 in the brimonidine group and from 6. l co 6. 4 lllllllg in the timolol. Hean 
decreases fran basline were scacisticlly significant in both groups at all !ollow 
up visits. Timolol was statistically superior at all follow up visits. 



Intraocular Pressure (mm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

Study: A342-l04 

(Hour o - Responder Analysis[all 

ANOVA P-value [bl 
Timepoint 

Baseline 

0.2t Brm 

180 
26. ll 

3.03 
22.50 
34.50 

o.st Tim 

154 
26.10 

2.89 
23.00 
34.00 

Treatment Interaction 

Week l 

Week 2 

Month l 

Month 2 

Month 3 

Month 6 

overall [dl 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value [cl 

N 
Mean 
SD 
Min 
Max 
P-value[cl 

N 
Mean 
SD 
Min 
Max 
P-value [cl 

N 
Mean 
SD 
Min 
Max 
P-value [cl 

N 
Mean 
SD 
Min 
Max 
P-value[cl 

N 
Mean 
SD 
Min 
Max 
P-value[c] 

174 
-5.92 
2.37 

-16.50 
0.50 

<0.001 

175 
-5.90 
2.30 

-16.00 
-3.00 

<0.001 

170 
-4.91 
2.56 

-11.50 
2.00 

<0.001 

166 
-5.12 
2.71 

-13.50 
l. so 

<0.001 

157 
-4.91 
2.88 

-13.50 
2.50 

<0.001 

139 
-4.44 
3.09 

-12.so 
5.00 

<0.001 

-5.14 

148 
-6.84 

2.81 
-17.00 
-1.50 

<0.001 

147 
-6.76 
2.66 

-15.00 
-3.00 

<0.001 

148 
-6.50 
3,07 

-14·_ 00 
1.00 

<0.001 

144 
-6.59 
3.00 

-14.50 
2.50 

<0.001 

143 
-6.46 
2.86 

-14.50 
-0.50 

<0.001 

139 
-6.52 
2.87 

-15.00 
0.00 

<0.001 

-6.52 

0.456 

0.029 

0.007 

<0.001 

<0.001 

<0.001 

0.957 

(al Re•pondera • sub1ect• In the preferred anaiyal■ vlth an fQp 
reduction of at leaat l - Hg froa baaeline at two c01111ecutive 
viait• within the firat month of treataent. 

(bl P-value baaed on the two-way analyaia of variance. 
Treatment • between-group c011pariaon. 
Interaction. treat .. nt-by-inve■tigator interaction. 

tel Within-group analy■ ia of change■ fTca ba■eline Wling paired t-te■t. 

0.191 

0.181 

0.777 

0.647 

o. 931 

0.188 

0.196 

0.421 
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Intraocular Pressure (mm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

Study: A342-104 

(Hour 2 - Preferred Analysis) 

Timepoint 

Baseline 

Week 1 

Week 2 

Month 1 

Month 3 

Month 6 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Ma.x 
P-value[b) 

N 
Mean 
SD 
Min 
Ma:>. 
P-value[b] 

N 
Mean 
SI:' 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

0.21 Brm 

260 
24.75 

3.59 
15.00 
36.00 

252 
-7.34 
3. 71 

-19.50 
3.50 

<0.001 

244 
-6.97 
3.59 

-18.50 
2.00 

<0.001 

236 
-6.56 
3.56 

-18.50 
2.50 

<0.001 

216 
-6.51 
3. 71 

-21.00 
3.00 

<0.001 

192 
-6.15 
3.99 

-17.50 
6.00 

<0.001 

0.51 Tim 

178 
24 .41 

3.40 
11.00 
33.50 

174 
-6.31 
3.80 

-19.50 
7.50 

<0.001 

162 
-6.13 
3.53 

-17.00 
6.00 

<0.001 

166• 
-6.03 
3.75 

-16:00 
6.50 

<0.001 

162 
· 6. 07 
3.69 

-15.50 
5.50 

<0.001 

156 
-5.42 
3.77 

-16.00 
5.50 

<0.001 

(al P-value baaed on the twc-wry analyai• of variance. 
Treatment • between-group coapariaon. 
Interaction• treatmer.t-by-inve■tigator interaction. 

ANOVA P-value[a] 
Treatment Interaction 

0 .322 0.971 

0.004 0.818 

0.007 0. 898 

0.101 0.523 

0 .194 0.801 

0.237 0.335 

(b} Wit.hin-~oup analy■i■ of change■ troa b&aeli.ne uaing paired t-teat. 
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an-i.-r' ■ C-t■: IOP at Peak: Hean decrease■ in IOP ranged from 6.2 to 7.3 lm!Hg 
in the brimonidine group and from 5.4 to 6.3 IIDHg in the timolol group. Hean 
-· ·reaaes from basline were •tatisticlly ■ignific&nt in both groups at all follow up 

· ts. At weeks land 2, briJJlonidine treatJDeZJt resulted in statistically 
.ific.u,t greater decreases in IOP caapared to timolol. At 1110nths l, 3, and 6, 

brJJDOnidi.ce was equivalent to ti.molal in decrea•ing IOP. 



Intraocular Pressure (nm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

Study: A342-l04 

(Hour 2 - Responder Analysis[al) 

ANOVA P-value[bl 
Timepoint 0.2t Brm o.st Tim Treatment Interact:ion 

Baseline N 170 152 0.446 0.877 
Mean 24.78 24.44 
SD 3.74 3.55 
Min 15.00 11. 00 
Max 36 .00 33.50 

Week l N 167 150 <0.001 0.960 
Mean -8.00 -6. 45 
SD 3.61 3.90 
Min ·19.50 -19.50 
~lax 3.50 7.50 
P-value[cl <0.001 <0.001 

Week 2 N 166 145 0.001 0.926 
Mean -7.63 -6 .29 
SD 3.64 3.62 
Min -18.50 -17.00 
Max 2.00 6.00 
P-value [cl <0.001 <0.001 

Month l N l.61 l.44 0.008 0.432 
Mean -7.25 -6.06 
SD 3.62 3,87 
Min -18.50 -16'.00 
Max 2.50 6.50 
P-value [cl <0.001 <0.001 

Month 3 N 147 142 0.010 0. 775 
Mean -7.30 -6.09 
SD 3.70 3.77 
Min -21.00 -is.so 
Max l. so s.so 
P-value[cl <0.001 <0.001 

Month 6 N 134 136 0.179 0.661 
Mean -6.56 -5.44 
SD 3. 94 3.80 
Min -17.50 -16.00 
Max 6.00 5.50 
P-value (cl <0.001 <0.001 

[al Responders• Subjects in the preferred analysis with an IOP 
reduction of at least 3 nm Hg from baseline at two consecutive 
visits within the first month of treatment. 

(bl P-value based on the two-way analysis of varil.lnce. 
Treatment• between-group comparison. 
Interaction• treatment-by-investigator interaction. 

(cl Within-group analysis of changes from baseline using paired t-test. 
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Intraocular Pressure (nm Hg) 
95\ Confidence Interval of Between-Group Difference 

in Mean Changes from Baseline 

(Hour O - Preferred Analysis) 

Estimate of Std Error of 
Timepoint Difference [al Estimate 95\ CI of Estimate 

Baseline 0.33 0.303 -0.26, 0. 9J) 

Week 1 1.56 0. 311 0. 95, 2.17) 

week 2 1.55 0.330 0. 91, 2. 20) 

Month 1 2.09 0. 311 1.46, 2. 70) 

Month 2 2.17 0.334 1.51, 2.82) 

f'lonth 3 2.08 0.332 1.42, 2.73) 

Month 6 2.26 0.367 1.54, 2. 99) 

[al Estimate was computed for the difference of mean baseline 
and mean changes from baseline at each scheduled follow-up 
visit bas-,d on the least-squares means by O. 2\ '3rm 9ro·Jp 
minus 0.5\ Tim group. 

Intraocular Pressux·e (non Hg) 
95\ Confidence Interval of Between-Group Difference 

in Mean Changes from Baseline 

(Hour O - Responder Analysis[al) 

Estimate of Std Error of 
Timepoint:. Difference [bl Estimate 95\ CI of Estimate 

Baseline 0.26 0.355 -0. 43, 0. 96) 

Week 1 0.68 0. 311 0, 07, l.29) 

Week 2 0.83 0.304 0.23, l.43) 

Month 1 1.50 0.347 0.82, 2 .18) 

Month 2 1. 34 0.359 0.63, 2. 04) 

Month 3 1. 36 0.361 0.65, 2 .07) 

Month 6 2.05 0. 390 1.28, 2. 82) 

la] Responders• subject■ in the preferred analyaia with an IOP 
reduction of at leaat 3 nm Hg from baseline at two consecutive 
visits within the firat month of treatment. 

[bl Estimate was computed for the difference of mean baseline 
and mean changes from baseline at each ■cheduled follow-up 
visit baaed an the leaat-aquarea mean• by 0.21 Brm group 
minua 0.51 Tim group. 
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Intraocular Pressure (mm Hg) 
Number and Percentage of Subjecto in Each Change Interval 

(Hour 0 - Pr-,fened Analysis) 

Changes 
Timepoint (mm Hg) 0.2, Bnn 0.51 Tim 

Week 1 <• -5 135 (50.91) 120 (6!1. Ot) 
> -5 to <• -4 33 (12.51) 28 (16 .H) 
> -4 to <• -3 40 (15.11) 11 ( 6. 3') 

> -3 57 (21.51) 15 ( 8. 61) 
Total (N) 265 174 

Week 2 <• -5 120 (47. 21) 109 (66.51) 
> -5 to <• -4 35 (13. St) 29 (17.71) 
> -4 to<• -3 33 (13. 01) 11 ( 6.71) 
> -3 66 (26. 01) 15 ( 9. H) 

Total (N) 254 164 

Month l <• -5 92 (36.81) 116 (67 .81) 
> -s to<• -4 35 (14.01) 18 (10.51i 
> -4 to<• -3 40 (16.01) 15 ( 8.81) 
> -3 83 (33. 21) 22 (12.91) 

Total (N) 250 171 

Month 2 <• -5 9& (41. 01) 112 (67.91) 
> -5 to<• -4 35 (14.61) 22 (13.31) 
> -4 to<• -3 BO (12.61) 13 I 7.91) 

' 
> -3 76 (31.81) 18 (10.91) 

Total (NI :;,39 165 

Month 3 <• -5 90 (39.ll) ll.2 (68.71) 
> -5 to<• -4 38 (16 .51) 18 (11. 01) 
> -4 to<• -3 28 (12 .21) 14 ( 8.61) 
> -3 74 (32.21) 19 (11..7') 

Total (N) 230 163 

Month 6 <• -5 72 (36. 41) 106 (66. 71) 
> -5 to<• -4 29 (h.61) 18 (11.31) 
> -4 to<• -3 27 (13.61) 13 ( 8.21) 
> -3 70 (35.41) 22 (13.81) 

Total (N) 198 159 



Intraocular Pressure (1111\ Hg) 
Number and Percentage of Subjects in Each Change Interval 

Timepoint 

Week 1 

Week 2 

Month 1 

Month 2 

Month 3 

Month 6 

(Hour 0 - Responder Analysis[al) 

Changes 
(mm Hg) 

<• -5 
> -5 to<• -4 
> -4 to <• -3 
> -3 

Total (N) 

<• -5 
> -s to<:• -4 
> -4 to<• -3 
,. -3 

Total (N) 

<• -5 
> -5 to<• -4 
> -4 to<• -3 
> -3 

Total (N) 

<• -5 
> -s to <• -4 
> -4 to<• -3 
> -3 

Total (N) 

<• -5 
> - s to <=- -4 
> -4 
> -3 

Total 

<• -5 

to<• -3 

(N) 

> -5 to<• -4 
> -4 to<• -3 
> -3 

Total (N) 

0.21 Brm 

118 (67.81) 
23 (13.21) 
23 (13.21) 
10 ( 5.71) 

174 

113 (64.6t) 
33 (lC.91) 
29 (16.61) 

0 ( 0.01) 
175 

84 (49. 41) 
26 (15. 31) 
30 (17.61) 
30 (17.6t) 

170 

89 (53.61) 
26 (15. 71) 
24 (14. St) 
27 (16.31) 

166 

76 (48.41) 
29 (18.51) 
20 (12.71) 
32 (20.41) 

157 

60 (43. 21) 
22 (15.8') 
19 (13.71) 
38 (27.31) 

139 

0.51 Tim 

109 (73.61) 
25 (16. 91) 

9 ( 6.lt) 
5 ( 3.41) 

148 

108 (73.St) 
28 (19.01) 
11 ( 7.51) 

0 ( 0.01) 
147 

104 (70.3\) 
17 (11.St) 
13 ( 8.8\) 
14 ( 9. 51) 

148 

100 (69.4\) 
21 (14.6\) 

8 ( 5.6\) 
15 (10.4\) 

144 

102 (71.31) 
15 (10. St) 
13 ( 9.lt) 
13 ( 9.lt) 

143 

100 (71.9\) 
15 (10.Bt) 
12 ( 8.6t) 
12 ( 8.6\) 

139 

[a] Responders• Subjects in the preferred analysis with an IOP 
reduction of at least 3 mm Hg from baseline at two conaecutive 
visits within the first month of treatment. 
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Revi-r'• COJ11111enta: Similar to study #l there appear to be a 
~ecrease in efficacy with time. 
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Safety Parameters: 

Cup/Disc Ratio 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(Preferred Analysis) 

ANOVA P-value 
Timepoint 0.2t Brm a.st Tim Treatment Interaction 

Baseline N 279 183 0.827 0.831 
Mean 0.43 0.42 
SD 0.17 0.17 
Min 0.00 0.00 
Max 0.85 0.75 

Month 6 N 210 160 0.697 0.516 
Mean -0.00 -0.00 
SD 0.05 0.05 
Min -0.40 -0.20 
Max 0.10 0.30 
P-value 0 .145 0.851 

Cup-Disc Ratio 
Compared to Baseline at Subject's Final Evaluation 

(Number of Subjects - Preferred Analysis) 

Change from 
Baseline fa) 

<=-0.2 
>•+0.2 

o.~t Brm 
(N=280) 

3 ( 1.lt) 
0 ( O.Ot) 

a.st Tim 
(Nal83) 

1 ( 0 .St) 
2 ( 1.lt) 

[al Subjects with tb.e changes of at least 0.2 in one eye or both 
eyes. No subject had significantly increased in cup-disc ratio 
in one eye and decreased in the fellow eye. 
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Reviewer's CoJ1D11ents: No significant differences were seen between 
the brimonidine and timolol treatment groups in mean changes from 
baseline values over the six-month study period. The percentage 
of subjects with increases or decreases~ 0.2 was similar in each 
of the treatment groups (approximately 1\). 



Visual Fields: Mean Defects (Db) 
~.nalyois of Changes fr0111 Baseline 

(Preferred Analysis) 
Variable 

0.21 B:nn o.st Tim Visual Field Change 
N 

217 161 
Mean 

-0.4 -o. 7 
SD 

2.4 ..<.S 
Min 

-10.0 -8. ' 
Max 

9.0 10.l Change Interval 
<• -s 

9 ( 4. U) 7 ( 4. 31) 
> -5 to <s 5 203 (93.51) 150 (93.2t) 
> s 

5 ( 2. 31:) 4 ( 2. St) 

P-value 

0.253 

0.993 

Reviewer's Comments: Changes in visual fields were minimal and 

clinically insignificant in both groups. 
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Schjrmer Tear Test (mm) 
Baseline and Mean Changea from Baseline at Each Schedul-.d Visit 

(All Subjects) 

ANOVA P-value[a] 
Timepoint 

Baseline 

0.21 Brm 0.51 Tim Treatment Interaction 

N 284 189 0.440 0.943 

Mean 13.46 13.04 
SD 7.20 7.20 
Min 3.00 4.00 
Max 41.25 35.00 

,Month 6 N 203 160 0.227 0.203 

Mean -0.99 0.05 
SD 7.36 6.76 
Min -31.50 -20.50 
Max 24 ~ 36.50 
P-value [bl O.u,7 0.919 

Schirmer Test (mm) 

Number and Percentage of Subjects with A Clinically Significant[a] 
Decrease from Baseline at One or More Follow-up Visits 

Variable 

Schirmer Test 

(All Subjects) 

0.21 Brm 
(N•284) [bl 

51 (18.01) 

u.51 Tim 
(N•l89) [bl 

32 (16.91) 

P-value[cl 

0. 774 

(al Schirmer teat re■ulta: (1) ba■eline < 10 11111 and follov-up 

below S rrrn, or (2) baseline>• 10 m, follov-up belc:.,w 10 m 

and a de~reaae from baeeline of more th&n S -· 
(bl Sample size of the tre•trnent group. 
[cl P-val•,e based on Pearson's Chi-11quare teat. 

Revie-r'a Comments: Changes in Shirmer test were minimal and clinically 

insignificant in both groups. 

Visual Acuity 
Compared to Baseline at Subject's Final Evaluation 

(All Subjects) 

Changes[a] 

worse 

NO Change 

Better 

Total 

0.21 Brm 

11 ( 3.81) 

280 (95.91) 

l ( 0.31) 

292 

l•l Worse• d.e:crea■e of 2 line■ or more 
No Change• change between -2 to +2 line■ 

Better• increaae of 2 line■ or 1n0re 

0.51 Tim 

7 3.71) 

184 (96.3') 

0 ( 0.01) 

191 

(bl P-value baaed on Wilcoxon rank-•um teat u■ing 00:I -thoda vith 

P-value [bl 

0.900 

Revi ... r'• Comment•: Changes in Visual acuity were minimal and clinically 

insignificant in both groups. 
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Pupil Siza (mm) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

ANOVA P-value (a] 
Timepoint 0.2\ Brm o.s, Tim Treatment Interaction 

Baseline N 292 191 0.857 0. 471 
Mean 3.38 3.39 
SD 0.81 0.80 
Min l. 25 1.00 
Max 7.50 6.00 

Week l N 289 189 0.040 0.556 
Mean -0.12 -o.oo 
SD 0.65 0.56 
Min -4. 50 -2.50 
Max 2.00 1.50 
P-value[b] 0.002 0. 992 

Week 2 le] N 278 180 0.097 0.29J 
Mean -0.06 0.01 
SD 0.69 0.64 
Min -4.50 -2.50 
Max 2.50 2.00 
P-value(b] 0.141 0.807 

Month l N 274 184 0.154 0.100 
Mean -0.01 0.03 
SD 0.64 O'. 70 
Min -4.50 -2.00 
Max 2.00 . 2 .00 
P-value(b] 0.851 0.5~4 

Month 2 N 263 183 0.082 0.285 
Mean -0.08 0. 02 
SD 0.64 0.73 
Min -4.00 -2.50 
Max 2.00 3.00 
P-value(b] 0.055 0.700 

Month 3 N 246 172 0.375 0.042 
Mean -0.0l -0.01 
SD 0.67 0.72 
Min -4.50 -2.50 
Max 2.25 3.00 
P-value(b] 0.760 0.824 

Month 6 N 220 169 0.281 0.524 
Me3.n -0.0~ 0.02 
SD 0.70 0.73 
Min -4.00 -2.00 
Max 2.00 3.25 
P-value(b] 0.403 0. 744 

(al P-value baaed on the two-vay analyai• of variance. 
Treatment• between-group eoapa.ri■on. 
Interaction• treataent-by-inve■tigator interaction. 

(bl Within-group analy■ i• of change• fn:a ba■elin• uain9 pair•~ t-te■t. 

Reviewer's Comments: There is a small decrease in pupil size in the brimoni.dine 
group. 
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Heart Rate (bpm) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

ANOVA P-value(a] 
Timepoint 0.2, Bnn 0.5\ Tim Treatment Interaction 

Baseline N 292 191 0.276 0.866 
Mean 72. 92 72 .25 
SD 9.39 9.98 
Min 44.00 48.00 
Max 110.00 100.00 

w .. ek l N 287 189 0.059 0.045 
Mean -o. 71 -2.01 
SD 7. 77 8.89 
Min -28.00 -24.00 
Max 30.00 28.00 
P-value(bl 0.124 0.002 

Week 2 N .: J 180 0.613 0.512 
Mean -U.87 -1.50 
SD 9.06 ~.55 
Min -42.00 -24.00 
Max 32.00 44.00 
P-valuelbl 0.109 0.036 

Month l N 272 183 0.301 () 774 
Mean -0.64 -1-.77 
SD 9.53 8.57 
Min -42.00 -26.00 
Max 26.00 "26.00 
P-value(bl 0.266 0.006 

Month 2 N 259 182 0.248 0.856 
Mean -0.51 -1.70 
SD 10.01 9.66 
Min -38.00 -34.00 
Max 36.00 42.00 
P-value(bl 0. 413 0.018 

Month 3 N 245 172 0.041 0. 693 
Mean -C.20 -2.16 
SD 9.99 9.13 
Min -38.00 -38.00 
Max 52.00 28.00 
P-value(b] 0.754 0.002 

Month 6 N 218 167 0.067 0.510 
Mean -0.30 -2.99 
SD 9.72 9.64 
Mi.n -28.00 -38.00 
Max 32.00 40.00 
P-valu.,[b] 0.646 <0.001 

(al P-value based on the two-way analysis of variance. 
Tre.itment • betwe~n-group comparison. 
Interaction• treatment-by-investigator interaction. 

(bl Within-group analysis of changes from baseline using paired t-test. 
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Reviewer'• Comment■ : Changes in heart rate with brimonld.1ne treatment were 
minimal and uot clinically significant. 
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Systolic Blood Pressure (mm Hg) 
Baseline and Mean Changes from Baseline at Each Scheduled Visit 

(All Subjects) 

ANOVA P-value 
Timepoint 0.2\ Brm 0.5\ Tim Treaement Interaction 

Baseline N 291 190 0.318 0.5 
Mean 136.93 135.81 
SD 17.97 17.68 
Min 90.00 98.00 
Max 180.00 200.00 

Week l N 285 188 o .130 0.463 
Mean ·2. 44 -0.95 
SD 13.97 13.59 
Min -52. 00 -34.00 
Max 38.00 40.00 
P-value 0.004 0.341 

Week 2 N 277 179 0.610 0 .841 
Mean -l. 78 -2.94 
SD 14. 39 15.61 
Min -48.00 -52.00 
Max 55.00 7(1.00 
P-value 0.040 0.012 

Month l N 270 183 C.406 0. 925 
Mean -0.99 -2.63 
SD 16.12 14•.88 
Min -40.00 -42.00 
Max so.co so.co 
P-value 0. 316 0.018 

Month 2 N 259 180 0.963 0.57~ 
Mean -0.53 -1.)7 
SD 17.05 17.75 
Min -54.00 -40.00 
Max 50.00 70.00 
P-value 0.621 0.303 

Month 3 N 244 171 0.679 0.087 
Mean -2.44 -2.64 
SD 15.48 16.76 
Min -50.00 -53.00 
Max 40.00 60.00 
P-value 0.014 0. 041 

Month 6 N 216 167 0.502 0.694 
Mean -1.60 -1. 44 
SD 17.76 16.33 
Min -46.00 -42. 00 
Max 52.00 60.00 
P-value 0.186 0.257 



Diastolic Blood Pressure (rrm Hg) 
Baseline and Mean Changes from Basel\ne at Each Scheduled Visit 

Timepoint 

Baseline 

Week l 

Week 2 

Month l 

Month 2 

Month 3 

Month 6 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 
P-value 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value[bl 

N 
Mean 
SD 
Min 
Max 
P-value[b] 

N 
Mean 
SD 
Min 
Max 
P-value [bl 

N 
Mean 
SD 
Min 
Max 
P-value 

(All Su.bjects) 

0.2\ Brm 

291 
80.87 
10.12 
54.00 

120.00 

285 
-l.24 
8.35 

-30.00 
20.00 
0.013 

277 
-0.99 
9.17 

-30.00 
28.00 
0.074 

270 
-l.16 
8.63 

-26.00 
30.00 
0.029 

259 
-0.75 
9.14 

-34.00 
25.00 
0.191 

244 
-l. 41 
9.60 

-30.00 
30.00 
0.023 

216 
-l.40 

9.86 
-35.00 
20.00 
0. 038 

0.5\ Tim 

190 
80.74 
10.33 
54.00 

115.00 

188 
-0.66 
8.09 

-24.00 
28.00 
0.265 

179 
-0.70 
9.55 

-26.00 
36.00 
0.325 

183 
-1.56 

9'. 23 
-30.00 
30.00 
0. 023 

180 
-1.50 
9.31 

-26.00 
?4.00 
0.032 

171 
-1.99 
10.37 

-25.00 
40.00 
0.013 

167 
-0.59 
10.06 

-25.00 
36.00 
0.452 

ANOVA P-value 
Treatment 

0.824 

0.313 

0.768 

0.642 

0.644 

0.315 

0.548 

Interaction 

0.089 

0. 044 

0.098 

0.246 

0.166 

0.399 

0.661 
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Reviewer's Comments: Changes in heart rate with brimonidine treatment were 
minimal and not clinically significant. 
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Figure 7 
Mean Blood Pressure (mm Hg) 

(All Subjects) 
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Reviewer's Comments: Changes in blood pressure with brimonidine treatment 
were minimal and not clinically significant. 
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Adver•• Rvent• 
Number and P~rcentage of Subject• vith at Lea•t One 

Severity Grade !ncr••••d from Ba■eline at 
one or More Pellow-up Vi■it• 

bcludi.ng Pind.ing■ Related to Ocular Allergic Reaction(■) 

rinding 

oral DryD••• 
ocular Hyperemia{d\ 

Burnin9/ltiD9iny 

Head.Ache 

Foreign Body Sen■■tion 

Blurring 

Lens Pathology 

Patigue/Drowaine ■a 

ocular Allerqie Reaetion(e) 

Ocular Pruritu• 

Follicle■ (Conjunctiva) 

Corneal Staining/Ero■ ion 

Ocular Ache/Pain 

Photophobia 

Ocular Oryne■■ 

Upper Re■piratory Sy,nptom■ 

Fu.~dua Pathology 

t..crill\Ation Di ■order 

Bleph-t.riti ■ 

sy■tem.ic Other 

Lid !~hema 

Aathenia 

Conjunctiva! Edem.a. 

C..atrointe ■tinal Symptoms 

t.aah Ocehria 

Ocular Other 

Photophobia 

Oculu· Dryne■■ 

Upper Re■p1ratory Symptoru 

rundu■ Pathology 

Lacriution Oi ■order 

Diz:un••• 

BlepMriti■ 

Sy■ te•1c Other 

Lid lryt.heea 

A.■ thenia 

Conjunctiva! Ederu. 

(All Subjecta) 

0.ll Bnn O.SI Tia 
IN-29:2) (N•l91) P-value (bl 

11 (27, 1\) 21 (11. c,, co. 001 

GI (:2l.J\-) tl {22.5'\) 0.843 

61 (l0.") 75 (39.3\) c0.001 

St (18.51) JC (17.8') 0.847 

53 (18 .. 2') 26 (13 61) 0.187 

41 (14.011 33 (17 ll) O.JH 

39 (13,411 28 (14.1\) 0.615 

J'? (12.7\) 

'. ,., 
25 

22 

21 

19 

19 

17 

16 

16 

u 

12 

11 

10 

' 
' 
• 
7 

7 

19 

18 

16 

16 

,. 
l2 

11 

10 

• 
• 

8.6') 

7.5\) 

7.2,1 

6. 5\) 

6.5\) 

5. 1111 

5.51) 

5. SI) 

4. 81) 

4 . ~.I) 

3. 1') 

J.11) 

2.11) 

l.tl) 

2.tl) 

6. Sil 

'.211 

5. Ill 

5. 511 

5.5') 

4 .111) 

t.11) 

3.11) 

].ti) 

J. 11) 

3 .11) 

18 

l 

15 

7 

9. ti) 0. 27l 

0. 5\) cO. OOl(c) 

7.91) 0.112 

3.71) 0.080 

20 (10.511 

5 

0 .206 

0.054 

11 

16 

11 

13 

5 

5 

• 
• 
) 

3 

' • 
2 

• 
11 

16 

11 

13 

5 

5 

• 
• 
) 

3 

' 

5. 81) 

B!tt) 

5. II) 

,.n, 
2 .,,, 

l .61) 

2.U) 

3.1') 

l.Hl 

l.Hl 

t.711 

3.11) 

1.01) 

2 .11) 

5.8') 

a .tll 

5.11) .... , 
2.6') 

2.61) 

2.1') 

3.1') 

1.,11 

1.,,1 

t. 71) 

0. 739 

0 .353 

0.977 

0. Sta 

0 .132 

0.229 

0.102 lcl 

N/A 

0.2'2(cl 

0.379(cl 

0.355 

0.797 

0.t931c) 

N/A 

0. 739 

CI.JSJ 

0. 911 

0. Stl 

0 .132 

0.229 

o.302lcl ., .. 
0 .262 (cl 

O.J79(cl 

0.355 
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Gaatrointeatinal Symptom• 

Laah Debris 

Ocular Other 

Mu■cular Pain 

liuomn1a 

Opacity (Cornea) 

cornea Othe1 

Abnormal Vision 

Ocular Irritation 

'Corneal Endothel. Changes 

Cru■ting (Lid) 

Meibomianitis 

Oer,aatochalasis 

Pinguecula 

Conjunctiva Other 

Lid Edema 

Endothel. Pigment 

scar {Corneal 

\"itreous Pathology 

Aathenopia (Eyestrain) 

Lid Other 

Hemorrhage (COnJunCtiva) 

Ahnorml'l Taste 

Influenza 

Arthralgia 

Anter1or Chamber Cells 

Papillae (Conjunct1val 

Other (dJ 

• 
7 

7 

7 

7 

• 
• 
• 
• 
• 
s 

s 

s 

s 

s 

s 

• 
• 
• 
• 
3 

3 

3 

3 

3 

3 

2 

59 

2.11) 

2.0) 

2.0) 

2.41) 

2.41) 

2.1') 

2.1') 

2 .11) 

2.1\) 

2 .11) 

1.71) 

1. 7') 

1. 71) 

1.71) 

1. 7') 

1.71) 

1.41) 

1.41} 

1. 41} 

1.41) 

1.01) 

1. Ot) 

1.01) 

1.01) 

1.01) 

1.01) 

0. 71) 

• 
2 

• 

J .11) 

1.01) 

2.il) 

J 1 1.61) 

0.797 

0.493 (c] 

N/A 

0.747(c) 

1 

1 

2 

s 

2 

• 
1 

s 

2 

3 

2 

3 

• 
• 
1 

2 

0 

O.SI) O.lSS(c] 

o. SI l O. 2S3 (cl 

1.01) N/A 

2.61) 0.685 

1.01) 0.488(c) 

2.111 >0.999(c! 

O.St) 0.410(c) 

2.61) 0.494 

1.01) 0.709(c] 

1.61) >0.999lcl 

1.01) N/A 

1.61) >0.999[cl 

2.11) 718(cJ 

2.11) 0.718(c) 

0.51) 0.65J[c) 

1. 01 l >0. 999 lcJ 

0.01) N/A 

2,( 1.01) >0.999[c] 

1 

1 

0 

1 

3 

36 

0.51) >0.999(c] 

0.51) >0.999(c] 

0.01) 0.2Bl(c) 

o.Sll >0.999[cJ 

1.61) 0.)89[c} 

la) The follo~ing findings have been remoV1!:d for subject• 
having an Ocular Allergic R•tactio1:.: Lid lrythema, 
Lid Edema, ocular Hyperemia, Conjunctival Idema, 
Burning/Stinging, Blurring, P.B.S., Conjunctivitia, 
Bleph.aritia, Cruating (Lidi, L&ah Debri■, Di ■charge 
(ConjWlctiva), Follicle■ (Conjun~tiva), Papillae IConjW1ctiva), 
Follicle■; P•Pillae (Conjunctiva), ldeaa•Papillae (Conjunctiva), 
Ocular Pri1ritua, Ocular Irritation, Byelid Di■comfort, ocular 
Idema, and Lacrimation Diaorder 

lb) Unleaa ■tated othen.i.ae, p-value baaed on Pear■on' • 
Chi-aquare teat. 

(cl P-value baaed on Piaher•• ex.act te■t. 
Note: Adver■e event■ occurred in 171 (254/292) of l■Ubject■ in the 

0.21 Brm group and 821 (156/191) of ■ubject■ in the 0.51 T1m group. 
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System 

Neurological 

Cardiovascular 

Respiratory 

Gastrointestinal 

Carcinoma 

Serious Adverse Events(a] 

Preferred Term 

Dizziness 
Migraine 

Myocardial infarction 

Influenza 

Bowel abscess 
Upper gastrointestinal 
bleeding 

Carcinoma, prostatic 

0.2t Brm 0.5t Tim 
(N•292) (N•l91) 

1 (0.3O) 0 (0.00t) 
1 (0.3O) 0 (0.001) 

1 (0.341) 0 (0.00t) 

1 (0. 34') 0 (0.00\) 

0 (0.00t) 1 (0. 521) 
1 (0.3O) 0 (0.00t) 

1 (0.341) 0 (0.001) 

(al Serious adverse events occured in l.7t (5/292) of subjects in the 
v.21 Brm group and 0.5t (1/191) of subjects in the 0.5t Tim group. 
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Summary and Conclusions: 

"ficacy, 

31 

Safety, 

4) 

5) 

6) 

7) 

8) 

9) 

Brimonidine 0.21 reduced I~P at every scheduled fol~ow-up visit over the six-month 
study period. 

At trough, IOP reductions with timolol 0.51, were aignificantly greater than with 
brimonidine 0.21 at all scheduled follow-up visits. At peak, decreases with 
brimonidine were similar to timolol. 

There was a decrease in efficacy over time in the brimonidine group. 

The most common adverse events occurring with brimonidine treatment were oral 
dryness, ocular hyperemia, burning/stinging, headache,foreign body eensationBlurring, 
fatigue/drowsiness a~d ocular allergic ~eactions. Oral dryneas was more frequent with 
brimonidine treatment. 

Ocular allergic reactions occurred in 
brimonidine. 

9.91 of the aubjects treated ~ith 

The most common cause for subject termination due t.o adverse events with brim~nidine 
treatment was ocular allergic reaction (7.21). 

Changes in heart rate and blood pressure with brimonidine treatment were minimal and 
not clinically significant. 

With respect to cup/disc ratio, no sign!ficant differences were seen between the 
brimonidine and timolol treatment groups. 

Changes in visual fields were minimal and clinically insignificant in both groups. 



:udy #3 (Only the efficacy data ie presented) 
.J42-119-7831 

STUDY OBJECITVE: 

Toe objective of this study was to compare the safety and efficacy of twice-daily (b.i.d.) 
versus three-times-daily (t.i.d.) brimonidine 0.2%, in subjects with open-angle glaucoma 
or ocular hypenension. 

STUDY DESIGN: 

This study was a randomi7.ed, double-masked, parallel comparison of brimonidine 0.2 % 
b.i.d. vs. brimonidine 0.2% t.i.d. Toe study was three months in duration, and 
consisted of eight visits during the study perio<l. 

STUDY POPULATION: 

One hundred one subjects with open angle glaucoma or ocular hypenension who had no 
contraindications to the use of ocular alpha-adrenoceptor agonist therapy were emolled 
into this study. 

STUDY MEDICATION: 

Toe study evaluated two treatment grouj,s: brimonidine 0.2 % ad.ministered twice-daily 
(b.i.d.) versus brimonidim: 0.2% administered three times daily (t.i.d.). 

STUDY METHODS: 

83 

During the first visit (Visit 1), the subject's medical and ophthalmological history was recorded and 
written informed consent was obtained from each subject. lntraocular pressure (lOP) and pupil sii.e 
were assessed. Biomicroscopy, ophthalmoscopy, Schirmer tear test, visual acuity and visual field 
examinations were performed. Heart rate and blood pressure were also recorded for each subject. 

Following Visit l there was a washout period of 0-30 days, depending upon pre-study medication. 
Each subject returned after the washout period for baseline assessments (Visit 2). A biomicroscopic 
examination was performed, as well as assessments of visual acuity, pupil sii.e, Schirmer tear test, 
heart rate, blood pressure, and subject comfort. Baseline diurnal measurements of IOP, heart rate, 
and blood pressure were also recorded at 9-10:00 a.m. (Hour '.1.), 11 a.m. -12:00 p.m. (Hour 4), 
2-3:00 p.m. (Hotu 7), 4-5:00 p.m. (Hour 9), and 6 -7:00 p.m. (Hour 11). Blood plasma was also 
collected at Hours 0, 7, and 11 from 40 of the 101 subjects in tlili: smdy. Blood samples were 
collected to determine the plasma concentration levels of brimonidine tartrate in subjects on the 
t.i.d. dozing regimen vel'!'..& the b.i.d. dosing regimen. 

After the 6:00-7:00 p.m. (Hour 11) mcasurcmcnrs, subjects received three bottles of medication to 
take home. Depending upon which groi.p the subject was randomiz.ed into, the bottle labeled 
"afternoon drops" contained either brimonidine 0.2% or the vehicle. 

Subjects were illstructed to instill one drop into each eye from the bottle labeled "morning drops" 
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between 7:00 and 9:00 AM; one drop in each eye from the bottle labeled "afternoon drops" 
between 2:00 and 3:00 PM, and one drop in each eye from the bottle labeled •evening drops" 
between 10 p.m. and 12 a.m. 

Subjects returned the next day (Day I) for administration of medication and diurnal measurements. 
Upon arrival, a biomicroscopic examination was performed as well as assessments of IOP, pupil 
size, vi!.Ulll acuity, heart rate, blood pressure, and subject comfort. Medications were then 
administered to each subject. Intraocular pressure, pupil size, blood pressure, heart rate, and 
subject comfort were measured again at Hour 2, 4, 7, 9, and 11). Toe mea'llll'ements recorded at 
the Hour 7 timepoint were done before the afternoon medication was instilled. 

Subjects returned at Weeks 1, 3, 6, and 8. Biomicroscopy, IOP, pupil size, visual acuity, heart 
rate, blood pressure and subject comfort were recorded at each visit. Blood plasma was collected at 
Hour Oat Weeks 3, 6, and 8 from the same 45 subjects that had their plasma collected at Day 0. 
At Week 6, IOP, subject comfort, heart rate and blood pressure were again recorded at Hour 2, 4, 
7, 9, :.nd 11. Blood plasma was also be collected at Hour 0, 7, and 11 on the same subjects that 
had tneir plasma collected at previous visits. All measurements at Hour 7 were recorded prior to 
the instillation of the afternoon medication. 

At Week 12, subjects returned for a final visit. Upon arrival, subjects had IOP, pupil size, 
biomicroscopy, visual acuity, visual field, heart rate, blood pressure, and comfort assessed. IOP, 
subject comfort, heart rate, and blood pressure were again recorded at Hour 2, 4, 7, and 9. Blood 
plasma w.as also collected at Hour 0, 7, and 11 on most of the same subjects that had their plasma 
collected at previous visits. All measurements at Hour 7 were recorded prior to the instillation of 
the afternoon medication. At Hour 11, ·biomicroscopy and ophthalmosc.>py examinations will be 
performed as well as measurements of IOP, pupil size, Schirmer tear test, visual acuity, heart rate, 
blood pressure, and subject comfort. After the completion of the Hour 11 measlll'Cments, subjects 
were then considered to have successfully completed the study. 



RESULTS. 

Demcgraphic 
(Preferred Analysis) 

B.I.D. T.I.D. P-value• 
Age 

N 48 48 0.556 
Mean 53.3 52.4 
SD 11. 0 11.7 
Min 33 26 
Max 73 72 

Sex 
Male 18 38\) 26 50) 0.107 
Female 30 63\) 22 46\) 

Race 
Caucasian 35 73\) 41 est> 0.200 
Hispanic 6 13\) 2 0) 
Black 6 13\) 5 10\) 
Asian l 2t) 0 ot) 

Iris Color 
Blue 10 2lt) 13 2~,) 0.697 
Green l 2\) 0 ot> 
Hazel 10 21') 8 17\) 
Brown 27 56\) 27 56t) 

Diagnosis 
OAG 18 38\) 17 .lSt) >0.999 
OHT 30 63\) 31 6St) 

• Between-group comparisons. 

Reviewer's Comment □: There were no significant 
differences between the two groups. 
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Summary of Subjects Enrollment And Exit Status 

B. I.D. T.I.D. Total 

Evaluable Subjects 48 48 96 
(inc,luded in preferred analysis) 

Discontinued 1• 0 l 
Terminated 

Lack of efficacy 0 0 0 
Underirable side effects 0 2 2 

Completed 47 46 93 

Unevaluable Subjects# 2 3 5 
(excluded from preferred analysis) 

Discontinued 2 3 5 
Terminated 

Lack of efficacy 0 0 0 
Underirable side effects 0 0 0 

Completed 0 0 0 

Total Enrolled ·so Sl l~l 
Discontinued 3 3 6 
Terminated 

Lack of efficacy 0 0 0 
Undcrirable side effects 0 2 2 

Completed 47 46 93 

• Subject 1634-139 had the examination at Hour c, of 
Visit 8 and then discontinued from the study. Diurnal 
~xaminations wer.e missing. 

# Subjects who did not meet protocol entry criteria. 



Exit 
Status 

Discontinued 

antidepressant. 

Discontinued 

Termlnated 

*1634-134, 

87 

Discontinued And Terminated Subjectn 

Exit 
Group Subject Visit Reason 

B. I .D. 1634-13 9 8.00 Other reason (viral 
conjunctivitis) 

1972-202 4.00 Concurrent use of alpha agonist. 
1972-209 4.00 Pt was on amit11ptyline 

T. I.D. 1634 -129 4.00 Progression of VF loss 
1634-158 4.00 uncontroll1!d CV disease 
1972-217 5.01 Cnild beari~g potential 

T.I.D. 1634-134* 4.00 Undesirable side effects 
1972-201# 6.01 Undesirable side effects 

terminated due due to amnesia (forgetfulness), increased 
appetite,oral dryness, £~reign body sensation, somnolence 
(drowsiness, brain fatigue). 

termi1 ·1ted due to somnolence (tired), cojunctivitis, ocular 
prurit1s,discharge 
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Intraocular Pressure (11'111 Hg) 
Baseline and Hean Changes from Baseline 

Visit B. I.D. T.I.D. P-value• 

2 (Day 0) N 48 (8 0.893 
Mean 25.78 25.76 
SD 2.26 3.:l 
Min 23.00 23.00 
Max 33.00 35.00 

3 (Day l) N 48 48 0 904 
Mean -5.19 -4.94 
SD 3. 77 3.70 
Min -17.50 -14.50 
Max 3.00 4.50 
P-value . <0.001 <0.001 

4 (Wk l) N 47 48 0.607 
Mean -4 .14 -4.38 
SD 3.25 3.52 
Min -13. 00 -14. 00 
Max 2.50 3.00 
P-value . <0.001 <0.001 

5 (Wk 3) N 48 47 0.92:, 
Mean. -3.45 -3.21 
SD 3.23 3.47 
Min -12.00 -12.50 
Max l. 50 4.00 
P-value . <0.001 <0.001 

6 (Wk 6) N 48 46 0.543 
Mean - 3. 48 -2.A3 
50 3.52 3.26 
Min -12.00 -12.0C 
Max 3.00 3.00 
P-value . <0.001 <0.001 

7 (Wk 8) N 46 45 o.e4e 
Mean -3.35 -3 39 
ZD 3.17 3.42 
Min -11 so -12.00 
Max ~.00 5.00 
P-value . <0.001 <0.001 

8 (Wk 12) N 48 46 0.288 
Mean -3.36 -3.97 
SD 3.31 3. 56 
Min -9.50 -12.00 
M-,..,c 7.50 5.00 
P-vaJue • <0.001 <0.001 

OVerallA -3.63 -3.67 0.955 



Baseline ln~raocular Pressure (11'111 Hg) 
(Diurnal Examination at Visit 2) 

Hour# B.I.L'. 

48 
25.78 
2.26 

23.00 
33.00 

T.I.D. 

48 
25.76 
3.21 

23.00 
35.00 

P-value• 
0 

2 

4 

7 

9 

ll 

N 
Mean 
so 
Min 
Max 

N 
Mean 
so 
Min 
Max 

N 
Mean 
so 
Min 
Max 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 

N 
Mean 
SD 
Min 
Max 

48 
23.54 
3.62 

1,.00 
32.50 

48 
23.86 

3.85 
16.50 
34. so 

48 
21.57 
2. 94 

14.50 
29.00 

48 
22.28 

2.83 
17.00 
28.50 

48 
22.39 
2.90 

16.50 
30.00 

48 
23.41 
4.25 

16.00 
39.00 

48 
23.85 

3.90 
17.00 
J:i.50 

48 
22 .11 
3.82 

15.50 
33. 50 

48 
22 .02 

3.55 
16.00 
JO.SO 

48 
22.15 
3.10 

17.00 
29.00 

# Each timepoint of Visit 2 is the baoeline for the diurnal examination. 

o. 85'3 

0.604 

0. 715 

0.532 

0.388 

0.427 

• ~etween-group comparisons. Treatment-by-investigator interaction was significant at '!our 9 (p•0.053) llild Hour 11 (p•0.097). 
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Mean Changes in Intraocular Pressure (O'III Hg) 
(Diurnal Examination at Visit 6) 

Hour# B. I.D. T.I.O. P-value• 

0 N 48 46 0.543 
Mean -3.48 -2.83 
so 3. 52 3.26 
Min -12.00 -12.00 
Max 3.00 3.00 
P-value• <0.001 <0.001 

2 N 48 46 0.476 
Me&.11 -6.43 -5.89 
so 3.41 4.04 
Min -17.00 -16.00 
Max 0.50 2.00 
P-value• <0.001 <0.0lll 

4 N 48 4.,; 0.232 
Mean -5.01 -4.03 
so LlO J.98 
Min -16.00 -15.00 
Max 4.00 3.00 
P-v,.due . <0.001 <0.001 

i N 48 46 0.648 
Mean -2.67 -2.20 
so 2. 56 3.37 
Min -7.00 -12.00 
Max 3.50 4.50 
P-value• <0.001 <0.001 

9 N 47 46 ~.001 
Hean <~ .49 -5. l 5 
SD 2.89 4.15 
Min -10.00 -12.50 
Max 4.00 9.00 
P-value" <0.001 <0.001 

11 N 47 46 0.021 
Mean .. 2 .29 -3.57 
SD 2.65 2.62 
Min -9.50 -9.00 
Max 4.00 2.50 
P-value 

. <0.001 <0.001 

# Mean change■ fr= ba■eline (the corre■ponding timepoint of Visit 2). 
• Between-group c:ompari ■ona. Treatment-by-investigat.or interaction 

was not significant at an}' timepoint, p > 0.10. 
• Within-gro·~p analyei■ of changes from baseline. 
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Hour# 

0 

2 

4 

7 

9 

11 

Mean Char.ges in Intraocular Pressure (nwn Hg) 
(Diurnal EXamination at Visit 8) 

N 
Me.-an 
SD 
Min 
Max 
P-value• 

N 
Mean 
SD 
Min 
Max 
P-value• 

N 
Mean 
SD 
Min 
Max 
P-value ... 

N 
Mean 
SD 
Min 
Max 
P-value• 

N 
Mean 
SD 
Min 
Max 
P-value ... 

N 
Mean 
SD 
Min 
Max 
P-value ... 

B.I.D. 

48 
-3.36 
3.30 

-9.50 
7.50 

<0.001 

47 
-6.17 

4 .03 
-15.00 

2.00 
<0.001 

47 
•4. El 
3.75 

-14.50 
5.50 

<0.001 

47 
-1. 87 
2. 98 

-9.00 
5.00 

<0.001 

47 
-2.07 
3.05 

-10.00 
3.50 

<0.001 

47 
-2.51 
3.18 

-9. 00 
6.00 

<0.001 

T.J .D. 

46 
-3.97 
3.56 

-12.00 
5.00 

<0.001 

46 
-~.80 
4.2~ 

-17.00 
-0.50 

<0.001 

46 
-4.27 
3.46 

-13. 00 
1.00 

<0.001 

46 
-2.42 

~.55 
-14.50 

4.00 
<0.001 

45 
-5.31 

3.80 
-12.00 

2.00 
<0.001 

46 
-4.0l 
2.77 

-9.50 
2.00 

<0.001 

93 

P-value• 

0.288 

0.528 

0.501 

0.363 

<0.001 

o.o✓.o 

# Mean changes from baseline (the corresponding timepoint of Visit 2). 
• Bet~een-group comparisons. Treatment-by-investigator interaction 

was not significant at any timepoint, p > 0.10. 
• Within-group analysis of changes from baseline. 
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Summary and conclusions: 

1) Mean decreases from baseline ranged from 3.4 to 5.2 mm Hg 
in the b.i.d. group, and from 2.8 to 4.9 mm Hg in the 
t.i.d. group. 

2) On all diurnal visits (Day 1, Week 6, and Week 12) both 
treatment groups showed a statistically significant 
within-group decrease from baseline in mean IOP at each 
timepoint of diurnal examination. There were 
statistically significant differences favoring t.i.d. 
treatment between groups at Hour 9 for the Day 1 visit, 
and at Hours 9 and 11 for the Weeks 6 and 12 visits (p s 
0.021). At hour 9 at weeks 6 and 12, the mean difference 
was approximately 3.0 mm Hg. 



Integrated Graphical Summary: Based on Combined Data 
from Studies A342-103 and A342-104 (12 months Data) 

96 
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Summary of Adverse Events 
Excluding Findings Related to Ocular Allergic Reaction[a] 
Combined Data from Studies A342-103 and A342-104 

0.21 Brm 0.51 Tim 
Finding (N•513) (N•413) P-value(bl 

Oral Dryneaa 160 (31.21) 69 (16. 71) <0.001 
Ocular Hyperemia(d] 147 (28. 71) 104 (25.21) 0.237 
Burning/Stinging 133 (25. 91) 180 (43 .61) c0.001 
Lens Pathology 101 (l9. 71) 105 (25.41) 0.037 
Headache 97 (18.91) 83 (20.11) 0.650 
Blurring 96 (18. 711 93 (22. Sil 0.153 
Foreign Body Sensation 95 ( 18. 51) 69 (16. 71) 0.473 
Fati9ue/Drowaineaa 84 (16 .41) 62 (15. 01/ 0.572 
Follicles (Conjunctiva) 65 (12. 71) 23 ( 5.61) -:0. 001 
Ocular Allergic Reaction{el 65 (12.711 1 ( ~-21) <0.00l(cl 
Fundua Pathology 64 ( 12. 51) 58 (14 .01) 0 .483 
Ocular Pruritus 57 (11.11) 42 (10. 21) 0.645 
Corneal Staining/Erosion 47 ( 9.21) 48 (11.61) 0.220 
Photophobia 47 ( 9.2\-) 42 (10.2\-) 0.605 
Lid Erythema 43 ( 8.41) 22 ( 5 .31) 0.070 
Ocular Ache/Pain 37 ( 7.21) 18 ( 4. 41) 0.068 
Ocular Dryness 37 ( 7.21) 40 ( 9. 7\-) 0.176 
Lacrimation Disorder 36 ( 7.0l) 21 ( 5.11) 0.224 
Upper Respiratory Symptoms 35 ( 6.81) 21 ( 5 .11) 0.270 
Lid Edema 34 ( 6.61) 13 ( 3 .11) 0.016 
Conjunctiva! Edema 33 ( 6 .41) 26 ( 6 .31) 0.932 
Dizziness 28 ( 5.5\) 15 ( 3 .61) 0.189 
Vitreous Pathology 27 ( 5.31) 19 ( 4 .61) 0.645 
Systemic Othe~ 26 ( 5.1\-) 25 ( 6 .11) 0.514 
Ocular Other 22 ( 4.31) 19 ( 4.61) 0.819 
Blepharitis 20 ( 3.91) 12 ( 2.91) 0.411 
Lash Debris !9 ( 3. 71) 13 ( 3 .11) 0.645 
Ocular Irrit1ion !8 ( 3.5\) 6 ( 1. 5\-) o.oso 
Gastrointeati al Symptofl\8 lb ( 3.51) 14 ( 3 .4\) 0.922 
Asthenia 18 ( ).51) 7 ( 1. 71) 0.090 
Conjunct i val Blanchi.ng 18 ( 3.51) 16 ( 3. 91) 0.769 
Abnormal Vision 17 ( 3 .31) 15 ( 3 .61) 0.792 
Cornea Other 10 ( ~ .1') 5 ( 1.2\-) 0.053 
Muscular P3in .: ,; ( 1 .11) 10 ( 2.0) 0.523 
Lid Other 1' 2:.71) 1 ., ( 2.91) 0.872 
Pinguecula 13 2.51) B ( 1.9\) C . 'i-14 
Crusting (Lid) 12 2. 3\-) 9 ( ~.2,) 0.871 
Conjunctiva Other 11 2.11) .. 

( 1. 21) 0.278 
Opacity (Cornea) 11 2 .11) 3 ( o. 71) 0.104 (cl 
P-!~ibnmianitis 10 1.91) 10 ( 2. 41) 0.623 
Dermatochalaois 10 1.91) 5 ( 1.21) 0.376 
Arcus (Corneal 10 1.91) 4 ( 1.01) 0.284(cl 
Corneal Endothel. Changes 10 1. 91) 10 ( 2 .41) 0.623 
Hemorrhage (Conjunctiva) 8 1.61) 3 ( 0. 71) o.362(cl 
Asthenopia (Eyestrain) 8 1.6\) 8 ( 1.91) 0.661 
Abnormal Taste 8 l. 61) 5 ( 1.21) 0.654 
Insomnia 8 1.61) 3 ( 0. 71) 0.362(cl 
Discharge iconjunctival 7 1.41) 7 ( 1. 7') 0.682 
Papillae (Conjunctiva) 7 l. 41) 9 ( 2. 2\-) 0.344 
Conjunctivitis 7 .! . 41) 2 ( 0. 5\-) 0.3l3(cl 
Endothel. Pigment 6 1.21) 6 ( 1.51) 0.705 
Scar (Cornea) 6 1.:.\) 11 ( 2.1\) 0.092 
Vitreous Floater■ 5 1.0,~ 5 ( 1.21) 0.730 
Chest Pain 5 1.0I) 3 ( 0. 71) 0.738[cl 
Ca:::-cinoma 5 l,01) 5 ( 1.2\-) 0. 730 
Anterior Chamber Cell ■ 5 l . 0\-) 3 ( 0. 71) 0.7J8(cl 
Trichiaaia 4 0.81) 0 ( 0.01) 0.133 (cl 
Anterior Chamber Other 4 0 .81) l ( o.nJ 0.38Blcl 
Eyelid DiacOtDfort 4 o.81> 2 ( 0. SI) 0.697(cl 
Ocular Edema 4 0. 81) 3 ( 0. 71) >0.999(cl 
01!:presaion 4 o.81) 5 ( 1.2,, 0.523 (cl 
Systemic Allergies 4 o.n) 2 ( 0.51) 0.697(cl 
In~luenza 4 0.811 4 ( 1.01) >0. 999 !cl 
Hyperten■ ion 4 0.81) 2 ( 0.51) 0.697(cl 
Myocardial Infarction 4 0.81) 1 ( o.n> 0.388(cl 
L'yst (Lid) 3 0.61) 1 ( 0. 2\-) o.633lcl 
Ectropion 3 o.61) 0 ( 0.01) o.258 lei 
Pterygium 3 o.61) 4 ( 1.01) 0.706(cl 
Fannu• (Cornea) ) 0 .61) 2 ( 0.51) >0.99!1(cl 
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Local Iris Atrophy 3 0.6\) 2 o.s,1 >0.999lc} 
Anxiety 3 0.6') 2 o.s,1 >0.999lcJ 
Fever J 0.6') 1 0. 21) 0.633{cl 
Palpitationa 3 0.6') 2 0. St) >0.999lcl 
Pruritus (Skin) 3 0.6') 2 O.St) >0. 999 lcJ 
Angina Pectoria 3 u .61) 2 0 .St) >0.999(cl 
Renal Calculus 3 a. n l 1 0. 2,1 o.633 (cl 
Arthralgia 3 0.6') 0 O.Ot) 0.2SB(cJ 
Bronchitis 3 0. 6') 2 0.St) ,o. 999 (r.l 
Anterior Chamber Poat. 3 C,6') 0 ( O.Ot) 0.258(:l 
SY!)echiae 
Blepharoptosie 2 0.4') 1 0 .21) >0.999(cl 
Chalazion 2 0.4') 4 1.01) 0.4lf(cl 
Skin Dis..>rder (Lid) 2 0.4') l 0.2,1 >0. 99·3 lcJ 
Cyst (Conjunctiva) 2 0.4') 3 0.7') 0.6fl{cl 
Guttata (Cornea) 2 0.4\) 5 1. 21) 0.252(cl 
Anterior Basement Membrane 2 0.4') 1 0 .21) >0. ~,99 (c] 
Dystrophy 
Diplopia 2 0.4') 0 0.01) O.SOS{cl 
Nasal Dryn~aa 2 0.4') 4 1.01) r,. 416 (cl 
Dyspnea 2 o.H) 6 l.Stl O.l49(cl 
Skin Disor6er 2 0.4') 2 o.stl ,o. 999 !cl 
Syncope 2 0 .• ,: 2 0.51) >0.999(cl 
Bonf' Fracture 2 0.4') 2 0.51) >D,999lcl 
Death :, ' 0.41 1 2 0. 51) >0.999(cl 
Edema (Peripheral) :; 0.4') 0 O.Ot) O.SOS(cl 
Districhiasis l 0.2t) 0 0.01) >0.999lcl 
Hordeolum l C. 21) J 0. 'It) O.J29(cl 
Rosacea (Lid) l 0. 21) 0 0.01) >0.999(cl 
Verruca (Lid) l 0.21) 0 ,, . at> ,0.999(cl 
Papillae (Lid) 1 0.21) 1 0,21) ,0.999(cl 
Follicles;lnjection l 0.2') 1 0. 21) >0. 999 (cl 
(Conjunctiva) 
Pigment (Conjunctiva} 1 o.2\l 2 0.51) 0.589(cl 
Folliclea;Papillae l 0. 21) , 0 .21) ,0.999(cl 
(Conjunc.tiva)J 
Conjunct..i.va E ema + 1 0.21) 0 0.01) >0.999(cl 
Papillae (Conjunctiva) 
Periph. Iridectomy l 0 .21) 1 0.21) >C.999(cl 
Ocular Allergic Symptoms l 0.2t) 1 0.21) >0.999(cl 
Improved Vision 1 0.21) l 0.21) >0.999(cl 
Bell's Palay 1 0.21) 0 0. Qt) >0.999(cl 
Arteriosclerosis 1 0.7\i 0 0.0\) >0.999(cl 
Allergic Reaction l 0.2t) 1 0. 21) ,0.999(c) 
{Urticaria) 
Asthma 1 0. :~,) J 0. 7') o.J29!cl 
Bradycardia 1 0.21) 1 0.21) >0.999lcl 
Cerebral Ischemia l 0.2') J 0. 7') 0.329(cl 
Emotional Lahility 1 ii .21) 0 0.01) >0.999{cl 
Ocula1 Hemorrhage 1 0.211 0 0.01) >0.999(cl 
Hyperglycemia 1 0.21) 1 0.21) ,0.999(cl 
Hypestheaia 1 0. 21) 1 0.21) ,0.999(cl 
Intraocular Pressure l 0.21) 0 0.01) ,o. 9.99 (cl 
Migraine 1 0.21) 2 O.Sll 0.589(c} 
Myaathenia l 0.21) 1 0.21) ,0.999(cl 
Tachycardia l 0.21) l 0.21) ,0.999(cl 
Upper Gastrointestinal l 0.21) 0 0. ,It) >0.999(c) 
Bleeding 
Viral Conjunctivitis l 0. 2\) 1 0.21: >0.999(cl 
Atrial Fibrillation 1 0.21) 0 0.01) >0.999(c) 
Diabetes Mellitus l 0 .21) 0 0.01) ,0.999{cl 
Gout 1 0. 21) 0 o.otl >0.999(cl 
Heart Failure 1 0.2\) 0 0.01) >0.999[cl 
Hernia l 0.2') l 0.21) >0.999(cl 
Hypotenaion 1 0.2\) 0 0.01) >0.999{cl 
Keratiti• (ChemicAl) l 0.2\) 0 0.01) >0.999(cj 
t-ialaiae 1 0.2,1 0 0.0,1 ,o. 999 l·cJ 
Ne op la.am l 0.21) 1 0.21) >0.999(cl 
Palay 1 0 .21) 0 O.Ot) ,0.999(cl 
Proatatic Diaorder l 0 .21) 0 0.0t) >0. 999 {cl 
Urinary Retention 1 0.2') 1 0 .21) >0.999(cl 
Visual Field Dr.feet 1 0. 21) l 0.21) >0.999(cl 
Arthritia l 0 .2\) 0 0 .Qt) >0.999(cl 
Deep Tbromboph:Cebitia 1 0.21) 0 0.01) >0.999(cl 
Corneal Bdem.a l 0. 21) 2 n.Sti O.SB9(cl 
Skin Nevua (Lid) 0 0. Ot) 1 0.21) 0.446(cl 
Tear Film Abno::10&lity 0 0. Qt) J 0. 7') O.OBB(cl 
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Ulcer (Cornea) 0 ( 0.01) 2 ( 0.51) 0.199[c) 
Concentration Difficulty 0 ( 0. 01) 2 ( 0.51) 0.199[c) 
Memor.y Loss 0 ( 0.01) 1 ( 0 .21) 0.446[c) 
Impctency 0 ( 0.01) l ( 0.21) O .446 [c) 
Tenoaynoviti ■ 0 ( 0.01) l ( 0.21) o .446 [cl 
Bowel Jlbscess 0 ( 0.01) l ( 0. 21) 0.446 [cl 
Scleritis 0 ( 0.01) l ( 0.21) 0.446[c) 
Aortic Aneury■m 0 ( 0.01) 3 ( 0. 71) 0.088 [cl 
Appendicitis 0 ( 0.01) l ( 0 .21) 0.446 [cl 
c~'!rebrovascular Accident 0 ( 0.01) l ( 0.21) 0.446 [cl 
Kidney Failure 0 ( 0.01) 2 ( 0.51) 0.199[c) 
Pain (eyelid) 0 ( 0.01) l ( 0.21) 0.446 lcl 
Rhinitis 0 ( 0.01) l ( 0 .21) 0.446 [cl 
Bursitis 0 ( 0.01) l ( 0.21) 0.446[c) 
Anterior Chamber Flare 0 0.01) l ( 0.21) 0.446[c) 

[a] The following find,ing■ have been r~moved for •ubject:1 having an 
Ocular Allergic Reaction: Lid Erythema, Lid Edema, Ocular Hyperemia 
Lid Edema, Ocular Hypo,remia, Conjunctival Bdema, Burning/Stinging, 
Blurring, F.B.S., Conjunctivitia, Blepharitia, Cruating (Lid), 
Lash Debris, Oischarg«: (Conjunctiva), Follicles (Conjunctiva), 
Papillae (Conjunctiva:, Follicles; Papillae (Conjunctiva), 
Edema+PapillAe (Conjw1ctival, Ocular Pruritua, Ocular Irritation, 
Eyelid Discomfort, Oc1.1lar Edema, and Lacrimation Disorder. 

[bl Unless stated otherwise, p-value baaed on Pearson's 
Chi-square ~eat. 

{cl P-value based on Fisher's exact test. 
(dl Includes Conjunctival Erythema/Hyper~mia. 
[el Includes Allergic Blepharitia, Allergic Blepharoconjunctivitia, 

Allergic Conjunctivit.ia, Allergic Reaction (Ocular), and 
Follicular Conjunctivitis. 

Int<',;r:ated subgroup ~alysi.i: 

B,,sed on the combined data from studies 103 and 104 IOP changes were 
anulized by demographic variables; age group (<45, 45-65, >65 
yea~s), sex (male vs female), race (white vs non white) and iris 
color (dark vs light). Comparing brimonidine to timolol the results 
of the subgroup analysis were similar to those in the overall 
preferred analysis. Within the brimonidine group mean IOP changes 
were compared between the categories for age, sex, race and iris 
color. No clinically significant differences were found. 
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Regulatory Recommendation: NDA 20-613, Alphagan Ophthalmic 
Solution is recommended for approval for lowering intraocular 
pressure in patients with open angle glaucoma and ocular 
hypertension with the above revifled labeling. 

cc: NDA 20-613 
HFD-550 
HFD-550/Chem/Tso 
HFD-550/Pharm/Conrad 
HFD-550/ProjManager/Holmes 
HFD-550/Acting Director/Chambers~ r/u/t~ 
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Medical Officer's Review NDA 20-613 
Amendment 

NDA 20-613 
Amendment 

Sponsor: 

Drug name: 

Pharmacologic Category: 

Proposed Indication: 

Dosage Form and 
Route of Administration: 

Submitted: 

Submission date: 
Review date: 

Allergan Inc. 
2525 Dupont Drive 
P.O. Box 19534 
Irvine, California 

Alphagan 

8/28/96 
8/28/96 

92715-1599 

Alpha adrenergic receptor agonist 

For the reduction of elevated 
intraocular pressure in patients 
with open angle glaucoma and ocular 
hypertension. 

Topical ophthalmic solution. 

Draft Labeling 



FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRAn LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CURRENT INFORMAT:ON IS DISSEMINATED TO THE 

PUBLIC. 
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Regulatory Recommendation: NDA 20-613, Alphagan Ophthalmic 
Solution is recommended fur approval for lowering intraocular 
pressure in patients wilh open angle glaucoma and ocular 
hypertension with the above labeling. 

--:Y/ ~ ,-,.,. 
Jose A. Carreras, M.D. 

Ophthalmology Medical Officer 

cc: NDA 2 0 - 613 
HFD-550 
HFD-550/Chem/Tso 
HFD-550/Pharm/Conrad 
HFD-550/ProjManager/Holmes 
HFD-550/Acting Director/Chambers ·W4< 'l/1.'\l'lc, 
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. ),- ' 
20-613/i S 

Al;;hag3n (brimon:C:ine t2.rtrc.te 0.2% o;ch:h2'.mic solution) 

Do2:::7,-:> ... 1""" R:~vi~wed: Vc:urr.es 1.1, 1.59-i .68, dc.1ej A·.19•.;st 31, 1995, and 
d~E3 or. d!s;<s prO\'idtd b',' ~hs spo~s:;;-

O . .'... • 

S:~;:e :!1erapy ~er c:-i~on:c us~ fv:-- !CP i:-. ;;c.tie.~.:s \/'J;J-: 
c;>2:-cn0'.e £12~::.:.;----12 0r cc...1•:-r i1y;::~:--:s:-:=l,J:7. 

r2-.j.:i:-:;:22t:2:-: :,-:c:~,c:::i a~d !':tc~it:1 analvses. Tht= objt:ctive c7 ~~•E:se t·.,.10 s:uJies 
\'.':..;s ::: c:: :e:~:~-:- ~ ~-.7s lcng-~e~1--:1 s2f2ty or;~ ocw!z~ ~1'/;;c!2ns1v2 c;ff:cacy of 
8~.~-1:::r•.:i.·>;.; 2:::.:-.:1·--is:2~20 : :/:0-a2::y in su:J1ects \\ itn ope;:-a;-:;;!e: si2"..Jcor.--.u or oc~lz.r 
!"1 1/j)B::e:r.:.c~. Ti.-:-1cdc1 :--:-,o!ca:e 0.5%, a ma:-keted treatr.1e.-,t fer g!c.uco:-r.a ·vvlth a 
i<ncwi, :.o.'.i~y to :owr;r [OP, served as the active controi. Char,ge in \OP from 
base::r.s v.1 22 a ;:ri~2.rv e:ff;ca::y eridpoi:it. 

P. S,ucJy Design Study Po;JUiation. ~nd Stc;t:sti:::a: Methods 

Stud'es 1 C3 a,.:: '. 04 were n,:..it1ce;it2r, randomizec, paralle: comparison, active 
controlled :r1a's. Study 103 had duration :mg year and stud·, 104 had duration 6 



( 

:-:io,.:hs. E~c'.-, :;:..;c:•,- had two treatma,i: aerr.s :brimcnid::ie a:1d ::~clo'.). Stud•1 i 03 
,,z.d 2ss,;:,.":",ent of qi.:a:;fied suojects at ea::~. cz.r.tar to n~z.sk2;a t,ea:ment groups in 
:ar.Cor.1izc;,j c:._:c:!,s eif fo;__:r_ Study 104 had zss:;;nri.ent of qua::fied su~;e::ts at 
each ce,,:e, tc mcs:,ed treatment groups randomizec: in a 3 to 2 ratio, brimo.11d!ne 
and tirT,oio:, respectively. Dosage was one drop adn1inistered ir each eye twice 
da:ly. Vis:t schedule in Study 1 03 was the fo!iowin9: Prestudy, day O (ba~eline), 
v✓eeks , , 2 (at new sites!, mcnths 1, :.., 3, 6, 9, and 12. Visit schedule in Study 
104 V\2S the fol:owing: Prestudv, day O (baseline), weeks 1, 2, months 1, 2 , 3, 
G:lC: 6. 

REVIE,~·cR CG 0,1!v7ENTS: The protocol did not specify time window for clinic 
vh:its. 

Ir: st.;c.'1 ~ 02, i,,o inte.·.'m a.;;:;!ys.::s wa:a performsd but the appiicar.·t did n;,t apply 
a P-·1a.'!..l·c c:Jj:.;st;··nt:!!t. i;: i;; the opir.i:,n of thfr. revfe~:1e:- that a P-value adjus-:,~nt:n't 
for twc, in :.::r!m ar;a/1/ses should be applied to the effi:;;;;cy anr;;/yses. Thus, ir. study 
7 03, e P-w,lue ad,.-:.,st.r,ar,, using t,';e method of O 'B.-ien and Fis ming *wi!f be 
app,:·~,.;, u:;ing a significance level of 0.04,. Correspo.rdir.sl:1, in [;fudy 702, 
ac,·..,s1cc· S5. 5~, ,:;o,:t.·danca in,erva/s will b:J usea· to evaluate equivalence between • • •. '. ·' . • I I or:,77on.u1ne ,;;..n:.. :,,770.o,. 

'.ric:-_,s;::~ ,:-:,..::_v·12: 0/iale or Tema!e sub]::?:::ts :fc:r.-:a!es il0"i: of child-bearing potentiai), 
21 ·,-e::::s D' ags ::, .:ilde 0 , with pri111a.·y open-angle g!auccma iOAG) or ocular 
~.'.-,,~e:~_6:-:s1c:1 -.crr;i i;-; eac~ ave (si..:~Jests vvrio ·.vere eithei new:y diagnosed or '.vho 
were cc:·:~~: 1y rece:v:ng ,~c, mo:e than two glaucoma drugs were considered 
e!i2,::;ie, ,1 31, 2. :i::.st-\Nashou: ,OP of 23 mmH; or greater, bi.:t less than 35 r.,m Hg, 
:: cc:::~, c ·.:: cor:3:tc?ci v,s~al ;;-:;i.:it',' ('/A) of 20.'iOO or bette: in each eye. 

~- .. :::__;21;; C>:·_-=_· _j' ,:.ny t..:nc::ntrcl!ed svs:e:-:1i:: ::Lsec.se; female volunteers whc were 
p~~~:--:.:r.: .-.~;s::--:c;. :::r of chi!d:)earin~ p::!e:1t1al; ar1y cc:--:tra:.~.::i::;:.t:ons to aipha
:-;c~e'.~.c:::e~:c~ ==~~:-.·1st or 2:-::a;;o:iist ti~,c:-a~v cr.C: so.-ns c:he;-r. For :-Tiore details on 
:h.::: s;,:::::_.::c-, :.<:c-,:: ,.:lease se:e tr1c medi::ci: otLce; rep:):-:. 

Prc'e~:·C•·"'s 2.t rach v1s:t: Following a washoi.:t period, a',I sub;ec,s returned for a 
basat,.~e axam::ia:1on !day 0) when baseline measurement o: IOr', visuai ac1Jity, 
puo:. 3:ze. :-,can rate, a:id blocd pre5sue were take:1. Measuremen:: of l'JP were 
u,;en :;,.:·:,een 7:30 AM E'1d 9:30 AM (correspo:-iding to hour 0) and again 
betwea, ?:30 A!Vi ar.d 11 :30 AM (corresponding to hour 2). Biomicros•;opy and 
Schrimer tear test were performed. Subject corr.fort was also assesserL Subjects 
who aual:fied for entry (i.e., IOP > = 23 mmHg and < 35 mm Hg at hour 0) we~-; · 

\ :_ (;·: :~: ...::~ :c; :•c~,....,;,., li::e:,::1 a\.1.!l:, ses 1~. R.ui.!.:ir.1:zd C;r.;caJ TriaLs R.:.T.;ii.::::vas .ml Gu1..!c::1ncs for Practiuonas Ji.,;111~~,-~. ,_: ;-;_; :::..::}, i987 
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rc..-.::c.;,:/ :iss;g;-,ec.i !:) 01-.e of -::;;e tv:o ~r.eG~:-ne1,: £1c-....:~s. SJt..je::s V11'Grc lnst;-~c-::ed 
tc t:-i.~.:(l'.: .s s:~C.y' :-r-1eC1c2.t:cn at 12 ho-...:r i:-:te:-·121~, b1;;;·~\,~,ee:1 the r,ours of 7:3JA~.i1 
c:.~:. ~:3•::, fa.i':, 21·.o bst-.1ee:1 7:30 PM and 9:30 Pr•;: for the dvaticn :if tne stucy. 
S·.J'.::,c!cts :1er'" ,nstru::;ied not to use the morning medicc.tion the day of a scheduled 
VI .s;:. 

ln S:,_;:::!y ~; 03, s....;:::<ccts ~eturned fc:- fol\O\\--up ex~rnii:ati0r.s at '0.1eer'.. i and f\~0:1:hs 
1, 2, 3, 6, 9, a:-'.d ~ 2. 8'..::ijects at nevi' sites had an additional visit 2.t VJeck 2. 
e70ur O :-:725Si,;,e~ents of !OP were taken at each v:s,t. Ho..:r 2 (post-insti[la:jonl 
me3s ure:-ico,,,s of !OP were taken at Week 2 (for nevi sites) and at Mcnths i, 3, E 
a~.d i2. 

in s·,~c':,: ~ Q.:\ S....ib~2cts retu1ned for fciiovv-up ex2r;-t;-iaticr.s at \Veeks : , 2, end 
l\/!c;1:.1s 1, 2, 3, anC 6. ~OL::- C ff1eosL.:rer:e:--1ts oi 10P \ve.-c;: :oker. at each follow-up 
v:.s!.. r.:i~;r 2 !pcs:~inst:l!otic:1; meos:...:remer-:ts of iOP \NS:-e t2ken c.t \\/eeks 1 a~d 

2, c.::-= .:.;: ,/:,:--.~~s 1, 3, and G. S..1bject ccmfor: v.ic.s a!so as2essed 2,t a:! f:>!!0\/1-L.:~ 

T:-.rou~:-. .:,-.H the s:uciv, s~bje:ts v~'erc: n-:c::itc.~ed ;or sig:is ar1·0: symptorT.s of adverse 
ever.:s, cc...:!ar a::d ger.ercl d:scctnf:Jrts. Any adverse ev;:;nt cccur:-:::g during the 
srnci,1 .~ 2s re:::orcec :Cy the inves::gator, graded for severit\' itrace, mild, r:-ioderatc, 
or s21e:c1, .,,~c assessad for ra1a,icnsr.ii:i to the stucy trca~::ient. 

( 1) ?reio,rr2:J an::.•.'vsis was ,he p~imary efficacy ar.c:!ysis v1hich included a!i eva1uable 
p3t!•2:-.·:s. A :;:Jt12r,t \'/2S deemed evaluable if he/she rnet :he protc.::01 entry criteria, 
Ji""',C. ::2:.! --~-~-~2 7~c,:"T. 3t !east one follow-up visi:. 

,2. Last ucs,HVat,on carried forv:oru' (LOCF} anaiysis used al! evaiuabia patients. 
-:'he !~s, oi:.sarv~:ion for s~bjects v:ho were :er.ninated due to !ack of efficacy was 
curr!ed fc:1,v::;:-C 1n (he 2.~3iys1s of the schedult;ci visits as p!annsC accoiding to the 
prc:0col. 7 he LOCr e;ficacy analyses were performed to evaluate the consistencv 
.:i;;:::: rcb-s~r.css of -::he results. 

131 inten:-ro-treat (ITT} analysis inc!uded all subjects who received study 
rr.edicatiori. Efficacy and safety analyses were performed. The results of the ITT 
eflic2cy cn3!ys;s were compared with those at the preferred analysis to support 
cor.s1ste,.::;y ar:c robustm,ss of the results. The ITT safety analysis was the primary 
an,,:,,s,s fer the sa:ety profile of the studies. 



I 
\,_ --,;! :-.:.; . .J•:. ;;-,g ::2::.-.;::::::i~.~ ,;;!:!re useC fc; S'-1bjec: c:;spcsit;on: 

l 

Co'llc'-,,'"1 - D,soositicn category for subjects who completed the treatment 

per,:id ( i 2 months in Study 103 and 6 months in Study 104). 

-",r-•r2,: 0 ,J - ui~cosi,ion c1:tegcry for subiects who exited early from the study 

~cca1cse :; :a:'<. af efficacy er adverse ever.ts, whether or not these were judged 

to b3 :re2:.T:cn:-rel~:ec. 

i:x :'u:ie~ f,nrr, •he ;:,,<ofr,rr;d an2lvsis - Subjec,s who were removed from the 

stc;O',' dLc :o ;iT.pro_:;ar s,udy entry (e.g., shouid not have been enrolled in the 

s,.Jm' :::~caL.:se of signif:cant deviation from prctocol-soec:fied procedures for 

eLi:,;_:::,,- :::.::. ~: c-2.£2:'.":--:e va!ues :'.-:at '.•vt1e deler~:.1ed :o be c'.i;-:ic.:1:i·'/ unaccep:ab!e 

~-_:-,,.,,..--;:· ... ~;2:--· - : . .;;_:o:s.:;;n ::2:e:-;1ory fo: sut~1;:;.::ts \t.1hc exited ezrly f~or:-: :he stLl~\' 

;::.~ --:.:::..:: .. s 1..,;·-:rel3:.c: :o t:":e: u:s c~ $-:-~c.v n;s:'ic:it:on. 

:=:c.:'.·, ~ • ._ ... , :.-2.s C:ss.;r.~d z.s z:. r:,...;it::e.-:te:- s~u-:ly 1,,\ ;~'.: at !r:esL ~er, SL;O}ec~s per 

,::·: ... .J a: ::;.::..-~: 51 ~=- rv~ t~:s ~1_ .... :JOS-'.: of zn.2!~1 s;.s \·.,,-.e;e: _;r:vest~ctci a;-.d trca·.::.,er,·~-

h•, ,- ,--.-~ -,----.- .-,•...:,--- ... ·.--.~ _.; __ ,.__..., ,·-·--:::, ;-,,·0' 1 _,...i s\--- ,-,i~h Tt:..,•Je .. •h-r- lC ~-,•-·cc.,··s 
-\··•·\~ ..... -;...-'•-''•, , .. ....,,..:,;-....Llv11 c...1~ ...... -.l .·JC,..., ,,,J 1.it·J, ,i..~:;.. ,.,1-, ,.,...-J I L11.;:;.1 · ::,.,.,.,j .... l 

p,.,_- ~~=>~;: ·:.~_,".:5 c~:--.:'.:'.:--.s:: tu:.:,::.. a s::,gie: s:1:e er c:or.:t:~;.: \\'i~r. i::!r£€:- sitt.:: Cy 

Cr--:.-,•::: ....... r•.1 -1:-:---~,:.....- '"" 1 nn..:: ·'·e-e co•-,~-:i.--o· bet 1 ·'·~--·n •re f\' 1C •r,::;-:.,~;;1e~t f.'"'"" 11 .-.c- ''S'n~ 
l Cµ,;..._ • .,, _,.;.,,, ..;..,.,-.,, ,._ ',', 1 •• r"'-''t;; 1t•s..i::;;1 - It;;;.-\ .. ..,._.~"• 11 ;;j'--'._.r-'.., ._., ~ 

Cn,-s:;ca,:c ::c::. ,. ,r,3,-9 was ci sd;ic'ently lergc n•cmber o~ inc;C:e;nce observed at 

ea.er: \ ,:.:,~, :~.e: ~:-0.:-,Je~-:·1 dist;·ib: . .r~!-::-:1s v,i"ere c:or.1pa'"e:i uetv~·ee;, '!he t\/_.·o treatmerit 

gre,u;;s us,:-:;; ·'":e :::,1'-: rm:thod stra:iiy,ng t::y investigator. The Breslo,✓-Day test for 

r,o~.-,0;~:ic;:•1 oi :ha .::d:::s ratios v,as u£eci to test the consisten:::y of the response 

&cross ii'ivcs::gators . 

.s:,,:e sc::,~::s ,:,ers uea:ed bileteraliy, average va:ues team both eyes were 

C.::icl;:c:c:.;; '~.r ea;:::s suojest as follows: the change (or per:::Ent change) from 

ci2se :r,e 1·,.::s calcu:e,e:::! separately for eash eye, then an average was taken of ~he 

chan;e.s ,;. t.e,:~ eye. 

Efficacy IOP was the key efficacy variable. The null hvpothesis was that there 

was no diff,:;renc3 be,ween the two treatment groups 1''1 mean !OP changes from 

baseline. T~,e <ll:ernat:ve hypothesis was that there wa., a difference between 

groups. 



(. 

Wi:n:.'1 group analysis of changes from basel1,,e wes also performed for each 
treztrr.8nt group. In this analysis, the null hypothesis of r.o change from baseline 
was test·,:d against the two-sided alternative hypothesis that there was a change. 

5 

I~ study ·1 04, a P-va!ue less than or equal to 0.05 was considered to be statistically 
significan! fer main eft-,cts. In study 103, to adjust for two interim analyses, a P
va!ue less :han er equal to 0.045 was considered to be statistically significant for 
mair, efiects. A P-va:ue less than or equal to 0.10 was considered to be 
st:;::st.cally s:gn,iicant for drug-by-investigator interactions. For the key efficacy 
v::::1able at l1 our O \trough) and hour 2 {peak), IOP, mean changes from baseline at 
ec:ol, follow-up v1s1t were compared between the ,wo treatment groups via the tvvo
.-:ay ANCVA iPRCC GLM) with fixed effects tor treatment, investigator, and 
t,ec'.'1lent-by-in,,estigator interaction. For the hour 2 analysis, baseline values were 
:2.~·,e;--, fr0:-n c!ata t:c;--;-1 hour 2 of visit 2 \;)retre~Lmer.:}. \Vi:hin e3c~ t:·ea!rr.en: 
£~·:JL~, r.-,;=.;;:~. chc.--:-~3s ~rom baseline and nea~ percent char.ges frc:1-: baseline at 

cc:c:-. ;c:'.:; ::-..;p vis,: were analyzed using a pa.red t-test. Ove,:ll n1ean IOP changes 
.::r.c: ov:::r:~ 1

: r;.e2:--, r:;ercer.t chc:nges frorr. base:i:--ie '.\1 erE. 2:ia~yzed vie: ana!vsis of 

v2.r:~i:c,.__ 7:.r re~eat;;j mec:.s·Jres {PRQC :Vi:X~D). The mixed mcdel vvas use.:: 1,,Vit'.-: 

-.·.::: ... ,..,_ ,:_:::;:s of :reatrnenl cnG stu0y site for t/1.; repeate~ rr,ea::::..;~es ovt::- 12 n1onths 
i:-. Slu•,:'," ~. ,J2 \'J-✓ ~t 6 '.T',on:~s ir-, St·Jc'y 104-'). 

:\c~_:-::: ·~;--_:;.: 7:;~ ~ :-i.'/~e~tens:·Jt "t:--e3t:---,--,c:r.:. char.~3 :rorn baseline is a negot:ve 
:-'.U.!,c::~ ~c~ .::.:~a..-1-1~:2, if !C? is 23 ir.tT1:~g at base:::1c ar:d iOP is i 8 mmr:s .:.: : 
;_ ·-··, , .... '"--t +;....-.., ,.,.:..-;ln~r-:. trom bas.:::i.!:ne 1·c- -::_ mmL'g'i 1 ne ·er. ,l-~---,ry c'_.:::·1~·t·,r~ , . .,l(,J.,-._r-' .\':::.l, ~,,c.,, ...,1\1,.;,,l'd'.., . ~., ..., -,.... ,1,, 1 • , L ,::j~,c:..~..._, c: 1,, .;..,,1 

of eoui1.l.::~.-::i:: s:2:e$ ::ral tv10 trG'""':r.--:;:::-its are ccr.sidereo equiv2.:e:;: if the 
CJ~~1:::.--.c0 ::-.:2:-·/..:,.; tr~t,.,:S::es zero a;-\:! ~he 2.tso\u:2 ,;a\~c oT the ciiffere:1ce :ie:v-1een 
r:.:2~. c;~.::;;·'J-2S frc:--:-~ 6ase: 1ine does not exceG: 1.5 mmHg. Sir:ce vve v~1ar1! the n3V✓ 

c~~-; .--:..;~ ~= .::. ~r:~.::-: ',\'0rs2 -i:7a7! t~e r'"1arke:eC cr-.s, fo~ the ne;::itive r.u~be:-s t:·1is 
e-:-;;.;3ns :~.st ~:--.t: uppe~ bo~r.C of tne co:1fidcnce i~:IEJ\/3: shcu!iJ not exceed 1 .5 
r1r:-1f-:~. 

!~ st .... jv · C~, l.~,8 35~0 con:tdencc interval {tvvo-s;ded) \\'as useC: to ~est the 
equ,va!E;:;c~ oet'NeEn the two treatment groups regarding mean iOP changes from 
b&sel1ne at each follc,w-up visit. If the 95% confidence interval fer the difference ir, 
the mean !OP reduction be:ween brimonidine and timolol included O ar· · its upper 
bound d:c no: exceed 1. 5 mrn Hg, then brimonidine was considered tc be 
ea.:1va!e.'"1t to timo!ol. 

1n study 103, since the adjusted P-value of 0.045 was used, the reviewer 
employed an adjusted 95.5% confidence interval to evaluate equivalence between 
brimonidine and timolol. It the 95.5% confidence interval for the difference in the 
mean IOP reduction between brimonidine and timolol included O and its upper 
bound did not exceed 1.5 mm Hg, then brimonidine was considered to be 
equivalent to timo!ol. 



(_ Sc'e'" A:I subJects who received study medicat1or,, were includec: •n the sztety 
analysis. :-requency distributions were generated for the n•Jmber acid ,Jercent of 
subjects who had reported adverse events plus any findings with at le2st one 
severity grade increased from baseline. Tne frequency distributions were compared 
between ti , two treatment groups using Chi-square test or Fisher's exact test. 

Ill. Resu!ts 

Study 103 

STUDY POPULATIOI\J At\!D SUBJECT DISPOSITION 

Table 1 presents demographic characteristics of all subjects ~nrolled in Study 103. 
Of the 443 subjects, 22: were in the brimonidine group anc 222 were ir the 
;:•,molal groL:p. Ages ranged trom 28 to 84 vears, with me2n age or 63 vears. The 
ma1crity of suc;ects in bo:h treatment groups were Caucaf1ans. As can be seen 
ire~ Tacie , , there was no si;;:-iificant differer.ce !P> 0.:) bet\,:een the two 
treat~ec',, groups in age, sex. race, iris color, or diagrios:, distribution. There were 
a!so no s,gniLcant dderences between the two treatm':',t 9roups in any of the 
medical or ophtr.almic history variables eva:uated (P2_0 '.:). 
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Ii 8rir.1on:o:ne Timo:ol P-va!ue • ii ii N =-22, N = 222 1'--------------l----------4----------1------~-1' ,, 
;1 Ace \\·-3arsi :I i! " 11.ean 62.6 62.5 1.C 1 

ii 
' 

" 
I-

" :1 
1,1 

<45 
45-65 
>65 

17 ( 8%) 
100 (45%) 
104(47%) 

1C0 ,..;.5s,: 
... - "' 
'..:. i 

i 75 (79°10) 
46(2:o/oi 

16 (7So) 
104 (47°k) 
102 i4G%) 

117(53¾; 
~ C5 (47.;;C,i 

172 (72%; 
50 (23%) 

0.6 I 

I 
1: Ir: s C :i.::: • : 2; ;-; -,-_ 0_7_(_'-,-__ 8-%-:--~---,-,-.-, _(_o_O_<;_-i:,_) --.---0-_-7-----'i.i 

1: L:;:ht 11 .: (52 %) 111 (50%: :I '------------+-----------,----------'--------' 
/! Di2;:ios;_; OAG 137 (62% 1 138 (62%! 0.9 1

1

: 
I C:-!T 81 (37So\ 80 (36%) J :1, 

' C,AG'Of-,T§ 3 I 1 %i 4 I 2%) Ii 
?-·1a.-~e,. :~: :;e:ween-g,o·up cor,,p.irisons. t,se ,·ms analyzec by two-way 

A,,'J-✓ A. S'""· rc:::e, iris color and diagnosis were analyzed bv C:V1ri rr.ethod. 
-:-,cat:r.e,1-b·;-,:westlgator interactons were not si gniticant (P > 0 .2). 
§ Orie :;'r'F, \1\1 ,·cr, OAG and tt-.c fe::o\'\/ eve V✓ ith ChT. 

The cis~oa::ion of study su:Jjects is summanzec i;-i Tab:c 2. As ca:1 be seen from 
Taoie 2, ::-, :o::i :-rT and in the Preferred analysis pcpulaticns, sign'ficar.t[y 
,P<0.'.lJ·,, iev1er s~:ijects in the brimonid:ne group c:impletad the study and 
s:gnifica:i:I·· more subjects in the brimonidine group were termim,ted due to ocular 
30'✓ c!rse events as compared to the timolol group {P<0.001). 
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;: I ,;a..,.e L. 

-: '"'I,..,,.··-.- I,_,..,._,-• I 

186 
115 (62°:c; 

13 I 7So! 
30 (16%) 
18(i0%) 
1 4 I 3 c/~ 1 

4 I : CC; 
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22, 

-~ . ..::.\. C ~ 2: 1 :c:;::y. _j. _ _:: ::::;: .,!..),_C:V3~S2 C:'.' .:.:1:. 

188 
.t 54 (82%) 

6 ( 3Soi 
3 ( 2So) 
9 ( 5"io) 

17; 9~o) 

,':; r'-·./;_ 1 
__ , ::~ ::.::.: ••• csn-0~-:·-...;=l c::.:r.1p2.:-1soris ,;- ::-.e: Chi-scwara test . 

P-va!ue =i 

<0.001 
0.09 

<0.001 
0.07 
0.6 

,-: . J 1 
v. - ~ U . ..:.. 

C. -' 
r, -...... L 

. =:::, _ - ~ -~; ..;::::s ,::~ 5 ... ,r;:.::- :di:10 arc (';i)C s~~):c: c,,7 7""j.-_-1.J1C! \'✓ Cit >:--r,·.1r1:i .c.2 .:. .... c: ~ ..... 

,·J .:.:.:.·_ ;,;-- c.n~ s-,,s:er.'.::: MEs. The percer-.t~g:: ·..vs.::, ca.·:~1!c:it£~ ~ase..: on the 

s: ... -~.~ :::.z.:; 0:--1 the cien:::ni:1.a~::;r, ~r.-::! c:C ;ict 2.~ci l!~ to ~i 0J;:,0. 

Of tr.~ 44:0 sut:;ects enro:,ed In the study, 374 ,84%) were 1nc!u:bc: 'n :he 
Preferrec efficoc·1 analysis znd in the LOCF efficacy anzlys,s ( 1 86 on bri'TIQ,7:dine 
arid 188 on timolol). Nineteen subjects were terminated due to lack of efficacy 
(LOE) and we,e carried forward. 

Tro·1r;r, (h-1~:r 01 The Pre'erred analys,s 01 mea;, chanse fro:-n baseline in IOP at 
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:rcugh is presented in T2b!E: 3. As car. De seen fro~n i·able 3, mear, decre::;se~ 1r. 
I"'? f . ' . C, . 1 ~ 3 ~ f ~ 7 - 3 'H . h . 'd u, .rcrr, oc:se.,ne 1n ~tua·; , 'J range ... ~om .;,, to :.i. mm g 1n t, ,e br:moo11 1ne 
group 2r.d :ror, 5.8 !o 6.8 mmHg ir. the t1rr.o'.ol grcup. Mecc:i decreases :rom 
basel,ne v. ere statistic:;i\y S?gnifi.:an: in t:oti, treitment groups at all follow-up visits 
(P<O.OOi ). T1moiol was statistically superior to br:monicine at all follow-up visits 
(P.s._0.031 

Trea,mer.:-by-inves:1ga:or interaction was not sign•:.cant (P 2.0. 11) at a:I foliow·up 
v,s1ts. O·:era:: mea:i decreases from baseline were ~.3 mmHg in the brimonidine 
grO\.:p ar.:'. 5.3 m'.71rig ir, t!le t1molci group (P< O.OC1 ). 

-:-ne re:s_.:,s :;7 ·.h~ ?re7e~· ;d ana!vsis of n1ec.:--i pe:ce::t chan£3 :ror:i base:1ne at 
t:ou~~,. ·:.'c:--2 s1:--.... ::2: ·o ch::;sc of n;e2;1 c::;:.;,-;;e frc:r, :;o.::e:ine. 

_.,...,,-, · :,- - " 711c: ?:--eierrc~ ~r2ly:.:s of 1,-.e2n cr.2:1sc f..-or~ G3se!ine i;l :c? i:1 ~:Lc:! 11 
~ :i2, ::;; ~- l:..C"'.:.::..::l .:- Tc:::i::c ~ A::. c:::1 :ie se2:. 7:-.:::-:--. -z.t:le ~, mez.:--. dc::c..-~eses 7ron1 
:)~.;:::..:1..--..... ·2n;:~C :~c:--.1: -~: i::. 6. 7 ~~':"'i-:;:J :r. t."'le b--iiT.s:--iiJ'.ne £:""O...;_J 21-1d :·ro.Tl 5.G :c 
E .J :11~!.-:0 ,;""' ::>~ :imc!.:;: g~c:J.J. 1\1]~3:1 ciec, 22ses i·;o,1: ~2se'ir1::; •:.;8:-e s:utis:;..::c:iy 
s,;:11f1c:..:-.: :11 :.;.:·I~ ;~o~:::i~ .:: o:i 7c::~v✓-u~ vis:~~ {?<C.OC';). At 1l/t::eK 2, 
b .-,r:--r - -e "e".'.'l•--. ~.,~ --e..:-, i-;,,-j ,·n s,-- .... ;1•: .... a .... ,-=.,, grea·e-- r<:::.r-.- .. -:.:::µ::- ---c---.,--~-1 ,,.·-·,., • I,..) .•• '--''"' ., ... ,. ,t.,,,, . ..;~,,._..._. , '::J'•• 11... ,,If ~ , _....,..,,t;;,1.,..,..,..; I.., .1,

1
.JQ.-.,\.J \ll,I 

r:r:-:.:.,:> .:·. C.:-:~c:;s.r:; lJr' ,:J 2:_c.c...:..s c.r.:: t:-.::: :.1p~e; ::ic~:--:ds in :112 aCju.;:-;i:sd S3.5~~ 
-:cr.~:cs..--.ce :r:te:vc.ls \.ve:-2 :ess \J~2i: i. i rr.mrlgJ. 

2nc.1v:,:s e,-::.;:;;::: :.;3t a~ ~oa:-<. 1J(r.0r,ld1;--.e prcCu~ed si~;1if;~-::21:~!\1 g:-eu:e:- 10? 
r-::-,:•_;._:~,:--: _::,< ~-~3) t:·,a,'"'. t1:-:-1u1c: :::r::y c::: \1\,.eek 2, :::n.::1 :h8lstore at pea:~, or'.mcr..d:~,e 
ar.c ti:7:: ::: :,>ere; ec;Jiva:,;r.: (P > 0.2, a: fvicntrs ~. 3, 6 2rd i 2. 

-:-~-::. · :--:- -:, .. ~··,--:~_:-- .. 0-~'." 1\';:~s ,nclud~d ail 4..13 en:c'::..~ ~.1:,2r:!s c.~~ \'/as cor,sis:c~: with 
:.-::; ?~'-'-·:~:eJ 2::1.::.1-,s:s except the fo;:01.·1,:19: at ~e2·:, \.ht; Qetv\·t::c:1-group d:1fferences 
1n rr.ea,-: c.~.:.:1--.:e 1-~crT1 baseline ICP we:e, n::> fcngc:.- 3;g1-iif1car'it 3t VVeek 2 and Month 
3, :.e. e, ;:ieJ,; cr;rron1d::ie and timo!cl were equ1v::::er.t (P>C.2I at ali v,sits (Week 2 
and Mo:-:1~.s 1, 3, 6, and 12). 



'- [ Ta::ile J. Saseline c.no :,lean 10? Changes from Baseline at i:;1ch Follow-u;:i Visit 
in Study 102. (Trough - Preferred Analysis) 

Time;ioint 

Baseline 

Week 1 

I B. . . I rimo:i,d,ne T1moto! I P-value • 
! 

186 
25.80 

188 
25.37 

GI i71 174 
Mean -5.32 -6.47 

0.7 

< 0.001 

Difference4 95.5% c1·· ! 
-0.12 (·0.67, 0.43) 

1. 1 9 (0.54, 1.84i 

P-value§ <0.001 <0.001 I 
1-----------'-------'------l-----f-------l------~1 

i 65 II 0.030 1.24 (0.10, 2.38) I Week 2 t 

Mon:h 1 

I! 

rv",ean 
P-vaiue § I 

63 
-4.45 

< 0.001 
1 -5.81 I 
' <0.C01 

N 
1\1e3n 
P-value § 

' 
17 L 

-4.35 
<0.001 

I 17s 
-6.57 

i 
< 0.001 

I I 

I i53 ;171 
I -4.26 -6.8"1 : 

< 0.001 I 2.21 (1.54, 2.88) 
I 
i 

<0.CC1 2.65 (i .95, 3.35) 
II I I 

\L..-_____ P_-'_✓ a_!_u_e_§--1i_<_O_.c_o __ 1 __ ,_< __ o_._O_O_'....;...I ----+------1-------1\i 
jl M h 3 " I • "" 1 1 ~ ~ 1 

-CO. "v r, 1 i 1 8 7 ( 1 1 1 2 6 3 )I Ill 
1
: 1 on:11 h 

1 
, ...,~ ::;c - v 

I 
I 1, 

Ii '/,,..;,:n -4.49 -5.32 ! I 
ii P-•.'Jiues I <0.001 <0.001 i I 
i Mcn:h 6 I, : 1 30 ! 162 
I :.\,a:1 I -3.89 i -6.40 

<0.001 2.52 (: .72, 3.31 I 

:1 ~-1,1 ::.1~e5 1 <D.C:)1 : <C.CC:·i , 
:,~'----------1-------'-:-,_-~-3--~,'.--o--~.,-----..... -------,\ 
< r ,'.on:~, s : , , 1 i 9 _ , < o. o 1 I 2. 1 3 ( 1 . 3 2, 2. 9 3 i 

1 

[i ,'.·ean 1 -4.20 i -6. i o I,, ! 
1

1

1 
\I ?- 1i2

1
l!~~ <0.C01 i <C.001 i, ·, ,~:----------'-------41----+-----+-------+-------!11 

Hv",on:~, ~ Z \ 106 \ 149 <0.001 2.27 (1.32, 3.23) i! 
1 ;,:ean -3.67 i -5.38 11 

~-va:...:2§ <C "01 I <0 001 I -~ . ' 

c'-va:ue c..:sed on the two-way ANO\/ A. 
§ \\'::h,n gr~c.1:J ana1ysIs cf changes from b2sel:ne using p,ired :-test. 
t Tweive of the 26 investigators had the revised protocol yvith Weak 2 s1.:heduled. 
i Estimate was computed for the difference of mean baseline and mean changes 

from t,asel,ne at each scheduled follow-up visit based on the least-squares 
rnc:ans :;v ~r:mo:-1id1ne group minus timolol grou;:;. 

• • To adj\lst for two interim analyses, 95.5% confidence intervals were used. 



( 

( 

C 

I! 

ilTable 4. Baseline and Mean IOP Changes from Baseline at Each Follo·.v-up Visit 
in S:udy 103. (Peak - Preferred Analysisi 

T,me point Br1monidine Timolol P-value • I Difference, 95.5% c1·· 
' 

Baseline N 185 187 1.0 0.02 (-0. 71, 0.75) 
Mean 24.20 24.19 

Week 2# N 62 63 0.03 -1.5 7 (-3.05, -0.09) 
Mean -6.66 -5.01 
P-value § <0.001 <0.001 

Month 1 N 170 177 0.8 0.12 (-0.76, 1.00) 
11 Mean 

I 
-5.58 -5.86 

it P-vdli.;e § <0.001 <0 001 
I 
i! r<.lon:~. 3 N I 1 51 1 71 0.045 -0.80 1-1. 79, G.00) 

Mean -6.41 , -5. 75 ,I I 

I, P-value § I <0.001 <0.001 I 
! 

I I 
Ii Mor th 6 N 134 I 159 0.7 0.1 B (-0.68, 1.05) I ,, :v:c2n I -5.68 I " og ,, I ·v. -' ,, p \,'Q]L•e§ <0.001 ;I I <0.001 I I 
I 

I 145 I I ' II ~~,n•~ 1 2 l\i 113 1.0 0.03 1-0.94, 0.99) • I"-'' ' ., 

I I I ,i 
:i 
" ' 

• 

ff 

J\~eJ:--i I -5 30 ~-5.6'. ' .1 I I 

I P-val~e § <0.001 <0 001 I I 

P-va!ue baserJ on the two-way ANOVA . 
\V::n:·,-;;:oi.;p analysis o: changes from ba~el1ne using paired t-test. 
T v1e1ve of tt,e 26 1nvest192.tors had the revised protocol with Week 2 scheduled. 
cstim"'.e 'Nas compL.tcd ior the difference oi mean baseline and mear. changes 
'rc,n, bJsc:!,na at each scheduled follow-up visit based en the least-squares 
r-rea.~,s o·,c br1m::in1ciine gro:.Jp minus tirnolol group. 

~ · "To .:c:j~st fo:- t\vo in:erim analyses, 95.5~0 c:,nfidence interval were used. 

C,.::i .::ol,t.:::eo for tne safety evaluation 1nclud;;d adverse event reports; ocular 
s:crc:y var12bies ,r,cluding the symp'.oms of ocular discomfort, b1omicroscopy and 
opr1th~l.'l1:Jsc::pv, Schr:mer tt:ar test results, visi.;a! acu;ty, and pupil size; 3r,d 
systemic silfety variables including the symptoms of syotemic discomfort, heart_ 
rate, systo:,c and diastolic blood pressure, and laboratory data (hematology and 
blood c.hem:st,y). 



Exoosure :o T~ecir;·-.ent ?at,ents 1nstil1ed crimonidine or timc!ol twice daily to both 
eyes fo: up :;J sr,e year. Tc,.3! 221 sub;ec:s received br,mo:".:dir,e ci:id 222 subJec:s 
rece,·1ec :,r.:oiJI for at least one cay. The longest exposure cf at ieas: 12 ::ionths 
was Gxper:enced bv ; 24 subiect on bnmonidine and 167 sub;ects en timo:01. 

Ad'\ "0 = E·JP"'S Anaivs1s of advers•.~ events ,vas primary safety an.;iysis. Oculcr 
ur,::. :'.s:e,, .. c 2~ 1erse evcn:s l1nclud1ng adverse events repo:t~:, discomfort d.;ta and 
o:::~:cr;Jscop,c ana ophrhalmoscop1c findings) cccurre::! in 86% (191 /221 i of 
sub1ects 1:1 the br1mcnid'ne group and ir. 82% ( 181 /222) of sJbJects i.i the timoiol 
group. The :n0st co~mon odvcrse events are summarized in Table 5. 

Ad•1erse ::vents. Numbe: a~.d Perce,,:22e of S:.JbjcC,s in St..:d·r 103 
VJ :r; .:t i__e:st Or.e Sever;i:y G~aGe lilCreased frvr.~ Bast:::iine at One or 
~.~:J~e i=cilov1-cp V1s1ts. 

7 ii 
d 

2 .-- , ..... 
,I ~~~- ,, ·=., 

I 
I: 1-l 11' .eau.J...:r,o;:: 42 (19'lol 

Ii F-re•"~ ~-~\' 
-

Sensation 34 (15%) :; u ·':j•' -vu 

I, - , j· - ::,-~o''""':J'' 33 ( 15":i) 1
1 
rl!n~ ._.::,, -,,1 1.., .... , I 

' ! 

\1 Ccui2.r Pr.m~us 27 (12%) 

I' P~:i•c-~ -~ ,3 •I " ~ t"" • -~ ._, 25111%1 
;i 
' . d ~ h 
1 u _ryt1 erna 23 (10%) 

Ocul;:ir Allergic Reaction 20 ( 9%) 

Corneal S:.ainmg/Erosion 20 ( 9%) 

F'ollicles (Con1unct1vai 
~ 

18 ( 8%) 

I 
I ..,..... I I 
I I liT'lG,O, 
' 

50 (23%) 

44 (20%) 

36(16%\ 

36 (16%) 

21 ( 1 C%\ 

25(11%) 

16 ( 7%) 

0 ( 0%) 

24(11%) 

5 ( 2%) 

I '°-value' 
' 

0.001 

0.002 

I O.S 

0.5 

OA 
' 

0.8 

I 0.8 

I 0.7 
' 
I 0.4 

1.0 

0.2 

<0.001# 

0.5 .. 

0.005 

un1ess state:i otnerw1se, P-value based on Pearson's Chi-square test. 
11 ?-va!ue based on Fisher's exact test. 

ii 

I 

I 

I 
I 

I 
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As can be seen fro~ Table 5, the most common adverse events in the brimor)dine 
grou;:, were oral dryness, ocular hyperemia, bu:ning/stinging, blurring, and 
fat:gue.drows,ness. Among all adverse events, significant differences between 

13 

the treatment groups were noted only for four: oral dryness, OClJlar allergic reaction, 
anci con::.Jnct,val folides were significantly more frequent in the brimonidine group 
(P< J.0:::•5; and burr.ing stinging was significantly more frequent in the timolo\ 
group (P = 0 CO2). 

None of the serious adverse events occurring 1n 5.4% (12/221) of the subjects 
treated w1,h br,rnonidine and 5.4 ( 12/2221 of the subjects treated V\ 'th t1molol were 
Judged to be ,reJtment associated. There were no laboratory adv, ';e events. 

Tec~!nJt:cn D,:~ tc Ad•!e,se Events Durin'.'.) the trc:atrnent period, 14'/o (64/443) 
of ai: subJects we,e terminated irom the study because of c;dvNS€ events. 
Sub::::ts tt: 0 rr .. r,a~cd because of adverse events included 23% (50/22i) of subjects 
treatec w::~. ::r::-non:dine and 6% (14/222) :ieated vmh timolol (?< 0.001 ). Ocular 
ad•,~;sc ;:,•1::r,:s ros.Jited 1n the te,m1nat:on oi 8%-I35,A43) of c!I subjects. 
Termmat,or.s because oi ocular adverse events included 15"..o 132/221) of subjects 
in :11e ::mmc:i,d::ie grour and 1 SS (3 '222) of the timolol group (P < 0.001, Table 2). 
The .mos: ;,-eq..;ent causes of terminations due to adverse events in the brimonidir.e 
group we:e ocular &lierg'c reaction anci c::ular hyperemia. Terminzt1ons due to 
sys:em1c aav2rse events occurred in the 8% (34/443) of al: subjects. Terminations 
due to syste:iiic events occurred in 1 0% (22/221) of subjects in the brimonidine 
groc:p end 1n 5 °o ( 12/222i of sut:jects 1r. the timolol group (P = 0.07, Table 2). 

B£V!EWER CONCLUSIONS: Using the adjusted P-value of 0.045 in Study 103, in 
the Preferred efficacy analyses of /OP reductions at trough, brimonidine was 
statistically inferior to timolo/ at all follow-up visits (P= 0.03 at Week 2 and 
P<0.001 at other follow-up visits). At peak, brimonidin':1 was equivalent to 
timo!ol in /OP reductions at Months 1, 3, 6 and 12 (P s_ 0.0q-5 and the upper 
bound in the adjusted 95.5% confidence interval less than 1.1 mmHg) and at 
Week 2 brimonidine was statistically superior to timolo/ (P = 0. 03). The LOCF and 
ITT efficacy analyses produced results that were similar to those from the 
Preferred analyses. 

Safety analysis of Study 103 demonstrated that brimonidine was statistically 
inferior to timolol relative to occurrence of oral dryness, ocular allergic reaction, and 
canjunctival follicles (P5a_O. 005). Brimonidine was statistically superior to timolo/ in 
the occurrence of burning/stinging (P= 0.002). Brimonidine and timolol were .;..,.,.._ 
comparable in occurrence of other common adverse events. Brimonidine was : .. · · 
statistically inferior to timo/ol in the termination rate due to ocular adverse events 
(P<0.007). 
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Study 104 

STUDY pr •N AND SUBJECT DISPOSITION 

Table 6 p, ~~ . '"" Jemographic characteristics of all subjects enrolled in Study 104. 
Of ttie 483 subjects, 292 were in the brimonidine group and 191 were in the 
timolol group. Ages ranged from 28.5 to 86.4 years, with a mean age of 62.2 
years. The majority of subjects in both treatment groups were Caucasians. As 
can be seen from Table 6, there was no significant difference (P> 0.3) between the 
two treatment groups in age, sex, race, iris color, or diagnosis distribution. 

Table 6. Demogr,iphics of all Patients in Study 1 04 

Brimonidine Timolol P-value" 
N=292 N = 191 

Age (years) 
Mean 62.7 61.4 0.3 

<45 21 ( 7%) 17 (9%) 
45-65 134 (46%) 91 (48%) 
> 65 137(47%) 83 (44%) 

Sex Male 145 (50%) 101 (53%) 0.5 
Female 147 (50%) 90 (47%) 

!, Rae:, V. t-.ite 242 (83%) 162 (85%) 0.5 

II 
Non-white 50 (17%) 29 (15%) 

' Iris Color 111 (38%) 
I 

70 (37%) 0.7 Dark 

I i...ight 1s1 (o2%\ 121 (63%) 

, Di2gnos:s OAG 164 (56%) 103 (54%) 0.7 

I 
OHT 115(39%) 81 (42%) 

OAG/OHT§ 13 ( 5%) 7 ( 4%) 

• P-va:ues tor between-group comparisons. Age was analyzed by two-way 
ANOVA. Sex, race, iris color and diagnosis were ana!yzed by CMH method. 
Treatrne.1t-by-investigator interactions were not significant (P > 0.1). 
§ One eye with OAG and the fellow eye with OHT. 

The disposition of study subjects is summarized in Table 7. As can be seen from 
Table 7, in both ITT and in the Preferred analysis populations, significantly smaller 
percent of subjects in the brimonidine group completed the study (P<0.001) and 

] '· .. -a: 
.;;;. ··~ 
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significantly greater percent of su'::ljects in the brimonidine group was terminated 
due tc ocular adverse events IP< 0.001) or lack of efficacy (P ~0.03) as compared 
to the timolol group. 

T dble 7. Summary of Subject Enrollment and Exit Status, Stud•.~_., 04 

Exit Status * Brimonidine Timolol P-value§ 

Included in Preferred Analysis# 
Enrolled 280 183 
Completed 209 (75%) 165 (90%) <0.001 
Terminated - LOE 23 ( 8%) 6 ( 3%) 0.03 
Terminated - AE (Ocular) 26 ( 9%) 1 ( 1 %) <0.001 
Terminated - A E (Systemic) 14 ( 5%} 3 ( 2%) 0.06 
Discontinued 10 ( 4%) 8 ( 4%) 0.7 

Excluded from Preferred Analysis 
Enro::0j 12 8 

: Completed 1 ( 8%) 2 (25%) 0.3 
i Terminated - LOE 1 ( 8%) 0 ( 0%) 0.4 
I i Terminated - AE (Ocular) 1 ( 8%) 0 ( 0%) 0.4 
! Discontinued 9 (75%) 6 (75%) 1 .0 

ITT population (All Subjects) 
I Enrolled 292 1 91 
Completed 210(72%) 167 (87%) <0.001 
Ter"'inated - LOE 24 ( 8%) 6 ( 3%) 0.02 
Terminated - AE (Ocular) 27 ( 9%) 1 { < 1 %) < 0.001 
Ter:r,1nated - AE (Systemic) 

I 
14 ( 5%) 3 ( 2%) 0.06 

LDisco,1t1:1ued 19 ( 7%) 14 I 7%) 0.7 
-• LO t: = Lack of efficacy. AE = Adverse event. 

§ P-value for between-group comparisons in the Chi-square test. 
# One subjects on bnmonidine was terminated due to both an ocular and systemic 
A[. Another subject on brimonidine was terminated due to LOE and an ocular AE. 
The percentage was calculated based on the actual sample size as the denominator, 
and did not add up to 100%. 

EFFICACY 

Of the 483 subiects enrolled in the study, 463 (96%) were included in the 
Preferred efficacy analysis and in the LOCF efficacy analysis (280 on brimonidine 
and 183 on timolol). Twenty nine (29) subjects were terminated due to lack of 
efficacy (LOE) and 26 subjects were carried forward because three were terminated 

I 
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at the last visit. 

Trough (hour 01 The Preferred analysis of mean change from baseline in IOP at 
trough is presented in Table 8. 

Table 8. Baseline and Mean IOP Changes from Baseline at Each Follow-up Visit 
in Study 104. (Trough - Preferred Analysis) 

J6 

Timepoint Brimonidine Timolol P-value* Difference; 95% Cl 

Baseline N 274 180 0.3 0.3 (·0.26, 0.93) 
Mean 25.96 25.85 

I Week 1 N 265 174 <0.001 1.56 (0.95, 2.17) 
Mean ·4.78 -6.44 

I 
I P-value § <0.001 <0.001 

Week 2 N 254 164 <0.001 1.55 (0.91, 2.20) 
Mean ·4.59 -6.18 
P-value § <0.001 <0.001 

I 

Month 1 N 250 1 71 <0.001 2.09 (1.48, 2.70) 
Mean -3.98 -6.16 
P-value § <0.001 <0.001 

Month 2 N 239 165 <0.001 2.17 ( 1. 51, 2.82) 
Mean ·-4.18 -6.42 
P-valLie § <0.001 <. 0.001 

Month 3 N 230 163 <0.001 2.08 (1.42, 2.73) 
Mean -4.04 -6.20 
P-value § <0.001 <0.001 

Month 6 N 198 159 <0.001 2.26 (1.54, 2.99) 
Mean -3.79 -6.10 

I P-value§ <0.001 <0.001 

* P-value based on the two-way ANOVA. 
§ Within-group analysis of changes from baseline using paired t-test. 
, Estimate was computed for the difference of mean baseline and mean changes 

from baseline at each scheduled follow-up visit based on the least-squares ·· _, -
means by brimonidine group minus timolol group. • · ·.-··· 

As can be seen from Table 8, mean decreases in IOP from baseline in Study 104 
ranged from 3.8 to 4.8 mm Hg in the brimonidine group and from 6.1 to 6.4 mmHg 

I 
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in the timolol group. Mean decreases from baseline were statistically significant in 
both treatment groups at all follow-up visits (P<0.001 ). Timolol was statistically 
superior to brimonidine at all follow-up visits (P.s;.0.001). 

T.-eatment-by-investigator interaction was not significant (P2_0.18) at all follow-up 
visits. Overall mean decreases from baseline were 4.1 mmHg in the brimonidine 
group and 6. 1 mmHg in the timolol group (P = 0.004). 

The results of the Preferred analysis of mean percent change from baseline at 
trough were similar to those of mean change from baseline. 

17 

Peak (hour 2) The Preferred analysis of mean change from baseline in !OP in Study 
104 is presented in Table 9. As can be seen from Table 9, mean decreases from 
baseline ranged from 6.2 to 7.3 mmHg in the brimonidine group and from 5.4 to 
6.3 mmHg in the timolol group. Mean decreases from baseline were statistically 
significant in both groups at all follow-up visits (P< 0.001 ). At Weeks 1 and 2, 
brimonidine treatment resulted in significantly greater decreases compared with 
timolol (P< 0.007). At Months 1, 3, and 6, brimonidine was equivalent to timolol 
in decreasing IOP ( P > 0.1 and the upper bounds in the 95% confidence intervals 
were less than 0.4 mmHg). 

The LOCF analysis produced results that were similar to those from the Preferred 
analysis. 

The ITT efficacy analysis included all 443 enrolled patients and was consistent with 
the Preferred analysis. 

: 
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Table 9. Baseline and Mean IOP Changes from Baseline at Each Follow-up Visit 
in Study 1 04 (Peak • Preferred Analysis) 

Timepoint Brimonidine Timolol P-value* Difference, 95% Cl 

Baseline N 260 178 0.32 0.37 (-0.36, 1. 1 0) 
Mean 24.75 24.41 

Week 1 N 252 174 0.004 -1. 15 (-1.92, -0.38) 
Mean -7.34 -6.31 
P-value § <0.001 <0.001 

Week 2 N 244 162 0.007 -1.04 (-1.80, -0.29) 
Mean -6.97 -6.13 
P-value § <0.001 <0.001 

Month 1 N 236 166 0.1 -0.63 (-1 .38, 0.12) 
Mean -6.56 -6.03 
P-value § <0.001 <0.001 

Month 3 N 216 162 0.2 -0.53 (· 1 .33, 0.27) 
Mear. -6. 51 -6.07 
P-value § <0.001 <0.001 

Month 6 N 192 156 0.2 -0.50 (-1.34, 0.33) 
Mean ·6.15 -5.42 
P-value § <0.001 <0.001 

• P-value based on the two-way ANOVA. 
§ Within-group analysis of changes from baseline using paired t-test. 
, Estimate was computed for the difference of mean baseline and mean changes 

from baseline at each scheduled follow-up visit based on the least-squares 
means by brimonidine group minus timolol group. 

SAFETY 

Data collected for the safety evaluation incluaed adverse event reports; ocular 
safety variables including the symptoms of ocular discomfort, biomicroscopy and 
ophthalmoscopy, Schrimer tear test results, visual acuity, and pupil size; and 
systemic safety variables including the symptoms of systemic discomfort, heart 
rate, systolic and diastolic blood pressure, and. laboratory data (hematology ··and,;,; .. ~-::#-: 
blood chemistry). -0·=~· · : •:,:_.~_ -.-,-

_., ......... :r; 

Exposure to Treatment Patients instilled brimonidine or timolol twice daily to both· ·-'"";:~ 
eyes for up to 6 months. Total 292 subjects received brimonidine and 191 subje-i:ts·- ·''~-t-;• 

,-. .:.._"'*·· 
--!i,.:.:...,. :::.;-.. ~~·- . 
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received timolol for at least one day. The longest exposure of at least 6 months 
was experienced by 227 subject on brimonidine and 171 subjects on timolol. 

19 

Adverse Events Analysis of adverse events was primary safety analysis. Ocular 
and systemic adverse events (including adverse events reports, discomfort data and 
biomicroscopic and ophthalmoscopic findings) occurred in 87% (254/292) of 
subjects in the brimonidine group and in 82% ( 156/191) of subjects in the timolol 
group. The most common adverse events are summarized in Table 10. 

Table 10. Adverse Events in Study 104. Number and Percentage of Subjects 
with at Least One Severity Grade Increased from Baseline at One or 
More Follow-up Visits. 

Finding Brimonidine Timolol 

Ora! Dryness 81 (28%) 21 ( 11 %) 

Ocular Hyperemia 68 (23%) 43 (23%) 

Burning/Stinging 61 (21 %1 75 (39%) 

Headache 54 (19%) 34(18%) 

Foreign Body Sensation 53 (18%) 26 (14%) 

Blurring 41 (14%) 33 (17%) 

Lens Pathology 39 (13%) 28 (15%) 

Fatigue/Drowsiness 37(13%) 18 ( 9%) 

Ocular Allergic Reaction# 29 (10%) 1 (0.5%) 

Ocular Pruritus 257 ( 9%) ., 15 ( 8%) 

Follicles (Conjunctiva) 22 ( 8%) 7 ( 4%) 

Corneal Staining/Erosion 21 ( 7%) 20 (11 %) 

Ocular Ache/Pain 19 ( 7%) 5 ( 3%) 

Photophobia 19 ( 7%) 11 ( 6%) 
... 

Ocular Dryness 18 ( 6%) 16 ( 8%i •·e--

• Unless stated otherwise, P-value based on Person's Chi-square test. 
# P-value based on Fisher's exact test. 

P-value• 

<0.001 

0.8 

<0.001 

0.8 

0.2 

0.3 

0.7 

0.3 

<0.001 

0.8 

0.08 

0.2 

0.054 · 

0.7 !. ... :,.;.~ 

~-- .,, 
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As can be seen from Table 10, the five most common adverse events in the 
brimonidine group were oral dryness, ocular hyperemia, burning/stinging, headache, 
and foreign body sensation. Among all adverse events, significant differences. 
(P<0.001) between the treatment groups were noted only for three: oral dryness 
and ocular allergic reaction were significantly more frequent in the brimonidine 
group and burning/stinging was significantly more frequent in the timolol group. 

None of the serious adverse events occurring in 1. 7% (5/292) of the subjects 
treated with brimonidine and 1 % ( l /1 91) of subjects treated with timolol were 
judged to be treatment associated. 

Termination Due to Adverse Events. During the six-month treatment period, 9% 
(44/483) of all subjects were terminated from the study because of adverse events. 
Subjects terminated because of adverse events included 14% (40/292) of subjects 

treated with brimonidine and 2 % (4/191) treated with timolol. This difference was 
statistically significant with P < 0.001. Ocular adverse events resulted in the 
termination of 6% (28/483) of all subjects. Terminations because of ocular 
adverse events include 9% (27 /292) of subjects in ,he brimonidine group and < 1 % 
( i /191) of the timolol group (P < 0.001, Table 7). Terminations due to systemic 
adverse events occurred in 4% ( 17 /483) of all subjects. Terminations due to 
systemic events occurred in 5% (14/292) of subjects in the brimonidine group and 
in 2% (3/191) of subjects in the timolol group (O.OG, Table 7). The mos1 frequent 
causes of terminations due to adverse events in the brimonidir.e group were ocular 
allergic reaction, asthenia, headache, and oral dryness. 

REVIEVVER CONCLUSIONS: In Study 104, in the Preferred analyses of /OP 
changes from baseline at trough, brimonidine was statistically inferior to timo/o/ 
(P< 0. 001) at all follow-up visits. At peak, brimonidine was equivalent to timolol 
at Months 1, 3, and 6 (P> 0. 1 and the upper bound of the 95% confidence 
interval less than 0.4 mmHg) and brimonidine was statistically superior to timo/ol 
at Weeks 1 and 2 (P.s,_0.00,'/. Significantly more subjects in the brimonidine group 
were terminated due to Jack of efficacy (P = 0. 03) than in the timolol group. The 
LOCF and ITT efficacy analyses produced results that were similar to those from 
the Preferred analyses. 

Safety analysis of Study 104 demonstrated that brimonidine was statistically 
inferior to timolol relative to occurrence of oral dryness and ocular allergic reaction 
(P.5,.0.001 ). Brimonidine was statistically superior to timolol in the occurrence of 
burning/stinging (P< 0.001). Brimonidine and timolol were comparable in ·-.:;,--•,; 
occurrence of other common adverse events (P> 0.05 ). Brimonidine was 
statistically inferior to timolol in the termination rate due to ocular adverse events 
(P<0.001). 
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'- Integrated Subgroup Analysis 

( 

Based on the combined data from Studies 1 03 and 104, mean IOP changes from 
baseline were analyzed by demographic variables: age group ( <45 years, 45-65 
years, > E:5 years), sex (male vs. female), race (white vs. non-white), and iris color 
(dark vs. light). Comparing brimonidine to timolol, the results of the subgroup 
analysis were similar to those in the overall Preferred analysis: timolol was 
statistically more effective than brimonidine at lowering IOP. Within the 
brimonidine group, mean IOP changes were compared between the categories for 
age, sex, race, and iris color. No significant differences in mean IOP changes from 
baseline were found except for the analysis by age at Month 2 (P = 0.03). 

IV. SUMMARY AND CONCLUSIONS fWhich may be conveyed to the Sponsor/ 

Since two interim analyses were performed in study 103, the reviewer used an 
adjusted P-value of 0.045. In study 103, in the Preferred efficacy analyses of IOP 
reductions at trough, brimonidine was statistically inferior to timolol at all follow-up 
visits (P=0.03 at Week 2 and P<0.001 at other follow-up visits). At peak, 
brimonidine was equivalent to timolol in IOP reductions at Months 1, 3, 6 and 12 
(P < 0.045 and the upp:;r bound in the adjusted 95.5% confidence interval less 
than 1. 1 mmHg) and at Week 2 brimonidine was statistically superior to timolol 
(P=0.03). The LOCF and ITT efficacy analyses produced results that were similar 
to those from the Preferred analyses. 

In Study 104, in the Preferred analyses of !OP changes from baseline at trough, 
brimonidine was statistically inferior to timolol (P<0.001) at all follow-up visits. 
At peak, brimonidine was equivalent to timolol at Months 1, 3, and 6 (P>0.1 and 
the upper bound of the 95% confidence interval less than 0.4 mmHg) and 
brimonidine was statistically superior to timo!ol at Weeks 1 and 2 (P < 0.007). 
Significantly more subjects in the brimonidine group were terminated due to lack of 
efficacy (P"' 0.03) than in the timolol group. The LOCF and ITT efficacy analyses 
produced results that were similar to those frorn the Preferred analysei;.. 

Integrated subgroup analysis of studies 103 and 1 04 supported the results of the 
efficacy analyses of these studies. 

Safety am1!yses of both studies 103 and 104 demonstrated that brimonidine was 
statistically inferior to timolol relative to occurrence of oral dryness and ocular 
allergic reaction (P<0.001). In study 103, brimor.idine was also interior to timolol · 
relative to occurrence of conjunctiva! follicles. In both studies 103 and 104, · · · 
brimonidine was statistically superior to timolol in the occurrence of 
burning/stinging (P..s:;. 0.002). Brimonidine and timolol were comparable in 
occurrence of other common adverse events. In both studies, brimonidine was 
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statistically inferior to timolol in the termination rate due to ocular adverse events {P<0.001 ). 

22 

RECOMMENDED REGULATQRYACTIQN: Studies 103 and 104 provide sufficient statistical evidence to indicate that brimonidine 0.2% b.i.d. is inferior to timolol 0.5% b.,:d. with respect to long term efficacy and safety. So this reviewer does not recommend approval of brimonidine 0.2% b.i.d. as a firstefine monotherapy for the treatment :,f elevated /OP in patients with open-angle glaucoma or ocular hypertension. However, brimonidine 0.2% b.i.d. may be useful for patients in which timolol is contraindicated. This is a matter for the clinical judgement of the reviewing medical division. 

Valeria Freidlin, Ph.D. 
Mathematical Statistician, Biometrics IV 
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Concur: Rajagopalan Srinivasan, Ph.D. 
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW 

NDA: 20-613 

Submission Date: August 31, 1995 

Product: Brimonidine Tartrate 0.2% Ophthalmic Solution (ALPHAGAN®) 
Chemical Name: [5-bromo-6-(2-imidazolidinylideneamino)quinoxaline L-tartrate] 

Sponsor: Allergan, Inc., 
Irvine, CA 

Type of Submission: Original New Drug Application 

OCPB Reviewer: Philip M. Colangelo, Pharm.D., Ph.D. 

I. SVNOPSIS 

The sponsor submitted the results from a total of 80 animal, human, and analytical 
studies to support this NDA for brimonidine tartrate 0.2% ophthalmic solution. Of these 
studies, 4 in vivo human pharmacokinetic/pharmacodynamic studies and 5 in vitro 
studies of the distribution and metabolism of brimonidine were reviewed. The in vivo 
human studies have adequately addressed (1) the absorption, metabolism, and 
elimination of brimonidine following a radioactive oral dose; (2) systemic plasma 
pharmacokinetics and dose proportionality following single ocular doses above and 
below the targeted d:ise for this application (i.e., 0.08%, 0.2%, 0.5%); and (3) multiple 
ocular dose plasma pharmacokinetics in young healthy subjects and single ocular dose 
plasma phamacokinetics in elderly subjects using the 0.2% solution. The sponsor has 
also attempted phannacokinetic/pharmacodyn&mic analyses after single and multiple 
ocular doses (0.2%) in young volunteers and after a single ocular dose (0.2%) in elderly 
subjects. In addition, plasma brimonidine concentrations after multiple ocular doses of 
0.2% were evaluated over a 12 week period in patients with either open angle glaucoma 
or ocular hypertension. 

The in vitro studies addressed human plasma protein binding, blood to plasma 
partitioning, and hepatic metabolism using human liver microsomes and liver slices. 

II. RECOMMENDATION 

The information contamed in the Human Pharmacokinetics and Bioavailability Section of 
NOA 20-613 is acceptable for meeting the requirements of 21 CFR 320.21 and the '· 
Clinical Pharmacology labeling under 21 CFR 201.57 provided that Comments 1 
through 4 are adequately addressed by the sponsor. Comments 5 through 11 are for 

1 



general information pur, Jses and may be conveyad to the sponsor. 
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m. BACKGROUND 

Br imonidine tartrate (AGN 190342-lF) is a potent and selective a 2-adrenergic receptor 

agonist. II is intended to be used as first-line, single-agent therapy tor the reduction of 

intraocular pressure (IOP) in patients with open angle glaucoma (OAG) and/or ocular 

hypertension (OHT). The IOP reducing effects apparently are the result of suppression 

of aqueous humor production and from enhanced uveoscleral outflow. According to the 

sponsor, the ocular hypotensive effects in rabbits are mediated through stimulation of 

peripheral a,-adrenoreceptors whereas the ocular hypotensive and cardiovascular 

effects (i.e., blood pressure reduction) in primates are mediated by an imidazoline 

receptor in the brain. The mar1<eted product Will be a 0.2% ophthalmic solution of 

brimonidine tartrato and the recommended dose will be one drop instilled into the 

affected eye(s) twice daily (every 12 hours). The sponsor has studied the safety and 

efficacy of this regimen for up to 12 months in two pivotal clinical trials (Protocols A342-

103-7831 and A342-104-7831). 

IV. DRUG CHAMCTERfSTICS AND FORMULATION 

A. Physical/Chemical Characteristics 

i. Structure 

AON 190342-Lf' 
Brirnomdioe llrU'llC 

000H 
I 

H--C-OH 
I 

HO-C-H 
I 
COOH 

2. Molecular Formula: C15H,eNsO.Sr 

3. Molecular Weight: 442.24 

4. pt<.,: 7.78 t 0.05 
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6. Dosage Formulation 

The fonnulation of the produd proposed in this NOA (i.e., 0.2% ophthalmic solution) is 

Formula No. 7831.X. This fonnulation was used in 3 of the 4 human phwmacokinetic 

studies that were reviewed (i.e., Protocols A342-120, A342-106, and A342-119) and in 

the two pivotal safety and efficacy studies (i.e., A342-103 and A342-104). The table 

below gives the composition of the final product and a representative batch (140L) for 
Fonnula No. 7831.X. 

lnl!I'Cdicot Percent ( w/v) mr/mL 

4 

. \..O:ri:sibOD ror 
a I liter batch 

i 
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Drug product stability of Formulation No. 7831X has been tested with respect to 

bnmonidine tartrate, benzalkonium chloride, osmolality, pH, physical appearance, 

preservative effectiveness, sterility, brimonidine tartrate related substances, and water 

loss. Of these factors, water loss was found to be the limiting parameter for 

determination of expiration dating for the 0.2% ophthalmic solution. Fill volumes of 10ml 

and 15 ml have been shown to be chemically and physically stable for at least 30 

months at or below 25°C, while 6 ml fill volumes (physician samples only) are stable for 

24 months. The sponsor proposed a 36-month expiration date on the 10 and 15 ml 

capacity bottles and a 24-month expiration on the 6 ml physician sample bottles when . -. 

stored at or below 25°C. 

V. PHARMACOKINETICS/PHARMACODYNAMICS STUDY SUMMARIES 

A. Pharmacokinf!tics 

1. Protocol No A342-120-8042: "Systemic Drug Absorption Following a Single 

Eyedrop of 0.08%, 0.2%, and 0.5% Brimonidine Tartrate to Healthy Human Subjects" 

(Report No PK-1992-034) 

This study evaluated the pharmacokinotics and dose proportionality of brimonidine 

plasma concentrations following single doses of 0.08%, 0.2%, and 0.5% into each eye 

using a randomized, double-blind, 3-way crossover design in 24 young healthy male 

subjects. Following instillation of a single 0.2% dose of brimonidine tartrate into each 

eye, quantifiable brimonidine plasma concentrations in the pg/ml range were observed 

at 0.5 hours, with maximum concentrations (mean -50 pg/ml) occurring at -1-2 hrs. 

The mean AUC(0-12) was estimated to be 241 pg.hr/ml after the 0.2% dose. 

Brimonidine plasma concentrations were less than 2 pg/ml by -12 hrs after the 0.2% 

dose. Values of apparent T½ were given for each subject rather than for each dose 

and the overall mean apparent T1/.z was 3.26 hrs (range from 1. 77 to 5.00 hrs). The 

intersubject variability (i.e., %CV) for Cmax and AUC was high, i.e., -50% for all three 

doses, and was even higher for Tmax, ran~ing between -51 % and -88% and 

suggested that absorption of brimonidine from the eye may be a variable process. 

Although the increases in AUC and Cmax appeared to be nearly linear as the dose 

strength increased from 0.08% to 0.2% to 0.5%, the increases in AUC (log-transformed 

and dose normalized) was proportional between 0.08% and 0.2%, and not between 

0.2% and 0.5% or 0.08% and 0.5% (i.e, less than proportional in both cases). The 

increases in Cmax (log-transformed and dose normalized) between the three dose 

levels was less than proportior,al. 

2 protocol No A342-119-7831: "A Comparison of the Safety and Efficacy (a:id 

Pharmacokinetics) of Twice Daily vs. Three Times Daily Administration of Brimonidine 

0.2% 1n Subjects with Open Angle Glaucoma or Oc:ular Hypertension" (Report No. PK-

1993-074) 
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This study ev1:1luated the efficacy, safety, and plasma concentrations of brimonidine 
after either bid or tid treatment with 0.2% into each eye (one drop) for 12 weeks using a 
randomized, double blind, parallel groups design in 96 patients with either OAG or OHT. 
Plasma brimonicline concentrations were determined in 47 of the 96 patients before the 
morning dose (i.e., trough) at weeks 3, 6, 8, and 12, and also at 7 and 11 hrs after the 
morning dose on weeks 6 and 12. Steady-state trough (i.e., predose) plasma 
brimonidine plasma concentrations appeared to be attained by 3 weeks of multiple bid 
or lid dosing. Mean trough plasma levels were similar between the two dosing groups 
at weeks 3, 6, 8, and 12 and ranged between ~11 and ~16 pg/ml. The mean 7-hour 
postdose levels at weeks 6 and 12 were also similar between and within the groups and 
ranged between ~15 and -17 pg/ml. However, mean concentrations at 11 hours 
postdose (i.e., 4 hours after the second dose) at weeks 6 and 12 were ~9-fold higher for 
the lid group (~40 pg/ml) compared to the bid (~4.5 pg/ml) group. The between patient 
variability in plasma concentrations for both groups was high (i.e., CV ~50-120%) 
across all time intervals. 

The reductions in IOP from baseline values for the two groups were not significantly 
different at the morning trough at weeks 3, 6, 8, and 12, but were significantly different 
at 9 and 11 hours after morning dosing at weeks 6 and 12. 

B. Pharmacokinetic/Pharmaccdynamic St1.1dies (PK/PD Analyses) 

3. Protocol No. A342-106-7831: "An Evaluation of the Accumulation of Brimonidine in 
Plasma Following Single and Multiple Topical Dosing of 0.2% Brimonidine Tartrate in 
Normal Subjects" (Report No. PK-95-042) 

This open-label study was designed to: (1) compare the plasma pharmacokinetics 
(noncornpartmental) of brimonidine following single (Day 1) vs multiple bid doses for 10 
days (Day10) in young healthy male and female subjects (n=7); (2) compare the plasma 
pharmacokinetics (noncompartmental) of brimonidine in the same young (n=7) vs 
elderly subjects (n=9) following single doses (Day 1); (3) assess the effect of 
brimonidine on intraocular pressure (IOP), heart rate (HR), systolic and diastolic.blood 
pressures (SBP and DBP) following single and multiple ocular dose arministration; and 
(4) examine the relationships between plasma brimonidine concentrations and systemic· 
effects following single and multiple ocular dose administration using compartmental 
PK/PD mc,deling. 

Non-Compartmental PK: 
On average, plasma brimonidine concentrations following ocular instillation were below 
60pg/ml in both young and elderly groups after single doses and after multiple doses in 
young subjects. Maximum plasma concantrations were attained within 2 hours in both ,_ 
groups and elimination appeared to be rapid, as evidenced by an apparent 'f'/2 of 2-3 
hours. Plasma drug levels fell below the LOQ (2 pg/ml) at 24 h1"'3 postdose following 
either single or multiple dose administration to all young subjects and single dose 
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administration to all elderly subjects. 

Twice daily ocular instillation of 0.2% brimonidine tartrate solution to young subjects for 
10 days resulted in greater systemic exposure to brimonidine as compared to a single 
dose (mean Day 10 Cmax and AUC(0-12): 58.5 pg/ml and 308.5 pg.hr/ml; mean Day 1 
estimates: 41.4 pg/ml and 227.9 pg.hr/ml). Plasma brimonidine concentrations by the 
tenth day of multiple dosing were -40% higher than those after single dosing 
(accumulation factor 1.36). However, no significant differences were detected in any of 
the pharmacokinetic parameters resulting from single and multiple doses to the young 
subjects. Steady-state plasma concentrations following multiple doses did not appear 
to be attained over the 10-day study duration in the young subjects. Inspection of the 
mean predose levels on Days 7, 9, and 10 revealed that the Day 9 mean concentration 
was ~26% lower than that on Day 7, and the Day 10 mean predose drug concentration 
was ~ 70% lower than that on Day 9. f-urther evidence for the lack of attainment of 
steady-state was afforded by the number of individual predose concentrations that fell 
below the LOO (i.e., 2 pg/ml) on Days 7, 9, and 10. The pharmacokinetic estimates 
determined in this study after single dose administration were consistent with those 
obtained from Stud}' A342-120-8042 after a single 0.2% dose to young subjects. 

Systemic exposure to brimonidine following single ocular dose administration in the 
elderly subjects was greater when compared to that in the young subjects. The mean 
Cmax and mean AUC(0-12) estimates (52.4 pg/ml and 308.3 pg.hr/ml) were increased 
by ~30-35% when compared t<' those of the younger subjects. Mean Tmax and mean 
apparent T½ were each -2.5 hrs for the elderly subjects. There were no significant 
differences detected in any of the pharmacokinetic parameters between the elderly and 
young groups. 

Pharmacodynamic Measurements: 
Decreases in SBP, DBP, and IOP at various timepoints during the study were observed 
after single and multiple doses in young subjects, however, the reductions appeared to 
be greater after multiple dosing. The elderly subjects appeared to show greater 
pharmacodynamic effects with respect to the reductions in SBP, DBP, and IOP than the 
young subjects after single dose instillation. No consistent changes in HR were· . 
observed for either of the two groups. 

Compartmental Pharmacokinetic/Pharmacodynamic Modeling: 
PK/PD modeling of the mean change in HR with brimonidine plasma concentrations 
resulted in very poor fits of the ;::redicted and observed HR changes, and no relationship 
was apparent with plasma brimonidine concentrations in either young or elderly 
subjects. Some association between the reduction in SBP and DBP and plasma drug 
concentrations was observed for the young and elderly groups, and the model fits were 
marginal, but improved over that for HR. In general, the occurrem:e of maximal ,. 
changes in SBP and DBP lagged behind the occurrence of brimonidine Cmax. No clear 
relationship was apparent between the reduction in IOP and mean brimonidine plasma 
concentrations in young or elderly subjects, except that the occurrence of the mean 
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maximal reduction in IOP was oonsistent with the occurrence of brimonidine Cmax. 
Better PK/PD model fits of the IOP data were obtained for the elderly subjects 
compared to the young subjects. The poor PK/PD relationship for IOP changes may 
have been due to the limited sampling schedule of IOP measurements and that 
systemic plasma drug c:oncentrations were used to model the IOP reducing effect in the 
eye. 

C. Metabolism 

4. Pfizer Study: ''The Drug Kinetics of UK-14,304 in Man Following Oral 
Administration" 

This study was conducted by while brimonidine was being developed as an 
oral hypertensive agent. It was designed to investigate the systemic absorption, 
metabolism, and elimination of radiolabeled (1'C) brimonidine following oral 
administration of 0.5mg capsules (10. 7 µCi/capsule) to two healthy male volunteers. 
Oral absorption of brimonidine was rapid with maximum plasma radioactivity (Cmax) 
achieved within 1-2 hours postdose for both subjects (4.1 and 4.8 ng-eq/ml, 
respectively). Drug related material was rapidly eliminated in the urine as evidenced by 
a -20-fold decrease in p:asma radioactivity at 12 hrs postdose and no parent drug 
related material detected in plasma in the 1 hour postdose samples. Approximately 
88% and 86% of the administered dose was recovered in urine and feces by 120 hours, 
with most of the radioactivity excreted in the urine (77% and 71 %) and the remaining 
portion excreted in the feces. The TLC analysis of the urine collected from both 
subjects at the 2-4 hour postdose interval showed only a small proportion of the dose 
was excreted as unchanged drug related material (not able,to quantify with results 
provided). In addition to rapid oral absorption, these results suggested that brimonidine 
was also rapici!y and extensively metabolized. 1'110 qualitative or quantitative metabolite 
analysis was performed by the sponsor in this study. 

D. In Vitro Studies 

The sponsor ccndud.ed two plasma protein binding studies (one in vitro, one in vivo) 
and one blood to plasma partitioning study in animals and man. The in vitro binding of 
,.C-brimonidine to plasma proteins of mice, rats. dogs, monkeys, and humans, using 
equilibrium dialysis, was low (i.e., <35%) for all species tested. In particular, the binding 
of the drug to human plasma proteins was -21% (unbound fraction -79%). Brimonidine 
plasma protein binding was linear (i.e., concentration independent) for all species over 
the concentration range studied from -0.2-200 ng/ml. The results from the in vivo 
protein binding studies in the same species were in agreement with the in vitro results. ,_ 
Specifically, the mean in vivo unbound fraction for human plasma was -71% over a 
brimonidine concentration range from 90-121 pg/ml. The in vitro blood to plasma (8/P) 
ratios were determined for mice, rats, monkeys, and humans using 1'C-brimonidine. 
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For human blood, 8/P ratios ranged from 1.12-1.31 using concentrations from 7.07-707 
nglml and indicated c:omparable distribution of brimonidine between blood and plasma. 

The metabolism of brimonidine was evaluated and its metabolites identified in two in 
vitro studies, one using human and animal (rat, dog, monkey) liver microsomes and the 
other using human liver slices, rat Jung slices, and urine from rats after single dose oral 
administration. The results indicated that brimonidine was extensively metabolized in all 
species to a number of metabolites, i.e., rat lung slices: 4; human microsomes: 6, rat 
and monkey microsomes: 8; hJman liver slices. 11; and rat urine: 14. The metabolic 
pattern in the human microsomes was qualitatively similar to that of monkey and rat 
homogenates, but different to that of dog liver. The two major pathways of brimonidine 
metabolism appeared to be (1) alpha-carbon oxidation of the quinaxoline moiety, which 
may be mediated by cytosolic liver aldehyde oxidase, with subsequent glucuronide 
conjugation, and (2) oxidative cleavage of the imidazoline ring, which may be mediated 
by CYP450. The metabolic activity appeared to be the highest for human and rat liver 
microsomes, followed by monkey, and lowest in dog homogenates. 

VI. PROPOSED LABELING 

A copy of the proposed labeling is provided as Appendix 2. 

VII. COMMENTS (TO BE SENT TO SPONSOR) 

A. Protocol No. A342-106-7831/Report PK-95-042: 

1. The sponsor claimed that steady-state plasma brimonidine concentrations were 
attained by Day 7 of multiple dosing in young subjects. However, inspection of the 
mean pradose levels on Days 7, 9, and 10 revealed that the Day 9 mean concentration 
was ~26% lower than that on Day 7, and the Day 10 mean predose drug concentration 
was ~70% lower than that on Day 9. Thus, it appears that steady-state was not 
attained for this study, and this is further supported by the number of individual predose 
concentrations that fell below the LOO (i.e., 2 pg/ml) on Days 7, 9, and 10. In addition. 
it is not clear why the Day 10 predose concentrations listed in Table 9 are different from 
those listed in Table 3 at 216.00 hours (i.e., the predose concentrations on Day 10). It 
is recommended that the sponsor change the assessment of steady-state to indicate 
that steady-state brimonidine concentrations were not attained with twice daily dosing 
over the 10 day period of the study, and resolve the discrepancy between Table 9 and 
Table 3 in the report. -
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B. Protocol No. A342-119-7831/Report PK-1993-07 4: 

2. Although the sponsor stated that significant differences between the sexes were to 
be determined statistically, no results of the gender analyses were reported with respect 
to the plasma concentration or IOP data. It is recommended that the sponsor provide 
such results. 

C. Proposed Labeling: 

3. On page 9, under Pharmacokinetics, the following statement was made: "In humans, 
systemic metabolism of brimonidine is extensive; brimonidine does not accumulate". 
Since an accumulation ratio of 1.36 was determined after 10 days of bid dosing in 
healthy subjects (Study A342-106-7831 ), it is recommended that the latter portion of this 
statement be clarified to reflect this, i.e., that accumulation of brimonidine in plasma 
following bid administration for 10 days was observed to be ~35-40% in healthy young 
subjects. 

4. On page 9, under Pharmacokinetics, the statement: "It is metabolized primarily by 
the liver'' should be clarified/expanded upon to reflect the results from in vitro studies 
with human microsomes indicating that the drug is extensively metabolized to at least 6 
metabolites and a description of what the major metabolic pathways are. 

VIII. GENERAL COMMENTS 

A. Protocol No. A342-120-8042/Report PK-1992-034: .. , 

5. Rather than a "representative" plot for one subject (i.e., #110), it is suggested that 
the sponsor provide plots comparing the mean brimonidine plasma concentrations vs 
time for all three dose strengths on (1) rectilinear and (2) semilogarithmic scales in 
Mure submissions. Error bars representing either the standard deviation or star :dard 
error of the mean should be included if rossible. 

6. It is not clear why the sponsor chc ;e IQ set all postdose plasma concentrations that 
fell below the LOQ to 1 pg/ml (i.e., one-half the LOQ) instead of to O pg/mL For Mure 
submissions, it is suggested that some justification for this procedure be provided or 
that these values be changed to O pg/mL 

7. In Table IV, the apparent T1/2 values are provided for each subject based on either 
single or mean values for all treatments with quantifiable plasma concentrations in the 
terminal phase. For Mure submissons, it is suggested that the sponsor provide ,_ 
individual apparent T1./2 values, with summary statistics, for each dose level ·rather than 
a single value for each subject. Although the sponsor noted that the estimation of 
apparent Ke (and therefore apparent T1/2) was not possible in 16 out of 24 subjects 
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receiving the 0.08% strength, it is more appropriate to provide individual estimates of 
apparent T½ according to the dosage strength for those subjects in whom estimates are 
possible. In this way more meaningful comparisons of the pharmacokinetics between 
dose groups can be made. 

8. II is suggested that the sponsor correct the typographical errors occurring in the 
tables C'f final plasma concentration data in Appendix I of Report No. PK-1992-034 
(pages 83-020 to 83-031 ). In addition, for subject 116, it was noted that the 
concentration at 2.5 hrs after the 0.2% dose was reported by the bioanalytical lab to be 
19.1 pg/ml, but a value of 18.1 pg/ml was incorrectly typed into the final tables of 
Appendix I and this incorrect value was used in the pharmacokinetic analysis. The 
correct value of ~ 9.1 pg/ml should be used. Also, it is not clear why values of 1 pg/ml 
(i.e., one-half the LOQ) were assigned to postdose plasma concentrations that the 
bioanalytical lab reported as "not reportable" (i.e., NR) for sevaral subjects. For future 
submissions, it is suggested that justification for this latter procedure be provided or that 
these values be reported as NR. 

B. Protocol No. A342-106-7831/Report PK-95-042: 

9. In the PK report (PK-95-042), it was claimed that the plasma concentration-time data 
were adequately described by either a monoexponential model with first-order input or a 
biexponential model with zero-order input, where adequacy of the fit was described with 
respect to the correlation coefficient (r). In addition to the r values, it is suggested that 
for future submissions, the sponsor provide either plots of the predicted vs observed 
plasma concentration data or provide the residual data (i.e., predicted cone. - observed 
cone.) so that a better assessment of the fit of the data may. be determined. 

10. In the PK report (PK-95-034), the PK/PD modeling was apparently performed using 
the concentration-effect link model to obtain estimates of Ce (effect compartment 
concentration) and keo (transfer rate constant from plasma to the effect compartment). 
While this model is appropriate to describe the potential relationships between the 
known systemic HR and BP lowering effects and plasma concentrations, it may not be 
appropriate to describe the IOP reducing effects since the drug is instilled directly into 
the effect compartment (i.e., the eya) and then distributes from the effect compartment 
to the plasma. Thus, it appears that Ce may be a better predictor of changes in IOP. 
For future submissions, it is suggested that the Ce estimates be provided along with the 
other PD parameters (i.e., Emax, ECSO, keo, correlation coefficient) and any potential 
relationship(s) between brimonidine Ce and IOP reduction also be examined. 

C. Protocol No. A342-119-7831/Report PK-1993-074: 

11. It was pointed out by the sponsor that plasma samples below the LOQ were set at 
one-half the LOO (i.e., at 1 pg/ml). In future submissions, it is recommended that a 
rationale for why this was done be provided or that these values be set to O pg/ml. 
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1. Pfizer Study: "The Drug Kinetics of UK-14,304 in Man Following Oral 
Administration" 

Volume: 62 

Pages: 82-048 to 82-061 

Investigator & Location: 

Study Date: June, 1975 

OBJECTIVE: 
To investigate the systemic absorption, metabolism, and elimination of radiolabeled 
brimonidine following oral administration to two healthy male volunteers. 

FORMULATIONS: 
Radiolabeled Brimonidine Tartrate - radiochemically pure 14C-brimonidine (UK-
14,304) capsules 0.5 mg (Lot #291-1); 10.7 µCi/capsule 

METHODS: 
After an overnight fast, an oral dose of the radiolabeled formulation was administered to 
two healthy male subjects (0.18 µCi; 0.0083 mg/kg for 60 kg body weight). 
Measurements of blood pressure and heart rate were taken predose and up to 24 hours 
postdose. Plasma and saliva samples were collected at O (predose), 1, 2, 3, 4, 6, 8, 12, 
and 24 hours postdose for measurement of drug related radioactivity. Urine and feces 
were also collected over a period of 5 days postdose. Radioactivity in all matrices was 
determined by liquid scintillation counting (LSC). Parent drug and metabolites in plasma 
and urine were characterized by thin layer chromatography (TLC) using silica plates. 

RESULTS: 
Systolic and diastolic blood pressures decreased from predose levels in Subject 1 within 
1 hour postdose and remained lower up to 24 hours postdose, while in Subject 2, there 
was no decrease in blood pressure (Table 1 ). The blood pressure in Subject 2 at 24 
hours postdose returned to its predose level, whereas in Subject 1, it remained lower 
than its predose level. Heart rates in either subject were not affected. 

Concentrations of drug related material in plasma and saliva are provided in Tables 2 
and 3, and excretion data for urine and feces are given in Tables 4 and 5. Maximum 
plasma radioactivity (Cmax) was achieved within 1-2 hours postdose for both subjects 
at 4.1 and 4.8 ng-eq/ml for Subjects 1 and 2, respectively (Table 2). Drug related 
radioactivity in plasma declined to 0.2-0.3 ng-eq/ml at 12 hours postdose (~'20-fold 
decrease) and no unchanged drug related material in plasma was detectable by TLC 
analysis in the 1 hour postdose samples. Very little drug related radioactivity was 
detected in saliva and the saliva/plasma ratio was in the range from -0.2-0.4 (Table 3). 



As shown in Tables 4 and 5, 88% and 86% of the administered dose was recovered in 
urine and feces by 120 hours for Subjects 1 and 2, respectively, with most of the 
radioactivity excreted in the urine (TT% and ~71%) and the remaining portion excreted 
in the fecus. Approximately 60-70% of the radioactivity was excreted in the urine in the 
first 8 hours following dosing. The TLC analysis of the urine collected from both 
subjects at the 2-4 hour postdose interval showed only a sm.1II proportion of the dose 
was excreted as unchanged drug related material (not able to quantify with results 
provided). 

REVIEWERS CONCLUSIONS: 
The results suggested that oral absorption of brimonidine was rapid and that drug 
related material was rapidly eliminated in the urine. Since no unchanged drug was able 
to be detected in plasma (i.e., at 1 hour postdose) and urine (i.e., at 2-4 hours 
postdose), this indicated that brimonidine was also rapidly and extensively metabolized. 

No qualitative or quantative metabolite analysis was performed by the sponsor in this 
study. 



• 
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2. Protocol No, A342-120-8042: "Systemic Drug Absorption Following a Single 
Eyedrop of 0.08%, 0.2%, and 0.5% Brimonidine Tartrate to Healthy Human Subjects" 
(Report No. PK-1992-034) 

Volume: 83 

Pages: 83-001 to 83-056 

Investigator & Location: 

Study Dates: July 31, 1991 - October 30, 1991 

OBJECTIVE: 
To evaluate the systemic absorptio:, of brimonidine and examine the dose 
proportionality of brimonidine plasma concentrations following ocular instillation of 
0.08%, 0.2%, and 0.5% brimonidine tartrate in healthy male volunteers. 

FORMULATIONS: 
Brimonidine Tartrate (AGN 190342-LF) Ophthalmic Solutions -

(i) 0.08% - Formulation No. 7830X; Lot No. 09600; Batch Size L 
(ii) 0.2% - Formulation No. 7831X; Lot No. 096016; Batch Size L 
(iii) 0.5% - Formulation No. 8042X; Lot No. 09544A; Batch Size L 

Analysis of the three ophthalmic solutions yielded brimonidine tartrate concentrations of 
0.078%, 0.194%, and 0.498%, respectively. 

STUDY POPULATION: 
24 healthy male subjects 21 years of age and older (mean age 28 years). A prestudy 
screen was conducted on all subjects which included an eye examination consisting of 
evaluation of IOP, visual acuity, biomicroscopy, and ophthalmoscopy. For inclusion into 
the study, al! subjects must have corrected visual acuity equal to or better than 20/20 in 
each eye and intraocular pressure (IOP) s21 mm Hg. 

METHODS: 
The study was a randomized, double-blind, crossover design with a washout period of 
at least 7 days between treatments. Following a 10 hour fast before dosing, a single 
drop (35 µI) of brimonidine tartrate solution of eith,:-,r 0.08%, 0.2%, or 0.5% was instilled 
into each eye on three separate occasions. Meals were provided at 1, 3, and 8 hours 
after dosing. Plasma samples for the determination of brominidine concentrations were, 
collected at 0 (predose), 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 10, 12, and 24 hours 
postdose. Heart rate, blood pressure, general and ocular comfort were monitored at 2, 
12, and 24 hours after 1~ach of the three doses. An eye examination was also 
performed at 24 hours after each dose which included assessment of visua; acuity, 



biomicroscopy, and non-dilated ophthalmoscopy. 

ASSAY: 

DATA ANALYSIS: 

Pharmacokinetic: 
~: maximum brimonidine plasma concentration obtained directly from the 
concentration-time data; 
In:JID!: time of first occurrence of Cmax; 
AUC/0-12}: area under the plasma concentration-time curve estimated by linear 
trapezoidal approximation; 
AUCI0-in1l AUC(0-12) + C1:n,/Ke; 
Ke apparent elimination rate constant obtained by linear least squares regression 



analysis of the log-linear portion of the concentration-time curve (ie., last 3 to 6 
timepoints between 5 to 12 hours post dose); only treatments with concentrations above 
the LOO in the terminal phase were used to estimate Ke; 
Apparent T½: 0.693/Ke 

Statistical: 
Linear regression analysis was used to evaluate the dos~ependency of AUC and 
Cmax. A standard ANOVA for crossover design was performed for log-transformed, 
dose-normalized AUC and Cmax, and untransformed Tmax data. Between group 
comparisons were performed by constructing 100(1-2a)% confidence intervals for log
transformed, dose-normalized AUC and Cmax, and untransformed Tmax, with a set at 
0.05 (i.e., Westlake 90% confidence intervals). Dose proportionality was based on 
bioequivalency criteria, which was set between the limits of 0.8 and 1.2 for the 90% Cl 
of the AUC and Cmax ratios. 

•Comm3nts/Notes: 
The sponsor noted that all predose (i.e., 0 hr) plasma concentrations were set at 0pg/ml 
since 61 out of 72 predose samples yielded concentrations <2pg/ml (LOO) and 9 
predose samples were <5pg/ml. However, it was also pointed out by the sponsor, 
without any explanation, that plasma samples beyond 0 hr that were below the LOO 
were set at one-half the LOO (i.e., at 1 pg/ml). This occurred primarily for the 0.08% 
dose strength from the 10 to 24-hour postdose timepoints. Recalculation of the AUC(0-
12) using 0 pg/ml instead of 1 pg/ml did not appear to significantly affect the AUC 
estimates. 

The bioequivalency acceptance criteria for log-transformed AUC and Cr.iax should be 
set between 0.8 and 1.25, instead cf 0.8 and 1.2. 

RESULTS: 
The individual plasma brimonidine concentrations following instillation of 0.08%, 0.2%, 
and 0.5% brimonidine tartrate into each eye are provided in Appendix 2. In general, 
plasma co:1centrations foilowing instillation of 0.2% were below 2 pg/ml (LOO) at 12 to 
24 hours postdose. The individual estimates and descriptive statistics of the 
pharmacokinetic parameters aro given in Tables I through V. In Figure 2, the 
relationships between mean AUC(0-12), ALJC(0-inf) and dose are shown, and Figure 3 
illustrates the relationship between mean Cmax and dose. The mean increases in both 
AUC and Cmax with dose appeared to be linear (r >0.99). The mean Cmax after 
instillation of 0.2% was 46.5 pg/ml and mean AUC(0-12) was 241 pg.hr/ml. Mean Tmax 
for the 0.2% strength was at 1.65 hrs (range 0.5 to 3.5 hrs) and was the shortest of all 
three doses. In Table IV, values of apparent T½ are given for each subject rather than 
for each dose; the overall mean apparent T'/2 was 3.26 hrs (range from 1. 77 to 5.00 
t,rs). The intersubject variability (i.e., %CV) for Cmax and AUC was ouite high, i.e., 
-50% for all three doses, and was even higher for Tmax, ranging between -51 % and ' 
-88%. 

The results of the -;tallstical analyses are provided in Ta~les VI through IX. Ttie ANOVA 



in Table IX detected statistically significant treatment differences in Tmax (p = 0.006), 

AUC(~12) and AUC(D-inf) (p = 0 026 for both); no significant carryover or period effects 

were detected for any of the parameters tested. In Table VIII, the between group 

comparisons in assessing dose proportionality of systemic exposure are summarized. 

The 90% confidence intervals for dose-normalized AUC(0-12) indicate bioequivalence 

between the 0.08% and 0.2% doses (0.812, 1.188), but not between 0.08% and 0.5% or 

0.2% and 0.5%. The same results occurred for doso-normalized AUC(0-inf). The 

between group analysis for dose-normalized Cmax indicated bioinequivalence for all 

three dose levels. Statistically significant differences were detected in Tmax between 

the 0.08% and 0.2% (p = 0.006) and 0.08% and 0.5% (p = 0.035) doses, but not 

between 0.2% and 0.5% (p = 0.491 ). 

REVIEWERS CONCLUSIONS: 
Following instillation of a single 0.2% dose of brimonidine tartrate into each eye, 

quantifiable brimonidine plasma concentrations in the pg/ml range are observed at 0.5 

hours, with maximum concentrations (mean 40-50 pg/ml) occurring at -1-2 hrs. 

Biimonidine concentrations 1n plasma were less than 2 pg/ml by ~12 hrs after the 0.2% 

dose. 

The relatively high degree of intersubject variability observed in the pharmacokinetic 

parameters .~cross all three dose levels suggested that absorption of brimonidine from 

the eye was ,· variable process. 

Although the increases in AUC and Cmax appeared to be nearly linear as the dose 

strength increased from 0.08% to 0.2% to 0.5%, the increases in AUC was dose 

proprotional only between 0.08% and 0.2%, Bnd not between 0.2% and 0.5% or 0.08% 

and 0.5% (1.e, less than proportional in both cases). The increases in Cmax between 

the three dose levels was less than dose proportional. 
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Table VI 

Dosc-Nonnalizcd Phannacok:inctic Parameters (Cmax and AUC) After a Single Ophthalmic 
Dose of 0.08%, 0.20% and 0.50% Brimonidinc Tarmue Solutions 10 Human Subjects 

Dose-Normalized 
Variable Statitlstics O.OSCJo 0.20CJ, o.so ... 
Cmax N 24 c." ~ 24 c:J. 24: <;J 
(pgiml) Mean 284.66 ,t'I fo 239.45 -1'11• 206.27 '(If, 

SD 138.47 117.57 97.74 
Min flJ.77 78.77 68.88 
Max I': :-~.10 541.24 475.90 

AUC (0-12 l!rJ N 24 24 24 
pg.hr/ml Mean 1377.03~1,4• 1242.40 't 0q" 978.33 '/-z,'lo 

SD 714.03 626.90 411.59 
Min 275.64 419.59 449.80 
Max 2615.38 2855.67 2022.09 

AUC (0-) N 24 24 24 
pg.hr/ml Mean 1387.SO~--~· 1253.24 ~(Jflo 987.28J'l,.1• 

SD 719.67 632.21 415.08 
Min 283.33 427.32 455.82 
Max 2628.21 2881..44 2046.18 

Dosc-normaliV'd for C.'max and AUC using die raw elm divid~ by 0.078, 0.194 and 
0.498 for group 0.08CJo, 0~ and 0.50%, 1espectivcly. 

Rdcmioe 9 (Plomristical w.lysis) 



Table VII 

Lng Transformation of Dose-Normalized Phannacokinctic Paramcrcn (Cmax and AUQ 
After a Single Ophthalmic Dose of 0.08%, 0.20% and 0~ Brimonidinc Tartruc 

Solutions 10 Healthy Human Subjecu 

Dose-Normaliud 
Variable Statitistla o.os-. 0.20-. o.so-. 

:ma,: N 24 24 24 
(pg/ml) M..e111 5.51 S.3S S.22 

SD 0.58 0.52 0.47 
Min 4.ll 4.37 4.23 
Max 6.42 6.29 6.17 

AUC (0-12 hr) N 24 24 24 

pc.hr/ml Mean 7.07 6.99 6.80 
SD 0.60 0.54 0.42 
Min S.62 6.04 6.11 
Max 6.42 7.96 7.61 

AUC (0-) N 24 24 24 

pc.hr/ml Mean 7.0S 7.00. 6.81 

SD 0.60 0.54 0.42 
Min S.6S · 6.06 6.12 
Max 7.87 7.97 7.62 

Rdema 9 tf'lamrisrica\ -.na\ysis) 

:33 01"3 
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Table VIII 

Suamary of Betwccn-Oroup Comparisons of Cmax and AUC After a Single Ophthalmic 

Dose of0.08%, 0.20% and 0.50% Brimonidine Tartratc Solutions to Human Subjects 

Variable a 
lmax 

Cmax 

AUC 
0-12 hr 

AUC 
(0--) 

Comparison 
U.081' VS 0.20" 
0.08% VS 0.50% 
0.20'l, vs 0.50% 

0.08 ... vs 0.20% 
0.08'1, VS 0.50% 
0.2()'1, VS 0.50% 

0.OSCJ, vs 0.lO'l, 
0.08'1, vs 0.5()'1, 
0.2()'1, VS 0.SQ'li, 

0.OSCJ, vs 0.lO'l, 
0.08CJ, vt; 0.5()'1, 
0.2()'1, vs 0.5()'1, 

Estimate of 
Differenoeb 

l.540 
1.167 

-0.373 

l.17l 
1.335 
1.140 

l.091 
l.312 
1.211 

1.083 
1.311 
1.210 

J..ov;er Limit 
90% Confidence 
lnt.erval C · 

0.637 
0.764 
-1.276 

0.742 t 
0.6511 
0.762 'f. 

0.812 
0.673~ 
0.730~ 

0.813 
0.6741 
o.130i .. 

Upper limit 
90'Ji Confidence 
lntc:rvalc 

2.442 
2.569 
0.530 

1.258 
1.349 'I 
1.238 

1.188 
1.327 X 
1.238 

1.187 
1.3261 
1.270t 

P valuc b 
0.006 
0.035 
0.491 

0.150 
0.010 
0.230 

0.402 
0.007 
0.052 

0.404 
0.007 
0.051 

a Tmax was DO( dose av =••lizrrl Cmax and AUC dala ~ dose-aonnaliud and log 

transformed befor- esrirmting the ratios fa- rwo tteatments.. 

b Diffaeucc ol ™P means bcr,v\;<:11 the ffl:laneot groups. P-valucs for the lllllysis of 

diffaa.cea 111 'Imam two &f0IIPS signific:andy diffen:iu from zao and rmo of Cmax or 

AUC of cwo p,ups sip:ific:andy different from one. 

c For Cmu and AUC. biocquivalency was based on 90'1, CCl!fidcnce interVIL Trwmcnts 

are biocquivalenr if die lower limit is grater than 0.8 and die upper limic is less than 1.2 
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Table IX 

Analysis of Variance for Crossover Study After a Single Ophthalmic Dose of 0.08%, 
0.20'l, and O..s<l'I, Brimonidinc Tamale Solutions IO Healthy Human Subjects Plasma 

Pharmacolcinctic Paramcicrs 

Source or 
Parameter Variation OF ss MS F P-value 
I max Subjcci Z3 60.211 

-CanyOYCr 2 1.826 0.913 1.05 0.367 
-Error 21 18.243 0.869 
T~ 2 39.076 19.538 5.73 0.006 
Carryover 2 9.048 4..524 1.33 . 0.277 
Period 2 9.725 4.863 1.43 0.252 
Error Within 42 143.313 3.412 

Loe Cmax Subjca 23 12.859 
(Dose- -Cartyover 2 0.519 0.559 0.36 0.702 
Normalized; 

-Error 21 3.767 0.259 
TIQ!fflCnl 2 0.887 0.179 3.05 0.143 
Cmyover 2 0.010 0.005 2.47 0.097 
Period 2 0.172 0.086 0.59 0.558 
Error Within 42 6.109 0.145 

Los AUC Subjca 23 14.144 
(0.12 hr) -CanyOYer 2 0.422 0.211 1.03 0.373 
(Dose- -Error 21 4.292 0.204 
Normalized) 

TICUl'llelll 2 0.902 0.451 3.99 0.026 

~ 2 0.066 0.0:33 0.29 0.748 
Period 2 0.252 0.126 1.12 0.337 
EnorW"uhin 42 4.742 0.113 

Los AUC Subjec:c 23 14.067 
(0--) -Cu:yoft:r 2 0.264 0.132 1.04 0.373 
(Dose- -Emir 21 4.268 0.203 
Normall~ .. 

n ◄ '*'' 2 0.897 0.449 4.00 0.026 
Cua,o.cr 2 0.066 0.033 0.29 0.747 

Period 2 0.253 0.126 1.13 0.333 
Error W"lthin 42 4.711 0.112 

Ref ere nee 9 (B iosmisrical Analysis) 



3. Protocol No. A342-106-7831: "An Evaluation of the Accumulation of Brimonidine 
in Plasma Following Single and Multiple Topical Dosing of 0.2% Brimonidine Tartrate m 
Normal Subjects" (Report No. PK-95-042) 

Volume: 85 

Pages: 85-001 to 85-460 

Investigator & Location: 

Study Oates: November 5, 1994 - November 15, 1994 

OBJECTIVES: 
(i) To evaluate the systemic pharmacokinetics and accumulation potential of 
brimonidine following single and mu:tiple ocular dose administration in healthy young 
subjects. 
(ii) To evaluate the systemic pharmacokinetics of brimonidine in elderly (265 yrs) 
versus young (21-40 yrs) subjects following a single oculc>r dose administration. 
(iii) To assess the effect of brimonidi'1e on intraocular pressure (IOP), heart rate (HR), 
and blood pressure (BP) following single and multiple ocular dose administration. 
(iv) To examine the relationships between plasma brimor,idine concentrations and 
systemic eff: ;ts following single and multiple ocular dose administration. 

FORMULATION: 
Brimonidine Tartrate (AGN 190342-LF) 0.2% Ophthalmic Solution - 10 ml bottle; 
Formulation No. 7831X; Lot No. 09960A; Expiration Date: December, 1994; Batch Size 
2.5 L 

STUDY POPULATION: 
A total of 16 healthy subjects participated: 7 young h~althy male (N = 3) and female 
(N = 4) subjects 24 to 49 years of age (mean age 31 years), and 9 healthy elderly male 
(N = 3) and female (N = 6) subjects 65 to 73 years of age (meen age 70 years). A 
prestudy screen was conducted on all subjects which included an eye examination 
consisting of evaluation of IOP, visual acuity, biomicroscopy, and ophthalmoscopy. 
Each subject must have corrected visual aOJity equal to or better than 20i20 in each 
eye and intraocular pressure (IOP) between 12 and 21 mm Hg (ie., 12slOPs2i rnm Hg) 
with no asymmetry in IOP of >5 mm Hg between eyes. Any female subjects who we,~ 
pregnant, nursing, planning a pregnancy, or not usiflg a reliable form of birth control 
were excluded from participating in the study. 

METHODS: 
This was an open-label, comparative study evaluating brimonidine tartrate 0.2% 



ophthalmic solution for one or ten days. Two age groups, one young and one elderly, 
were studied and two comparisons were made: (1) between the single and multiple 
dose systemic pharmacokinetics of brimonidine in young subjects, and (2) between the 
single dose systemic pharmacokinetics of bromonidine in the young versus elderl1 
subjects. 

One drop (35 µI) of brominidine tartrate solution 0.2% was instilled into each eye of both 
young and elderly subjects on Day 1 of dosing. Ocular doses were repeated on Days 2 
through 9 only for the young subjects, i.e., one drop into each eye twice daily, once in 
the morning and once in the evening, between 7:00 am/pm and 9:00 am/pm. The 
morning dose was instilled by a qualified staff member during clinic visits on Days 2, 7, 
9, and 10 and no evening dose was instilled on Day 10. Plasma samples for the 
determination of brimonidine concentrations were collected at 0 (predose), 1, 1.5, 2, 2.5, 
3, 4, 5, 6, 7, 8, 10, 12, 16, and 24 hours postdose 011 Days 1 (both groups) and 10 
(young group). Predose plasma samples were also collected on Days 7 and 9 from the 
young subjects. Predose measurements of HR, BP, IOP, and general and ocular 
comfort were recorded on Days 1, 2, 7, 9, and 10, and at 2, 12, 16, and 24 hours 
postdose on Days 1 and 10. 

ASSAY: 



QATA ANALYSIS: 

Non-Compartmental Pharmacokinefics: 
Cmax - maximum bnmonidine plasma concentration obtained directly from the 
C-C'lcentratio11-time data; 
~ - iime of first occurrence of Cmax; 
AUCI0-12} - area under the plasma concentration-time curve from 0 to 12 hours 
postdose estimated by linear trapezoidal approximation; 
AUC/0-tlastl - area under the plasma concentration-time curve from O to the last 
quantifiable concentration at time, t, estimated by line1:1r trapezoidal approximation; 
AUC(Q-infl - AUC(O-tlast) + C..,./Ke, where C.., is the last quantifiable concentration; 
~ - apparent elimination rate constant obtained by linear least squares regression 
analysis of the log-linear portion of the concentration-time curve; only treatments with 
concentrations above the LOO in the terminal phase were used to estimate Ke; 
Apparent T½ - 0.693/Ke; 
Accumulation Factor - Day 10 AUC(0-12)/Day 1 AUC(0-12) 

Compartmental Pharmacokinetic/Pharmacodynamic (PK/PD) Modeling.· 
The potential relationships between brimonidine plasrr1a concentrations and changes in 
heart rate (HR), systolic and diastolic blood pressures (SBP and DBP) and intraocular 
pressure (11P) from baseline (BL) following single and multiple ocular dose 
administration were evaluated using PK/PD modeling techniques. 

A monoexponential model with first-ofder input or a biexponential model with zero-order 
input were used to fit the brimonidine plasma concentration (Cp) data and obtain 
parameter estimates of Cp, k11, and Kel (monoexponential mo,l<tl) or R, S, alpha, and 
beta (biexponential model). These parameter estimates were then used to determine 
the concentration in the effect compartment (Ce) and keo (transfer rate constant from 
plasma to effect site) using the concentration-effect link model. The Ce values were 
then used in the Emax model to estimate the pharmacodynamic parameters: E 
(predicted effect), Emax, and ECS0, Le., E = Emax•Ce/(ECS0 + Ce). 

The effect measurements taken at several timepoints postdose were subtracted from 
their respective baseline or predose measurements (i.e., at Ohr) and reductions were 
recorded as positive values and increases recorded as negative values. All increases 
wera converted to 0 for PK/PD curve fitting. 

Statistical. 
An ANOVA was performed for the paired comparison of the pharmacokinetic 
parameters folloNing single and multiple ocular dosing in the young subjects, and for 
the unpaired comparison between the young and elderly groups following single dose 
administration. The level of significance was set at p < 0.05. 



RESULTS: 

Non-Compartmental Pharmacokinetics· 
The mean plasma brimonidine concentration-time data for the young and elderly groups 
and following single (Day 1) and multiple (Day 10) ocular dosing for the young group are 
plotted in Figures 1 through 4. The individual plasma concentration data, including the 
predose ("trough") levels, are provided in Appendix 2 (Tables 2, 3, 4, and 9). 
Brimonidine concentrations were below the LOO (2 pg/mt) at 24 hrs postdose following 
either single or multiple dose administration to all young subjects and aingle dose 
administration to all elderly subjects. On average, plasma concentrations were below 
60 pg/ml for both groups and for both single and multiple dosing. Predose levels were 
quantifiable for 2 of 7 young subjects on Day 7 (mean 6.2 pg/ml, CV 219%), 4 of 7 
young subjects on Day 9 (mean 4.6 pg/ml, CV 169%), and 3 of 7 young subjects on Day 
10 (mean 3.7 pg/ml, CV 208%). As Figure 1 illustrates, mean plasma brimonidine 
concentrations following single ocular administration were greater for the elderly 
subjects in the first 8 hours postdose. Figure 3 illustrates that mean concentrations in 
young subjects were higher after multiple versus single doses, indicating that 
brominidine accumulated in the plasma by Day 10. 

The non-compartmental pharmacokinetic parameters are provided in Tables 5 to 7, and 
the statistical results are given in Table 8. Mean Cmax and AUC(0-12) c>n Day 10 (58.5 
pg/ml and 308.5 pg.hr/ml) were increased from the Day 1 estimates (41.4 pg/ml and 
227.9 pg.hr/ml) by ~40% in the young subjects. The AUC(O-inf) estimate on Day 1 wa!S 
281.3 pg.hr/ml. Mean Tmax was ~2 hrs and mean apparent T'/2 was ~3 hrs on Days 1 
and 10. The accumulation factor between Days 1 and 10 was 1.36. As indicated in 
Table 8, no statistically significani differences were detected in any of the 
pharmacokinetic parameters betwaen single and multiple ocular administration in the 
young subjects. For the elderly subjects the mean Cmax estimate (52.4 pg/ml) was 
increased by ~30% and mean AUC(0-12) and AUC (0-inf) values (308.3 and 337.2 
pg.hr/ml, respectively) were increased by ~35% and -20% when compared to those of 
the younger subjects. Mean Tmax and mean apparent T'h were each -2.5 hrs on Day 
1 for the elderly subjects. No statistically significant differences were detected in any of 
the pharmacokinetic paramaters between the young and elderly groups (Table 8). 

Pharmacodynamic Measurements: 
The mean changes in HR, SBP, DBP, and IOP from baseline (BL) are plotted as a 
function of time in Figures 5 through 8 for the young suojects (i.e., single vs multiple 
dosing) and in Figures 9 through 12 for the young vs elderly subjects (i.e., single dose), 
with the individual and mean effect data pro11:ded in Appendix 2 (Tables 13 through 
25) 

For the young subjects, changes in HR were variable, fluctuating above and below 
baseline, after either single or multiple dosing. On average, HR was maximally 
decreased from between 4 to 6 hours after either single or mulliple dosing which lagged 
behind Tmax for brimonidine Heart rate appeared to be decreased to a greater extent 
after multiple dosing, but was increased above basehne under both conditions at 12 



hours postdose. Systolic and diastolic blood pressures were both decreased for up to 
12 hours postdose following single or multiple doses, and the reduction in SBP and DBP 
appeared to be greater after multiple dosing. Decreases in IOP were observed 
following both single ,md multiple dose administration. IOP was maximally decreased 
by 4 mm Hg after multiple dosing and by 3 mm Hg after a single dose at 2 hours 
postdose, in concert with brimonidine Tmax. The IOP returned to baseline after the 
dose on Day 1, but remained reduced at 24 hours following the dose on Day 10. 

For the elderly subjec.s, •ne changes in HR fluctuated above and below baseline, with 
the reduction in HR less pronounced than that for the young subjects following single 
dose administration. Both SBP and DBP were decreased to a greater extent in the 
elderly subjects, with maximal decreases occurring within the first 4 hours postdose. 
Both SBP and DBP remained below baseline for the elderly subjects over the entire 24-
hour period. The reduction in IOP was, on average, greater for the elderly subjects. 
r1-,e mean maximal reduction in IOP was 5 mm Hg in the elderly subjects occurring at 2 
hours postdose. IOP remained reduced for up to 16 hours postdose and then returned 
to baseline values for both elderly and young subjects at 24 hours after single dosing. 

Compartmental Pharmacokinetic/Pharmacodynamic (PK/PD) Modeling: 
The pharmac:ikinetic model parameters are provided in Appendix 2 (Tables 10 through 
12) for all subJects. For the 7 subjects in the young group, the biexponential model with 
zero-order input was used to describe the brimonidine plasma concentration data for 3 
subJects after single dosing and for 5 subjects after multiple dosing. The 
monoexponential model with first-order input was used for the remaining subjects after 
single (ie, 4 subjects) and multiple (i.e., 2 subjects) dosing. For the 9 subjects in the 
elderly gIoup, the biexponential model with zero-order input was used to describe the 
bnmonidine plasma concentration data for 7 subjects after single dosing and the 
monoexponential model with first-order input was used for the remaining 2 subjects. 
The correlation coefficients (r values) were the only measures of the fit of the PK data 
provided by the sponso~. i.e., no residual data (predicted cone. - observed cone.) or 
plots of predicted vs observed cone. were provided. The r values ranged between 
0.930 and 0.993 for the young subjects and from 0.976 to 0.993 for the elderly subjects. 

The resulting pharmacodynamic parameters from the PK/PD modeling of HR, SBP, 
DBP, and IOP are also provided in Appendix 2 (Tables 26 through 37) for all subjects. 
The correlation coefficients were the only measures of the fit of the PK/PD models 
provided and no estimates of Ce, the concentration in the effect compartment, were 
provided. The sponsor noted that r values of 0.400 or greater was con~:idered an 
adequate 1nd1cation that the PD response was, at least partially, related to the observed 
plasma brimonidine concentrations. The mean changes from baseline in HR, SBP, 
DBP, and IOP following single and multiple doses ace plotted as a functi,:m of the 
respective mean brimonidine plasma concentrations in the young and elderly subjects in 
Figures 13 through 21. ' 

For HR changes In the young and elderly subjects (Figures 13 to 15), the1·e appeared to 
be no consistent relationship with plasma concentrations, and this was supported by the 



poor fits of the PK/PD model for HR, with r values ranging from 0.000 to 0.926 for the 
young sub1ects and from 0.051 to 0.591 for the elderly subjects. The EC50 estimates 
ranged from ~4 to several thousand-fold higher than the observed brimonidine Cmax. 

For mean changes in SBP ana DBP, there appeared to be some trend for a reduction in 
both as mean plasma concentrations increased in the young and elderly subjects 
(Figures 16 to 18). However, the fits of the PK/PD models we~e gen'!rally poor and the 
r vall1es ranged from 0.000 to 0.890 for the young subjects following either single and 
multiple doses and from 0.000 to 0. 796 for the elderly subjects. The mean ECS0 values 
for SBP and DBP in both the young and elderly subjects ranged from -10 to ~2000-fold 
higher than the observed plasma Cmax. 

For mean changes in IOP, no clear relationship was apparent between the reduction in 
IOP and mean brimonidine plasma concentrations in young or elderly subjects (Figures 
19 to 21 ), exe&pt that the occurrence of the mean maximal reduction in IOP was 
consistent with the occurrence of brimonidine Cmax. For the young subjects, r values 
for the PK/PD fit of the IOP model ranged from 0.000 to 0.922 following either single 
and multiple doses, and the EC50 values were, on average, ~1500 to ~2000-fold higher 
than the observed Cmax. Better fits of the IOP data were obtained for the elderly 
subJects, as r values ranged from 0.552 to 0.997 and the EC50 values varied from 1 
pg/ml to 2863 pg/ml (mean EC50 390 pg/ml, CV 242%). 

REVIEWERS CONCLUSIQt§: 
On average, plasma brimonidine concentrations following ocular instillation were below 
60pg/ml in both young and elderly groups after single doses and after multiple doses in 
young subjects. Maximum plasma concentrations were attained within 2 hours in both 
groups and elimination aopeared to be rapid, as evidenced by an apparent T½ of 2-3 
hours. Plasma drug levels fell below the LOQ (2 pg/ml) at 24 hrs postdose following 
either single or multiple dose administration to all young subjects and single dose 
adm,r-,istration to all elderly subjects. 

Twice daily ocular instillation of 0.2% brimonidine tartrate solution to young subjects for 
1 0 clays resulted in slightly greater systemic exposure to brimonidine in plasma as 
compared to a single dose. Plasma brimonidine concentrations by the tenth day of 
multiple dosing were ~40% higher than those after single dosing (accumulation factor 
1. 36). However, no significant differences were detected in any of the pharmacokinetic 
parameters resulting from single and multiple doses to the young subjects. Due to the 
rapid apparent elimination, steady-state plasma concentrations following multiple doses 
were not attained over the 10-day duration of the study in the young subjects. The 
pharmacokinetic estimates determined in this study after single dose administration 
we;·e cons:stent with those obtained from Study A:342-120-8042 after a single 0.2% 
dose to young subJects. 

Systemic exposure to brimonidine following single ocular dose administration in the 
elderly subJects was greater when compared to that in the young subjects, but no 
s1gnificant differences were detected in any of the pharmacokinetic parameters between 



the elderly and young groups 

Decreases in SBP, DBP, and IOP at various timepoints dur:ng the study were observed 
after single and multiple doses in young subjects, however, the reductions appeared to 
be greater after multiple dosing. The elderly subjects appeared to show greater 
pharmacodynamic effects with respect to the reductions in SBP, DBP, and IOP than the 
young subjects after single dose instillation. No consistent changes in HR were. 
observed for either of the two groups. 

PharmacokineticJPharmacodynamic modeling of the mean change in HR with 
brimonidine plasma concentrations resulted in very poor fits of the predicted and 
observed HR changes, and no relationship was apparerit with plasma brimonidine 
concentrations in either young or elderly subjects. Some association between the 
reduction in SBP and DBP and plasma drug concentrations was observed for the young 
and elderly groups, and the model fits were marginal, but improved over that for HR. In 
general, the occurrence of maximal changes in SBP and DBP lagged behind the 
occurrence of brimonidine Cmax. No clear relationship was apparent between the 
reduction in IOP and mean brimonidine plasma concentrations in young or elderly 
sub1ects, except that the occurrence of the mean maximal reduction in lOP was 
consistent with the occurrence of brimonidine Cmax. Better PK/PD model fits of the 
IOP data were obtained for the elderly subjects compared to the young subjects. The 
poor PK/PD relationship for IOP changes may have been due to the limited sampling 
schedule of IOP measurements and that systemic pl .. sma drug concentrations were 
used to model the IOP reducing effect in the eye. 
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4. Protocol No. A342-119-7831: "A Comparison of the Safely and Efficacy (and 

Pharmacokinetics) of Twice Daily vs. Three Times Daily Administration of Brimonidine 

0.2% in Subjects with Open Angle Glaucoma or Ocular Hypertension" 

(Report No. PK-1993-074) 

Volume: 84 

Pages: 84-001 to 84-3S-1 

Investigators & LocatiQll: 

Study Dates: January 10, 1992 - September 9, 1992 

OBJECTIVES: , 
(i) To evaluate the safety and efficacy of 0.2% brimonidine tartratti following twice daily 

(bid) or three times daily (lid) ocular instillation intC' both eyes of patients with open 

angle glaucoma or ocular hypertension. 
(ii) To compare the plasma brimonidine concentrations at selected timepoints between 

the bid and lid dosing groups. 

FORMULATION: 
Brimonicme Tartrate (AGN 190342-LF) o.~..4 Ophthalmic Solution - Formulation 

No. 7831X; Lot No. 09685; B!ltch SizE 

Vehicle - Formulation No. 7833X 

STUDY POPULATION: 
96 male cir fernale patients aged 26 to 73 years with either newly diagnosed or 

established primary open angle glaucoma or ocular hypertension in each eye. Patients 

with previous diagnosis of either condition were receiving no more than 2 anti-1;1laucoma 

drugs. Inclusion criteria also included a post-washout intraocular pressure (IOP) of :i.23 

mm Hg in each eye and visual acuity of 20/100 or better. No female patients who were 

either pregnant, nursing, or of child-bearing potential were allowed to enter into the 

study. 

METHODS: -
The study was a randomized, double blind, parallel group design in which patients 



Qose Time a1n ~roug TIQ ~rQug ~amgling Time 
(QO!,lrs QQstdose} 

7-9am 0.2% 0.2% -7 am (0 hr) 

2-3pm Vehicle 0.2% -2 pm (7 hr) 

10pm-12am 0.2% 0.2% -6pm(11hr) 

Plasma samples for the detennination of brimonidine concentrations were obtained from 

47 of the 96 patients, 24 patients in !he bid group and 23 in the tid group, at the 

following times: before the study (Day 0), at W8fjk 3 before the am dose (0 hr), at week 

6 before the am dose (0 hr), and at 7 and 11 hrs postdose, at week 8 before the am 

dose (0 hr), and at week 12 before the am dose (0 hr), and at 7 and 11 hrs postdose. 

The primary efficacy measurement was reduction in IOP, ar,d secondary measures 

were cup-to-disc ratio and visual field data. Safety measurements included reported 

adverse events, ocular and systemic disc:omfort, biomicroscopy variables. 

ophthalmoscopy, visual acuity, Schirmer tear test, heart rate, and blood pressuru. 

ASSAY: 
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DATA ANALYSIS: 
Individual plasma brimonidine concentrations were determined and summary statistics 
computed for each group (i.e., mean, SD, SEM, and CV). No other pharmacokinetic 
parameters were determined. Trough concentrations were defined as those occurring 
prior to the first morning dose. A I-test was performed to test for significant differences 
in brimonidine plasma concentrations between male and female patients and measures 
of efficacy between the bid and tid dosing groups were tested with ANOVA (p < 0.05 in 
both cases). 

RESULTS: 
The plasma concentration data are. provided in Appendix 2 (Tables I through X). The 
mean trough (0 hr), and the 7, anc. 11 hour postdose levels are illustrated in Figures 1 
through 3 for both groups. The mean trough concentrations are summarized in the 
following table and are plotted in Figure 1: 

TROUGH BRIMONIDINE PLASMA CONCENTRATIONS Inn/ml 

Week BID GROUP TID GROUP 
Mean± SD Mean±SD 

(Range) (Range) 

3 13.8 ± 14.3 13.3 ± 7.48 
( 4.47-25.0) (4.07-34.8) 
CV 104% CV56% 

N =22 N =23. 

6 12.7 ± 9.23 10.6 ± 9.63 
(0.00-39.9) (0.00-40.5) 

CV73% CV91% 
N = 21 N =20 

8 11.1 ± 13.5 15.7 ± 15.3 
(0.0~.8) (0.00-48.6) 
CV 121% CV98% 

N =22 N = 21 

12 16.1 ± 14.6 13.5 ± 9.92 
(0.00-59.4) (0.00-34.4) 

CV90% CV73% 
N =22 ~ =20 

The mean trough concentrationi. were comparable between the groups and it appeared 
that steady-state plasma levels we,e attained at week 3. Mean trough concentrations 
for the bid and lid groups ranged bt_,tween -11 and -16 pg/ml. The variability in trough 
concentrations between patients wa:., high for both groups. The reductions from 



baseline in IOP at the time of the morning trough determinations were not significantly 
different between the bid and tid groups. 

The mean concentration data at 7 hrs postdose (i.e., at -2 pm, just prior to the second 
dose) on weeks 6 and 12 are summarized in the following table and plotted in Figure 2: 

BRIMONIDINE PLASMA CONCENTRATIONS AT 7 HOURS POSTDOSE (pg/ml) 

Week BID GROUP TIDGROUP 
Mean± SD Mean :t SD 

(Range) (Range) 

6 17.1 ±13.5 15.1 :t 9.28 
(4.11-45.8) (3. 76-43.8) 

CV79% CV61% 
N =22 N = 21 

12 14.8 ± 7.96 16.6 ± 12.0 
(4.11-24.8) (3.58-47.2) 

CV54% CV73% 
N = 21 N = 21 

The plasma brimonidine concentrations were similar between the two groups and 
between weeks 6 and 12 within the groups. Although the between patient variability in 
these concentrations was lower than that for the trough levels, it still remained high. 

The medn concentration data at 11 hrs postdose (i.e., at -6 pm, -4 hrs after the 
second dose) on weeks 6 and 12 are summarized in the following table and plotted in 
Figure :i: 

BRIMONIDINE PLASMA CONCENTRATIONS AT 11 HOURS POSTDOSE (pg/ml) 

Week BID GROUP TID GROUP 
Mean± SD Mean :t SD 

(Range) (Range) 

6 4.56 ±3.34 41.8±20.0 
(0.00-12.7) (19.6-81.9) 

CV73% CV48% 
N = 22 N = 21 

12 4.37 ± 2.31 42.8 ± 21.5 
(0.00-8.79) (11,6-108) 

CV53% CV50% 
N = 22 N = 21 

Mean brimonidme conr,entrations were -9-10-fold higher for the lid group on weeks 6 
and 12. The between patient variability in plasma levels was lower for the lid group 



(i.e., ~50%) as compared to the bid group (i.e., ~50-70%). Statistically significant 
differences were detected in the mean decreases in IOP between the groups at 9 and 
11 hrs postdose in favor of the tid group. 

No gender analyses were reportad with respect to the plasma concentration or IOP 
data. 

REVIEWERS CONCLUSIONS: 
Steady-state trough (i.e., predose) plasma brimvnidine plasma concentrations appeared 
to be attained by 3 weeks of multiple bid or tid dosing. Mean trough plasma levels were 
similar between the two dosing groups at weeks 3, 6, 8, and 12 and ranged between 
~11 and ~16 pg/ml. 

The mean 7 -hour postdose levels at weeks 6 and 12 were also similar between and 
within the grouris and rnnged between ~15 and ~17 pg/ml. However, mean 
concentrations at 11 hours postdose (i.e., 4 hours after the second dose) at weeks 6 
and 12 were -9-fold higher fnr the tid group (~40 pg/ml) compared to the bid (~4.5 
pg/ml) group. 

The between patient variability in plasma c-,encentrations for both groups was high (i.e., 
~50-120%) across all time intervals. 

The reductions in IOP from baseline values for the two groups were not significantly 
different at the morning trough at weeks 3, 6, 8, and 12, but were significantly different 
at 9 and 11 hours after morning dosing at weeks 6 and 12. 
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5. Protocol No. PK-1991-RSCH-015-AGN 190342: "Plasma Protein Binding of "C
AGN 190342 by Equilibrium Dialysis for Mouse, Rat, Dog, Monkey, and Man" 
(Report: PK-1991-041) 

Volume: 86 

Pages: 86-101 to 86-112 

Investigators & Location: 

Study Dates: May, 1991 - August, 1991 

OBJECTIVE: 
To evaluate the in vitro binding of brimonidine tartrate (AGN 190342-LF) to the plasma 
proteins of mice, rats, monkeys, dogs, and humans using equilibrium dialysis. 

DRUG SUBSTANCE: 
Brimonidine tartrate (AGN 190342-LF) - Pharmaceutical Sciences Operations of 
Allergan, Lot #90119-367H 

14C-AGN 190342-LF • , Lot #1 O0H9239, Specific Activity 120 
µCi/mg, Radiochemical Purity 98% 

METHODS: 
Drug-free pooled plasma from mice, rc1ts, dogs, monkeys, and humans was spiked with 
14C-AGN 190342 to yield initial (i.e., pr,edialysis) concentrations of 0.333, 3.33, 33.3, and 
333 ng/ml. Equal volumes (0.4ml) of spiked plasma and isotonic sodium/potassium 
phosphate buffer, pH 7.4, were pla~1d into the dialysis cells separated by a dialysis 
membrane (MW cutoff 12,000 Dalton.s) 1.md dialyzed at 37°C. Times to dialysis 
equilibrium were determined to be 4 hours for all species, except for mouse plasma, 
which was dialyzed for 5 hours. Radioactivity in plasma and buffer compartments was 
determined by liquid scintillation counting and the respective free, unbound fractions in 
plasma were determined, i.e., fu = (DPM P,,st-Dialysis Buffer)/(DPM Post-Dialysis 
Plasma). The post-dialysis volumes of the plasma and buffer compartments were 
m 1asured to evaluate volume shi1ls during dialysis. 



proteins can be ranked from highest to lowest as follows: monkey (66.3% unbound, 
33.7% bcund), dog (70.5% unbound, 29.5% bound), human (78.8% unbound, 21.2% 
bound), rat (80.5% unbound, 19.5% bound), and mouse (82.6% unbound, 17.4% 
bound). The sponsor reported no appreciable volume shifts between the plasma and 
bilffer compartments. 

REVIEWERS CONCLUSIONS: 
The in vitro binding of brimonidine to plasma proteins of mice, rats, dogs, monkeys, and 
humans was low (i.e., <35%) for all species tested. In particular, the binding of the drug 
to human plasma proteins was -21 %. 

Brimonidine plasma protein binding was linear (i.e., concentration independent) over the 
concentration range from -0.2-200 ng/ml for all species. 



Figure 3. 
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TableL Summary for the free fraction values ('l.) of 14<:-AGN 190342 in the 
plasma of mouse, ret. dog, monkey and human. 

SPFQFS 

Mouse 
Rat 
Dog 
Monkey 
Human 

PERCENT UNBOUNOO 

80.S ± 7.2 
82.6± 7.0 
70.S + 5.0 
66.3± 6.4 
78.8 + s.o 

a Values are the mean of 32 replicates+ S.O . 

• 

• 



6. Protocol No. PK-94-P009: "In Vivo Plasma Protein Binding of AGN 190342 in Mice, 

Rats, Rabbits, Dogs, Monkeys, and Humans" 
(Report: PK-94-092) 

Yotume: 90 

Pages: 90-246 to 90-259 

lnvestjgators & Location: 

Study Dates: April 18, 1994- May 31, 1994 

OBJECTIVE: 
To evaluate the in vivo binding of brimonidine tartrate (AGN 190342-LF) to plasma 

proteins of mice, rats, rabbits, monkeys, dogs, and humans fc•llowing either systemic or 

ocular administr;:i!ion using equilibrium dialysis. 

QRUG SUBSTANCE: 
Brimonidine tartrate (AGN 190342-LF) - Pharmaceutical Scierces Operations of 

Allergan, Lot #90533 

METHODS: 
Plasrr1a samples for equilibrium dialysis were obtained from in vivo animal studies in 

micr.1, rats, rabbits, dogs, and monkeys following oral administration of brimonidine 

tar,rate. Human plasma samples for dialysi!! were obtained from clinical stucly A342-

120-8042 between O and 4 hours following ocular instillation of 0.5% brimonidine 

tartrate into each eye of healthy volunteers. Equal volumes (0.4ml) of plasma and 

isotonic sodium/potassium phosphate buffer, pH 7.4, were placed into the dialysis cells 

separated by a dialysis membrane (MW cutoff 12,000 Daltons) and dialyzed for 5 hours 

at 37°C. The concentration of brimonidine was determined in the post-dialysis plasma 

and buffer compartments of the cells by the previously validated GC-MS method 

(Oneida Research Services, Vaildation Report PK-1991-048). The performance of the 

assay for this study was provided in the ORS Analytical/Performance Report PK-94-

069) The respective free, unbound tractions in plasma were determined as: 

fu = (Brimonidine Cone in Buffer)/(Brimonidine Cone in Post-Dialysis Plasma). The 

post-dialysis volumes of the plasma and buffer compartments were measured to 

evaluate volume shifts during dialysis. 

RESULTS: 
The percent unbound along with the pre- and post-dial~·sis plasma brimonidine 

concentrations are provided in Table VI fo; the human subjects. In Table VII, the 

binding data .. ·e slimmarized for all species. Similar to the in vitro binding results, the in 

vivo binding of drng to human plasma proteins was tow over a post-dialysis plasma 



conc~tration range from 53.2 to 119 pg/ml, i.e, 70.8% unbound, 29.2% bound. The 
mean in WWD free fractions (expressed as percent unbound) were lower for mice and 
dr.igs, and slightly greater for monkeys when compared to those obtained in vitro. The 
in vivo and in vitro free fractions were comparable for the rat. 

REVU:WERS CONCLUSIONS: 
The in vivo binding of drug to human plasma proteins was low over a post-dialysis 
plasma concentration range from 53.2 to 119 pg/ml, i.e., 70.8% unbound, 29.2% bound. 



92 

. 
Table VI 

Unbound fractioa of AGN 190342 in human plasma colJccfl:d beu~ccn O and 4 hours atu:r 

human subjcca received a single cyedrop of 0.5~ AGN 190342-LF solution ;n eacb eye 

Subject ID 

104-2 

114-1 

114-3 

119-3 

120-2 

120-3 

117-2 

Pre-&alysas Posl-&aiym l'osi-dialym 
Plasma Plasma Buffer 

ConrP.nndon (nglml) 
Pa-a:lu 

Unbound 
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Table VII 

Summary of AGN 190342 procein binding in mouse, rat. rabbit, dog, monkey and human 
plasma collected afu::r ocular IX' sysu:mic adminisaalion of AGN 190342-1..F 

Rinf: ol Plasma AciN Pm:eni 
Species 190 2 ConoenlI'llions Unbound SD CV SEM N 

!nllml2 CMean2 !~2 
Mouse 9.42 - 12.9 63.8° NAb NA NA 2 

1w 4.56- 366 80.6 l5.5 19.2 5.48 8 

Rabbit l.74 - 9.16 78.0 9.1 11.7 4.55 4 

Dog 1.58 - l.90 53.5 10.9 20.3 6.27 3 

Monkey 1.11 - 4.00 78.9 4.1 5.16 1.44 8 

Human 0.0903 - 0. I 21 70.8 9.5 13.4 3.59 7 

a Mean of 2 pooled plasma samples 
b Noc applitable, N • 2 



7. Protocol No. PK-1992-RSCH-023-AGN 190342-LF: "Distribution of 14C-AGN 
190342 Bstween Blood and Piaf na Determinec! In Vitro From Blood of Mouse, Rat, 
Mon\ey, and Human" 
(Report: PK-1992-063) 

Volume: 86 

Pages: 86-113 !o 86-123 

Investigators & Location: 

Study Dates: July 6, 1992 -August 5, 1992 

OBJECTIVE: 
To determine the in vitro blood to plasma binding ratio of brimonidine base (AGN 
190342) ~ram the blood of mice, rats, monkeys, and humans by adding radiolabeled 
brimonidine tartrate ( 1•c-AGN 190342-LF) to drug-free blood sampies. 

DRUG SUBSTANCE: 
Brimonidine tartrate (AGN 190342-LF) - Pharmaceutical Sciences Operations of 
Allergan, Lot #90355; 1 mg brimonidine tartrate = 0.66 mg brimonidine base 

1•c-AGN 190342-LF - Sigma Chemical Co., Lot #1 OOH9239, Specific Activity 122 
µCi/mg, Radiochemical Purity 98% 

METHODS: 
Aliquots (2-4ml) of fre..;hly collected drug-free blood from mice, rats, monkeys, and a 
78kg healthy volur.teer were pre-incubated at 37°C for -5 min, then spiked with 1•c
AGN 190342-LF, and re-incubated for 30 min. Three blood concentrations (low, 
medium, and nigh), expressed ;n terms of 14C-AGN 190342, wera prepared for each 
species. For human blood, these concentrations were 7.07, 70.7, and 707 ng base/ml. 
Following equilibration at 30 min, three aliquots (0.2 ml) of blrJOd sample were 
combusted, and radioactivity was counted by liquid scintillat;on methods. Plasma was 
prepared from the remaining volume of the blood sample and the radioactivity in an 
equal volume (0.2 ml) of plasma was also determined by liquid scintillation counting. 
Replicate determinations of blood and plasma radioactivity were made for each of the 
three concentrations. The blood to plasma (B/P) AGN 190342 (brimonidine base) ratios 
were computed at each concentration as the ratio otmean blood concentration 
(dpm/ml)/mean plasma concentration (dpm/ml). 

RESULTS: 
Table I provides the B/P ratio data for all species studied. The mean B/P ratios in the 
h1Jman subject were 1 31 at 7.07 ng base/ml, 1.14 at 70.7 .,g base/ml, and 1.12 at 707 



ng baseJml. 

REVIEWERS CONCLUSIONS: 
The blood to plasma ratio data indicated comparable distribution of brimonidine between 

blood and plasma in human blood at concentrations of 70. 7 and 707 ng base/ml. 

However, slightly greater distribution into blood compared to plasma (~30%) was 

observed at low blood concentration of 7.07 ng base/ml. 



Species 

Mouse 

Rat 

Monkey 

Human 

Table I 
Concentration of l4C-AGN 190342 in mouse, rat, monkey and hwnan blood and plasma in vitro 

Initial Blood 
Blood Plasma 

Concentration 
dpDl/ml dpm/ml <uwm1> RcpHcase;s fMean±SD} <Mao±SPl 10.6 N .. 2 3440 2470 106 N=2 40330 28780 

10(,() N=2 443460 335368 

7.(11 N=3 1690± 160 1540± 110 
70.7 N=3 18760 :t 1560 I5860:t660 

707 N=) 206840 ± 8430 180190 ± 1820 

5.30 N=2 920 1300 53 N=2 14690 15480 530 N-=2 174370 179550 

1.rn N=3 1650±30 1260±40 70.7 N=3 18170±530 15880±410 
707 N=3 205071 ± 2830 . 182500± 1500 

Allergan Notebook R-1992-2681 pp 22, 23, 24, 31, 32, 33 

Blood/Plasm.a 
Ratio 

<Mcan±Sti! 
1.39 
l.40 
1.32 

1.10 ± 0.11 
1.18 :t 0.13 
1.15 ± 0.04 

0.71 
0.95 
0.97 

1.31 ± 0.01 
1.14 ± 0.04 
1.12 ± 0.01 



8 .. Protocol No. PK-1990-RSCH-013-AGN 190342: "In Vitro Metabolism of AGN 
190342 in Rat, Dog, Monkey, and Human Liver Homogenates" 
(Report: PK-1991-021) 

Volume: 86 

Pages: 86-151 to 86-183 

Investigators & Location: 

Study Dates: February 1, 1991 - April 5, 1991 

OBJECTIVE: 
To evaluate the in vitro hepatic metabolism of brimonidine (AGN 190342) in rat, dog, 
monkey, and human liver homogenates. 

DRUG SUBSTANt:E: 
Brimonidine tartrate (AGN 190342-LF)- Pharmaceutical Sciences Operations of 
Allergan, Lot #90119; 1 mg brimonidine tartrate = 0.66 mg brimonidine base 

14C-AGN 190342-LF - Sigma Chemical Co., Lot #100H9239, Specific Activity 122 
µCi/mg (-53.8 mCi/mmol), Radiochemical Purity 98% 

METHODS: 
Liver tissue from male Sprague-Dawley rats, beagle dogs, cynomolgus monkeys, and 
human liver transplants were obtained and stored at -70°C until used. Liver microsomal 
fractions (i.e., 10,000 g supernatant fractions) were prepared for each species by 
standard methods in pH 7.4 phosphate bufferred saline (PBS) and subsequently stored 
at -20°C until ready for use. Drug solutions containing labeled and unlabeled 
brimonidine were prepared in PBS at concentrations ranging from 0.913-364 µg base 
equivalents/ml. A solution of the enzyme cofactor, NADPH, was also prepared in PBS 
and stored at -2o•c until ready for uso. 

The liver homogenates were incubated with NADPH (final concentration 5.26 mM) and 
the various concentrations of drug at 37°C for 4-5 hours. An aliquot (70 µI) of the 
incubation sample was taken every hour and prepared for injection onto an HPLC 
system equipped with a radiometric detector to monitor the disappearance of 1•c-AGN 
190342 and the formation of metabolites. The radi~active peak areas (PA) of 1•c-AGN 
190342 and metabolites were used to calculate the ~rcent (%) formation of each 
metabolite as: (PA of metabolite)/(total PA of 1•C-AGN 190342 and all · 
metabolites)*100. Metabolites were •13ferenced using Roman numerals corresponding 
to their respective HPLC retention times as follows: 



Metabolite* or Drug 
Ml 
Mlle 
MIiia 
Mlllb 
MIV 
MV 
MVI 
AGN 190342 
MVII 

Retention Time(min) 
2.4 
5.2 
7.7 
9.0 
11.9 
13.9 
17.0 
18.3 
21.3 

The metabolic parameters, Km and Vmax, were determined by fitting the Michaelis
Menten model (i.,e., Metabolic Rate= (Vmax*C)/ (Km+ C) to the metabolic rate 
constant vs. drug concentration data. 

*The identification of the metabolites by LC-MS analysis and the proposed metabolic 
pathways are presented in the study summary that follows this one. 

RESULTS: 
In Figure 1, the radiochromatograms show the formation of brimonidine metabolites for 
each species. The metabolic pattern in the human microsomal fractions was 
qualitatively simiiar to that of monkey and rat, but different to that of the dog. The 
metabolite formation data are presented in Tables I through IV for each species. The 
formation of all m;;tg':lotites was -63% for rat (at 4 hours incubation), -75% for monkey 
(at 5 hours incubation), and -89% for human (at 5 hours incubation). After 4 hours 
incubation, only -18% metabolite formation was observed for dog microsomes. 

The formation ot a total of 6 metabolites were detected in human liver homogenates. 
Metabolite V was formed to the greatest extent in human microsomes (34%), followed 
by MIiia (20%), Ml (15%), and MIV (14%). These metabolites have been tentatively 
identified as oxidation products of either the quinoxaline or imidazolidine rings of 
brimonidine. Approximately 10% of parent brimonidine remained after 5 hours of 
incubation for human microsomes. 

As with human microsomes, Mlle formation was not detectecl in monkey homogenates 
at 5 hours incubation. However, while -3-4% of MVII was formed by monkey liver, no 
formation was detected for human liver. The percentages of MIiia (17%), lllb (5%), IV 
(14%), and V (26%) formed in monkey homogenates were, in general, comparable to 
those for human. Approximately 25% of parent brimonidine remained at 5 hours of 
incubation for monkey microsomes. In contrast to human liver, rat homogenates formed 
Mlle and MVII, but not Mlllb. Metabolite V was formed to the greatest extent (20%), 
followed by MIV (13%), and Ml (10%) Approximately 35% of parent brimonidine 
remained after 4 hours of incubation for rat mic.-osomes. For dog liver, formation of 
Mlllb and MV were not detectable, and the extent of for:nation was <10% for the 
remaining metabolites. Approximately 80% cf parent brimonidine remained after 4 
hours of incubation for dog microsomes. 



The computer-fitted Km and Vmax estimates are provid~d in Table V and the 
relationships between metabolic rate and brimonidine concentration are plotted in 
Figure 2 for each species. The estimates of Km were lowest for rat and human 
microsomes, at 21.5 and 26.5 µg/ml, respectively, and highest for dog liver (248 µg/ml). 
As shown by the curves in Figure 7, at low drug con..:entrations (i.e., <25 µg/ml), the 
metabolic rate appeared to be the greatest for hulTldn micrcsomes. The sponsor noted 
that at concentrations -18 µg/ml or less, human microsomes showed the highest 
metabolic activity, followed by monkey, rat, and dog; no data was provided. 

REVIEWERS CONCLUSIONS: 
The in vitro hepatic metabolism of brimonidine was extensive in rat, dog, monkey, and 
human microsomal fractions, ·with up tc 8 potential metabolites formed. The formation 
of 6 of the 8 metabolites were i.ote to oe detected from human homogenates, wit,, most 
of these appearing to be oxidation products of the quinaxoline moiety of brimonidine 
(see study summary b~low). This would suggest metabolism by CYP450. 

The metabolic activity appeared to be the highest for human and rat microsomes, 
followed by monkey, and then dog liver. 
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Figure ' Formation of AGN 19(1342 metabolites in rat, dog, monkey, and 

human liver homogenates at a 4-hour incubation., (Initial 

drug concentration -9.1 µg/ml, D denotes AGN 190342) 
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Table L Percent(%) formation of AGN 190342 metabolites in rat 

liver homogenate" 

Approximate 
Retention Incubation Tune (Hour) 

Metabolite Time (min) 0 1 2 3 4 

I 2.4 Nob 1.96 4.87 8.50 10.7 
(0.36) (0.03) (1.45) (3.2) 

Ile 5.2 ND 0.520 3.28 3.64 4ZJ 
(0.144) (1.25) (0.54) (0.75) 

ma 7.7 ND 0.724 2.80 2.31 6.56 
(0.187) (0.30) (0.70) (1.99) 

Ilib 9.0 ND ND ND ND ND 

IV 11.9 ND 6.51 10.1 12.3 12.7 
(1.15) (1.0) (0.6) (1.0) 

V 13.9 ND 16.4 19.6 'JJJ.7' 'JJJ.1 
(2.2) (2.1) (1.6) (0.9) 

Vi 17.0 ND ND 1.-13 2.47 3.13 
(0.3?) (0.50) (0.21) 

AGN 190342 18.3 100 71.9 51.8 40.6 35.2 
(4.1) (6.3) (6.0) (8.7) 

vn 21.3 ND 2.00 5.46 5.19 5.48 
(0.08) (0.38) (0.26) (0.07) '1,t,-/ {-: •l 

11 Mean (SD), N-2-3; Initial drug concentration .. -9.1 µg/ml 

b ND: Not detectable. 



Table IL Pel'Cl"nt (%) formation of AGN 190342 meQbolites in dog 

liver homogenate'! 

Approximate 
Retention Incubation Time (Hour) 

Metabolite Time (min) 0 1 2 3 4 

I 24 Nob ND 0.734 1.03 0.923 
(0.110) (0.02) (0.lSl) 

Uc 5.2 ND ND 1.31 1.97 1.42 
(0.04) (0.57) (0.07) 

ma 7.7 ND ND 1.33 1.56 1.61 
(0.09) (0.15) (0.19) 

IIIb 9.0 ND ND ND ND ND 

IV 11.9 ND 0.933 1.49 1.94 224 
(0.057) (0.16) (0.11) (0.21) 

V 13.9 ND ND ND ND ND 

VI 17.0 ND 0.857 2.35 2.93 3.12 
(0.333) (0.03) (0.14) (0.03) 

AGN 190342 18.3 100 88.5 81.7 80.3 80.3 
(3.4) (0.6) (0.2) (0.4) 

vn 21.3 ND 7:J.I, 9.02 8.93 8.53 
(0.29) (0.19) (0.42) (0.03) 

,f ,1.\ /t'7o 

a Mean (SO), N•2-3; Initial drug concentration• -9.".I µg/ml. 

b ND: Not detectable. 



. Table m. Percent(%) formation of AGN 190342 metabolites in monkey 

liver homogenate'l 

Approximate 
Retention Incubation Time (Hour) 

Metabolite Time (min) 0 0.5 1 2 3 4 5 

I 2.4 Nob 3.50 3.79 5.76 6.79 8.62 7.83 
(0.86) (1.06) (1.81) (0.64) (0.78) (0.78) 

Ile 5.2 ND ND ND ND ND ND NO 

ma 7.7 ND 1.41 337 6.85 11.9 14.6 17.0 
(0.24) (0.82) (0.69) (1.5) (0.4) (0.7) 

Ilib 9.0 ND ND 0.82 1.45 3.36 3.76 4.83 

(0.19) (0.09) (0.29) (1.01) (0.81) 

IV 11.9 ND 5.63 8.89 11.7 12.9 133 13.7 

(0.82) (0.83) (13) (0.7) (0.7) (0.4) 

V 13.9 ND 9.(Jl 13.6 20.0 21.9 24.7 26.4 
(0.95) (13) (llJ) (1.5) (1.0) (1.2) 

VI 17.0 ND NO NO 0.923 1.44 1.91 1.96 
(0.183) (0.08) (0.20) (0.1) 

AGN 190342 183 100 773 66.0 47.6 37.1 'J!J.7 25.S 
(0.6) (1.0) (1.1) (0.9} (0.9} (0.8) 

VII 213 NO 2.94 4.03 4.70 4.13 338 28'7 

(034) (0.44) (0.87) (0.60) (0.49) (0.51) J_ .,,,;,t 
,s'7, 

11 Mean (SD), N-3; Initial drug amcentration • -9.1 µg/ml. 

b ND: Not detectable. 



Table IV. Percent(~) formation of AGN 190342 metabolites in human 

liver homogenate" 

Approximate 
Retention 

Metabolite Time (min) 0 

-... I 24 ND 

Ile 5.2 ND 

- IIIa 7.7 ND 

Illb 9.0 ND 

'-- IV 11.9 ND 

-v 13.9 ND 

VI 17.0 ND 

AGN 190342 18.3 99.7 
(02) 

VII 21.3 ND 

Incubation Tune (Hour) 
o.s 1 2 3 

5.64 8.41 10.8 124 
(252) (0.48) (0.4) (1.S) 

ND ND ND ND 

3.18 5.10 11.2 15.4 
(0.41) (0.42) (02) (0.8) 

ND 240 3.95 4.63 
(0.14) (0.13) (O.U) 

8.46 127 15.1 14.S 
(0.66) (0.3) (0.6) (0.6) 

11.7 31.9 38.2 37.1 
(0.7) (0.7) (0.3) (1.S) 

ND ND ND 1.06 
(0.18) 

60.0 39.2 20.8 14.S 
(1.5) (0.9) (0.8) (1.1) 

ND ND ND ND 

11 Mean (SD), N-3; Initial drug concen~tion • -9.1 µg/ml. 

b ND: Not detectable. 

4 5 

126 15.2 
(0.S) (0.1) 

ND ND 

19.0 20.S 
(1.3) (1.S) 

4.50 4.62 
(1.02) (0.75) 

14.S 13.8 
(0.3) (0.3) 

35.9 33.7 
(0.8) (0.2) 

0.848 0.963 
(0.108) (O.J70) 

11.6 9.88 
(0.6) (0.56) 

ND· ND 
{L,Jq, 

<(1 » 



Table V. Computer-fitted Michaelis-Menten parameters (Vmax and Km) of 
AGN 190342 in rat, dog, monkey, and human liver homogenates4 

Km Vmax r2 
Species (µg/ml) (µg/min/g protein) 

Rat 21.S (7.5) 3.94 (0.38) 0.967b 

Dog 248(32) 17.8 (1.2) 0.998 

Monkey 104 (10) 13.6 (0.5) 0.998 

Human 26.5(29) 11.2(03) 0.996 

o Estimated value ± SEM 
b r2: correlation coefficient of fitting 
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Figure .;z..llle relationship between metabolic rate and drug ooncentration 

when AGN 190342 was incubated in rat, dog, monkey, or human 

liver .homogenates. Computer-fitted lines are shown. 
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9. Report: PK-95-021: "Identification of In Vitro and In Vivo Metabolites of AGN 
1 B0342 Using Liquid Chromotography/Mass Spectrometry (MS) and MS/MS Analysis" 

86 

Pages: 85-208 iO 86-253 

Investigators & Location: 

Study Oates: April, 1994 - February, 1995 

OBJECTIVE: 
To profile and identify the metabolites of brimonidine in vitro using human liver and rat 
lung slices and in vivo following oral administration in rats. 

DRUG SUBSTANCE: 
Brimonidine tartrate (AGN 190342-LF) - Pharmaceutical Sciences Operations of 
Allergan, Lot f.90355; 1 mg brimonidine tartrate = 0.66 mg brimonidine base 

,.C-AGN 190342-LF - Lot #1 OOH9239, Specific Activity 122 
µCi/mg (-53.8 mCi/mmol), Radiochemical Purity 98% 

METHODS: 
Human liver was obtained from an outside source and liver-slices were prepared and 
stored according to standard practice. Fresh rat lung slices were prepared from a 
female Sprague-Dawley rat. The human liver and rat lung slices were incubated with 
14C-AGN 190342-LF in buffer (pH 7.4) at 37°C over periods of 3, 6, or 24 hours. 
Following incubation, the slices were homogenized, deproteinized, and subsequently 
prepared for injection onto an LC/MS/MS system. For the in vivo study, urine samples 
were collected from Sprague-Dawtey rats from 0-24 hrs following single oral doses of 10 
mg/kg brimonidine tartrate and urine aliquots prepared for injection onto the same 
HPLC system. Reference standards of metabolites w~re synthesized by Allergan 
Chemical Sciences and the retention times of brimor.idine or metabolite standards were 
used as identification mar1<ers during HPLC analysis. For metabolites without any 
synthesized reference standards, the structural identity was based on the mass spectral 
fragmentalion pattern. Metabolites were identified with Roman m•merals in order of 
increasing retention time (see previous study summary). 

RESULTS: 
The dis::ussion of the results from this study will focus on those obtained from human 
liver siice studies since metabolism by rat lung slices was found to be limited (i.e., 4 
metabolites detected accounting for <5% total radioactivity). In Figure 1, the 
rad1ochromatograms show eleven metabolites detected in human liver slices after 3 



hours of incubation and ~ 'Jrovides the characterization of the metabolites. Two 

additional '1'\etabolite!' J, were detected in human liver slices but not in human 

liver miaosomes. Tt d pathways of metabolism are shown in Figure 2. 

Brimonidine metabolisn I v<...4,u1 red in vivo and in vitro by two major routes: ( 1) alpha

carbon oxidation of the quinaxoline moiety to fonn MIiia, MIV, and/or MV, which may 

undergo subsequent glucuronide conjugation, and (2) oxidative cleava'.)e of the 

imidazoli"e ring to form MVI (guanidine metabolite). 

REVIEWERS CONCLUSIONS: 
Eleven metabolites of brimonidine were detected using in vitro human liver slices and at 

least 14 metabolites detected in rat urine following single oral administration. 

The two major pathways of metabolism appeared to be (1) alpha-carbon oxidation of 

the quinaxoline moiety, which may be mediated by liver aldehyde oxidase, and (2) 

oxidative cleavage of the imidazoline ring, which may be mediated by CYP450. 
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Figure 1. RJdioc:hraawograms obfaincd for COGU'Ol samp~ (IDp) comaiaing only 14(:. ' 
AGN 190342-Lf' or D, for liver slice~ (middle) and liver slice buffer mcdimn 
(bouom) following a 3-hour incubation rx 4<:-AGN 190342-Lf' iD liver slice or cooaol. 



TABLE L Charactcrizatioa of human liver slice mctabolitcS of 14<:-AGN 190342 by 
an ion-pair HPLC method.. 

PeakName Rercnlion Tune Pcalt Identity 

M1a 2.5 unidcnlified mclabolit 

Mila 3.3 conjugareo mclabolite 

Mllb 4.0 conju~ metabolite 

synthesized standanl S. l AGN 191.597 

Mlle S.2 irnidamlinc-4'. 5'-dione metabolite 

synthesized standanl S.4 AGN 192614 

synthesized standanl 6.0 AGN 192119 

Mlld S.9 imidazolinc.4' -one metabolite 

synthesized standanl 1.5 AGN 191858 

MIIIa 1.S quinoxalin-~one mctaboliteS 

MIVa-b 12 bydzoxyquinoxaline cc quinox:tlinone 
metabolitrS 

MVa-b 14 bydzoxyquinoxaline ocquinoxalinooe 
mclabolitcS 

synthesized svmdanf 17 AGN 191383 
• 

MVI 17 guanidinc metabolite 

23 AGN192076 

MVU 23 dehydro-AGN 190342 metabolite 

parent drug (D) 19 AGN 190342 
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE 

PUBLIC. 

FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.
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REVIEW AND EVALUATION OF PHARMACOLOGY & TOXICOLOGY DATA 
Division of Dermatologic and Dental Drug Products, HFD-540 

NOA 20-613 ( Original Submission 09-11-1995 ) 
Drug: ALPHAGAN™ ( brimonidine tartrate ophthalmic solution ) 0.2% Sterile 

Sponsor: Allergan, Inc. 
2525 Dupont Drive 
P.O. Box 19534 
Irvine. CA 92713-9534 

Contact Person: Adelbert L. Stagg, Ph.D. 
Director, Regulatory Affairs 
714-246-6931 

Number of Volumes: Thirtyfive ( 35) 
Date CDER Received : 09-1 1-1995 
Date Assigned: 09-18-1995 
Date Review Started: 02-26-1996 
Date 1st Draft Completed: 05-28-1996 

Dosage and Route of Administration: Topical, Ophthalmic solution 
Category: Alpha-2 adrenoreceptor agonist 
Indication: For lowering intraocular pressure in patients with chrcnic open-angle glaucoma or 

ocular hypertension. 

Review Objective: To evaluate the preclinical safety data and the labeling draft of an already 
approved drug prior to its approval for long-term use. 

Chemical Name: 5-Bromo-6-( 2-imidazo:idinylideneamino ) quinoxaline L-tartrate 
Proprietary Name: Brimonidine tartrate 
Code Names: AGN 190342-LF 

UK-14,304-18 
Chemical Structure: 

C-JOH 
I 

H-C-OH 
I 

HO-C-H 
I 
C'OOH 

AGN 190342-LF 
Brimonidinc wtra:e 
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Chemical Composition 

lnmdient Percent (w/v) ml!/ml. 
Lompos1non tor 
a 140 liter batch 

. 

. 
• ' 

Related Submissions 

INDs: 
NDA: 

Background and Rationale 



Animal Studies 

In addition to a large number of supporting studies already reviewed under IND 
, the current submission has also included several new relevant studies. 

NEW STUDIES 

Page 3 

and NDA 

Unless specified. study was conducted by the sponsor. All studie, reviewed here included d•Jly 
signed GLP statements. 

Vehicle: Same buffered vehicle was used in all studies ( see composition ). 

PHARMACOLOGY 

I. Pharmacology of Brimonidine Metabolites ( 810-94-059; November 1994 ). 

Study Objective/ Procedures 

The major catabolic pathways ofbrimonidine in animals and humans involve a-C-oxidation to 
quinoxalinone and quinoxalin-2. 3-dione derivatives, and cleavage of the imidazoline ring to the 
aryl guanidine. In a radioligand binding assay, brimonidine and five of its metabolites were 
evaluated to determine the contributory potential of all compounds to the biological response 
expressed by the topically administered brimonidine. It is believed that the pharmacological 
target for brimonidine in the human eye is an a-2 adrenoceptor. Therefore, to determine the 
potential biological activity in humans, affinity of each compound was determined at subtypes of 
the a-adrenoceptors. 

Receptor binding assays used membrane suspensions prepared from human cerebral cortex and 
homogenates of CHO-CI O and CHO-RNG cells; [ 'H ] rauwolscme and [ 'H ] prazosin were 
used as radioligands. The para'11~ters determined included binding isotherms, equilibrium 
dissociation and affinity constants. 

Results / Conclusions 

Brimonidine and its metabolites exhibited low affinity for the a-1 adrenoceptors ( > 1,000 nM ). 
Parent drug expressed high affinity for o·.-2A subtype ( 2.7 nM ), and moderate affinity for the 
a-28 ( 52 nM) and a-2C ( 44 nM) subtypes. At the a-2A subtypes, only guanidine metabolite 
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( AGN 19183 ) exhibited moderate activity , it was about 15 times less potent than brimonidine, 
other metabolites were> I 00 times less potent. However, quantitatively AGN 19183 is a minor 
metabolite and therefore is less likely to contribute signific.antly tu the overall biological response 
of topically administered brimonidine. 

2. Effects of the a,-Agonists, Brimonidine, Clonidine and p-Aminoclonidine on Arteriolar 
Caliber in Microvasculature Associated with Human Retinal Xenografts in the Hamster 
Cheek Pouch Preparation ( BIO-9S-074; January, 199S ). 

Study Objective / Procedures 

To investigate the effects of a-agonists on human r..:tinal microvasculature, brimonidine, 
clonidine. and p-aminoclonidine were examined in the microvasculature associated with human 
retinal tissue transplants in cheek pouch of adult Golden hamsters. Retinas excised from human 
eyes obtained from the eye bank 6-8 hours postmortem were transplanted in the cheek pouch. 
Test substances were administered by localized topical microsuffusion to the abluminal side of 
the arteriolar segment associated with the microvasculature of the retin:\I xenograft. 

Results / Conclusions 

Brimonidine did not affect the arteriolar caliber in the microvasculature at 1 x 10·• to l x I o·'M 
concentration. Clonidine produced up to 35% concentration-dependent ( Jx1J·1 10 lxlO"'M) 
decrease in arteriolar caliber. p-aminoclonidine caused 21 % decrease at concentration as low as 
Ix IO "M. Brimonidine was 3-1 O fold less potent at the a-1 receptor than the other two 
compounds. It was inferred that compounds more potent at a- I receptors are more efficient at 
inducing vasoconstriction. 

BIODISPOSITION 

3. "C-AGN 190342-LF: Ocular Pharmacokinetits Studies After Multiple Ocular Doses to 
Cynomolgus Monkeys ( P-94-074; August, 1994 ). 

Facility: 

Study Aim / Design / Procedures 

This study investigated the ocu!::r and systemic absorption of0.5% "C-brimonidine tartrate 
solution ( -8 uCi / 35 uL / eye ) following twice daily ( at 12-hour intervals ) eye instillation for 
two weeks in both eyes of young male cynomolgus monkeys ( 3.5-4.8 kg). Theo, ular absorption 
was also invest?gated in the treated and untreated eyes after twice daily applications for two 
weeks int:J the r.ght eye only. Two monkeys were sacrificed at the following time points after 
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the final dose instillation on day 14: I hour, IS, 60, and 90 days. Tear samples were collected 
from both eyes of all animals on days I , 7, and 13 at I hour postdose in the evening, prior to 
morning dose and sacrifice. At the same time points, blood samples were also collected. 
Following sacrifice, eyes were removed and the oculll!' tissues were dissected. 

The amount of total radioactivity was determined in the whole blood, plasma, tears, conjunctiva. 
and intraocular tissues. The concentrations of parent drug and metabolites were determined by 
HPLC in tear samples. conjunctiva, and extracts of aqueous humor, cornea, iris and ciliary body. 

Res:ills / Conclusions 

The mean plasma Cmax was 3.25 ng/mL after the final dose. Reportedly, these concentrations 
were 20-55 times higher than observed in humans. The steady state level ( 2.7 ng/mL) was 
achieved by day 7. Traces of radioactivity ( 0.1 ng equivalent/ ml) were still present in the 
plasma at 90 days postdosc. 

Drug penetrated rapidly through the cornea and was found in all intraocular tissues ( iris, ciliary 
body. choroid I retina ), indicating a high affinity of melanin for basic compounds. The maximum 
tissue concentrations ( ug equivalent/ g) ranked as follows: iris ( 610 )>lower bulbar conjunctiva 
( 56.2 )>ciliary body ( 32. 7 )>choroid I retina ( 29.3 )>upper bulbar conjunctiva ( 29.1 )>upper 
sclera ( 20.1 )>lower sclera ( 17. 7 )>cornea ( 9.8 )>lens ( 0.7 )>aqueous humor ( 0.3 }>vitreous 
humor ( Ci. I ). Radioactivity was detected in the untreated eyes indicating a transfer via the 
systemic circulation to the contralateral eye. However, the amounts of radioactivity in the 
contralateral eyes were 1-3 fold lower than the dosed eyes. 

The intact drug accounted for the maJor portion ( 68.9-97.7%) of the total radioactivity in all 
ocular tissues at all time points. Three metabolites were detected. The parent drug and 
radioactivity were eliminated in an apparent ;,olyexponential fashion with mean terminal T½ of 
total radioactivity in iris and vitreous humor ofJ:1.3 '1.nd 44.2 days, respectively. 

4. In Vjvo Plasma Protein Binding of AGN 190342 in Mice, Rats, Rabbits, Dogs, Monkeys, 
and Humans ( P-94-092; November, 1994 ). 

Study Objectives/ Procedures 

It is believed that only the the free drug present at L'le action site can produce the 
phannacological effects. In ,his study, the binding characteristics of brimonidine to plasma 
proteins were investigated to understand its overall systemic biodisposition and 
phannacodynarnics. Plasma samples obtained from mice, rats, rabbits, dogs, monkeys ( dietary I 
gavage: 2.5-10 mg I kg ). and humans administered systemic or ocular doses were subjected to 
equilibrium dialysis against phosphate buffer pH 7.4 al 37 °C for 5 hours. The plasma 
concentrallons of free and bound drug were determined by gas chromatographv-mass 
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spectrometric methods. 

Results / Conclusions 

The mean unbound drug fractions in mouse, rat, rabbit, dog, monkey and human plasma were 
63.8, 80.6, 78.0, 53.5, 78.9, and 70.8 percent, respectively. These determinations were made in 
an approximately 4000-fold range of concentrations. The fractions of free drug in the plasma 
appeared to be independent of plasma drug concentrations. It was inferred that a major portion of 
drug was not bound to plasma proteins. 

5. ••c-AGN 190342-LF: Placl!ntal Transfer and Milk Secretion Studies in the Rat After 
Single Oral Doses ( PK95-0l 7; February, 1995 ). 

Facility 

Study Objective/ Procedures 

The placental transfer and secretion of drug rad;oactivity into milk of pregnant CD rats were 
investigated following single oral doses of ••c- brimonidine tartrate at a dose level of 0.25 mg / 
kg ( = 0.165 mg base I kg ). Three rats were sacrificed at time points ranging from 0.5 to 72 hours 
postdose to determine the tissue concentrations of radioactivity. One pregnant rat per time point 
was used for whole-body autoradioagraphy. 

Results / Conclusions 

Data indicated that radioactivity was absorbed rapidly by pregnant and lactating rats, and the 
maximum amounts in most tissues were recorded at 30 minutes postdose. However. the transfer 
of radioactivity across the pla:enta and into the circulation was limited. The amount of 
radioactivity in the fetal blood was I 0-27 % of that in the maternal blood (28.3 ng equivalent/g) 
and fetal tissues contained less than 0.1 % of the administered dose. The parent drug accounted 
for a major portion of the total radioactivity in fetal liver; the rest was distributed among the five 
metabolites. The milk : plasma ratios of radioactivity ( mainly brimonidine and quinoxalinone 
metabolite ) were 1.4. 12 and O 98 at 0.5. II. and 24 hour postdose, indicating that the 
concentration in milk was similar or higher than in the maternal plasma. At 24 hours postdosc. 
the radioactivity in milk. maternal and fetal tissues I organs declined rapidly with a TY, of 3.6-6.0 
hours for total drug derived chemical moieties in tissues and plasma. 

The whole-body autoradiography data reveakd the levels of radioactivity in t.'te following 
decreasing order: GI-tract, liver, kidneys, and urinary bladder; lowest levels were found in the 
fetuses. CNS, and certain endocnne glands. Overall. it was inkrred that the fetal exposure 
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to drug via the placental route was low. 

6. Profiling of Brimon.Jine and Metabolites in Maternal and Fetal Tissues of Study No. 
ALG/32 Titled, ""C-AGN 190342-LF: Placental Transfer anfl Milk Secretion Studies in 
the Rat After Single Oral Doses" ( P-95-035; April I 995 ). 

Study Objective/ Procedures 

The maternal and fetal tissues and breast milk samples saved from study number 5 ( above ) were 
analyzed for metabolites using liquid scintilla:ion counting and HPLC with radioisotope 
detection. The tissue metabolite profiles because of high radioactivity concentrations were mostly 
obtained at the early sampling times ( 0.5 and 2.0 hours ). 

Results 

Because of a ver)' low level of radioactivity found in the ovary, none of the drug related moieties 
were detectable Similarly, only trace amounts of metabolites were found in the amniotic fluid. 
At both time points/ 0.5 and 2.0 hours). most of the radioactivity in the placenta, uterus and 
fetal liver was present in the intact drug.The amounts of parent drug as percent of total 
radioactivity were 86 "I 0.5 hour and 50 at 2 hours. At 2 hours postdose in the u1erus, the 50% of 
radioactivity was present in the parent drug. In the fetal liver, brimonidine almost accounted for 
I 00% of the radioactivity. The concentration of radioactivity in the fetal blood was below the 
quantifiable limits of HPLC assay ( 49.8 pg/ ml ). The percent distribution of radioactive 
moieties ( M= metabolite Jin the maternal liver at 0.5 hour was as follows: 

Brimonidine = 12 
Ml-11=21 
M lila = 32 
Mlllb=I0 
M IV= 7 
M V = 18 

Milk contained parent drug ( 47%) and traces of metabolites at U.5 hour, however, at 2 and 8 
hour postdose. me1aboli1~ V ( a quinoxalinone derivative ) became the major radioactive 
component No radioactivity was detected in 24-hour milk samples. 
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CARCINOGENICITY STUDIES 

7. AGN 190342-LF: Potential Tumorigenic Effects in Proloc;ged Dietary Administration to 
Mice ( ALG 12/ 942061; February 1992 to Nove1Dber 1993 ). 

Facility: 

MATERIALS 

Test Compound: Analysis of AGN 190342-LF ( light yellow powder), batch number 90533-
440 I used in both carcinogenicity studies indicated the following percent purity ( w/v ) data: 

Test Animals: Seven weeks olel male ( 20-32g) and female ( 20-28g) Crl:CD-1 {!CR) BR 
mice were purchased from _ On arrival 
animals were acclimatized for 3 weeks. Prior to study initiation. five mice of each sex were 
sacrificed and subjected to gross pathologic examination to check for lesions due to infection. 

STUDY DESIGN 

Dosr. Selection: The dose levels of 0.1, 0.5, and 2.5 mg ( base ) /kg/ day were selected following 
two 13-week dietary dose range-finding ( 0.1-10 mg/ kg/ day ) studies. At 2.S mg/ kg I day dose 
level, minor gastric and splenic changes possibly adaptive in nature, were observecl. 

Animal Assignment: Animals were assigned to five test groups, and each group contained 50 
animals per sex. 

Group Dose ( mg base /kg/day ) 

I. Control I 0.0 
~ Control II 0.0 

3. Low-c1,1se 0.1 
4. Mid-dose 0.5 
5. High dose 2.5 

In addition. IO mice/sex/group were assigned to four satellite groups# I, 3, 4, 5. 
These groups were used for toxicokinetic determinations and assessment of histopathological 
changes m the gastrointestinal tract. Five mice per ~x from each satellite group were sacrificed 
after 26 weeks of treatment. and the rest of the satellite group animals were sacrificed after 52 
weeks. 
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Diet Preparation and Administration 

The individual test diets were prepared weekly by mix;ng and homogenizing the pre-mix 
concentrate of the test compound with the basal diet. The percent amount of active ingredient in 
the diets was determined in batches mixed at weeks I, 13, 26, 39, 52, and 91. Brimonidine base 
forms 66.5% of the salt, therefore, the actual dosages administered were 0.15, 0. 75, and 3. 75 
mg/kg/day for groups 3, 4 and 5, respectively. The concentrations of drug in the diets were 
changed whenever necessary to maintain the required nominal dose levels. i.nimals received diet 
and water ad libi1um. Controls received basal diet. Animals in the main study were treated for 91 
weeks, however, since terminal procedures took 9 days to c.omplete, the treated ani11.als 
continued to receive the test compound in their diet until the day of sacrifice. 

OBSERVATIONS/ DETERMINATIONS 

Clinical Observations 

Animals were examined daily for signs of toxicity, morbidity, mortality, and behavioral changes. 
The detailed palpations were conducted at regular intervals. 

Body weight/ Food consumption / Drug intake 

Food consumption and body weight for each animal were recorded on weekly basis. Each week, 
the group mean achieved intake of test substance ( mg/kg/day ) was determined from the group 
mean body weight, food consumption and the dietary level of drug. 

Ophthalmoscopy 

All animals were subjected to ophthalmoscopic examinations prior to study initiation and during 
treatment weeks 26, 52, 78, and 90. 

Laboratory Investigations 

Hematologic ( 9 tests ) and clinical chemistry ( 16 tests ) determinations were made during weeks 
90 and 91 on nonfasting blood samples drawn from IO animals / sex / group. Blood samples to 
determine plasma drug concentrations w,::e drawn from 4-5 satellite mice / sex / group in weeks 
26 and 52, and from 6 main study mice/ sex / group in week 91. 

Sacrifice and PathologJ 

All mice that died during the study or were sacrificed on schedule were necropsied. All organs 
and body cavities were examined for gross abnormalities. The adrenals, brain, heart, kidneys, 
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liver, ovaries, spleen, testes ( with epididymides ), and uterus were removed and weighed. About 
25 organs/ tissues were subjected to histopathologic examinations. 
These examinations involved the following: 

Main Study: The specified tissues from all mice foWld dead during the study in both control 
groups and all the drug treated groups, and from all mice from control I and high dose groups 
sacrificed at study termination. 

A II abnormal tissues removed during gross pathologic examination. 

The spleen, stomach, alimentary tract and uterus tissues of all mice sacrificed at study 
termination from the control II, low- and mid-dose groups. 

Satellite Groups: The stomach and alimentary tract of all control, low-, mid- and high-dose 
mice died during the study or sacrificed in weeks 27 and 53. 

REPORTED RES UL TS 

Test Compound and Dietary Analysis: The concentration oftest compound in the diet ranged 
from I 16 to 124% of the nominal values. 

Clinical Observations and Mortality: No drug or dose related clinical signs of toxicity were 
observed. In males. the lowest mortality rate was recorded iu the highest dose group ( table ). In 
females. 

Mortality .... Main Study ( Weeks 1-91) 
MALES FEMALES 

Group 2345 12345 

% Mortality 40 48 34 36 LIS 42 42 30 40 42 

the monahty rates at the mid- and high-dose levels were similar to the control groups. There 
were no dose or drug related effects on survival. In the satellite groups, all 4 unscheduled deaths 
( one male sacrificed moribund in week 13; 3 females, one died in week 26, one died week 52, 
one sacrificed moribund in week 34 ) occurred in the control groups. 

Body weight I Food Consumption: The group mean gain in body weight ( weeks 0-91 ) in the 
high dose groups was marginally lower than the controls, however, the differences were not 
statis11cally significant. No other intergroup differences in body weights were observed. A few 
changes in gain m body weight in the satellite groups were sporadically distributed, and 
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therefore, were not considered to be of any toxicologic significance. No significant intergroup 
differences in the food consumption were observed in the main study or satellite groups. 

Efficiency of Food and Drug Intakes: The efficiency of food utiliz.ation determined during the 
first 13 weeks of treatment in the main and satellite group was similar to controls. Similarly, 
achieved ( group mean ) intake of drug in different treatment groups was in good agreement with 
the nominal values. 

Ophtbalmoscopy: No drug related ocular lesions were observed. 

Laboratory Investigations: Except for high plasma glucose ( 26%; p<0.05 ) level in the mid
anci high aose- males and increased alkaline phosphatase activity ( 44%; p<0.00 I ) in high-dose 
females, the values of all other hematologic and biochemical parameters were similar to controls. 

Pharmacokinetics: Plasma drug concentrations were dose dependent, however, no accumulation 
of drug was observed over the study period ( quantifiable limit= 49.8 pg/ ml ). Although the 
plasma drug concentrations were higher in females. the differences were not statistically 
significant. The average plasma drug concentrations in both sexes throughout the study were 
0. l 80 ± 0.112, 0.828 ± 0.337, and 4.402 ± 1.679 ng / mL for the low-, mid- and high dose 
groups, respectively. 

According to study authors, the plasma drug concentrations in low- dose mice were slightly 
higher than the mean Cmax of 0.0465 ng/mL in humans following a single 50 uL ocular dose of 
0.2% hrimonidine tartrate in ':>oth eyes. The plasma .:oncentrations (Cmax) observed in the low-, 
mid-, and high dose mice of both sexes throughout the study were approximately 4, 18, and 95 
:imes higher than that recorded in humans. 

Gross Pathology and Organ Weights: No drug or dose-related macroscopic abnormalities were 
observed. A few :;poradi~ally distributed gross changes in all groups were considered 
spontaneous age a:soc;dted lesions. Similarly, sporadic changes in the absolute organ weights of 
mice sacrificed after 26, 52, or 91 weeks of treatment were not associated with any corroborative 
histopathologic changes. 

Histopatholog:1: \lo drug related neoplastic changes were observed. A few statistically 
significant non-ne,,plastic lesions associated with drug treatment were observed in the i•ltestine, 
stomach, and spleen ( tahle ). In the intestines, the hypertrophy of the tunica muscular is was 
mainly observed in the ileum and colon. A significant incidence of mucosa! epithelial hyperplasia 
was observed m the ileum of high dose females. In the high- dose satellite groups, hypertrophy of 
the tunica muscularis was observed in 6/10 females. R~portedly, these intestinal lesions are 
known pharmacological actions of high doses of the test drug and oJier a-adrencrgic 
compounds. 

Moderate gastric and splenic changes were observed in the high-dose males and control II 

- -----



Page 12 

females ( table ). 

Summary of non-neoplastic histopathological changes in mice fed brimonidine tartrate 

MALES 
Organ/ lesion 2 3 4 5 

Number examined .iQ .iQ .iQ .iQ .iQ 
INIESIINE 
Muscle hypertrophy: 
Ileum 0 0 0 0 2 
Colon 0 0 0 0 7 .. 
Epithelial hyperplasia in 
Ileum 0 0 0 0 0 

SIQMACH 
Epithelial 1:yperplasia, 0 2 6· 
non-glandui::!r epithelium 
Sf.LEEN 
Extramedullary 
hemopoies;s 
Moderate 11 13 14 15 21• 

EEMALES 
2 3 4 5 

------------------
.iQ .iQ .iQ .w .iQ 

0 0 2 0 13•• 
I 0 2 19 .. 

0 0 0 0 10 .. 

0 0 0 2 0 

8 17 13 11 13 

---------------------------------------------------------------------
• P<0.05 • • P<0.O I 

8. AGN 190342-LF: Potential Tumorigenic Effects in Prolonged Dietary Administration to 
Rats ( ALG 13 / 942062; November 1991 to December 1993 ). 

Facility: 

MATERIALS 

Test Compound: Same batch# and purity data as in mouse carcinogenicity study ( # 7 ). 

Test Animals: Six weeks old male ( I 36-204g ) and female ( l 14-l 70g ) Crl:CD-1 ( SD) BR 
rats were obtained from , Prior to study 
initiation. animals were acclimatized for 11-12 days, and five rats/ sex were sacrificed for gross 
pathologic examination to check for lesions due to infectious diseases. 
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STUDY DESIGN 

Dose Selection: The dose levels of 0.05, 0.25, and 1.0 mg ( base ) I kg/ day for this study were 
selected based on two dietary studies, a 13-week toxicity study, and a 6-day Stl!dy to obtain 
plasma drug concentrations at lower dosages ( 0.025 and 0.5 mg/kg/day ) than those used in the 
13-week study ( 0.4, 1.0 and 2.5 mg/ kg/ day ). At the 2.5 mg/ kg/ day and to a lesser extent at 
1.0 mg / kg I day dose levels, microscopic changes in the inte~tines were observed; the high-dose 
was also associated with lower body weight gain and food intake. 

Animal Assignment: Rats in the main study were assigned to five test groups, each group 
contained 60 rates per sex. 

Group 

I. Control I 
2.Controlll 
3. Low-dose 
4. Mid- dose 
5. High-dose 

Dose ( mg base /kg/day ) 

0.00 
0.00 
0.05 
0.25 
1.00 

In addition. 30 rats I sex/ group were assigned to four satellite groups# I, 3, 4, and 5. These 
groups treated for 52 weeks constituted a separate one year chronic toxicity study ( ALG 13 / 93-
1479 ). However. blood samples were drawn from these groups to supplement the toxicokinetic 
data in the main study. 

Diet Preparation and Adminish·ation 

The individual test diets were prepared weekly b, mixing and homogenizing the pre-mix 
concentrate of the test compound with the ba5al diet. The percent amount of active ingredient in 
various diets was determined in batches prepa ~din weeks I, 13, 26, 39, 52, 91, and 104. 
Brimonidine base forms 66.5% of the salt, therefore, the actual dosages of the test compound 
administered were 0.075. 0.375. and 1.5 mg/kg/day for groups 3. 4. and 5, respectively. The 
concentrations of the test substance in the diets were changed whenever necessary to maintain the 
required nor.1inal dose levels. Rats received diet and water ad Ii bi tum. Controls received basal 
diet. Animals in the main study were treated for I 04 weeks, however, since terminal procedures 
took 11 days to complete, the treated rats continued to receive the test compound in their diets 
until the day of sacrifice. 

OBSERVA TICNS / DETERMINATIONS 

Clinical Obsen·ations / Body weight / Food consumption / Drug Intake 

Same as in the mouse carcinogenicity study. 
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Ophthalmoscopy 

All rats were subjected to ophthalmoscopic examinations prior to study initiation and during 
weeks 26, 52, 78, and I 04. 

Laboratory Investigations 

Hematologic ( 9 tests ) and clinical chemistry ( 16 tests ) determinations were made on 
nonfasting blood samples drawn from 10 rats/ sex/ group in week 104. For determination of 
plasma drug concentration, blood samples were al:;o drawn from IO rats / sex of sateiiite groups 
in weeks 13 and 52. 

Sacrifice and Pathology 

All rats that died during the study or sacrificed on schedule were subjected to gross pathological 
examination. About 25 tissues/ organs from all ra·,s found dead or sacrificed at study termination 
in control I and high dose group were subjected to histopathologic examination. In addition, nine 
major organs from these animals were removed and weighed. 

REPORTED RES UL TS 

Test Compound and Dietary Analysis: Same as in the mouse carcinogenicity study. 

Clinical Observations and Mortality: The clinical signs such as tense posture, aggression, 
vocalization. and hyperactivity were observed in all groups including controls. These signs first 
noticed in week 19, however, were more intense and prevalent in the high dose males. The study 
authors considered these findings not related to drug treatment. 

There were no drug or dose related effects on the mortality rate ( table ). 

Mortality ( Weeks 1-104 ) 

MALES FEMALES 
Group I 2 3 4 s I 2 3 4 s 

% Mortality 53 62 75 70 45 63 55 62 63 62 

----------------------- ----------- ·------

Food Consumption/ Body Weight: 

The group mean body weight gains ( weeks 0-104 ) in the high- dose males ( 12% ) and females 



Page 15 

( 8% ) were lower than in the pooled controls, and the differences were statistically significant 
( p<0.05 ) for males. This decrease was mainly established during the first 18 weeks of treatment, 
where mean body weight gain was statistically lower for both sexes. During the first 18 weeks. 
both high- dose groups also indicated a slightly lower ( 7-8%) but statistically significant 
( p<0.05 ) mean food intake in comparison with the pooled controls. 

Efficiency of Food and Drug Intakes: The ~fficiency of food utilization determined during the 
first 26 weeks of treatment in the drug groups was similar to controls. The achieved group mean 
intake of drug in three treatment groups was also in good agreement with the nominal values. 

Opbtaalmoscopy: No drug related ocular lesions were observed during the ophthalmoscopic 
examinations in weeks 26. 52, and 78. However, at the examinations conducted in I 04 week, a 
high incidence of keratitis an<l neovasculariz.ation was observed in the high dose males ( table ). 

Corneal Lesions ( keratitis, neovascularization ) in rats fed bnmonidine tartrate for 104 
weeks 

MALES FEMALES 
Groups: I 2 3 4 5 I 2 3 4 5 

Number examined 30 23 15 18 33 22 28 23 25 24 

Corneal Lesions 

Lackluster 13 8 6 9 9 7 6 11 12 7 

Keratitis 6 3 3 5 17 4 I 3 3 4 

Neovascularization 3 I 2 5 13 . I 3 3 4 

% affected 
· lackluster 43 35 40 50 27 32 21 48 48 29 

-keratitis 20 13 20 28 51 18 4 13 12 17 

-neovascularization 10 4 13 28 39 0 4 0 4 13 

Reportedly, these lesions were related to a secondary pharmacological action of high doses of 
brirnonidine tartrate, whereby fear formation and blinking reflex were reduced. 

Laboratol")· Investigations: There were no drug related changes in the hematologic parameters. 
However. some small but statistically significant ( p<0.05) changes in a few biochemical 
parameters in blood were observed. These mcluded reduced blood glucose and higher alkaline 
phosphatase levels m high- dose animals and mid-dose females, lower total protein in mid- and 
hi5h dose males. and lower sodium, calcium, and cholesterol levels in high dose males. Because 
of a lack of any corroborative histopathologic evidence, these changes were not considered to be 
of any tox1colog1cal significance. 
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Pbarmacokinetics: Plasma drug levels were dose dependent in both sexes, however, the levels 
at week I 04 were approximately one to four times those observed at 13 and 52 weeks. It was 
inferred that the elevated plasma drug concentrations at week I 04 were due to physiological and 
biochemical changes associated with aging. The average drug concentrations for both sexes 
throughout the study were 0.297±0.275, 0.64±0.296 and 3.609± 1.215 ng / mL at the low-, mid
and high-dose levels, respectively. 

Gross Pathology and Organ Weigblll: Mean absolute weights of liver and kidneys in mid- and 
high-dose males ( 12-14%) and females ( 9-12%) were significantly ( P<0.05 to 0.01) reduced; 
in males significantly ( P<0.05 ) reduced heart ( 6%) and spleen ( 12%) weights were also 
observ<"d in the high dose group. However, no dose-related trend or any corroborative 
micn,,copic changes were observed in any of these organs. 

Gross pathologic examination revealed a marked incidence of small, thickened and or/ 
misshapen cecum in the mid- and high-dose groups. 

Cecum 
Thickening: Males- controls, 0/60; mid-dose, 4/60; high-dose, 28/60 

Females: controls, 0/60; mid-dose, 7/60; high-dose, 16/60 

Small: Males- controls, 1/60, mid-dose, 11/60; high-dose, 19/60 
Females: controls, 0/60; mid-dose, 12/60; high-dose, 25/60 

Misshapen: Males- controls. 0/60; mid-dose, 8/60; high-dose. 27/60 
Females- controls. 0/60; mid-dose, 5/60; high-dose, 19/60 

When compared to controls. a higher incidence of thickening of the ileum and pale foci in the 
lungs were also observed in high-dose males and females. In addition, a reduction in adipose 
tissue was observed in a greater number of high-dose females and plantar swellings were 
observed in a significant number of high-dose males and females. Accordingly, minor gastric and 
pulmonary changes in high-dosage groups were probably adaptive in nature. The reduction in 
adipose tissue in high- dose females was probably related to the generally low body weights. 
However. the cause of plantar swellings remained unexplained. 

Histopatholog)·: No drug related alterations to the normally observed spontaneous distribution 
of tumors were observed. However. drug treatment did induce a number of non-11~oplastic 
lesions ( table ). A high incidence of hypertrophy of the tunica muscularis was observed in 
various zones of mtesune in mid- and high-dose rats of both sexes. Epithelial hyperplasia was 
more prominent in the ileum of high-dose groups as well as duodenum and jejunum of high-dose 
males. Reportedly, such changes characteristic ofpharmacologic action of drug, were also 
observed in other studies where animals were sacrificed after 13 or 52 weeks of treatment. 
However. these reversible changes were observed in rodents but not in primates. 

A significant ( P<0.01 ) incidence of ulceration of the gasiric non-glandular epithehuin m high-
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dose females was observed ( controls, 91120; low-dose, 5/60; mid-,k,~~. 8/60; high-dose, 13/60 ). 
In the high-duse males, the incidence in fact was lower than in contlol~ ( controls, I 8/120; high
dose, 2/60 ). The significance of this sex-specific effect remained unexplained. 

Summary of non-neoplastic bistopathologic changes in rats fed brimcnidine tartrate for 
104 weeks. 

Groups .. Males Groups .. Females 
Organ / lesion 1 2 3 4 s 1 2 3 4 s 
-------------------------- ----------------------------------------- ---------------~-------------------
No. Examined 60 60 60 60 60 60 60 60 60 60 
Intestines 
Hypertrophy of the 
tunica muscularis: 

Duodenum I 0 I 3 12 .. 0 0 0 0 3• 
Jejunum 0 0 0 2 14•• 0 0 0 I 4• 

Ileum 0 I 
, 13 .. 51 .. 0 0 I 9 .. 42 .. 
~ 

Cecum 0 I 2 18 .. 48 .. I 0 2 ,s .. 45 .. 

Colon 0 , I 6· 20 .. I 0 I 8 .. 17 .. 
~ 

Mu~osal epithelial 
hyperplasia: 

Duodenum 0 0 0 I 7 .. 0 0 0 0 2 
Jejunum 0 0 0 0 4• 0 0 0 I 2 
Ileum 0 0 0 3 12 .. 0 0 0 I 12 .. 

Eye 
Keratitis 8 7 7 5 17 .. 4 2 I I 7 
Lungs 
Focal alveolar 
macrophage 
aggregation 6 7 12 9 19 .. 2 3 2 2 11 .. 

Paws 
Paw ulceration 29 34 32 41 50 .. 6 13 20• 18 .. 25•• 

Plasmacytosis 
( lumbar lymph 
node) 11 16 12 22 24° 4 5 6 3 4 

Paw lesions a..s 
factors contri hut mg 
to death , 7 8 16° 12 .. I 0 0 I I 

• P< 0.05 • • P<O.O I 
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In the eyes of high-dose males, a high incidence of unilateral minimal focal keratitis was 
observed. This lesion also seen during the ophthalmoscopic examination was linked to the 
secondary pharmacological action of the test drug. 

A significant incidence of small focal aggregation of alveolar macrophages was observed in rats 
receiving 1.0 mg drug/ kg/ day. This change correlated well with the macroscopic observation 
of pale foci on the surf act. of lobes of the lungs. 

An increa~ed incidence of ulceration of the paws was observed in the high-dos-: animals and all 
drug treated females. It was associated with an increase in plasmacytosis in lumbar lymph nodes. 
This incidence was determined to be a factor responsible for several deaths in mid- and high-dose 
males. 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY STUDIES 

9. An Oral Teratology Study in Rats with AGN 190342-LF ( SLS.IS; December 1993-
January I 994 ). 

Facility: 

STUDY DESIGN AND PROCEDURES 

Am-~a!s: Approximately 13 weeks old Sprague-Dawley Crl: CDRBR VAF/P!.;s'female rats 
( 236-305g ). 

Matini:: Females were cohabitated with the healthy adult males of the same strain. TI1e gestation 
day O was confinned by a spenn positive vaginal smear. 

Dose Gro~ A.fter a dose-range finding oral terato:ogy study ( 0.1, 0.4, 1.0, 2.5, 5 .0 ) in the 
same strain. the foltcwing dose levels were selected for the main study: placebo ( vehicle ). 0.1, 
1.0 and 2.5 mg brimonidine tartrate / kgbw /day.The doses are equivalent to 0.066. 0.660 and 
I .650 mg I kg/ day of the base, respectively. Thirty females were assigned to e"ch dose group. 
\Vhenever possible, the first five rats were assigned to the toxicokinetic phase of the study. 

Treatment: Mated females received a single daily dose via gavage from gestation day 6 through 
gestation dav 15. 

PARAMETERS EVALUATED 

i Clinical Obseryatjoni:_ Daily 
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Body weh:hts: Individual weights were determined on gestation days 0, 6 through 16 and 20. 
Body weight changes were calculated for gestation intervals: 0-6, 6-9, 9-12, 12-16, 16-70 and 6-
16. 

Food Consumption: Individual food consumption ( g/animal/day and g/kg/day ) was measured 
during gestation intervals mentioned under body weights. 

Toxjcokjnetjcs: Blood samples for the determination of plasma drug concentrations by gas 
chromatography-mass spectrometr/ were drawn on gestation dayc; 6, 13, and IS prior to dosing 
and 2 hours post dose. 

Necropsy: On gestation day 20, all fcrnales were sacrificed and subjected to necropsy 
examination. The uterus was examined for viable and nonviable fetuses and early and late 
resorptions. The number of corpora lutea on each ovary was also recorded. 

Fetal Morpholoc: Fetuses were exarr.ined for external and internal l visceral ) or skeletal 
abnormalities. Fetuses were weighed individually. The crown-rump lt!ngth of each late resorption 
was measured. Approximately one-half of the fetuses from each liner were dissected for the 
visceral examination, rest were used for skeletal examination. 

RESULTS 

Maternal survival and Pregnancy status: No deaths occurred during rhe study. The group 
pregnancy rates were as follows: control and low-dose, 96%; mid- and high-dose, 92%. 

Clinical Observaholffi The following signs of toxicity were observed in the mid- and high-dose 
females, primarily t<Jllowing dosing: 

Mid-dose: A low irn.:idence of reddish vaginal discharge and urine staining in the urogenital 
area. 

High-dose: Reddish vaginal discharge and blue discoloration of vaginal opening; unne staining 
in the ahdommal and urogenital areas; wobbly gait and decreased activity. Ocular signs included 
dilated pupils. dark material arow1d the eyes, and partially closed eyelids. 

These clinical signs were considered exaggerated pharmacologic effects of sedation. 

Body weights: A small ( 5-7%) but statistically significant ( P<0.05 ) do:;e-depcndent decrease 
in body weight was observed at the mid- and high-dos•~ levels. This change- observed for the first 
time at day 7 persisted till gestation day 20. 
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Food ConsumpJjon: Food consumption was markedly ( P<0.05) reduced in the mid- ( 15%) 
and high-dose ( 45% ) females between gestation days 6 to 9. However, the terminal values for 
food consumption ( days 6-16) were improved to -5 aid -13%, respectively. 

Cesarean Section ParameJea and FcJal Momho!oc: Maternal necropsy examination did not 
reveal any drug related lesions. A small but statistically insignificant decrase in mean fetal body 
weight was observed at the high-dose level. No intergroup differences were observed for corpora 
lutea. implantation sites, viable fetuses, early and late resorptions. and fetal sex ratios. In 
addition, no drug-related malformations or developmental variations were observed. 

JoxjcokjneJjcs: The mean plasma drug concentrations at 2 hours post-dose on gestation days 6 
and l S were dose dependent. The concentrations on day 6 were 0.705, 5.54 and 15.1 ng/mL at 
the low-, mid- and high- dose levels. respectively. The corresponding values on day 15 were 
0.620. 5.81, and 19.5 ng/:nL. On days 13 and IS, pre-dose plasma drug concentrations at the low
and mid-dose levels were below the limit of quantitation ( 49.8 pg/mL ), and ranged from less 
than the quantifiable limit to less than 0.22 ng/mL at the high-dose level. 

10. An Oral Teratology Study in Rabbits with AGN 190342-LF ( SLS 3202.17; February
March 1994 ). 

Facility: 

STUDY DESIGN AND PROCEDURES 

Animals/ Artificial lnsemjnaJjon: Approximately six-month old ( 3.0-4.1 kg) NZW female 
rabbits were artificially inseminated with semen from adult males of the same strain. The day of 
insemination was considered day O of gestation. 

D.o.,,e Groups and IreaJmenJ: The dose levels of0.25. 1.0 and 5.0 mg/kg/day ( expres~ed as 
salt ) for the currmt study were established following a do~e-range finding oral teratology study 
in the same strain of female rabbits under the similar experimental conditions. The doses are 
equivalent ro 0.165. 0.660, and 3.330 mg base/ kg/ day. TI,e test solutions were administered by 
oral intubation once daily from gestation day 6 through gestation day 18. Contr.,I; received 2.0 
ml vehicle ! kg/ day, equivalent to that received by tht: high-dose groups. Each group contained 
23 females. The first three animals of each group were assigned to the toxicokinetics pha.se of the 

siudy. 

PARAMETERS EVALUATED 

CJjnjtal ObsenahQ.IUl Daily 
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Body wei11bls; Individual weights were determined on gestation day~ 0, 6 through 19, 24 and 29. 
The changes in body weight were calculated for gestation intervals: 0-6, 6-9, 9-12, 12-15, 15-19, 
19-24, 24-29, 6- I 9 and 19-29. 

Food cousumptjon; Food consumption for individual animals was detennined daily during 
gestation; and consumption was calculated for the same gestation intervals mentioned wider the 
body weights. 

Blood collcctio.n, Blood samples from animals assigned to the toxicokinetics phase of the study 
were drawn on gestation days 6, 13, and 18. 

Necropay / Cesarean section; Females which aborted or were found dead during the study were 
immediately subjected to necropsy examination. All survivoi; were necropsied on gestation day 
29. In all cases, uteru~ was removed and examined for viable and nonviable fetuses and early and 
late resorpt10ns. The number of corpora lutea on each ovary was also recorded. 

Fetal Morpholoc; Fetuses were weighed individually and examined for external and internal 
( visceral ) or skeletal abnonnalities. The crown-rump length of each late resorption was 
detennined. Each fetus was dissected for visceral examination and sex determination. 

RESULTS 

Maternal sun:jval and Pre11nancy natus; Two high-dose animals were found dead, one each 
on gestation days 11 and 12. Necropsy examination in both cases revcaied perforated esophagus 
due to faulty intubation. Two high-dose females aborted, one each on gestation days 21 and 23. 
These abortions were considered to be related to the pharmacological effects of the drug. ThP. 
group rregnancy rates were as follows: control, 70%; low-dose, 80%; mid-dose. I 0()%, and high
dose. 90%. 

Cljnjcal obscnatjons: Primarily following dosing, a few transient signs in the higl>-dose 
females included decreased activity, wobbly gait, constricted pupils, partially closed eyelids. 
slow breathing and limp body tone. Some of these sedation signs were also observed in a few 
mid- and low-dose females. 

Bod)' weii:bt / Food consumption: A small but significant ( -2%; P<0.05 ) decrease in body 
weight occurred only in the high-dose group during gestation days 6-9. However. during the 
same penod in the same group. the decrease in food consumption was much more ;Jronounced 
( 35%; P<0.00 I l. 

Cesarean Section Parameten and Fetal Morpholoc 

Maternal gross necropsy C)(amination for survivors did not reveal any intergroup differences. All 
cesarean section panuneters were comparable among the groups, and no drug related 
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malformations or developmental variations were observ:d. 

Toxjcokjpdjcs; The mean plasma drug concentrations at 0.5 ho1.1r postdose on gestation days 6 
and 18 were dose dependent. The plasma drug concentrations on day 6 were 0.24 7, 2. 90, ~nd 
6.33 ng/mL at low-, mid- and high-dose levels, respectively. The corresponding values on day 18 
were 0.242, 0.743, and 1.42 ng/mL. lbc pre-dose concentrations on gestation days 6, 13, and 18 
were below the quantitation limit of 49.8 pg/ mL. 

LABELING 

Pregnancy category B is appropriate. All statements made in the preclinical ponion of the draft 
are supponed hy relevant st11dies conducted under the GLP g1.;delines. 

TOXICOLOGIST'S DISCUSSION AND INTERPRETATION OF SAFETY DATA 

Brimonidine was originally developed by in the early I 970's as a centrally acting anti-
hypenensive agent. However, because of its poor clinical efficacy, drug was not developed any 
funher for oral use. The current sponsor ( Allergan, Inc. ) has tested 0.5% ophthalmic solution of 
brimonidine tanrate for the treatment of post-operative elevated intraocular pressure ( IOP) 
associated with argo:; laser trabculoplasty in patients with open-angle glaucoma ( OAG ) and I or 
ocular hypenension ( OHT ), and a 0.2% solution for lowering IOP in patients with chronic OAG 
or OHT. To investigate the pharmacologic and toxicologic effects of the drug, and to ascenain its 
safety. t!ie compound was very exten5ively tested in m11ltiple animal species ( rat, mouse. rabbit, 
dog, monkey ) at doses much higher than the proposed clinical dose of0.002 mg/ kg /day. Most 
of these studies were conducted with 0.5% ophthalmic solution. 

The systemic pharmacol:..gic drug actions included antihypenensive effects in conscious rat, 
rabbit and dog. and bradycardia generally accompanied by reductions in blood pressure. 
However. additional in vivo and in vitro investigations revealed L'tat bradycardia was not due to 
direct cardiac :1ction. because, .udiac output or contractility were not impaired. Irrespective of 
the route ( i.v .. ocular. oral J, sutchronic and chronic treaunent in all species induced pupillary 
constriction and sedation in .i dose deµcndent fashion. However, the effect lasted only for a few 
hours after the drug administration. 

In suhchronic ( 4-14 weeks ) and chronic s,udies ( 6. 12 months ) conducted in several species at 
higher doses ( upto 2.5 mg/kg/day ), exaggerated pha;macological effects were observed. These 
inl!uded sedation. ataxia. hypoactivity, ptosis, decreased muscle tone, hYJ>Otension, and 
bradycard1a. Rodents also exhibited abdominal, distension, intestinal intussusception, 
hypertrophy of the tunica muscularis, hyperplasia of goblet cells of the intestines and non
glandular cpitl.dium of the stomach. In rat oral ( 0.05- I .0 mg base/ kg/ dl.y) carcinogenicity 
studv, no ocular lesions were observed during the ophthalmoscopic examinations in wt:eks 26, 
s::. and 78, however in week I 04. high inridences of keratitis and neovascularization were 
observed in high-dose maks. Reponcdly, these lesions we~e re,ia:ed to a secondary 
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pharmacological action of high doses of brimonidine tartrate, whereby t-:ar fonnation and 
blinking reflex were reduced. 

Brimonidine was well absorbed ocularly through the corneal surface, however, ,t remained 
mostly unmetabolized in the eye. The pharmacokinetic profiles after systemic drug 
administration in mice, rats, dogs, and monkeys were characterized by rapid absorption, 
extensive body distribution, rapid clearance and low oral bioavailablity, indicating a significant 
first pass metabolism of drug. In the mouse oral carcinogenicity study ( 0.1-2.5 mg base/kg/day ), 
no drug accwnulation was observed over the study period. 

Chronic ocular and systemic toxicity studies in rabbits indicated that the formulation ( 0.5% ) 
produced no eye discomfort, irritation, corneal reaction, or morphologic abnormalities of lens 
and retina. 

The reproductive and developmental toxicity studies did not reveal any adverse effects on 
fertility and gene~al reproductive performance; no embryo lethality 01 teratogenic effects were 
observed. A substantial amount of the administered drug was found in the milk. However, the 
fetal exposure to drug via the placental route was low. 

Oral ca:cinogenicity studies in mice ( 0.1, 0.5, and 2.5 mg base/ kg/ day ) and i-ats ( 0.05, 0.25. 
and 1.0 mg base/ kg/ day ) did not reveal any oncogenic potential for brimonidine tartrate. 

The proposed daily use of 0.2% ophthalmic solution of brimonidine tartrate will be equivalent to 
157 ug base per day for a 70 kg subject or about 0.002 mg/ kg/ day. The drug has been :ested in 
multiple species up to a dose level of 1250 times higher ( 2.5 mg/ kg/ day) than the clinical 
dose without any remarkable local or systemic adverse effects. Long-term multidose 
pharmacokinetic studies did not indicate any tissue accumulation of drug. In addition, no 
extensive binding of brimonidine to plasma proteins was observed. Apparently, drug has 
exhibited a very good margin of safety. 

REGULATORY CONCLUSION: 1 have no objection to the approval of this new drug 
application. 

/4:, ➔,J• ~~. ~/76 
Kumar D. Mainigi. Pli.D., M.P.H., D.A.B.T 
Toxicologist 



DIVISION OF ANTI-INFLAMMATORY, ANALGESIC, AND 
OPHTHALMIC DRUG PRODUCTS 

Review of Chemistry, Manufacturing, and Controls 

ND~ 20-613 CHEM.REVIEW#: 1 REVIEW DATE: 4/15/96 

SUBMISSION/TYPE 
ORIGINAL 
AMENDMENT 

DOCUMENT DATE 
9/7/95 
10/12/95 

CDER DATE 
9/13/95 
10/13/95 

ASSIGNED DATE 
9/20/95 
10/24/95 

NAME & ADDRESS OF APPLICANT: Allergan 

DRUG PRODuCT NAME 

2525 DuPont Drive 
P. 0. Box 19534 
Irvine, CA 92713 

Proprietary: Alphagan 
Nonproprietary/USAN: 
Brimonidine Tartrate 
Code Names/#'s: AGN190342-LF 
Chemical Type/: lS 
Therapeutic Class: Ocular 
Anti-hypertension agent 

ANDA Suitability Petition/DESI/Patent Status: 

US Patent# 3,890,319 expired on 6/17/92 
The applicant requests (8/13/95) a five year exclusivity per 
section 505(c) (31 (DI and 505(j) (4) (D) of Federal Food, Drug 
and Cosmetic Act. 

PHARMACOLOGICAL CATEGORY/INDICATION: 

Alpha-2-adrenoreceptor agonist/anti-hypertension agent 

DOSAGE FORM: 
STRENGTHS: 
ROUTE OF ADMINISTRATION: 
DISPENSED: 

Solution 
0.2% 
Topical/ocular 

X Rx OTC 

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR F9RMULA. 
MOL.WT: 

Chemical Name: 5-Bromo-6-(2-immidazolin-2-ylamino) 
quinoxalin L-Tartrate 

CAS #: 59803-98-4 
Molecular weight: 442.24 
Molecular formula: C"H 16 N,O,Br 
Code: AGN 190342-LF 



New Drug Application Review 
Allergan Inc. 

Chemical Structure: 

t\ 
HN NH y Br 

NU:) 
AGN 190342-LF 

B rimonidine tamatc 

SUPPORTING DOCUMENTS: 

NDA 20-613 

COOH 
I 

H-C-OH 
I 

HO-C-H 
I 
COOH 

RELATED DOCUMENTS (if applicable): 

NDA 

Phone/fax: 10/2/95 and 2/12/96 

CONSULTS: 

page 2 

Environmental Assessment for NDA 20-490, Alphagan 
(br1monid1ne tartrate) 0.5% Solution on file in FDA. 
Separare EA review report and FONSI will be issued for this 
NDA 



New Drug Application Review 
Allergan Inc. 

NOA 20-613 page 3 

REMARKS/COMMENTS: 

The drug product is a 0.2% solution packaged in white 
opaque multiple-dose containers made of low density 
polyethylene. lt is manufactured, packaged, and labeled by 
Allergan Inc. in Puerto Rico. At the time of this NDA 
submission, brimonidine tartrate is a new molecular entity. 
The bulk drug substance is manufactured 

CONCLUSIONS & RECOMMENDATIONS: 

The application is not approvable for the manufactur1n, 
and controls under section 505 of the Act. Jpecific items 
which are not approvable are identified under drug product 
specitications, stability, container/closure system, and 
environmental assessment. Other deficiencies are 
information request, they shoul~ not constitute the reasons 
for ''not approvable'' 

Specific deficiencies listed below have been 
communicated to the sponsor by Fax on March 19, 1996. 

DRUG SUBSTANCE: 

3 . 

4. 

What tests are performed at before shipping 
to Allergan America for release testings (information) 

The analytical methods speciiicd in drug substance 
specification on pg. 2-063 and pg. 3-197 should be 
consistent (the same version) with the methods provided 
1n the method validation package (Appendix D) for 
validation by district laboratory (information). 

Describe the stress conditions for the observation and 
isolation of degradants in technical reports PA-1992-
022B provided in amendment dated 10/12/95 
( information) . 



Hew Drug Application Review 
Allergan Inc. 

NDA 20-613 page 4 

S. Provide updated stability data for lot 91226, 91227 & 
91228 made with the proposed manufacturing process. 

6. Provide the corresponding batch# of bulk drug 
substance used 1n the ~~nufacturing of finished dosage 
validation batches lots 7021A, 7022A, and 7023A 
I infonnati0n) 

Drug product 

7. Please explain the inconsistency of the related 
substa:1ce specifications on pg. 2-100, 2-143, pg. 2-
145, 4-2<E, S-245, and pg, 137 of amendment 10/12/95. 
:s the product specifications the same as stability 
specifications particularly with respect to impuriti~s 
(approvability) 

lf the product specifications on release and stability 
are different, please indicate so clearly. Revise and 
update the all specifications through out the NOA 
application. The regulatory methods (give reference 
page ; should be included in the specifications, and 
the methods should be consistent with the methods 
lvers:ons! provided 1n Appendix E to be used in method 
·1a: :...cia. '::.on. 

S. in the conta,ner/olosure extraction studies on pa. S-

o What 1s the label adhesive, with or without inks, used 
:r: the stab1l1ty studies supporting the expiry on pg. 
•l -:? J 6 
( 1n:or:-:1at.:..onl? 



New Drug Application Review 
Allergan Inc. 

NDA 20-613 page 5 

For long term stability. the storage conditions should 
be 25°C +/- 2°C, and 40% RH. 

Provide stability of the three validation batches of 
drug product (7021A, 7022A and 7023A). Include 
container/closure information, manufacturing dates, and 
lots size in the stability reporting (Approvability). 

10. Provide the investigation report on label extraction 
study as soon as possible (approv&bility). 

11. For primary container label and secondary container or 
box label, the storage temp. should be consistent with 
the package insert which is stored at "15 to 25°C''. 

12. Provide a list of samples including reference standards 
for method validation purpose. 

13. For method validation, send two copies of vol. 1.7 to 
the attention of 

Su Tso 
E'DA, HFD-550 
9201 Corporate Blvd. 
Rockville, MD 

cc: Orig. NOA 20-613 
HFD-550/Division File 
HFD-550/Tso 
HFD-550/Carreras 
HFD-550/Mainigi 
HFD-$'°/Vincent 
HFD-550/Holmes 
HFD-550/SUPERVISOR/Patel 
HFD-830/Sheinin 

u C. Tso, Ph.D. 
Review Chemist 
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DIVISION OF ANTI-INFLAMMATORY, ANALGESIC, AND 
OPHTHALMIC DRUG PRODUCTS 

Review of Chemistry, Manufacturing, and Controls 

rn__jt_;_ 20-613 CHEM.REVIEW#: 2 R.EYIEW DATE: 6/14/96 

SUBMISSION/TYPE DOCUMENT DATE CDER DATE ASSIGNED 

AMENDMENT 4/25/96 4/16/96 5/10/96 
AMENDMENT 5/8/96 5/9/96 5/20/96 
AMENDMENT 5/16/96 5/17/96 5/24/96 

NAME & ADDRESS OF APPLICANT: Allergan 

DRUG PRODUCT NAME 

2525 DuPont Drive 
P. 0. Box 19534 
Ir ✓ ine, CA 92713 

Proprietary· Alphagan 
Nanpraprietary/llSAN; 
Brimonidine Tartrate 

DATE 

Cade Names/#'s; AGN190342-LF 
Chemical Type I = 1s 
Therapeutic class· 
Ocular 

Anti-hypertension agent 

ANDA Suitability Petition/DESI/Patent Status: 

US Patent# 3,890,319 expired on 6/17/92 
The applicant requests 18/13/95) a five year exclusivity per 
section 505 (cl 13) ID) and 505 (j) 14) (D) of Federal Food, Drug 
and Cosrnet1c Act. 

PHARMACOLOGICAL CATEGORY/INDICATION; 

Alpha-2-adrenoreceptor agonist/anti-hypertension agent 

DOSAGE FORM; 
STRENGTHS; 
ROUTE OF ADMINISTRATION; 
DISPENSED; 

Solution 
0.2% 
Topical/ocular 

Rx OTC 

CHEMICAL NAME. STRUCTURAL FORMULA. MOLECULAR FORMULA. 
MOL.WT; 

Chemical Name: 5-Brorno-6-12-irnrnidazolin-2-ylarnino) 
quinoxal1n L-Tartrate 



New Drug Application Review 
Allergan Inc. 

NDA 20-613 

Chemical Structure: 

AGN 190342-Lf 
Bnmon.idine tutJ'.ilC 

CDOH 
I 

H-C-OH 
I 

HO-C-H 
I 
CDOH 

RELATED DOCUMENTS (if applicable): 

CMC review# 1, 4/15/96 
EA review and FONSI, 5/3/96 
FDA e-mail, 5/6, 5/7, and 5/24/96 

REMARKS/COMMEN'"tS: 

page 2 

Amendment dated 4/25/96 is the response to the 
deficiencies of CMC review #1 dated 4/15/96 which was faxed 
to the sponsor. In addition, the revised EA document is 
provided 1n this amendment which has been reviewed by this 
reviewer. Refer to EA review dated 5/3/96. Signed FONSI 1s 
attached with this report. 

All facilities are in GMP compliance (review #1). 

Method validation request sent on 5/24/96 

The deficiencies of Chemistry review dated 4/15/96 were 
communicated to the sponsor by Fax on March 19, 1996. This 
report covers the review of the responses provided in 
amendments of April 25, 1996 & May 8, 1996. Amendment 
5/16/96 1s the final revised method validation package which 
was sent for method validation on 4/24/96. 

Comments on the Chemist's review dated 4/25/96 from Dr. 
Patel was faxed to Dr. Stagg o• Allergan on 5/24/96. 
Amendment dated 6/4/96 is the firm's responses to Dr. 
Patel's comments. 



New Drug Application Review 
Allergan Inc. 

NDA 20-613 page 3 

was sent for method validation on 4/24/96. 

Comments on the Chemist's review dated 4/~5/96 from Dr. 
Patel was faxed to Dr. Stagg of Allergan on 5/24/96. 
Amendment dated 6/4/96 is the firm's responses to Dr. 
Patel's comments. 

CONCLUSIONS & RECOMMENDATIONS; 

The application is approyable for the manufacturing and 
controls under section 505 of the Act. However the 
application lacks sufficient stability data to supp0rt the 
proposed container/closure system. Twelve month expiry can 
only be granted at this time (the physician's sample will 
have a shorter expiry due to high water loss). As 
additional stability data is received, the application will 
be reviewed for extension of expiry. 

'U.LERGAN SHOULD BE INFORMED THAT THE CONTAINER/CLOSURE 
EXTRACTABLES SHOULD NOT INCREASE BEYOND 

IN ADDITION, ALLERGAN 
SHOULD BE NOTIFIED THE STABILITY CONDITIONS REQUIRED FOR 
POS~ APPROVAL STABILITY STUDY. THE STORAGE TEMPERATURE 
SHOULD BE CONSISTENT ON ALL LABEL, AND THE TEMPERATURE 
SHOULD BE SUPPORTED BY THE STABILITY DATA. 

cc: : Orig. NOA 20-613 
HFD-550/D1v1sion File 
HFD-550/Tso 
HFD-550/Carreras 
HFD-SSO/Ma1n1g1 
HFD-550/Vincent 
HFD-550/Holmes 
HFD-550/SUPERVISOR/Patel 
HFD-830/She1n1n 

Su C. Tso, Ph. 
Review Chemist 

/5 /:-J:J 
; -I 1---"16 



DrvJ:SION OP ANTI-INFLAMMATORY, ANALGESIC, AND 
OPHTHALMIC DRUG PRODUCTS 

Review of Chemistry, Manufacturing, and Controls 

NDA #: 20-613 CffiiiM-~IEW #, 3 REVIEW DATE: 7/19/96 

SUBMISSION/TYPE DOCUMENT DATE CDER DATE .l'SSIGNED DATE 

AMENDMENT 
AMENDMENT 

6/12/96 
7/16/96 

7/2/96 7/10/96 

NAME & AD~RESS OF APPLICANT: Allergan 

DRUG PRODUCT NAME 

2525 DuPont Drive 
P.O. Box 19534 
Irvine, CA 92713 

Proprietary: Alphagan 
Nonproprietary/USAN: 
Brimonidine Tartrate 
Code Names/#'s: AGN190342-LF 
chemical Type/ : 1s 
Therapeutic class: Ocular 
Anti-hypertension agent 

ANDA suitability Petition/DESI/Patent Status: 
US Patent# 3,890,319 expired on 6/17/92 
The applicant requests (8/13/95) a five year exclusivity per 
section 505(c) (3) (D) and 505(j) (4) (D) of Federal Food, Drug 
and Cosmetic Act. 

PHARK~COLOGICAL CATEGORY/INDICATION: 

Alpha-2-adrenoreceptor agonist/anti-hypertension agent 

DOSAGE FORM: 
STRENGTHS: 
ROUTE OP ADMINISTRATION: 
DISPENSED: 

Solution 
0.2% 
Topi.cal/ocular 

X Rx OTC 

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, 
MOL.WT: 

Chemical Name: 5-Bromo-6-(2-immidazolin-2-ylamino) 
quinoxalin L-Tartrate 

CAS #: 59803-98-4 
Molecular weight: 442.24 
Molecular formula: c,.H 1,N,O,Br 
Code: AGN 190342-LF 
Chemical structure: 



New Drug ApplJ.cation Review 
Allergan Inc. 

NDA 20-613 page .4 

RELATED DOCUMENTS (if applicable): 

CMC review# 1, 4/15/96 
CMC review# 2, 6/14/96 
FDA fax: 5/24/96 

RECOMMENDATION: 

Allergan has addressed all CMC deficiencies adequately. 

RECOMMEND APPROVAL FOR EXPI~Y OP 12 MON'l~ FOR THE 2.5 
ML/6 ML CONTAINER AND 18 MONTHS FOR ALL OTHER CONTAINERS. 
ALLERGAN SHOULD BE NOTIFIED BY WRITlNG THAT F0tUlu!; STABILITY 
CONDITIONS FOR, OPHTHALMIC DRUG PRODUCTS. GU..../ fJ,,-r- i' .• ,d-e.-rist'OV\ of ~ 
e .. r,Y1:>..him ol,:Ji..,,j pe,y,~ (..e..r 1-w ~ irroou..J (1,t...Pf-lAG:~,v) ~t- be: 

LONG TERM: 25°C/40\RH, ' 
ACCELERATED: 40°C/20\RH 

cc: Orig. NDA 20-613 
HFD-550/Division File 
HFD-550/Tso 
HFD-550/Carreras 
HFD-540/Mainigi 
HFD-160/Vincent 
HFD-550/Holmes 
HFD-550/SUPERVISOR/Patel 
HFD-830/Sheinin 

Su C. Tso, Ph.D. 
Review Chemist 



Consult ~,41 (HFD-540) 

ALPHAGAN LIQUIFILM Brimonidine Tartrate 
Ophthalmic Solution 0.5% 

A review revealed no names which sounds li~e or looks like the 
proposed name. 

The Committee has no reason to find the proposed name 
unacceptable. 

CDER Labeling and Nomenclature Committee 



ENVtRONMENTAL ASSESSMENT 

AND 

FINDIN~ OF NO SIGNIFICANT IMPACT 

FOR 

Alphagan 

(brimonidine tartrate Ophthalmic Solution) 
0.2% 

NDA 20-613 

FOOD AND DRUG ADMINISTRATION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DIVISION OF ANTI-INFLAMMATORY, ANAGESIC, 
AND OPHTHALMOLOGIC DRUG PRODUCTS 



PIIIDIBG OP •o SIGIJIPICAJIT IKl'AC'l' 

NDA 20-613 

Alphagan 

(Brimonidine Tartrate Ophthalmic Solution), 0.21 

The Food and Drug acllllir.istration ( f'DA) recognizes the National 
Environmental Policy Act ot 1969 (NEPA) as the national charter tor protection, 
restoration, and enhancement ot the environment. NEPA establishes policy, sets 
goals (sect.ion 101), and provides procedures tse::tion 102) tor carrying out the 
policy. 

Envirorutental intonu,tion is to be available to the public and the decision 
""'lter before decisions are make about actions that aay signiticllatly aftect the 
quality ~f the human environ:Aent; FDA actions are to be supported by accurate 
scientific analyses; and environmental documents are to concentrate on timely and 
significant issues, not to aaass needl~as detail. 

The Food and Drug Administration, center for Drug Evaluation and Research 
has carefully considered all the potential environmental illpact of this action 
and has concluded that this action will not have a significant ettect on the 
quality of the human environment and that an environmental illpact statement 
therefore will not be prepared. 

In support ot their new drug application tot Alphagan ((brimonidine 
tartrate Ophthalmic solution), 0.2\, Allergan Inc. has prepared an abbreviated 
environmental assessment according to 21 CFR 25.Jla(b)(J) which evaluates the 
environmental illlpacts ot the manufacture, use, end disposal ot the drug product. 
Alphagan llbrimonidine tartrate Solution) is tor the treataent of open angle 
glaucoma or ocular hypertension. It is to be used by the pati~nts in home. 
srimon1dine tartrate drug substa"ce is aanufactured by 

At lofflere the arug sUbstance is 
manutactured, waste water generated are pR adjusted and discharged to local 
Public treatment pl•nt; scrubbers and condensers are in place, there is no 
permitted air control ~~vices required by regulation; solid wastes are sent to 
offsite tor disposal, recovered solvent are sent tor recycling or used for fuels 
blending. The drug product Alphagan will be aanutactured by Allergen America at 
Hormigueros, Puerto Rico. At this facility where the drug product will be 
manufactured, solid waste •ent tor ottsite disposal by licensed transporter and 
aqueous waste generated is discharged (atter pH adjustaent) to local Public 
treatment plant. The unutacturing sites are ~roperly licensed by the 
environmental &uthorities. 

The Center fr,r Drug Evaluation and Research has concluded that the product 
can be manutactureti, used and disposed of without any expected adverse 
environmental ettects. f 1recautions taken at the sites ot manufacture mini.m.ize 
occupational exposures and environaental release. 



Prepared bi' Su C. Tso, Ph.D. 
Chemist, HFD-550 

Date (/ 

tfFi, 

ku~ 13 p~ ~ (; 1 I 1'f (, 
Concurred by ff Patel, Ph.D. 
Acting Team Leader, HFD-550 

Date 

Dater I 

Attachments: Environment Assessment review r~ports 
Material safety Data Sheet for ganciclovir 
FOI copy of the Environmental Assessment 

cc, Original, NDA 20-613 
HFD-550/SCTso 
HF0-550/Holmes 
HFD-004/NSager 
HFD-004/Docket File 
HFD-019/FOI copy 
FONS! file, NDA 20-613 



The following Environmental Assessment is authorized for dissemination to the 
public under the Freedom of Information Act by Allergan, Inc. 



I. DATE: 

ENVIRONMENT AL ASSESSMENT 

PURSUANT TO 21 CFR 25.31 

BRIMONIDINE 0.2% QPHTHAI,MIC SOLlITIQN 
Revision 2 

April 19, 1996 

2. NAME OF APPLICANT 

Allergan. Inc. 

3. ADDRESS: 

2525 Dupont Drive 
Irvine. California 92715 

4. DESCRIPTION OF PROPOSED ACTION: 

A New Drug Application is being submitted to the Food and Drug Administration 
requesting approval of an ophthalmic solution whcsc active ingredient is brimonidine 
tartrate (hereinafter referred to as "the Product"), to be manufactured at Allergan 
America. Puerto Rico Road, 345 km. 1.5, P. 0. Box 60 Hormigueros, Puerto Rico, 
00660. Allergan America is a wholly owned subsidiary of Allergan, Inc. headquartered 
in Irvine, California. Allergan is proposing to manufacture, fill and package the Product 
and hereby submits this Environmental Assessment. This Environmental Assessment 
was prepared pu~uant to 21 CFR 25.31. The active ingredient, brimonidine tartrate, is 
manufactured by: 

The following alternate supplier ts included in the NDA for manufacture of the 
intennediate, 6 aminoquinoxaline: 



The Product is intended for use in humans and will be u~d by patients chronically. The 
Product will be used as a safe and effective chronic treatment of open angle glaucoma or 
ocular hypertension. 

The enviromr.ent adjacent to. and present at, the facility is industrial, 
commercial, residential and rur:al in nature. The environment adjacent to, and present at, 
the . fa::ility is light industrial, residential and rural in nature. The 
environment adjacent to, and present at, the Allergan America facility arc light industrial, 
commercial. r.:sident:al and rural in nature. The environment at Allergan's customers' 
locations is widespread and the nature will be diverse. 

5. IDENTIFICATION OF CHEMICAL SUBST ANCF.S TIIA TARE THE SUBJECT 
OF THE PROPOSED ACTION: 

The active ingredient brimonidine tartrate will be manufactured at the 
facility for Allergan, Inc. The chemical and physical data for the active ingredient 
brimonidine tartrate follows: 

Formula 

Molecular Formula 

Molecular Weight 

442.24 

Nomenclature 

IUPAC Chemical Name 

5-Bromo-6-(2-imidazolidinylidcneamino)quinoxaline L-tartrate 

Proprietary Name 

B rimonidine tartrate 

USANName 

Brimonidine tartrate 

Allergan Code Number (AGN #) 

AGN 190342-LF 



Chemical Abstract Services Number 

59803-98-4 

Other Names 

5-Bromo-n-( 4,5-dihydro- l H-imidazol-2-yl)-6-quinoxalinamine 

5-Bromo-6-(2-imidazolin-2-ylamir;-, )q• ·inoxaline L-tartrale 

5-Bromo-6-(imidazolin-2-ylamino)quinoxaline L-tartrate 

UK 14304 

Physical and Chemical Characteristics 

Physical Descriptioc 

Off-white, pale yellow 10 pale pink powder 

Melting Range 

202 •c 10 21 o•c with decomposition 

pKa Value 

7.78 :t 0.05 

TI,e Produce will be packaged for market ir. S ml fill/IO ml container, 10 ml fill/IO ml 
container, and 15 ml fill/IS ml container as well as a physician sample size of 2.5 ml 
fill/6 ml container (manufactured at Allergan America) containing the active ingredient 
bnmonidine tartrate at 0.2% w/v, with the following inactive ingredients: 

, Chemical Name Molecular Formula Molecular Wei ht CASNumbtr 



Aqueous solutions oi brimonidine tartrate degrade slowly under extreme conditions of 
t&:mf)Cn,lure and alkaline pH. The major degradation product was isolated and identified 
as 6-amino-5-bromoquinoxaline. The degradation product is also a synthetic precursor of 
brimonidine. 

6. INTRODUcnON OF SUBSTANCES INTO THE ENVIRONMENT: 

a. Sgb"stances Expected to be Emitted 

At the facility, a series of reactions will be undenaken in order to 
produce the final active substance, brimonidine taruate, in accordance with FDA 
requirements. The active ingredient, brimonidine tanrate, will then be passed 
through a wire-mesh sieve to yield a fine powder of narrow panicle size 
distribution. All sieving operations will be conducted in a glove box to minimize 
contact with employees. Then, the active ingredient will be tumbled in order to 
achieve homogeneity of the entire blend. The active ingredient will then be sent 
to Allergan America facility for inclusion in the formulation of the Product. 

During the production of the brimonidine tartrate, the following substances arc 
expected to be introduced into the environment either as waste water discharges, 
air emissions captured through condensers, hazardous waste (recycled or · 
incinerated), or solid waste (recycled or disposed). Also, the quality control 
laboratories will generate laboratory waste chemicals. 

As an alternate supplier, the facility would manufacture the 
intcnnediate 6-aminoquinoxaline using the same process as 

At the Allergan America facility, the Product will be mixed in batch operations in 
accordance with FDA rcquirem~nts. The products will then be filled into the 
appropriate unit dose containers, labeled appropriately and packaged for shipment 
to the customer. 

During the production of solutions, the following substances arc expected to be 
introduced into the envtronment: off-specification Product or cleaning residuals 
from Product manufact:.ire. Also, the quality control laboratories will generate 
laboratory was~ chemicals. 

'lllis Product is expcc!cd to be distributed evenly across the US as well as other 
countries. It is assumed that the customers will dispose of the containers after \l(,c 

in the local trash collection system which will either recycle the bottles or landfill 
them. 

b. Controls Exercised 

At the facility, although no: expected, resid11al (very insignificant) 
amounts of the brimonidine tartrate process chemical reactants may enter the: 



environment at the sites of manufacture as the result of equipment and facilities 
cleaning. However, because of the high cost of phannaceutical materials, as well 
as GMP provisions requiring strict accounting of their use, the manufacturing 
process is expected to result in minimal residual releases to the environment. 
Also, negligible emissions are expected due to the low production volume. 

Any residuals in washwaters are n.:utralized and discharged to the 
Depanmcnt of Public Services publicly owned treatment works (POTW). The 
U.S. Environmental Protection Agency Federal Categorical /retrcatmcnt 
Standards for Pharmaceutical Manufacturing Point Source Category, Subpan C -
Chemical Synthesis Products Subcategory, Pretreatment Standards for New 
Sourcef, applies to this discharge. Chemicals including laboratory chemicals 
which cannot be recycled or reused are sent offsite for proper disposal. 
HazardoeJ~ wastes generated by are sent for fuels blending and 
incinerauon. There are no permitted air control devices required at the facility. 
Th, facility employs local scrubbers and condensers w~ch are 
integral to the process equipment. Recovered solvents arc sent for recycling or for 
fuels blending. Solid wastes arc recycled where possible and disposed of where 
recycling is not possible. 

At the facility, although not expected, residual (very · 
insignificant, amounts of the manufacturing substances may enter the 
environment at the sites of production as the result of equipment and facilities 
cleaning. However, because of the high cost of pharmaceutical materials, as well 
as Good Manufacturing Practices (GMP) provisions requiring strict accounting of 
their use, the manufacturing process is expected to result in minimal residual 
releases to the environment. Solvents are captured using condensers. The 
solvents are either recycled or disposed via incineration. Filters arc used to 
capture the activ.: ingredient. 

At the Allerga11 America facility, although not expected, residual ( very 
insignificant) amounts of the manufacturing substances may enter the 
environment at Llir. sites of production as the result of equipment and facilities 
cleaning. However, because of the high cost of pharmaceutical materials, as well 
as GMP provisions requiring strict accounting of their use, the manufacturing 
process is expected to result in minimal residual releases to the environment. 
Also, ne1di11:ible emissions arc expected due to the low production velum~. 

Any residuals (solutions or cleaning residnes) in washwaters arc pH adjusted and 
discharged to the _ Municipal Sewage treatment facility which is 
permitted by the Pueno Rican Environmental Quality Board and the U.S. 
Environmental Protection Agency. Chemicals which cannot be recycled or reused 
are sent offsite for proper disposal . Three diesel generators, one diesel pump for 
fire suppression water and two boilers opera!C under air pollution control permits. 



C. 

Returned Goods (finished product) arc not received at the Allergan America 
facility located at Pueno Rico Road, 345 1cm. 1.5, P. 0. Box 60 Hormigueros, 
Puerto Rico, 00660. Returned Goods are sent by the customer to the Allergan 
facility located at 8301 Mars Drive, P.O. Box 2675, Wa1;0, Texas, 76112. The 
Allergan facility located in Waco disposes of returned goods using Laidlaw 
Environmental Service~, Inc. located at 500 Battleground Road, La Pone, Texas 
77571. Returned goods arc either incinerated or buried if they cannot be resold . 

. · 

Allergan America disposes of rejected or off-specification batches, ,ngredients, 
and sub-components of a batch by incineration/fuels blending 

,f Pueno Rico, Inc. located -
provides this service for Allergan America) 

or burial at an industrial landfill . 
provides this service for Allergan America). 

Statement of Com,, ,encc; with Emission Rcgi.Jirs:mcnts 

is in compliance with all applicable federal (OSHA, EPA), state 
and local environmental, health and safety regulations. 

is in compliance with all applicable ,1~tional, provincial 
and local environmental, health and safety regulations. 

Allergan America is in compliance with all applicable federal (OSHA, EPA), state 
and local environmental, health and safety regulations except as noted in the next 
sentences. The Allergan America facility has received two notices of violation 
concerning noise emanating from the facility air conditioning and emergency 
power generation systems. Aliergan, while denying it is in violation of any noise 
control limit regulation, is currently working with the Pueno Rican 
Environmental Quality Board to resolve these issues. Allergan has received 
notices of violation for wastewater discharge exceedanr,:s of permitted parameter 
limits. Allergan is CWTCntly working with PRASA. the regulatory agency for 
wastewater clis.:hMge pcrmining and enforcement in Pueno Rico, to resolve these 
issues. 

It is assumed tha1 the customen of the foiished Product operate in compliance 
with applicable federal (OSHA. EPA), state and l~al environmental, health and 
safety regulations. 

d. Effect On Compliance 

Al)p•<>val of this New Drug Application and the production of the active 
substance, brimonidine tartrate, will have no significant advenc effects on 
compliance with applicable environmental regulations. 

c. Quantity Entcrinll Environment 



7. 11. 

1n the man11.fac1we of the active substance, brimonidine tartratc, the quan11Iy 

entering the environment from the manufacturing process is negligible. 

In the manufacture of the Product, the quantity entering the environment from the 

manufacturing process . is negligible. Since this is a topical ophthalmic product 

administered in drop-quantities by the patient, insignificant emissions co the air or 

discharges to wastewater will result from the patient's use of the drug product but 

will be minimal. There are also insignificant waste impacts anticipat:d from the 

patient's use. 

The Product is an ophthalmic phannaceutical for topical administrati,m. Items 7 - 1 I 

therefore are not required. Sec 21 CFR Section 25.3l(a)(3)(i1). 

12. LIST OF PREPARER(S): 

Michael Whaley, REA 

Director 

Environmental Health 

PERSONS AND AGENCIES CONSULTED: 

Su C. Tso. Ph.D., Chemist, Division of Topical Drug Products, CDER, FDA 

13. CERTIFICATION 

The undersigned official certifies that the information presented in this repoll is true, 

accurate, and complete to the best cf the knowledge of Allergan, Inc. 

nt-cU u)~ 
ALLERGAN. INC. 

Michael Whaley 

Director 

Environmental Health 



14. REFERENCES 

21 CFR 25.31 

15. APPENDICES 

Nor.e. 



ALLERGAN R&D 
MATERIAL SAFETY DATA SHEET 

NFPA Rating: Health: 2 Flammability: 0 Reactivity: 0 Special: 0 

PRODUCT IDENTIFICATION 

Compound Name: 

Class of Compound: 

Manufacturer's Name: 

Address: 

24-Hr. Phone Number 

Phone Number between 
7 am-5 p.m. Pacific Tune M-F 

Date Prepared: 

-
BRIMONIDINE TARTRATE 
(AGN 190342) 

Alpha-2 Adrenergic Agonist 

Allergan, Inc. 
Research & Development 

2525 Dupont Drive 
Irvine, CA 92715 

Allergan, Inc. 
714-752-4335 

714-724-5940 

February 14. 1996 

HAZAIU>OUS INGREDIENTS 

' 

Brimonidine tanrate (CAS # 59803-98-4) is a member of a class of compounds which acts 
on the a2-receptor of the adrenergic autonomic nervous system. Some of these 
compounds are used in the treatment of systemic hypertension. In the eye, a2-adrenergic 
agorjsu lower IOP and are additive to 13-adrenergic antagonist therapy. No Permissible or 
Recommended Exposure Level has been esublished for any of these compounds. 

HAZARDS IDENTIFICATION AND FIRST AID 

~rnerac-,c;y Oy,:ryjn,; This is an experimental compound. The pharmacological 
and toxicological properties of this compound have not been fhlly investigated. 
W orken should handle this material in a t\une ~.>cl. If a fume hood is 
unavailable, wear a NIOSH-approved respintor. Worlcen should also wear latex 
gloves, lab aprons and safety gl•sies when handling this com und. 

BRIMONIDINE TARTRATE (AGN 190342) 
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Primary Routes of Entry 
into the Body: 

Potential Health Effecu 

Emergency First Aid 
Procedures: 

Eye Contact: 

Skin Contact: 

Inhalation: 

Ingestion: 

Flash Point °F (Method) 

Inhalation, skin and eye contact 

The full range of possible human health effects has 
not yet been determined for this compound. Other 
potential health effects listed in this MSDS are based 
on known effects caused by other alpha 2 adrenergic 
agonisu , 
Common side effectS of members of this class of 
compounds include hypotension, dry mouth and 
drowsiness. 

Overexposure to clonidine may cause nausea_ 
vomiting. anorexia, sexual dysfunction, hypoten5ion, 
bradycardia, contact dermatitis, irritability, miosis 
and fatigue. 

Immediately flush eyes with water for IS minutes. 

Obtain medical anention. 

Immediately flush skin witb water for IS minutes 
Remove contaminated clothins and shoes. 

Wash contaminated clotning before reuse. Destroy 
or thoroughly clean contaminated shoes. 

Get medical attention if symptoms are present. 

Move to fresh air. If syntf)toms occur, obtain 
medical attention. Treat symptomatically. 

Consult a physician or poison control center 
immediately. 

FIRE nGBTING MEASURES 

No data for this product 

Fire-Extinguishing l\taterials: Water fo1, C~ roam or dry cltemical 

BRIMONIDINE TARTRATE (AGN 190342) 
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Specific Firefighting Procedures: 

Unusual Fire and Explosion 
Hazards: .. 

Use self-contained breathing apparatus m 
enclosed or confined spaces or as otherwise 
needed. 

None known 

SAFE HANDLING MEASURES 

Steps to be Taken if Material is Spilled or 
Released: 

Waste Disposal Methods: 

Precautions to be T alcen in 
Handling and Storage: 

Mutagenicity: 

Reproductive toxicity: 

, 
Sweep up or take up with absorbent material 
Flwh spill area with water. 

Dispcee of according to federal, state and/or 
local regulations. 

Keep away from oxidizing materials. Store 
in a coo~ well-ventilated area. 

Ames tests do not indicate a genetic or 
carcinogenic risk. 

In nit and rabbit teratology studies, this 
compound showed no embryolethal or 
tera!Ogenic activity. 

EXPOSURE CONTROL 

Engineering Controls: 

Respiratory Protection: 

Eye Protection: 

This compound should bi\ hAndlcd in a 
glove box, W>oratnry hood or other effective 
local exhaust ventilation. 

This material does r.Jt have establish .. :! 
exposure limits. If not using a fume 
hood when handlina thi3 cumpound, wear a 
NIOSH approved air-purifyin11 respintor for 
dusts and mists when working with small 
quantities (milligrams). 

For larser quantities (pounds) , wear a 
powered air"!'Urifyin:3 respirator or a positive 
presaire air-supplied respirator. 

Wear safety glasses with side shields ( or 
goggles) and a face shidd. 

BRIMONIDINE TARTRATE (AGN 190342) 
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Pro1ective Clothing: 

• 

Hygienic Work Practices: 

Rubber (latex) gloves are recommended 
when handling this compound in dry or 
aqueous form. When using this 
compound dissolved in organic solvent, 
wear gloves that provide protection against 
that solvent . 

Wear lab coat or other protec:ive clothing , 

Wash hands thoroughly after handling No 
eating, drinking or smoking in area. 

Melting Point: 

PHYSICAL AND CHEMICAL PROPERTIES 

202-210° C 

Specific Gravity: No data for this product 

Vapor Pressure (mm Hg at 20° C): No data for this product 

Appearance: 

Stability· 

Materials to Avoid: 

Hazardous Polymerization: 

Hazardous Decomposition 
Products: 

Pale yellow, non-hygroscopic, crystalline 
solid. Free base is fluorescent. 

REAC11VITY DATA 

Stable 

Store away from oxidizers and heat. 

None known 

None known 

TOXICOLOGICAL INFORMATION 

INGESTION: LDso for the mouse was SO mwJca. The No observed adverse effect level 
was 2S mg/leg. LDso for the rat was 100 mg/leg. The No observed adverse effect level 
was 10 mg/leg. Monkeys dosed orally with 2.5 ffll/lcl/day for one month survived without 
systemic effect except for the plwmacologic effect of sedation. 
EYE; Monkeys dosed with 0.8% solution for one _month exhibited no systemic effects 

BRIMONIDINE TARTRATE (AGN 1903•1:?) 
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INTRA VENOUS: The LD50 for the mouse was 50 mg/kg. The No observed adverse effect level was 10 mg/kg. LD50 for the rat was 100 mg/kg. The No observed adverse effect level was 25 mg/kg. 

CHRONIC: Mice were fed doses up to 2.5 mg/kg/day for 21 months. There was no evidence of a treatment-related effect on body weight, food and water consumption, ophthalmology, hematology or-elinical chemistry parameten. There was no evidence of oncogenicity 

, 
Rats were fed doses up to 2.5 mg/kg/day for 2 years. There was nc, e.,dence to suggest an oncogenic effect. 

REPRODUCTIVE: A fenility and general reproduction study in rats consisted of doses up to 0.66 mg/kg/day tc the Fo generation males for 70 days prior and during mating and to the Fo females for 14 days prior to mating and durif,g gestation and lactation. Drug related effects included reauced body weight gains in the Fo malct and redue:ed body weight gains in the f1 pups in lactation in the t,:gh dose group. Following weaning, no remukable drug-related effects were noted in the FI generation. No treatment-related effects occurred in the F 2 generation. 

Teratology studies were conducted in rats with doses L!I' :o 2.S mg/kg/day for days 6-IS post-coitum. Studies in rabbits were with doses up to 4.0 mg/leg/day from days 7 through 18 of pregnancy. Dose-dependent weight and growth loss was ob~ in both. There was no cmbryolethal or teratogenic activity in either study. 

MUT AGENICITY: Ames tesu using Sa/,no,w//a tester strains did not indicate a genetic or carcinogenic risk. A chromosomal aberration assay in Chinese Hamster Ovary cells resulted in no significant increase in chromosomal aberntiom at the concentrations analyzed. 

The preceding irafonnatioa it hued oa available data and It believed tr., be correct. However, ao warranty iJ expressed or to be implied resardln1 the accuracy of this information, the results to be obtained from the me thereof or the hazanb connected with the use of tile material Since the iaformatioa contained herein may be applied under condldom beyond our control and with which we may be unfamiliar, we do not auame any re;pon1ibility for the resmtl of its use. Thit informatloa Is furaltbed upon the condldoa that the penou receivia1 it shall make their own determiaatiou of the effects, properties, and protectiou which pertain to their particnlar coadltlo111. 

BRIMONIDINE TARTRATE (AGN 190342) - ,. ,,.,.. 
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REVIEW FOR DIVISION OF 
ANALGESIC, ANTI-INFLAMMATORY. and OPHTHALMIC DRUG PRODUCTS 

OFFICE OF NEW DRUG CHEMISTRY 
MICROBIOLOGIST'S REVIEW NO. 1 

' June 12, 1996 

MICROBIOLOGY REVIEWER: Carol K. Vincent, M,:robiology Staff, HFD-805 

A. 1. NOA No.: 20-613 

Ju/I/ I J /996 

S''(O 
. ' \ 0; a/ an /J 

PRODUCT NAME: ALPHAGAN (bnmon1dine tartrate ophthalmic solution) 0.2% Sterile 

B. 

2. 

3. 

4. 

5. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

APPLICANT: MANUFACTURING SITE: 

Allergan Allergan America 
2525 Dupont Drive State Road 346 Km 1.6 
P O Box 19534 Barrio Hormicueros 
Irvine, CA 9271 3-9534 Hormicueros, Puerto Rico 

DOSAGt: FORM AND ROUTE OF ADMINISTRATION: Solution, topical drops 

~JIETHOD(sl OF STERILIZATION: Aseptic fill 

PHARMACOLOGICAL CATEGORY/ PRINCIPAL INDICATION: 

For lowering intraocular pressure 1101') in patients with open-angle glaucoma (OAG) 
and / or ocular hypertension IOHT). 

DRUG PRIORITY CLASSIFICATlON: 1 S 

INITIAL APPLICATION DAT!;: 08-31-95 
APPLICATION FILED: 11-06-95 
RECEIVED FOR REVIEW: 10-04-95 
AMENDMENT: 02-28-96 
RECEIVED FOR REVIEW: 03-07-96 
AMENDMENT: 04-25-96 
RECEIVED FOR REVIEW: 05-20-96 

C. CONCLUSION: We recommend NOA 20-613 for approval for microbiological quality and 
stenlitY assurance based on the sterilization process validation information and other information 
submined on 08-31-95, 02-28-96, and 04-25-96. 

cc: 
Orig. NDA 20-613 
HFD-540/Chambers/Tso/Chapman 
HFD-160/Consult file/CKVincent (HFD-8051 
Drafted by: CKVince~t/12-04-95/05-20-96/ 
Revised by: CKVincent/06-10-96 Carol K. Vincent I FD-805I /' _ ✓z.-
R/D lnit by: PHCooney/06-12-96 L (7 1 ' . 

p.l ·~!?a.... ~c...•-~ c..-,'L-'I" 


