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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Betagan~ & ALLERGAN PHARMACEUTICALS

-.(levobunolol HCI)

Liquifitm®
sterile ophthalmic sotution

DESCRIPTION “.""

BLTAGAN (levobunoiol HCH Liguifiim sterie optitholimic solution 1s o
noncardioselestive Hutg-odrenoceptor blocking agent fot ophthiolmic

STRUCTURAL FORMULA: levobunolol HCI

use 0
CHEMICAL NAME: (-)-5-{3-(fert-Butyian:ing)-2-hydroxypropoxy)- -
3.4-dihydro-1(2H)-naphthalenone fiydrochior de N 3
CONTAINS: ) e
levobuno'oi HC! 026%, 05% R

wilh- tiquilm® (polwinyi alcohol) 14%. henzolkgnium chioride ’

0.004%. edetate disodium; sodium metobisuifite, sedum phosphote, OCHHCHNHG{CHY )y
divas.c; potassium phosphate, monabasic, sodium chlonde, nydro- |

chlone acid or sodium hydroxids to odjust pH; and purified water OH

CLINICAL PHARMACOLOGY: Levabunolol HCis a noncard oselective beta adrenoceptor biocking aget, equipctant atboth
beta, and beto, feceptors. Levohunolol HCLis greatar ihan B0 hmes more potent fnan s dextro isomar in its peta-blocking
achvity, yet equipotent in s potentiol for direct myccardial depressian Accerdingly, the levo isomer, tevohunotol HCI, is
ased Levobunolol HC! does nol have significant iccal anesthelc (membrar e-stablizing) or intringic sympathemimetic
achivity

Beta-cdrenergic receplor blockade reduces cardige oulput in toth heaithy subjects and pchents witl heart disease In
patients with severe impairment of rmyocardial funchion, beto-cdrenérgic recepior biockade may mhibit the shmulatery
effect of the sympathefic nervous sysfem necessary to maintals adequete cordiae funchon

Beta-ndrenergic receplor blockade in the bronchi and bronchioles results in increased oirway resistance from unopposed
parasympathefic activity Such an effect in pahents wih osthma o othe bronchospastic conditions s potentially dangerous,

BETAGAN ¢levobunalol HCI) has bee ~hown to be on active agent in lowering etevated Qs well as normal infraocular
pressure (IOP) whether or not occompanied by glaucoma Elevated 107 presents a major risk factor In glaucomatous
fie'd ioss. The higher the level ot IOP, the greafer the ikelinood of ophic nerve damage and visual field loss

In controlled clinical studies of approximaotely two yeors dutation, intraoc.lar pressuie wos well-contralied in OpProxi-
mately 80% of subjects treated with BETAGAN™ 0 6% hid The menn JOP deciease from baseline was between 6 87 mm
Hy ana 781 mm Hg No significant offects on pupi size, 1eai production or otneal sensitivity were observed BETAGAN
af tre concentrations tested, when applied fopically, decraosed hear rate Lng blood pressure in some pohents. The I0P-
lowaring etfect of BETAGAN was weil maintained over the course of these studies

inaihrea-menth clinical study, o single daily appiication of BETAGAN O 5% contratled the lOP of 72% of subjects achieving
an overall mean decrease in 10P of 7.0 mm Hg

in twy, separate, critiolied studies (one three month and one up 1o 12 monihs duration) BETAGAN 0.20% bid. controlied
ihe I0P of appra~imately 64% and JO% of the subjects The averall mean decrease from baseiing was 5.4 mm Hg and
51mm Hg respectively [nanopen-labet study BETAGAN 0) 25% qd confrolied the I0P of 72% of e subjects while achiev-
ing an overali mean decrease of 5.9 mm Hg.

The onset of action with one diop of BETAGAN can be datected within she hour affer tregtment, with maximum affect
seen between 2 and € hours

A sigraficont decrease in tOP can be maintained for up to 24 hours foliowing a single dose

The primary mecharusin of the ocular hypotensive action of levobunolol HC1 in reducing LOP 1s most likely o decrease
i1 aqueous humor pioduction BETAGAN reduces I0P with little or no effect on pupil sizé or accommadation in contrast
1, the miosis which cholinergic agents are known to produce The biurred visior ond night blindness often associated
with miatics would not be expectad and have not been reported with the use of BETAGAN This is parlicularly imporfant
in catatoct patients with central lens opocities who wou!d expenence decreased visual acuil + with puplilary constriction.

INDICATIONS AND USAGE: BETAGAN 0.25% and 0 5% have bean shown 1o be effactive in lowerning infraocular pressure
and may be used in potieats witn chronic open-ang'e giaucoma of oculdr hypertension.

CONTRAINDICATIONS: BETAGAN i< controindicated i thase incividuals with bronchial asthma or with @ history of bronchi-
ol gsthima, or severe chranic obstr Jciive pulmonary dis&ase (See WARNINGS); sinus bradycardia, second and third degree
atrioventricular block; over! cardiae faiure {see WARNINGSY. cordingenic shock; of hypersensitivity 1o any component
of this product

WARNINGS: As wilh ather lapically opplied ophthaimic drugs, BETAGAN may be obsorbed systemically. The same adverse
reachons found with systemic admimstrghon of beto-adrenergic blecking agents may occur with fopical odminisation.
For excmple, severe respiratory reactions and cardiac reachions, including Jeath due to bronchospasm in patiants with
asthma, and tarely death in associaton with cargiac {oilure, hove been reported with topicol application of beta-adrenergic
hiocking agents (see CONTRAINDICATIONS).

Cardige Falfure: Sympathehc stimulaien may be essentic| for support of the circulation in indrwduals wilh diminished
myccardial contractility, and its inhibthen by beta-adrenergic receptor biockade may precipitote more severe failure

in Patients Without a History of Cardiac Fallure: Confinyed depression of the myccordiurm with betr-Liocking agents over
a period of fime can, in some cases, lend to cardioc faiure Atthe first sign or symptom of cardiac {1ilure, RFTAGAI | should
be discontinued.

Non-aliergic Bronchospas;n: In patients with non obergic tronchospasm o1 with o histery of non-gitergic bronchospasm
(eg. chronic bronchitis, graphysema), BETAGAN snould be administered with caufion since it may black bronchoeditation
oroduced by endogenous and axegenous calechnlamine stimulation of beta; receptors

Major Surgery: The necessity of gesirability of withgrowal o7 beto adrenergic blocking agents prior fo major surgery is
controversinl. Beta-adrenergic receptor biockade impairs ttu; ability of tha heart 1o respond to beto-adrenergically medi-
ated refiexstimuli This may augment the risk of general anesthesia in surgicol procedures. Some patients receiving beta-
adrenergic raceptor blocking agents hove teen subject to profracted severe hypotension during anesthesia For these
reasons, in potients undergomg elective surgery. graduat withdrawol of betd-adrenergic receplor blocking agents may
be apptopriate.

If necessary during surgery, the effects cf befq-adrenergic blocking cgents rmay be reversed by sufficient doses of such
agonists as isoproterendl, dopamine, dobutormine o1 levarterenoi {see (VERDOSAGE)

Diabetes Meilitus: Beto-odrenergic blocking ogents should be administered with caution in patienfs subjectfo spontaneous
nypoglycemio o to diabetic patients (espectoily those wih labile diabetes) who are receiving Insulin ot oral hypoglyce-
mic agents. Beta-udrenergic receptor blocking ogents may mask the sigrs and sympfoms ot acute hynoglycemia

Thyrotoxicosis: Beta-adrenergic blocking agents may mask certain chnical signs (eg., 1ochycerdia) of hyperthyroidism.
Pahents suspected of developing frrotoxicosis shouls be manoygeu carefully to avoid abrupt withdrawal of heta-adrensrgic
blocking agents which might precipftate o thyroid storm

Cortains sodium metebisuilite, o sulfite that may cause oliergic-type reachions including ancphylactic symptormns and
jife-ihreatening of less severe asthmatic episodes (n certain suscepiible people The overall prevaience of sulfite sensitivity

in the general popuiation is unknown and probably low Sulfite sensitivity 1s seen more frequently in usthmatic than in
nongsthmatic people.
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C CAP™ G
lNSTRUGT\ONS £OR USE (see roverse 050)

1. Onthe first usage, make sure the number ~1” or the correct
qay of the week appears in e Window. If not, click the cap

1o the right station.
9. Remove fhe €0 d apply medication.

5. Replace the cap. Hold the C Gap petween your fnumts and
“Now rotate the boftle untit the cap clicks to the

next station.
A When it's ime to take your next do

A

s, reped! steps 2 and 3.



PRECAUTIONS: General S TAGAN® Clevabunaiol HE Diqust e Stanle ORERINANTIC SCution should be used with coution
fEDmaonts wih known kypersensitaity 1 other bata adtenoceptor biscking agents
Liawdh pgabon i pahents wah known dominished pulmonary tynchon
bopntents wdh - pe cigaue glaucoma, the i, cedigte objective of tregtiment s to respen the ongle. This requires, 1n most
Loeenstnehing g pupiowith o gt BETALAN Ras Ite of i effect on the pupil When BETAGAN 15 used to reduce
e ated Itrancuiar presaare angle ¢ 4. e gloycoma it shauld be foiuwad with g miohic and not alone
Muscle Weokress: Balg aiie engic bioskan s+ . been reported fo poteéntate muscio weakness consistent with certann
PR iptoIny feg depiipa. phosis and GEneipiieg wenknessy
Drug trroeqetons: BITAGAN snoid e osod w th caulion in patienls who arerecening o btg-adrencrgic bincking ~gent
arally Uucaase of the potental for additne effects an systeric beta-hiackade
Althougtibst IATLAN sed alone has Uftle o Bo eifeet on pupisize mydniass resuiting frars concomatant thercpy with B[ Tasan
ond epmephine inay goour
Close abservation o e pahant 15 tecommended when a beta Diacker agrmisiered o pahents receiving cofschald nine
depleting r n Baseserpine hecause of pessibie addifive effects and the production gt b, potension andgr marked
bradycardio wizct gy produce verigo syncope of pesturgi Nypolension
ADIMAal Studies. No alearst ncuian effects were ahselved in qbbils administered BETAGAN topically in stucies lasting one
year in concentratens up 1o 10 tures e huma: dose concentiahan
Caitinogenes!s, mutageresis, impaitment of fertifity. In o ltehmc ora stydy 11 mive e o were stahishically significant
(p = 0.08) mcreases nthe modéence of beEM@n Jeamyomos in femuie ruce 1 200 mg ‘ky-0ay (14,000 himes the recom-
mended human dose for ?\oucomo), butnot atl2 or 50 myg kg day (B mid 2500 YMe: e Rnman dose) Inatwo-year
oral study of levobur.cloi TIC! in rats, there was a stahstically signiicont (o « o 05 Inciease In the incidance of benign
hepatomas in male rats administered 12 800 himes the recommended bumon dase for glaucoma Sumilar differences were
not observed in rats admimistered orol doses equivasent to 350 hmes to 2 000 imes Tho recemenanded humar dose for
glaucoma,
Levabunolol did not show evidence of mutagenis octwity in o boftery of microbiological and memmalian in vire and i
viv0 assays.
Reproduction and fertility studies in ra1s showed no odverse effect on mae or temale fornity af doses up to 1,800 traes
the recommended human dose for glaucoma
Pregnancy Category C: Fetotomcrty (08 evidenced by a grec. 1 number of resorptior, sites) has been observed in rabbits
when do- s of lsvabunolol HCI equivalent 1o 200 and 700 himes the recommended dose for tie tredtment of gloucoma
were given. No feiotoxic effects have been observed in similar sfughies with rats of up 10 1800 tmes the human dose for
gloucoma Terctogenic studies with levotiunoiol in rafs of doses uptoe 25 mg kg day (LBOO times the recommended hu-
man dose for glaucomay showed no evidence of tetal melformations There were no adverse effects on postnatal devalop-
ment of offspring. It appears when resuls from sfudies using rafs and studies with ottier beto-adrenergic biocker: are
examined, that the rabbit may be o parlicularly sensitys species Thare are no odequate and well-contro'led studic s in
pregnunt women. BETAGAN should be used during pregnancy only f the potential benetit justiies the putenhal risk to the fetus
Nursing Mothers: It is not known whether this drug is excreted in human milk, Sustemic beta-blockers and topicel himolol
maieqte ate known 10 be excrated in human milk. Caution shauld be exercised when BETAGAN is administered to o nursing
woman
Pealatric Use: Safety and eMectiveness in children have not been established
ADVERSE REACTIONS: In clinical trials the use of BETAGAN has been associated with ransient ocular burning and stinging
inaboutYin 3 patients, and with blapharoconjunctivitis in about 1in 20 patients. Decreasas in heart rate and blood prassure
have been 1eported (See CONTRAINDICATIONS and WARNINGS)
The following advarse affects have been reported rarely with the use of BETAGAN: indocycelitis, heodache, transient gtaxia,
dizziness, lethargy, urticario and pruritus.
Decraased corneal sensitivity has baen noted in g small number of patients J\Imou%n levobunolol has minimal membrane-
stabilizing activity, there remains a possibility of decleased corneal sansitivity after prolonged use.
The following additional adverse reactions have bean reportad with oEmnalmic use of beta, and beta, (non-selactive)
adrenergsc receptor blocking agents: BODY AS A WHOLE: Headache CARDIOVASCULAR, Arthythmin, F%ncop& heart biock,
cerebral vasculer accident, cerebrol ischemia, congestive heartfailurg palgiraﬁon‘ DIGESTIVE: Nousea. PSYCHIATRIC: Depres-
sign. SKN: Hypersensitivity, including localized and generalized rash. RESPIRATORY. Branchospasm (predominantly in po-
tianls with pre-existing bronchospastic diseos?, respiratory foiture ENDOCRINE: Masked symptoms of hype: lycainia in
insilin-depandent diabetics {see WARNINGS). PECIAL SENSES: Signs and symptoms of kerafitis, blepharopiosis, visual
disturbances including refractive changes (due to withdrawal of miotic therapy in some casaes), diplopia, plosis.

Othar reactions associated with the aral use of nan-selective adrenergic receptor blocking agents should be considered

potential effects with ophtha!mic use of these agents,

OVERDOSAGE: No deto ore ovarlable regorging nverdosog‘;e In humans. Should oceidentol coulor overdosage occur, flush

eye(s) with water or normal saline. If ascider tally ngesfed, sfforts 1y decrease further absorption may be appropriate

(gostric tovage).

The most common signs and symptoms to be especi~d with overdosage with administration of a systemic bat1-adrenergic

blocking agent are symptomatic bradycardio, hypotension, bronchaspusm, and acute cardioc failure Should thase symptoms

occut, discontinyig BETAGAN therapy and initiate appropriote suppontive therapy The following supportive megsures should

D€ considered:

1 Syinptomatic bradycardia: Use atropine suliate introvenousiy ina dosage of Q 25 mgto 2 mgto induce vagat blockade.
Itbradycardia persists, infravenous isoproterenol hydrochlonde should be administered cautiously. inrefroctory ca.as
the use of a transvenous cordiac pocemaker should be considered.

2. Hypotension: Use sympathomimetic pressor drug therapy such as dopamine, dobutamine or (evarteranal. in refractory

Cases the use of glucegon hydrochloride may be useful,

Bronchosposm: Use isoproterenol hydsochloride. AdJitional tLerapy with ominophyline may be considered.

Acute cardiac failure: Conventionai therapy wish digitalis, dretics and oxygen should be inshfuted immediately. In

refractary cases the use of introvenous arninophyline is suggested This may be followed, if necessqry, by glucagon

nydrochloride which may be usefut.

5 Heart biock (second or thid degree): Use isoprotereno! hydrochionde or @ transvencus cardiac pacemaker.

DOSAGE AND ADMINISTRATION: The recommended starting dose is one fo fwa drops of BETAGAN 0.5% in the atfected eye(s)

once o day T'gccul dosing with BETAGAN O 25% is one to two drops twice gaily. In patients with more severs o uncontrollsd

glaucomd. BETAGAN O 5% can be administered h.id. As with any new medication, careful monitoring of patients is advisad

Cosages above one drop of Betagan 0.5% bid are not generolly more effective Ifme_t)m:em’s IOP is not ot a satistactory

tevel on this regim.en, concomitant therapy with dipivefrin and/or epinephrine, and/or piiocorpine and other mictics, and/or

systemnically admunisiered carbonic anhydrase inhibifors, such as acefazoigmide, can be instituled.

HOW SUPPLIED: BETAGAN®™ (levobunolol HCI) Liquifiim® sterils ophthalmic solution is supplied i white opague plastic

droppar botes as 1oillows

-

Betagan 0.25%. C C.op™ Compliance Cap
313 (twica dadly
Ll - NY50-469-75
Wrme - 1i880-469-20
Befagan C £%: C CAP™ Compifance Cap C Cop™ Complignee Cap
Standard Cap Q.D. conce daily) BiD (iwice daily
2 mL - NDC 11980-252-02 5m. -- NDC 1:980-252-65 S mi - NDC 11980-252-25
10 mL — NDC 11980-252-60 0 mL - NDC 11980-252-20
15 mL — NDC 11980-252-61 156 mL — NDC N980-252-21

NOTE: Praiect from fight Stc-e at controlled rogm temperature 15°-30°C (59°-86°F
CAUTION: Federai (US.AY . prohibits dispensing withou! prescript:on

Revised June 1989

Ef_ﬁ;a_r-gan Amernicg «:1388 Allergarn, Inc
b armigueros, Puerto Rico COG60 PR7368 30-6/M
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C CAP™ COMPLIANCE CAP
Patient Instructions

IMPORTANT NOTES (ses reverse aiso)

Don't try to catch up on missed doses by applying more
than one dose at a time,

Each time you replace the cap, turn it until you hearthe click.
The number in the window specifies your next dosage.
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15 mL

ALLERGAN PHARMACEUTICALS
HOC 11980-252-61

Betagan®
{ievobunalol
HCN 05%

Liguitilm® sterile
ophihalmic solution with

G Cag™

COMPLIANCE CAP

@.0. @.0.

{levobunsiol
HCI} 0.5%
Liquilim® stesite

G Cap™

PR60O34 30-"'"4

hp

15mL

ALLERGAN PHARMACEUTICALS

Betagen”
ophthalmic soluilon with

COMPLIANCE CAP

W

|

-252-61 8

\\\\\

1

1063-u8-U13

00
4¢3 IONVITdW0D
ﬂ].{:: ll g‘ ‘l’.\]

UL

% 0 [1OH
|0joUNGaARI)

o phryea
1650 ON qwgi

-Contalns:

tevobunolol HCY . ... ... .- 0.5%
with: Liquifilm® {polyvinyl
alcohot) 1.4%; benzalkonwm
chioride (0.004%); edetate diso-
dium: sodium metabisullite;
sodium phosphate, dibagic,
potassium phosphatc, mona-
basic: sodium chioride, hydro-
chioric acid of sodium hydroxide
to adjust pH; and puritied wate..

Dosage: Reler o accompanying
literatura.

Nole: Protect from light. Store at
controlled room temperature.

ALLERGAN PHARMACEUTICALS
Aliergan Amaesica

Hormagueros,
PLenc Rico 20660
©1989 Allergan. InC.

183



Liguitime slerile
thalmig Solption with

Gepr
COMPLIANCE CAP
B.LE,

PR80033 30-8/M

15 mi

AlLERCAN FHAHMACED"ICALS

MOC ¥198g. 755

|

Liguililm® stopy

ophthaimic 30lution

& Capr

with

COMPLIANCE CAp

B.0.0,

LA

Prra 1rllm'lr'1

dv3 SSNVJMWOS
LI}
Ll
%80 194
18j0Ung0A3}
Cl
545G oy g
Containg:
-iavobunoloi HCI Q5%

with: Liquitime (polyvlnyl
alcohol) 145, benza'lconiur;:
Chloride (0.004%;. adelate digg.
dium; sodivm Metabisulfite -
Scdium phosphale, dibasic;
Potassinm phosphata, mono-
basic: sodium chiurige. hydrp-
Chloric acig OF $0dium Rydroxige
0 adjust PH. ang purified water

Douuo: Refar to accompanying
literature,

Noje: Protect from light, Siore
at controliey room temperature.

ALLERGAN Wﬁﬂﬂﬂtﬁ

Allergan Americy
Hormgueros,

Puaris Rcg DOGE)
©1gag Allargan, ine

17



10 mL 10 mL

ALLERCAN PHARMACEUTICALS ALLERCAN PHARMACEUTICALS
NDC 11980 - 252 - 60

)

k.4

WFM(U.l:thm-
ibits disponsing witheut prescription.

Betagan®

Betagan®
(levabunolol (levobunolol
HCI) 0.5% HCil 0.5%
Liquilitm® sterile Liquitiim® sterile
ophhalmic solution with

& Gag™ C Gap™

ophthaimic solution with

COMPLIANCE CAP COMPLIANCE CAP
0.0. 6.0,
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Contains:

evobunolod HCIL . ... .. .. 0.5%
with: Liguifilm# {polyvinyl
alcohol} 1.4%; benzalkoniury.
chioride (0.004%); edetate diso-
dium; sodium metabisuifite;
sodium phosphale, dibasic:
potassium phosphate, mono-
basic; sodium chioride, hydro-
chiotic acid or sodium hydroxide
to adjust pH: and purified watar,

Dosage: Refer 1o accompanying
literature.

Note: Bottie filled 10 2/3 capacily
for proper drop control. Protect
from light, Store at controlled
room temperature.

ALLERGAN PHARMACEUTICALS

Allergan America
Horrmigueros.
Puerto Rico DC560
©1989 Allergan, Inc



10 mL 10 mL

ALLERGAN PHARMACEUTICALS  ALLERCGAN FHARMACEUTICALS
NOC 11980-252- 20
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Coution: Fodetal 1U 5.0 lew pre-

IWbits Sispensing witheut priscoplan
Betagan® Befagan®
(fevabuniotal {levobunalol
HCH 0.5% HCI) 0.5%

Liquililm* stenie

Liguifiim" sterlle ophthalrmuc solution with

ophthalmic salution with

B Cap* b Cap™

COMPLIANCE CAP CGMPLIANCE CAT
0.0, BRIA0N

NSN §505-01-246-6605

PR3235 30-2M P
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wi
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Conlains:
levobunolol HCI . 0.5%

with Liquitilm™ (polyvinyl
alcohol) 1.4%, benzalkonium
chioride (0.004%). edeta‘e diso-
dium; socium metabisulfite;
s0¢ium phosphate, dibasic
potassium phosphate, mono-
basic: sodium chlonde; hydro-
chionc acid or scdium hydroxidge

to adjust pH; and purified water
—-—
Dosage; Refer o accompanying

Iiterature

Note: Bottle filled to 2/3 capacily
for proper drop control. Protect
from hight. Store at controlled
room temperature.

|

11980-252-20 5
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Allergan Americs
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Puerto Rico 00660
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ALLERGAN PHARMACEUTICALS 5 m L

-

Betagan®
(levnbunalal
HCIl 0.5%

Liguitilm® stenle
ophthalmic solution with

G Cap"

COMPLIANCE CAP

0.8,

PRS0026 30-8/M
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ALLERCAN PHARMACEUTICALS
NDC 11980 - 252 -85 5 mL

Befagan®
(levobunalel
HCI 05%

Liguiilm® sterile
aphthalmic solution with

& Cap™

COMPLIANCE CAP

0.0.

NSN 6505-01- 304 - 9761

1
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0-252-65 6
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Contains:
levobunolol HCL ... ... .. 0.5%

with: Liquifilm® (polyvinyl
alcohol) 1.4%; benzatkonium
chioride {0.004%); edetate (450~
dium, sodiurn metabisullite,
sodium phosphate, dibasic:
potassium phosphate, mono-
basic; sodium chloride; hydra-
chloric acid or sedium hydroxide
to adjust pH; and purified watar.

Dosage: Refer 1o accompanying
literature.

Note: Bottie filled to 1/2 capacity
tor proper drop control. Protect
from light. Store at controlled
room temperature.

ALLERGAN PHARMACEUTICALS
Allergan Amarica

©)1989 Aligzgan, Inc.
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ALLERCAN PHARMACEUTICALS 5 ml_ ALLERCAN PHARMACEUTICALE mL

NDC 15900 - 252-25
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960 HOH
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@
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Contzins:
levobunolod HGL ... . . 05%

with' Liquilim® {pobyvinyl
alcohol) 1.4%; benzalkonium

W orice (0.004%); edetate diso-

dium; sodium metabisultite;
sodium phosphate, dibasic;
potassiom phosphate, mono-
basic: sodium chiloride; hydro-
chieric acid or sodium hydroxide

* Cavbian: ; i
Fader WEAD o to adjust pH: and purified water.
b.m proseriphion. e = l[‘.'ouoe: Reter 10 accompanying
® S ————— ) iterature.
® @ﬁﬁ]@ﬁ]{'ﬂ P
@ﬁ@ @]ﬂ] —————] Nuie: B ttle filled 10 1/2 capacity
lle\mhugolnl Ilevuhungll — r'u tor proper drop controt. Protect
HCIl 0.5% HCll 0,5 h _— 0 trom light. Store at controlled
Y Liguitilm* stecte o o ath _— room temperature.
ophthalmic solution with @ @ ™ e ——
@ [B&][pm @Eﬂ _:—:—___—-—E 3 ALLERCAN PHARMACEUTICALS
COMPLIANCE CAP —_—— T Amarica
COMPLIANCE CAP L0 e tlomigueron
5.0 oy oAl Puerto Rico 00660
ot NSN 6505-01-248.75256 zm
PR3296 30-2/M
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ALLERCAN PHARMACEUTICALS ALLERCAN PHARMACEUTICALS
NDC 11980-252-02

Caution: Faderal (U.S.A) law

prohibits dispensing without
prascription.

®

Betagan

(levo unulnl HC!) (levobunolol HC)
0.5% 0.5%

.uqumlm® Liquifilm®

sterile ophthalmre solution sterile ophthaimic solution
Lg

2mL 2mL

PRGOC40 30-8/M

ta an

L

1198

l

|$\

N
3

106C-06-0130

hp

]

HONNIOS HUKHEYydo Jjuals
sWyInbI
%S0

(194 10j0ungoAg|)
uebejeg

155% ON qw g
.
Contains:
levobunoiol HGL ... o....0.5%

wiith: Liguifilrm® (polyvinyl alcohol)
1.4%; benzalkonium chicride
(©.004%); edetate disodium;
sodium metabisulfite; sodium
phosphate, dibasic, potassium
phosphate, monobasic; sodium
ehionde; hydrochionc acid of
sodium hydroxide to adjust pH,
and purified water,

Dosage: ‘
Rafer 10 accompanyir.g literature.

Naote:

Bott' filled to 1/3 capacity for
proper drop control. Protect trom
fight. Store at controlled room
temperature.

€1589 Allergan, Inc.
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REVIEM & EVALUATION OF PHARMACOLOGY & TOXICOLOGY DATA
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KDA 19-279 (Original Submissfon, dated 1/19/84 & Amendment, dated 6/26/84)

Date Received: 4/3/84
Date Review Completed: 7/24/84 [Wafted for additional data (amendment).]

Applicant: Allergan Pharaaceuticals, Inc.

Irvine, CA —_—
'ﬁ .
Drug: BETAGON®; §flfbunciot HCY Ophth. Sol'n, 0.25%, 0.5%,1.08 ' 4 / 4.

e '\J" :?-:"

~

Code Name: GSH-1355 /ﬂu lliwt—dn. 2{3.3;'7?&’_ (/r?/ﬁﬁi—-'
Category: Beta blocker, topical ophthalmic RS T ”

Formylation: Se« next page.

Related Submissions: '_ :( f'j’

—

Chemistry: Bunolol is a racemic mixture containing equal portions of the

evo® and “"dextro® rotatory sterecisomers. Although both isomers have equal
abiTity to cause direct myocardial depression, the "Tevo" isomer (levobunolol)}
has more than 60x greater beta-blocking ability than the "dextro® isomer
(Kaplan and LaSala, 1970). In order to obtain the highest degree of beta-
blocking potential without increasing the potential for direct myocardial
depression, the Tevobunolol {somer was chosen for extensive testing in animal
wodels and humans.

Structure:
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cn_,énn CHCHON,0 =3
[H3 oH



o !
. !
T%ééﬁ’ MIS NUMBGLK)

No  frée >




|
1

S = rlat. % al. ., e . - — e

KOA 18-219 Pags 3

OCULAR TOXI¢iTY .
Note: For =omposition of formulations, see table above.
A. Ona-day Acute Studies in the Rabbit
Animsls: 3 F XZ rabbits/group
A!. Formulations Tested: 0.2% (6278X) & 22 {6279X) Bunolo! Sol‘ﬁ
Treatment: One drop (volume not specified) instilled in the Tower

cul-de-sac of the left eye; the contralaterial right aye served as
untresated contral.

a) 16 Instillations/Day: 1/2 hr. interval between treatments:; 2% '
notol solution; brush-like staining with fluorescein invelving
25-50Z of the cornea in 1/3 rabbits,

b) 16 Instillations/Day: Because of positive findings, the above
experiment was repeated with 2% &% 0.2% bunolol sol'n.

2% Bunolol Solution: ResuTts with fluorescein staining showed
corneal lesTons Tn 3/3 rabbits {2 rabbits with punctate stains,
and many closely-packed pinpoint stafns in the third rabbit).

0.2Z Bunolol SoTution: No ocular reaction.

c) 8 Instillations/Day: 2% Bunolol so1'n showed no ocular reactions,

2. Formulations Tested: 5% (6616X) bunolol ophth. sol'n, discard volume,
16 InstiTlaticns/day. No discomfort; on s1it-Tamp exam, all 3 rabbits
showed slight discharge and moderate conjunctival congestion following
the last irztillation.

B. Subscute Ocular Toxicity in Rabbits’

T. 21-Day Study
Formilation Tested: 13 (6331X) Bunolol Ophth. Sol'n
Animals: 3 F NZ rabbits/group
Dose Groups: I; : 1 drgp hln ‘io:t n!e gﬁg fgr 21 consu_:utive d:,_vs
IIf]-® = = -2 » (8x/day™ * » ..

Results: Slit-lamp exam, presumably following fluorescein staining on
pretest and on days 7, 14 & 21, showed no ocular reaction in any group.

His Jogy: (MD group only) Vetarinary Pathology Consultants,
hﬂ_s. CA.
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Subconjunctival lymphold nodules in the eyelids; no consist -+._
differences in intensity or distribution between the left : right

“eyes. The character and dist-ibutfon of these lymphoid nodu.2s were

sinilar to those seen in normal rabbits under similar conditionms.
According to the pathologist, “thelir presence is a reflection of ocular
antigenic stimulaticn and the ability of the iadividual animai to
respond immunologically.”

2. 28-Day Study ir Rabbits

Formilation Tested: 1% {6549X) bunolol ophth. sol'n

Animalz: 6 F NZ rabbits/group; 3 groups

Results:

Low Dose (1 dr- éxldaﬂ: No discomfort; slit-lamp and gross exams
were negative. - :

Mid Dose (1 drop 4x/day): Siight discomfort; s1it lamp exam (days 7,
14, 2V K 2B} showed sﬁght corneal opacity in the untreated right eye;
results were otherwise negative. Grossly, there was slight hyperemia
in 10/672 InstilTations in 4/6 rabbits. -

High Dose (1 drog 8x/day}: There was ocular discomfort at various
oes 1n a ra S.

STit-lamp exam on days 7, 14, 21 & 28 showed one rabbit with slight
conjunctival congestion in both eyes on day 14, and in the untreated
ays only on days 21 & 28. One rabbit had slight discharge in the
treated eye on day 29. No other ocular reactions were observed,

Gross Exam showed sYight hyperemia In 116/134; instillations in all 6
rabbits, slight discharge in 2 Instillations in 2 rabbits, and tearing
in 97 instillations. One rabbit showed a small closed abscess on the
Jaft side of the nosa on days 2 & 28. Another rabbit had torticollis
(twisted neck).

Nots: These 2 animals were identified. Presumabiy they were: #1277
with plasmocytic meningitis and #1297 with non-suppurative neuritis;
E Titozoan cunicul{ infection [organisms not seen on
li%séﬂi'logy (sae ROK_ page 105064)].

o _
Histopathola g’ Vct:"htllo'logy Consuitants) Corneal Vimbal lymphoid
R ate In the trested eye of #1291. Subconjunctival lymphoid
nodule occurred randomly in one or both eyes, according to the
plthlogist. representing immune response to ocular antigenic
stiulation. Noted also were randomly-occurring hyperkeratosis and
acanthoiis of the aye 11d.

(Note:- No lesions, e.g., vacuoles in the optic nerve.)
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3. 28-Day Study in Rabbits - .
Formulation Tasted: 5% (6591X) bunclo! ophth. sol'n

Methodoloqy: Same as {n the 28-day study with 1% sol'n _
Results: Rabbits from all 3 groups showed some degree of discomfort.

STt lamp exam on days 7, 14, 21 & 28 showed conjunctival congestion
with or without discharge in 6/6 rabbits in the HD & 3/6 in the MD gps.

Grossly, hyperemia and ocular discharge were evidence of local
Jrritation. .

\

Histopathology: (KD group only) Vat. Path. Consultants, Inc,

Subconjunctival Tymphoid nodules randomly distributed and representing
fmmme response to ocular antigeaic stimulatfon. Chronic adenitfs of
Harder's gland in the right eye of 2 animals was suggestive of
infectious process.- {Note: No significant lesions in the optic nerve
in any rabbit.) :

Reviewer's Coment: Material tested in this study was of higher conc’n
and with a different vehicle than that proposed in the NDA.

4. 28-Day Study

Formulation Tested: 1% (6617X-6187C) bumolol ophth. sol'n, heat & Tight
stressed

Note: The test mterfal was the same as proposed for clinical use, but
the sol'n had been exposed previously to 459 temperature for 31 days,
followed by exposure to 600 footcandies 11lumination for 15 days.

Criteria Fresh ° Heat & Light Stressed
Toncentration: T.05% 0.8390% X 0.035
m: 7. ‘-7.3 5.29 : 0.07
Results:

High Doss (1 drop 8x/day): Mo ocular discomfort was observad in any
r at any InstilTation. No ocular reactions were observed upon
gross observation, or slit-lamp exams done on days 7, 14, 21 & 28.
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Low Dose SI droq 2x/day): No ocuiar discomfort was observed in any
ns alion. N0 ocular reactions were observed upon gress
observation. Upon slit-lamp exams (days 7, 14, 21 & 28), +1
conjunctival congestion was exhibiied in: both eyes of 1 rabbit 2nd
the untreated right eye of another - day 14; the untreated right eye
of 1 rabbit - day 21; the treated s=ft eye of I rabbit - day 28. No
other ocular reactions were obsarved.

Histopatholoqy: (HD group only; Yet. Path, Consultants, Inc.)

Ko treatment-related changes 1in thé extraocular tissuss: no consistent
differences between the treated & untreated eyes.

Tha pathologist reports:

*Minimal to mild vacuolation of both the right & left optic nerves
was seen in 5/6 animals. This change 1s sporadically seen in the optic
nerves of many animal species, and the exact etiological basis is

uncertafn. In some cases, the change may be artefactual .nd acsociated
with fixation. )

"Subconjunctival Tymphoid nodules were ~ommon in the Tids of both
the Teft & right eyes; these are expected. as they are consfdered the
normal ocular response to antigenic stisulatfion.

"Generally mild scattered non-suppurative infilammation of the skin
was sporadically seen in the left and/or right eyelids. In the present
cases, the etfologic basis is unknown. Such mild scattered
inflammation 1s, however. fairly commonly seen in rabbit eyelids.®

Reviewer's Comment: The vacuoles in the optic nerve reported in this
study sere not seen in the 21-day & two other 28-day studies (all
reviewad above). Tissues from all these studies were examined by the
same pathologist. Furthermore, this lesion was not reportedly seen by
another pathologist (Dr. Ackerman, Experimental Pzthology Labs) in the
ayes expesed to T-year chronic study with 1% bunolol ophth. sol'a (same
formulation, but not heat stressed}. In this reviewer's opinion, it is
unlfkely that heat stress of the fermulation was the cause. It appears
to be an artefact in the fixation process.

C. Chronic Ocular Toxicity: 1-Year Topical in Rabbits

Animls: 40 F rabbits/group, further subdivided into ¢ subgroups (A, B,
» 10 rabbits each. Rabbits ia subgroup D were sacrificed at
termination (1 ywar). .

Dosage Regimen: Al1 groups were dosed with | drop, 2x/day.

froe ’l: Iligll Dose (XD) H’ m!“lﬂh‘!
Mid Dose (

1. D) 1.0% (6617X)
I111. Low Dose (LD) 0.5% (6518X)
IV, Vehicle Coantrol {¥YC) 0O (661X}
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Treatment: One drop of ophth. soT’n was intilled 1n the Teft eye b.1.d.
{morning & afiernoon) dafly for 17 consecutive months. Leit eyes were
dosed and contrzlateral right eyes remafnec untreated. -

Termination: Interim sacrifice at approx. 3 wonths; terminal sacrifice at
s,

Resuits: _

Hlﬁicnl %ﬂme: These consisted of diarrhea, earmites, '

saif-in scratches, pinworm, etc. - none related to drug treatmont.

Mortality: %o spontancous deaths. A total of 10 rabbits (2 #D, 3 MD, 1
were sacrificed prior to their scheduled terminatfon. Six of

these had torticollis, - were Tame (accidental, not neurologic), 1 rad
otitis media, and T MD animal was weak, lethargic & moribund on day 224.

Gross Ocular Ohservations: These were recorded at each instillation.
erenia & cenjunctival discharge tabulated in the report were recorded
at less than 1% of the total observations. Buphthaleos (enlargement of
the eye) was obse: ved in 2 rabbits (not identified) of the VC group - in
the Teft eye on day 155 in une rabbit, and in the right eye on day 5 in
the other. Both had elevated intraocular pressure (IOP). Mocderats
corneal opacity was also reportedly observed in the affected eyes.
According to the invastigators, this was “non-solution related®.

Slit L Exam: These were performed on days 85, 177, 273 & 352. The
Pannus and abnormality of the iris were reportediy not presant in any
rabbit of treated or control groups. Conjunctival congestion, corneal
lesions (recorded as various degrees of cloudiness and fluorescefn

positive staining - both indicative of corneal opacfty) were observed, but
thefr incidence and occurrence was neither dose- nor trestment-related.

Reviewer's Comment: Al1 rabbits showing any positive finding on sTit Tamp
exam during the entire study perfod were {ollowed. According to my
tabulation (below), no systematic pattern for the individual animals is
apparent.

=11C Lamp cxam
Note: Left eyes were treated; right eyes untreated controls.

Rabbit Wo. -~ Day 85 - Day 177 Day 173 Day 352

One-Yet Ocular Toxicitg in Rabbits

HIGH 1609 F1 (L) -0- . ~0- Not Tisted.
DOSE 1627 F1 (L) F1 (L) ~G~ cc (L)
1695 -0- -0~ Cor (L) -0-
1702 - =0~ <0 =0- cc (R)
1708 -0- -0- cc (L) 0=
1709 =0- -0- 0= cCc (L)
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Rab.. it No.

HIGH 1710
DOSE 1741
{Cont.) 1746
1752

1782

.. 1283

" 1784

MID 1608
DOSE 1612

1616
1617
1619
1657
1692
1713
1714
1716
1749
1777

LOW 1633
DOSE 1638
1682
1684
1686
1775
17:7

VERICLE 1641
. 164£
169
1597
1731
1756
1761
1262
1772

1775

-0-

Cor (L,R); FT (L)
Cor (L); FT (L)
«0-

-0-

cc L)
-0-

. =0-
-0-
-0-
=0~

Cor (R): F1 (R)
cc (L)

-0-

Cor (L)
cC (L,R)

Abhruviltionsé €C = conjunctival congestion

Cor = cornea] lesion
F1 = flourescein positive

-0-
-o-
‘0-

CC {r)
cc (1)
-0 -
-0-
¢ (L)
-0-

-0-
-0-
-0- .
-0-
-0~
-0-

-O-
-0-
-u-

{Sacrificed interim.)
CC (L,R)

-0-

Cor (R)
Cor (L)

Cor (R)
F1 (R}
-0-
0-
Cor {R)
G-
Cor (L)
0=

Paae 8

. Day 352

-0-
cC (1)
€C (L)

-0~

" €C (L,R)
cc {L)
Cor (L}

-0~
-0~
~0-
-0~
-0-
(=

-0-
£C (R)
F1 (R)
F1 (R)

~0-

-0~

(-
-0-
cc (L)

0-
cC (R}

cor (R)
Cor (L)

-0~
i,
¢C (L.,R)
CC (L,R)

Cor (R); F1 {R)
€C {L); Car (L)

Flare (L)
~0-

(L) = Teft eye
(R) = right eye
~0- = no abnormality

tha Imo: .
na of r

e or et

The findings indicative of effects on the lens and the
fts were as follows:
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I8

Smll nuclear cataract in treated e of 1 rabbit, day 352
H0: Mo abnormelftfes )

LD: MNuclear Cataract in 1 rabbit day 85; another showed an abnorma]
Blood vasse? extending into +he uitrggus husor in the contrgl aye.

> YO One rabhit previocusly noted to have buphthalmia in the control tye
®hibited a s} nuclesr cataract and congested retinal blood vesse?
in the contrg) right eye -n days 177 & 352, respectively. _

Sody Wt: Mo statis, $tg. differences betseen grouns,

Hematalogy & Blood Chemistry: Performed gn days, 9, 91, 187 & 357, these
wera conducted Tn rp $ Trom all groups, Sfo. levels for varfous
rraneters are tabulated 1n Table 122 {for hematology) and Table 43 (for
lood chemistry) of the report (NDA VoI, 1.5, pp. 105195 & 105244), Hone
of the parameters. if statis, sig. different, had any biologfcal
importance

L ]

Pathology: (Reported by Experimantal paty, Labs, Herndon, VA)

a) Interim Sacrifice on p 95-96:
N-

was low and did not appear to he drug-related, Likewise,

ocytic foct tn the nictating membrane occurred unilaterally
with Tow incidence and were npt treatment-related. In one rabbit
{YC) #1699, lymphocytic foci occurred 1n both eyes, This rabbit
also had non-suppurstive perineuritis of the optic nerve in both
yes and non-suppurat jve weningitis,

~ Non-ocylar Iszztmic): Non-specific, mostly in lungs, such as
congestion, interstitiaj preumanitis g periuronchial Tymphocyt ic
lasia; none of these were treatment-retated, Submucosa?

b) Final Terminatton - Day 364/365:

= Ocular: A1 ocular lesions from a1 rabbits have been tabulated.
STnce the tabulations provided in the report were tog Cumbersome for
Comparison, the dats have been retabulated beTow:
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Ocular Lesions follcsing 1 Year of Topical Administratfon
ot BunoTo! in Rabbits '

High Dose Mid Dose Low Dose Vehicle
. E . R e ETS'iE [El EI w 3 .s
Limbal Cornea:
mononuc lear cells 5/29 6/29 10/30 7730 &/29 6/29 §729 71/29
heterophils 0 0 0 0 ¢ 1 0 1
Lens: diffuse subcapsular
hyalfnfzation 0 1} - 0 0 0 2 0 0
Cornez: epithelial
hyparplasia 0 0 9 0 0 0 0 1
Optic Nerve: perineuritis 0 0 0 0 0 0 1 0
Eyelid:
mononuclear cells 1 L+ 3 1 1 0 5 !
1ymphoid nodules 2 1 0 0 0 0 0 H
hemorragic exudate '

{surftace) 7 6 3 5 3 1 3 1
congestion 0 0 0 0 0 0 1 1
focal blephritis 0 0 0 0 v 0 0 !

Nictating Membrane:
mononuclear cells 4 6 3 5 2 7 6
1ymphoid nodules 2 1 0 0 0 0 0 1
_ congestion 4 2 3 2 2 2 3 1

Lacriml Gland:

miitifocal dilatation O 0 0 0 0 1 0 0
mononuclear cells 1 2 3 0 0 2 1 H
mitifocal hemorrhage 10 4 ., 10 6 6 8 2 !
nonsuppurative adenftis 2 o - 0 1 1 0 1 i
focal nonsup. adenitis 1 2 0 0 1 0 1 n
*Treated eyes
From the above table, 1t can be seen that the lesions occurring most
frequently were: '

1. foci of mononuclear cells in the limbal cornea, eyelid &
nictating membrane;

2. Tymphoid nodules in the ey-elid & nictating mesbrane;

3. mltifocal hemorrhages in the Tacrimsl gland, ascribed to
hemorrhagic exudate on the surface of the syelids - both necropsy
procedure;

4. non-suppurative adenitis of the lacrimal gland;
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5. epithalial hyperplasfa of the Teft cornea & perinsuritis of the
right optic nerve in vehicTe controls, both single Instances in
differant -afmls;

6. two instances of diffuse subcapsular hyalinization of the lems of
the left (treated) ey= in the LD group.

With the exception of the Tesions in the lens (explained below), ali
ocular lesions were incidental, and were not compound-related.

Non-OcuTar (sFtuicJ: These involved changes in the Tungs of both
-trea control rabbits. Subchronic inflammatory changes

consisting of minimel to i-derate sultifocal pnewmsonitis and
perivascular & peribronchial mononuclear cells were present in the
{ndividual rabbits in all 4 grou?s. More acute changes of the lungs
consisting of focal or multifocal suppurative pneumonfa or focal °
accumulations of perivascular heterophils were present in an
occasional rabbit. None of the inflammatory Tuno changes were
considered by the pathologist to be related to topical admin. of the
dr'ig in the left eyes of these rabbits. . Other lesions reported
(150 not treatment-related) were duct ectasia of the mammary gland,
lesfons due to prozoan disease (Encephalitozoan cunicult).

Reviewer's Comment: Diffuse subca?suhr hyalinization of the Tens of
the treated ays In 2 LD rabbits (#1638 & 1700) was reported. With the
exception of aild corneal congestion of the treated eye of #1638 on day
177, no abnormalities were observed in efther animal on slit Tamp

exan. This lesfon ::aurtedly did not occur in any other eye (treated
or untreated) in ths #D, MD or YC groups. Histopathologist's response
to Dr. Kilay (Allergan) was:

*This 1s in response to your question regarding the evaluation of the
lenses from the Terminal Sacrifice Patholoyy Repot on Allergan
Study Mumter 1356-0216-856, One-Year Chronic Eye i xicity Study in
Fesale Rabbits. Sections of lens from the right and left eyes of
each rabbit were evaluated. The wicroscopic changes were r
under °fyg, Right' and ‘Eye, ieft.’ The only di is for a
specit ic Tans Tesfon for this study was 'Diffuse apsular Lens
Kyulinization' {under right eye and undar left eye).

I¥ you have any additiona) questions regarding this study, please
contact me.” . '

A variety of changes occur in the subcapsular epithelfum. The cells
proliferate when stimulated by injury or toxic influence (resulting in
opacity or antericr subscapsular cataract}, and may appear to undergo
mataplasia. Later a hyaline membrane 15 formed between these cells.
(Ses Hogan & Zimmerman‘s Ophthalwic Pathology, 2nd Ed. pp. 672 & 673).
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OCULAR PHARMACOLOGY
A. Primary Action: Ocular beta-antagonistic activity

Methodology: Since the albino NZ rabbit does not respond to topical

-adrenoceptor antagonfists with an ocular hvwpotensive response
unrelzted to systemic cardivascular affects, t. 2 agonist/antagonist model
was developed. In this model, ocular hypotensive response to topical
1-epinephrine (beta-adrenocaptor agonist action) is blocked by topical
pretreatment with the beta-adrenoceptor antagonist.

A 50 ul drop of various conc’ns of the beta-blockers was administered to a
randomly chosen eye in each of 9 rabbits; contralateral eys received
saline. One hr latzr, a 50 ul drop of 0.5% l-epinephrine HC1 (Epifrin)
was administered to the same eye receiving the beta-blocker (contralateral.
eye rec'd saline). 10! was measured at 0, .5, 1, 2, 3, 4, & 6 hrs Tater.

Results: I5g vepresents 50% inhibition epinephrine-induced effect in

ahove-mentfoned animal mode! :ystem. Levobunolol had Isg =
x10-%2. It was slightly Tess potent than timolol (I5g = ]Ix10-9%),
and approx. 300x more potent than propranolol (Isp = 3x107<%).

B. Llocal Anesthetic Activity

Methodology: Each rabbit was prepared by trimming 411 Tashes & whiskers
Trom areas impediately surrounding the eyes. Prior to the application of
ophth. sol'n, & positive response was established. Rabbits then received
a 50 ul drop of sol'n in one eye & 0.9% saline in the other, Each eye was
tested for anasthesia at 0, 5, 10, 15 & 30 min. by lightly brushing the
cornea with the fine tip of an artist's brush (#1 size, 527 delta).

1. Levaobunolol (2, 1, & 0.5%) was tﬁsted and its action compared with
those of proparacaine (Ophthet.cR) as 0.5Z sol'n & propranolol (2, 1
& 0.5%) - the 2 drugs with a w11-established local anesthetic effect.
Levobunolol was found to have - xae Tocal anesthetic effect at all 3
conc’ns, although none was as «ifective as either proparacaine or
propranolol. The most active conc'n (1Z rather than 2%) of levobunolol
was not as active as the lowast conc'n of propranolel (0.5%). In
addition, the onset of anesthesfa was not fmmdfiate as with
proparacaine or propranclol.

2. Dose-responsa Curve for Bunolol: Faak Activity occurred 5-10 min.
following drug instillation and lasted 15-20 min. The was 7.8%
(3-20%2) at 5 min. A comparison with the corneal anesthstic potential
of propranolol & proparacaine ylelded the following order of potency:

acaine propranolol bunolol. Tiwolol was inactive as corneal
ocal anesthetic in this assay.
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- ABSORPTION, DISTRIBUTION, METABOLISM & EXCRETION

The following pharmacokinetic studies were conductad by Allergan. In all
these Mi:z. bunolal ophth. s01'n was employed. ke

A. m'lmtic Studies Subsequent to Topical Ophthalmic Adwin. of
- o] 1n 1ts

Test Material: Bunolol ophth, sol’n, 0.5% in vehicle formulation #6519x
[same as proposed for marketing); bunolo) was labelled at the carbonyl
group.

1. Absorption 8 Ocular Distribution in Rabbits
lhthodo!od*: A 50 ul drop of 0.5% bunolo] ophth, sol'n was instilled
n l'

eyes of 30 F NZ rabbits. The animals were killed at .
varic.s time intervals and radioactivity (RA) of ocular tissues was
seasured,

Results: Tjs2 (half-Tife) were: Hours
Aqueous humor 126
Corneal tissue 1.07
Iris 1.48
Ciliary body 1.63

Max. tissue conc'n in all ccular tissues except conjunctiva & sc¢irra
peaked at 30 min.; in conjunctiva & sclera, 1t peaked at 15 win.
Haximm concentrations were:

At _0 minutes: uﬂ of Tissue
Corneal tissue 09 +

Iris 9.66 + 3.73

Ciliary body 5.18 + 3.37
At 15 minutes:

Sclera 11.97 + 311

Conjunctiva 9.60 + 4.33

Percentage of the total dose found in ocular tissues at various times
is tabulated below:

Tissues Time Intervals
15 Hin. 30 Pin. o0 Hin. 1B0 Hin. n. B
. “Rean ¥

0.26 0.22 0.06 0.04 0.01
0.07 .03 0.02 0.01 ¢.007
0.05 0003 * 0.01 o.m o.m
1.28 0.70 0.19 0.08 0.03
0.07 0.04 0.01 0.007 0.002

0.01
Y97 105 L 0.1 0.07
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2. Excretion in tUrine & Feces following Togica! posing in Rabbits

50 ul of 0.5% bunolol ophth. sol'n was instiiled once in the Teft eye.
On days 1, 25 3» 4, 45, urlne & feces we 2 collected and RA measured.

Average total recavery was £8.19 + 7.19 in the urine and 21,02 4 3.44
in the feces. tore thar 50% of the RA was excreted in the 24:hr urine;
about 107 was found n .he 48-hr feces. Total combined excretion was
g% at the end of 5 days, and washing of the cage recovered an
additional 3.54% of the original dose.

3. Recovery in Urine & Feces following IV 1n;|ection in Rabbits

gunolol was administered at .05@pk 1¥ once, and urine & feces we: e '
collected at 24, 48, 72 & 96 hrs.
Total reco ery was 70.50 + 8.50% in urine and 11.90 ¢+ 2.76% in feces.

4. Accumulation following Multiple Topical Dosing in Rabbits

In a total of 24 rabbits, 50 ul of 0.5% bunolol ophth. sol'n was
instilled twice daily in both ayes for & consecutive days. Ocular
tissues (3 rabbits/sampling time) were sam led daily, ismediately prior
to (for trough Tevel) and 30 min. following the second daily dose (for

peak Tevell.

ResuTts showed that there was no sig. accumulation of the drug in the
ocular tissue.

COMMENTS & RECOMMENDAT IONS

1. Bunolol is & beta-adrenergic blocking agent. It exists as a racemic
sixture of levo- and dextro-stereoisomers. The separated Tevo-isomer,
favobunolol (the subject of this HDA) is claimed to have GOx greater
beta-blocking activity.

2. The preclinical animl data tn this NDA incTude results of both ophthalmic

/and systemic studies.

S , )
3. 1 have reviewed the praciinical ophthalmic data and have provided comments

Al e
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5. The fact that the Teaticular Tesion did mot occur in any rabbits in the
mid-dose, high-dose or vehicla control groups ma=es interpretation

somewhat difficult. The Medical Officer is requested to provide his input
in this oatter.

6. On tha basis of the hthalmic data, 1 see no objection from the Safety
standpoint to approval of this NDA. The Division of Cardiorenal Drug
Products (WFN-110) should be consulted for an assessment of safety based
an the preclinical systemic data, which I presume they have reviewed.

(_/ ' . . ) B /’

vl

S.R- & > D.v-“.. Ph.D.
: 2 1g. NDA :
HFN-815/M0
(8

HN-220 -
l-l-‘l-ﬁlSISRJosMISI:ISIS'IIM
R/d init.by: MDavitt

1387b







Medical Officer's Review of NDR 19-219
| Jarumry 24, 1985
m- :A‘Ilm_
2525 Dupont Drive
Irvine, CR 92713

of Drug: Trade: Petagan Liquifilm Sterile Ophthaimic Solution
Generic: Levobunolol hydrochloride

Pharmacologic Category: Beta-adrenergic blocking agent
Proposed Indication: Anti-glaucoma

Form and Route of Administration: 0.25X, 0.3X, and 1.0X ophthalmic
%ﬂ\ Tor topical application to the eye twice daily.
Related Drugs: Timolol Maleate (TINCPTIC) NOA 18-086

%’: Levobunolol is 2 non-selective B-adrenergic hloddngagmt with
ac similar to propanoloal, nadolol, timolol and metoprolol.

tﬂvebaenmedinthemwtofhvpemm,theprqi\yhmm
angina pectoris and the control of certain types of cardiac arrhytimias.
Timolol maleate (TIMOPTIC) is the only one currently approved for the
treatment of chronic glaucoma.

Bunolol is a racemic mixture containing equal por:ions of the "lavo® and
"dextro“ rotating stericisomers. Although both isomers have equal ability to

. cause givect myocardial depression, the "lewn™ isomer (levobwnolnl) hes more

than 60 times greater beta-blocking activity than the “dextro® isomer. In
order to obtain the highest degree of beta blocking potential without
incressing the potential for direct myocardial depressicn, the levobunolol
isomer was chosen for testing in ani«al models and humans.

mmmm'mammmm
assessed in rabbits by detamining the topical concentration of the test drup
ary to block the hypotensive effect of topical 0.53X epinephrine.

MOCOSSATy
" - Lsvobumplol was less potent then timolol, but approximately 300 times more

potant than propanolol.

rmymhvmum(o.n - 10X; was tested for its acute corneal
locai anesthetic activity in rabbits. Peak activity occurred at 5-1G rinutes
foliowing drug instillation and lasted 15-20 minutes. The avarage
30% of aaximm effect was 7.8% five minutes after
dosing. Lsvobunolol was approximately one-tenth as potent as propanoclol and

. one=hasdredth as potent as proparacaine. In long-term studies, levobunolol

0.%, l.ﬂm:lmemmmtmienlytomofrmutdnednh
for one year. Cornsal anssthetic effects of levobunolol were assessed



KDA 19-219 -2 -

following the last daily dose. Pesk activity occurred 5 to 10 minates
past-instillation and Tasted 15-20 minutes. Full corneal sensitivity returned

within 30 afnutes, suggesting that there is no cummlative effect of chronic
applicaton of levoburolol to the eye.

Ocular absorption and distribution were also studied utilizing C-14 Tabeled
drug. Radioactivity appeared rzpidly in varfous ocular tissues, with peak
values after 15 minutes :n the scleral and conjunctival tissues and at 30
minutes in other ocular tissues. Corneal concentrations were higher than

those in other external tissues. The fris had higker concentrations than
other internal tissues. '

The ocular effect in rabbits of 1% Tevobunolol solution was evaluited
fo]louin? 21 and 23 consecutive days of multiple topical fnstillatfons (1 drop
2x/day, 1 drop 4x/day and 1 drop 8x/day): the drug was found to be nontoxic fn
all dosage groups. Signs of slight disc. .fort and sTight hyperemia were noted
at a few instillations in the mid-dose and high-dose aroups. One animal in
the high-dose group showed a sTight dischargs in the treated eye upon s1it *
lamp examinations on the lzst day of the study, a-d another animal showed
slight conjunctival congestion in both eyes at one s1it lamp examination.
Histological exzminatfons showed no changes to ocular tissues atiributable to
toe test solutisn.

Chronic toxicity studies with C,5%, 1.0% and 5.0% levobunolol ophthalimic
solutions were conducted in rabbits that had received one drop twice daily in
the Teft eye with the right eye serving as a control. Histopathologic
exanination of tissues was completed after one year of treatment and there
were no apparent ocular or systemic solution-related effects.

Clinical Background: Levobunolol has been studied in' several other countries
nciuding Lanada and Sermany where it is in the final stages of approval for
marketing.

Literature References:

Duzman E, Ober M. Scharrer A, Leopold I. A Clinical Evaluation of the Effects

of Topically Applied Levobunolol and Timolol on Increased Intraocular
Pressure. Amer J Ophthalmol 94:318-27, 1982.

The authors performed a short-term (24 hours) double-masked study on 16
subjects. They.noted the onset of effect of a single drop of 0.5% Tevobunolol
to occur within the first hours, with a maximal hypotensive effect of more
than 8 mu Hg occurring after two hours. An intraocular pressure Jecrsase of
more than 9 mm Hg persisted during a trial in which the patients were treated
tuice dafly, Systemic effects of both drugs (Timolol 0.5% and Tevobunolol
0.5% and 1.02) included a consensual intraocular pressure decreasing effect in
the untreated eye and clinically significant reductions in heart rate.
Diastolic blood pressure was also noted tu be decr ased at two and four hours

after sdainistration of 0.5% levobunolol.
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Fertzmian LG, Kass MA, Gordon N. A Dose-Response Study of the Fffect of
voveiunolol o Acular Hypertension.

The authors conducted a one day randomized, double-masked, placeto-controlled,
dose-response study on Tevisunolo? 0.3%, 0.6%, 1% and 23 iu 48 patients with
ocular hypertension. The 0.3% and 0.6% concentrations decreaced intraocular
pressure significantly from baseline Tevels up to four hours, whereas the 1¥
and 2% concentrations significantly decreased the pressure up to 12 hours. ™

"objective or subjective side effects were noted.

Related HDA: Timolol Maleate (NDA 18-086), also a non~selective beta

adrenergic blocking agent, was approved for marketing. in the U.S. in 1978.
It has become the drug of choic in most cases of glaucom:, but is

contraindicated 1n patients with asthaa and other cardiopuimonary probiens.
The labeling for timolol specifically advises against 1ts use in patients uith
bronchial asthoa and sevzre chronic obstructive pulmonsry disease, and warns
that "severe respiratory reactions and cardiac reactions, including death due

to bronchospasn in patients witn asthma, and rarely deaths in assocfation with
cardiac failure, have been reported following administration of TIMOPTIC.®
Documentations of the respiratory adverse reactions is found in the published
THterature incTuding the FDA Drug Bulletin dated 11/87, and in the Nationa)
Registry of Ocular Side Effects. Levobunolol, the subject of this review, is
not expected to have any cardiopulmonary safety advantage over timolol.

Clinical Studies

I. Single drop, dose finding studfes
A. Protocol No. LBUN-T01-6617 (Michael Kass, M.D.)

Objective: To evaluate the dose-response to single-drop

ns ations of Tevobunolo] ophthalmfc solution (in concentrations
of 0,033, 0,32, 0.6%, 1.0Z and 2.0%) with respect tc: 1) the onset,
nainitude and duration of ocular hytotensive efficacy in subjects
with open-angle glaucoma or ocular hypertension; 2) ocular and
systenic safety. '

Number of Subjects: 49

T%EE of St"gi; Single-dose, randomized, placebo-controlled, and
e-masked, Eight subjects were included in each :-eatment group
except for the 0.3% group which was composed of nine subjects. Four
subjects were eventually excluded from analysis.

Results:

T. "0.03% Tevobunolol produced significant decreases in 10° at hours
4, 6, and 16 only. '

.. 2,..0.3% and 0.6% levobunolol produced significant decresses i 1O0P

‘ot 317 Times except hours 6 and 24 for the 0.6% and hour 28 for
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3. 1.0% levobunolol produced significant decreases In IOP at a7l
evaivations including 24 hours. '

4. The T7.0% levobunoiol group wes not significantly different from
the 2.0% group.

5. 0.6%, 1.0%, and 2.0% produced absolute pressure reductions
greater than 10 ma Hg at 2 hours.

6. Visual acuity and pupil sizc were not affected by any strength
of levobunolol. .

7. Anterfor chanber flare {increased protein content) was noted in

12 subjects in an apparently dose-related manner, except that
none of the 2.0Z group had this finding. The significance of
this is unclear.

8. MHinor subje-..ive complaints were reported by five subjects.

9. Heart rates were significantly decreased from baseline at 2
hours in the 1.0% gruup and at 1 and 2 hours in the 2.0% group.

10. A significant decrease in systolic blood pressure (average 10 mm
g?) occurred only in the 2.0% levobunolol group. Dias:iolic

ood pressure was only minimally affected by any strength of
the drug.

Adverse Reactions: None reporte&.

Genera] Conclusions: 0.6% and 1.0% Tevobunolol produce significant
reductions In Intraocular pressure in subjects with glaucoma or
intraocular hypertension for up to 16 hours {0.6%) and 24 hours
(1.08). Significant change in blood pressure (systolic and
diastolic; do not occur with drug concentrations of Tess than 2.0%,
but heart rate is significontly reduced by 1.0% Tevobunoiol.

Protocol Mo. LBUN-102-6617 (Irving H. Leopold, K.D.)

Objective: To evaluate the dose-response to single drop
nstillations of Jevobunolol ophthalmic solution (in concentrations
ranging from 0.03% to 2.0%).

Study Population: 12 normal subjects

Stugx Treatments: Five concentrations of Tevobunolo! (0.03%, G.3%,
0%, 1.0% and 2.0%) and placedo.
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Results: The ocular - fect of levobunolol was chserved

%'thin one hour and : . 24 hours, with the maxinmal erfect 2

to 6 hours sfter instilla_tc  fhe 0.3% levobunolol group displayed
significant decreases in 10° at all evalustions except hour 6. The
0.6%, 1.0% and 2.5X concentrations displayed significant decreases fn
I0P at all evaluations.

11. Short Tam Safety, Efficacy and Dose~-Titration Studies

A.

Protocol No. LBUN-103-6617 {E. Keates, N.D. and R. Bensinger, M.D.)

Objective: To evaluate the ocular hypotensive efficacy and the

ocuTar and systemic safety of 0.5% and 1.0% Tevobunolol ophthalmic
soiution administered twice daily.

Humber and Type of Subjects: Forty-six volunteers with chronic open-
angie glaucome or ocular hypertensfon (16 on 0.5% and 14 on 1.0% ' -

levotunolol snd 16 on placebo).

T of Study: Three months, randomized, double-masked, and
acevo-contolled. Following a washout period, redications were
nstilled b.i.d. in both eyes. Efficacy was assessed by evaluating
changes from baseline in 10P, cup-disc ratios, and visual fieids.
Ocular safety was assessed by evaluating changes from baseline in
visuai acuity, pupil size, coreral sensitivity, Schirper tear test
values, and biomfcroscopic and ophthalmoscopic findings. Systeric
safety was assessed by evaluation heart rate, blood pressure, ECG,
laboratory blood analysis, and auscultation of the heart.

Results

1. At al] follow-up visits, nean reductions in I0P from baseline
ranged between 7.15 to 11.27 gm Hg for both 0.5 ard 1.0%
Tevobunolol treatnent groups, whereas, changes in ICP in the
placebo-treatment group were minimal.

- 2. Forty percent of the placebo-group was termineted for inadequate

control of IOP. while only 8% of the 1.0% and 14% of the 0.5%
levobunolol groups were terminated for this reason.

3. A few changes were seen in visual scufty, pupfl s*ze, corneal
sensitivity and s1it lamp and rphthalmoscopic findings, that
were minigal snd similerily distributed between drug and placebo
treated groups. These changes were felt to ba within the range
of norma] variation routinely observed in subjects with glaucoms.

-4, No change in visual fields occurred during the study.
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Four subjects (3 on 0.5% and 1 on 1.0% Tevobunolol) had measured

heart rates of Jess than 55 beats per minute at one o~ pore
follow~-up visits.

An average decrease in sysiolic blood pressure of 4.90 to 5.72
wa fig occurrad In all thr-2 groups. However, 12 subjects zhowed
decreases fn systolic blood pressure of 20 rm Hg or greater st
one visit and 3 subjects on 7.0% Tevobunolo! showed such
decreases at more than two visits. .

Ciinicaily significant decresses in disstolic blood pressure
( >1C mm Hg) were observed in a total of 3 subjects in the
placebo group, § subjects in the 0.5% and 11 subjects in the
1.0Z Tevobunolol group.

Stinging and burning occurred in 2 of the 16 subjecté on 0.5%
Tevobunolol and in 5 of the 14 subjects on 71.0% levobunolol.

Adverse Reactions: None reported.

Conclusions: 2% of patients on 1.0% and 86% of patients on 0.5%
TevobunoloT had intraocular pressure reductions compatible with
satisfactory control of glaucoma in the opinfon of the investigators.

Protocol Io, LBUK-104-6617 (T. Zimmerman. M.D., D. Long, N.D., G.
Spaeth, M.D.) '

Objectives:

1.

2,

To deternine by titration the effective dose of topically
applied levobunolol for controlling 10P in subjects with
opan-angle glaucoma.

To cum?are the safety of topically applied levobunolol with
ticolol in subjects with glaucoma or intraocular hypertension.

Study Population: 56 subjects with glaucoma or ocular hypertension.

Study Medications:

1.
2.

0.25%, 0.5%, snd 1.0% Tevobunolol

0.125%, 0.25%, and 0.5% tinéTol
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77 Isthods: The study was a parallel, double-wasked dose titration
€TTaTcal trial with randon sssignment of subjects to eifther the
levobunolol or timolol treatment groups. A1l varisbles were
evaluited at baseline and freguently over the ti-ee month follow-up
perfod on the Juwest dose of medication that adeguately controlled
10P. If 10P was uncontrolled, treatnent was incressed to the .
Interaediate dose, and, if sti1]1 uncontrolled during the three month
period on that dose, the treatment was incressed to the highest dose.

Results:

1. Fifteen of 24 (653) were adequately controlled for three months
on 0.25% levobunclol,

2. An additional 13% of the subjects were adequately controlled on

the intermediate and highest concentrations tested.
L

3. Mean I0P decresses ranged from 5.5 to 8.3 ma Hg in both groups
with the Towest concentrations.

4. Fifty-two gercent in the Tevobunolol trested subjects and 31X of
- - the timolol group showed clinically significant decresses in
heart rate (> 15%) at one or more follow-up visits.

5. Observed changes in visual acufty, pupi?l stze, biomicroscopic
and ophthailmoscopic findings were within the range of normal
varfation routinely observed in glaucoms subjects.

6. The effect of levobunolol on blood pressure in all trestment
groups in this study was minimal and of limited clinical
significance. -

C. Protocol No. LBUN-T10-6637 (A. Charap, Ph.D., M.D., R. Stamper, M.D,
T- ".M.]. "-n-)

I 0b ive: To evaluate the ocular hypotensive efficacy and ocular
T e systemic safety of 0.52 and 1.0% Jevobunolol q.d. compared with
: 0.5% timolol, q.d. in subjects with open-angle glaucora or ocular

R ll.qurteqsion.

Results: The study was incomplete at the time this KDA was filed.

In 59 subjects being followed, mean reductions in I0P frow baseline
ranged from 4.5 to 9.3 mm lg at al7 follow-up visits for all three

treatment groups. No adverse effects have been reported.
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Long-Tera Safety and Efficacy Studies.

Protocol lo. LBUN-103-6617 (H. Cohen, M.D., D. Epstein, M.D., R.
FosTster, M.D., Lass, M.D.)

%ee_g‘vg: To evaluate the long-term ocular ve efficacy ard
ocuYar and systemic safety of 0.5% and 1.08 levoiwnolol ophthalic

solutions b.i.d. compared with 0.5% timclol b.i.d. in a double-Rasked
study in subjects with chronic apen-angle glucoma or ocular
hypertension.

Studty Population:

1. One-hundred-forty-four subjects with ncular hypertension or
chronic open-angle glaucoma were entered into the study. (48 on
0.5% levobunolol, 31 on 1.0% levobunolol and 45 on 0.5 timolol).

2. Forty-one subjects were disqualified:
a. Eight for drug un-related Teasons.

b. Twenty-two for inadegquate tontrol IOP (seven on 0.5%
tinolol, seven on 0.5% levobunolol and eight on 1.0X
1evobunolol and 3 on 1.6 levobunolol).

ec. Eight for adverse experiences (two on 0.5X timolol, three
on 1.0% levobunolol).

d. Three for acdition of a non-qualifying drug during the

S"ﬁ Methods: The study was a parallel, double-masked clinical

. w. Tandom assigment of subjects to treatment groups.
Following a washout interval, medications were instilled twice daily
in both eyes. All variahles were evaluated at baseline and

fraquently over a fifteen-month follow-up period.

 Efficacy Results:

1. At all follow-up visits, mean reductions in IOP ranged between
£.3 and 0.4 sa Hg in all three treatms * groups, with an overall
mean ICP reduction of 7.55 sa Hy for 0.5% timolol, 6.8 sm Hg for
0.3% 1evobunolol, and 6.9 m» g ror 1.0% levobunolol (Table 1).
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- _ Table 1

Intraocular Pressure <em Ng): Change from Base)ine
Conventionzi Arxlysis

0.5t Timoi 0.5%_Levobunolo!l 1. o) migroup

- - g:vg !!
Day o Mean SO n  MNean S0 n Mean SO
] 42 271.00 3.19 48 26.32 2.94 ~ 51 25.96 " 2.83 ns
(baseling) . :
z"—"—]r—v—q—*. 29" 2.91 39 -6.79 2.87 43 -1.40 3.2 [
] .13 =191 1.05 @2 -7.15 2.49 33 -6.92 2.9 NS
15 9 -7.64 2.44 45 -6.73 3.40 4 -71.33 2.9 NS
29 32 -1.1% 3.29 8 -7.00 2.1 3 -7.08 3.0 NS
83 34 -8.06 3.1 36 -6.90 2.66 3 -7.22 3.08 ns
57 33 -3.11 3.24 37 -6.30 2.56 ¥ -7.35 2.72 N 0.015
85 29 -7.1§ 3.3 31 -6.82 2.89 2 -65.98 2.%4 NS
113 2 -7.17 2.%8 39 -7.15 2.09 UM -6.88 2.9 ns
169 27 -1.76 31N 33 -6.80 2.58 29 -6.9% 2.93 NS
260 19 -7.84 1.57 19 -7.68 2.84 25  -7.02 2.2 NS

337 - W =1.28 2.66 16  -7.28 2.5%§ 12 -3.08 2.8 - NS

435 9 -3.33 4.09 9 -6.67 3.14 4 7.3 1.2 -
OVERALL 7.5 -6.81 ~6.90 NS
MEAR

¢  phen between-group comparisons were made on Day 57, mean decreases in the
0.5‘1 timolo! group wera significantly greater thantthe 0.5% levodunolol group.

ae AH groups showed significant changes from baseline at each follow-up Jay

(n<0.001).

NS = Not Significant

-- Safety Results:
1. C'Hnica'ny significant decresses { 2> 15%) in heart rate occurred

8. Mesn changes form baseliné wers not different mﬂr ——

in several subjects as follows:
a. Four in the 0.5 timolo] group.
b. Efght in the 0.5% Tevobunolol group.

€. TYen in the 1,02 levebunolo] group.

Systolic dlood pressure:

groups.
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b. Clin.cslly significant decreases (> 20 mm Hg) occurred as
follows:

1. Fifteen 0.5% timolol subjects had a total of 59 events.
2. Ten 0.51 Jevobunclol subjects had a total of 26 events,

3. Fourteen 1.0¥ levobunolol subjects had a—iotal of 30
events.

3. Diastolic blood pressure: Clinically significant decresses
{ =10 omg Hg) occurred as follows:

8. Twenty-two 0.5%2 timolol subjects had a total of 66 events.

b. Twenty-eight 0.5% Tevobunolo] ;ubjects “ad a total of 73°
events.

c. Twenty-nine 1.0% Tevobunolol subjects had a total of 98
events.

4. The nost comon subjective complaints were *burning, stinging
and frritation”. These were evenly distributed among all groups.

Conclusion: This study demonstrates that during 15 months of
treataent, levobunolol produces an ocular hypotensive response of
sinilar efficacy and safety to tinolol. Additionally, the mean
response of 0.5% levobunolol is not statistically different from that
of 1.0% levobunolol. Kon-1ife threatening adverse experiences
occurred with similar frequency in al) three test groups
(approximately 5%).

Pl'ﬁtm‘ hn ul’""w-6617 (AO C"ﬂott'l| H-D.’ b. Cinotti| "-D-g H.
Grant, M.D., I. Jacobs, M.D., M. Galin, m.D., D. Silverstone, K.D.,
D- Sh’n. "-D-. ”'I.Do)

Objective: To evaluate the Tong-term ocular hypotensive efficacy and
e ocular and systenic safety of 0.5% and 1.0% levobunolol
ophthalmic solutions b.1.d. compared with 0.5% timolol b.f.d. in a

double-mesked study in subjects with chronic open-angle glaucoms or
ocular hypertension. .

Study Population:

1. One-hundred-sixty-six subjects with glaucoms or intraocular
hypertension were entered into the study (53 on 0.5% and 55 on
1.02 levobunolol and 58 on 0.5% timolol).
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2. Thirteen subjects were discontinued because of {nadequate
cc.itr=] of 10P.

3. Eleven subjects were discontinued for drug ynralated problens.
4. Fifteen subjects {9%) were discontinued for adverse experiences.
5. Four subjects were discontinued for other administrative reasons.

Stuchg Methods: This was a parallel, double-masked clinical trial
with ran assignoent of subjects to trectment group. Following a

washout interval, medicatfons were instilled b.i.d. in both eves.
Al7 variables were evaluated at baseline and frequently over 2 15
month period.

Efficacy Rasults:

1. At all follow-up visits, nean reductions in I0P rangad from 6.09
m Hg to 9.77 ma Hg in all three treataent groups. At a1l
follow-up visits, the reductions in 10P within a1l trestment
aroups was significant #ith an over1] mean IOP reduction of 7.97
m Mg for 0.5% timolol, 7.95 m Hg for 0.5% levobunolol, and
8.20 ma Hg for 1.0% Tevobunolol (Table 2}.

Table 2

Intraocular Pressure (omig): Changes from Saseline
Conventional Analvsis i

0.5 Ticolol .5% tevodtunplot 1.C1 Levesurolol
- mﬂ -3T S
Cay n Mean SD n Mean SO n- Mean SO a-uis.i;'-"
L 56 27.34¢ 5.8 52 26.57 2.%0 M 727.:2 3.8 NS

{baseline)

.
L]
-

:—_‘—T;' —3.38°% 1.59 39 -a8.65 3.68 39 -7.11 337 N

-8.61 373 38 . -3.50 3.59 0 -1.90 2.
111 40 -7.38 2.76 3 -3.03 3.00 39 -3.46 4.:3 :g
29 28 1.72 2.3 27 -£.28 2.42 3 -$.20 420 NS
R 32 -8.19 320 31 -3.34 118 35 -8.33 4.29 see
_ $7 N -8 2.9% 3 -9.C1 4.10 41 -8.854 4.1§ ton
. 25 28 -7.98 3.00 I -7.97 3.18 29 -9.02 4.5 [,
13 6 -6.15 3.38 41 -5 2.8 19 -3.68 3.39 or
183 3 -7.66 2.8 3% -5.39 3.77 o038 -3.22 4,42 NS
260 2 -1.33 347 29 -7.93 3.3l W -3.93 1.5% NS
337 ] &7 -7.02 3.533 2 -6.52 1.9 - &S -1.32 428 NS
435 1§ -5.09 2.3 12 -§.17 2.68 1§ -3.77 §5.3§8 3.008
Mﬂu- - "'1«’1 "'7- ’5 -
. $.20 N
N Multipls Comparisons: : -
- :,g: :::;:::t in 1.0% Tevchurolo: sigatficantly grester than 95.5% levdtunglol 20

E;_— - _." ;?:l‘?g..’ﬂt groups shcwed significant -imﬂ-ar:u? gecreases from baseline
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2. Of the 162 subﬂects evaluated for efficacy, 9% of the timolol
group, 8% of the 0.5 ievobunolol group, and 7% of the 1.0%

Tevobunolol group were terninated from the study because of
inadequately controiled I10P.

Safety Results

1. Heari Rate: Tweniy-seven subjects in the timolol group, 27
subjects in the 0.5 Tevobunolol group and 35 subjects in the
1.02 Tevobunolol group showed docreases in heart rate > 15% at
one or more follow-up visits. -

. 2. Systolic blood pressure: Clinically significant decreases

{ > 20 mm Hg) occurred in 22 subjects on 0.5% timolol, in 23
sut jects on 0.55 levobunolol and in 23 subjects in the 1.0%
Tevobunolol group at one or more follow-up visits.

3. Diastolfc blood pressure: Clinically significant decreases

{ > 10 mm Hg) occurred in 27 subjects on 0.5% timolol, 28
subjects on 0.5% Tevobunolol, and in 28 subjects in the 1.0%
Tevobunolol group.

4. Observed changes in visual acuity, pupil size, corneal
sensitivity, bionicroscopy, and ophthalmoscopy were minimal,
stnilarily distributed between the Tevobuynolol and timolo?!
treatment groups and within the range of normal variation
rovtinely observed in subjects with glaucoma.

5. Subjective complaints: The cormonest complaint was burning,
stinging and/or irritation at one or more visits evenly
distributed in the three treatnent groups.

Conclusion: The ocular hypotensive efficacy of 0.5% and 1.0%
TevobunoTol were similar to that of 0.5% timolol. Approximately 90%
of levobunolol and tinolol treated subjects were successfully
controlled for one year, with no significant difference asiong the
treatment groups. Apﬁroximately 9% of the original treatment groups
did nut continue in the study dve to non-1ife-threatening drug
relsted adverse reactions.

Pratoco] No. LBUN-112-6617
Investigators

Manuel Ober, M.D.

Armin Scharrer, M.D,
Augenurete-Gemeinschaftspraxis
Hallistrasse 2

Furth

Nest Germeny
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Robert David, M.D.
Department of Ophthalmology
Ear-Sheiba

Jareel

1 1] ve: To vompare the long-term ocular hypotensive efficacy and
ar axl systemic safaly of 0.5% and 1.0X levobunolol
ophthaimic salution b.i.d. with 0.5 Timolol in si.bjects with

open-angle glaucosa or ocular hypertension.

Results: This study was incomplete at the time of submission of this
AR, Only 47 subjects of an original group of 92 had completed A8
weeks of the study. In these subjects there were no significant
differences in the pressure reduction efficacy of the three treatment
groups and no life-threatening adverse reactions.

IV. Special Studies \

Protocol No. LBUN 113-6617
investigators: H. J. Merte, M.D.

Augenklinik and Poliklinik

Rachts der Isar der

Technischen Universitat

Munchen, Federal Republic of Germany

Moshe Lazar, M.D.
Ichilov Medical Center
Tel Aviv

Israsl

Objective: To investigate the safety and efficacy of L-bunolol in
ocular pressure in patients with open-angle glaucoma cr
ocular hypertension over a §-month perind.

s% Method: The study was double-masked with subjects randomized
" parallel groups so that both eyes of each patient will
recaive b.i.d. treatsent with solutions of 0.5 bunolol, 1.0%
bunnlol, or 0.58 timolol as a positive control.

Results: Amowhrtwotminmectofs.!tns.tnmus
‘apparent in all three treatvent groups within four days after
treatment initiation and remained in tids range for the entirs study
period. A complete statistical summary for this study was not
provided. The sponsor felt that the studdy did not mest good clinical
practice standards.
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B. Pretocol No. LBUN 116=6$49
Investigators: Arthur Charzp, Ph.D., H.D.
: Allergan Phzrmaceutficals

2525 Dupont Drive
Irvine, Califernia 92713

cbiectivs: To determine whether a peasurable change in corneal
snestnesia can be ag reciated with the Luneau esthesfometer folloving
a single drop Instillation of 2% L-bunolol.

Study Method: Open Tabel and unmasked.

. Number of Subjects: Eight normal volunteers.

Resuits: STight decreases in corneal sensitivity were seen in an

unspecified number of volunteers after the inst{llation of a single
drop of 2.0% Tevobunolo! solution. '

Surmary: A total of 726 subjects participated in 10 clinical trials,
congucted at 22 sites, designed to assess the safety and efficacy of
Tevobunolo] hydrochloride (Betagan Liquifilm Ophthalmic Solution) in the
treatrent of glaucoms. The subjects ranged in age from 18 to 93 years,
and were divided equally between the sexes. Twenty subjects vere normal
volunteers and 708 had elevated intraocular pressure. A1l of the cubjects
with normal eyes participated in one day studies, while most of the
subjects with elevated intraocular pressure were treated for extended
qeriods of time (3 to 15 months), with either 0.25%, 0.5%, or 1.0%
evobuno) or 0.5% timolol. Overall, the clinical studies were generally

dogb}eduasked, randonized, positively controlled 10.5% timoiol) c¢linical
Trials:

One-drop, dose range finding studies (LBUN-101-6617 and LBUN-102-6617)
showed that 0.6% and 1.0X% levobunolol produced significant reductions in
intraocular pressure for up to 16 hours (0.6%) and 24 hours (1.0%).

- Significant change in blood pressure (systolic and disstolic) did not
occur with drug concentrations of less than 2.0%, but heart rate is
significantly reduced by 1.0X Tevobunolol.

Three month efficacy, safety and dose titration studies {LBUN-103-6617,
LBUN-104-6617, LBUN 110-6617) were carried out. In the only placebo
controlled study (LBUN 103-6617) 0.5% and 1.0% Yevobumolol produced mean
I0P reductions from baseline that ranged from 7.15 to 11.27 mm Hg, whereas
placebo produce only minor alterations in JOP. This study also
demonstrated satisfactory control of T0P 1n 92% of patfents on i.0% and in
86% of patients on 0.5% Tevobunolol. 1In study LBUK 104-6617, 52% of
levobunoTol and 31% of the timolol groups showed clinically significant
decreases in heart rate ( > 15%) at one or more follow-up visits. Effects
on blood pressure in these sudies were minimal and of limited clinical

a} ificance. Study LBUN 110-6617 was incooplete at the time the NDA was
filed.
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Two lona-term {15 month) safety and efficacy studfes (LBUN-105-6617 snd
LBUN-106-6617) were carried cut comparing 0.5% and 1.0Z TevobunoloY with
0.5% timolol. Both studies demonstrated that levi*unolol s comparsble to
timolol in both safety and efficacy and that the efficacy of 0.5%
Jevoounolol 1s statistically equal to 1.0% Tevodbunslel. .

Labeling Revizw: General labeling claims were reviewed and found to be
saﬂs’hc%or .

However, use of the 0.25% dosage form wes evaluated in only one
study (13U¥-104-6617) in which 15 of 24 subjects (G3Z) were controlled with
this strength. )

Conclusion: The studfes adequately support the safety and efficacy of 0.5%

and 1.0 Betag:n Liquifiim Sterile Oﬁhtha!nic Solution (levobunolol .
hycrochicride} in the treataent of chronic glaucoma. This drug 1s expected te
have safety and efficacy parameters sinilar to TINCPTIC (timolol maleate}.

Recormendation: 0.5% and 1.0% Betagan Liguifiin Sterile OphthaTmic Solution
TRDA T9-2T9), for the treatment of glaucoma, is racommended for approval.

T Dogen Ay ey Zes
David 5. Harper, H.D,
ce: oA
g815
HFR-B15/CS0
HFR-340
!zl;!l!-gﬁ/ LGHarper: js/1,28/85
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Frotocol No. LAUN-105-6617 e el .

. Page 8: The aight =-Hjects air;alified for adverie mim were
- dnciuded in the safe.y evalustigii. i

Page 9: Overall, mea: decreazss in heart rate were significactly greatar
in the 1.0% levoounol::l grougpe tihean in the 0.5 Timolul or 0.7% levobunolol
growp (Vol. 15, page €2, Tabis 14):

0.5 Tisolol 0.5 Levobumlcol 1.0 Levoinolnd
Overall Mean
Heart Rate -8, 37 D53 -5.47

Page 12: There were not significant differences ir, the degree of blood

pressare chanpes between the yrowps (Vol. 15, pape 65, Tabl: 16 and Vol.
15, pege 67, Table 18).

Page 11: The sponsor was asked to compare the standard deviations for (P
between the G.5X and the 1.0% lc¢vobunolal groups (LBER-106-6617). They
Tesponded by stating, "Althounh hy visual inspection, the standard
deviations for the IX groups appeared lammer than for the 0.5% groups.
These, when exanined hy Allergan's Biostatistics Depasiment were found to
be not significantly different ai'ter correctirg for multinle tests over
time. "

A safety wdate on long-tern stizties (PUI-105-6617, LBUN-106~6617 and
LBUN-112-6617 was applied by the spansor on March 15, 19685, The mmber of
patients discontinued due to adverse experiences since the subnission of
the original NDA are as follows:

LBUN-105-6617 « 9 patients (6.3%)
LBUN-106-6617 - 15 pationts (5.5%)
LBIN-112-6817 « 3 pati=nt3 (5.5}

The mejority of the discontimuations wers due to minor but anmnoying local
side effects such as itching and swelling of eyelics, edema and other

) local conjunctival reactions. However, eight patients (29%) were

: discontinued because of cardiac «r tespiratory problems, none recorded as
.o . Jife-threatening.

David G. Marper, H.D-.:‘. o
oot '

R
%

- HFN=340
HPN-819/0CHarpax: J&/3/25/85
34810






LIVISION OF ANTI-INFECTIVE DRUG PRODICTS
HFrH-815

CHEMIST'S Ri-viﬁrg

A 19-219 ) Date: jSune 14, 1234
APPLICANI: LT Allergan

- ] 2525 Dupont Drive

- Irvice, CA 92713

FAYTS.

Proprietary Betlganm :
AN Levobunolel lydrochloride
Other

4b

DOSAGE PORPM AD ROUTE «F ADMINISTRATION: R
Liquifilm™ sterile ovhthalmic solution
0.25%, 0.5Z, 1.0

PIARMACOLOGICAL CATECORY AND/OR PRIKCIPAL INDICATION:
Noncardioselective beta-adrenoceptor bloceking ecgent.
Control of intraocular pressure (I0¥)in echroalc
open-éngle glsucoms and ocular hypertension.

STRUCTURAL FORMULA AND CHEMICAL NAMES:

(v
« HCR €, ;5803 « HC1
\\u/u RRCLCH) Md  327.85
oc c
s,

(1) 1 (2H)-Nephthalenone,5- "3.- [(l.l-dhethvlethyl)mng -z-hyaroxypropyﬂ -3, 4-dihydre

hydrochleride. (-)
(2 (-)-5- I.g-(tert—lutylnino)-2-hydrmpropoxy] -3.4-dihydro- 1 (2H)-naphthalenone
hydrochlorids
INITIAL SUBMISS {OM: dated: January 17, 1984
‘ received: Janvary 19, 1984
assigned: May 24. 1984

SUPPORTING DOCUMENTSS
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. NDA 19-219
Revige Notes
LOMPONEIS - Dosage Forms: Adequate

| |
|
!
\
\

TION;

Adequate
ZBCILITIFS AND PERSOWNEL: _ Adequate



. - 4
A e ‘j

‘Components of the syanthesis are _1!.-:1! and Material Specifications are provided for esch
7 ingvedisent. Thay axs adequate, H ~N
h

b




Stability Dats is {ncluded for the NDS 43 foilova:

ca

Thare ia ™ indication of {nstability frow the data presented. However, it is to

be noted that the data is only ©wo point dats, that is initial and et the end of tha
stovage period.

The M determination for S-hydrm-s.b-dihydto-l(zmuphthlhm was wot 'pcrformd.

ihe I8 Bolder proposes 8 3 Yesr expiration date for the NDS.



__m ) Adequsate with reservation ) (

‘§torage cautioss on labeling are not yst vesolved., %he storage caution ou labels .

"~ relating to heat should spacify a temperature limit and both heat and light cautfors sh
sbould be supported by data (see cowments relating to stabilicy)

JSTABUISRAENT INSPECTION: Requested- ) -
25 SIATZEXT. Included
Y
7 o2 Ineluded
— - - .-—
EXVIBOEMENTAL LMPACT: Included

1f the product i{s to be disposed of, it will be disposed of in the water warte system.

Allergsn states that the water waste system has the capability of handling this type of
vaste.

The applicant states that the action will provide a health product, and an snalysis hae
—— _shown no sigouificant risks to the enviromment.

Therefore. the benefit does outweigh
tha potential risk: to the savironment. :
Comment:
—— . The applicant is to clarify whethe: applicable Federal, State and Local Regulations
“ara met,




DIVISTON o ARFI-IMFECIIVE BRI PROOOCTS

cmasr's xoviss (i
o 19-219 Dete: Pebruary 21, 1985
AvmrcawT: . Allergsn _

2525 Dupont Irive
Irvina, CA 92713

Propristary: lmm

TRAN: Cnbllllﬂol bydrochloride Q ,—

—
DNBAGE FORM AMD ROUTE OF AIMINISTRATION:

!.I.quiﬂl.-‘ sterile, ophthalmic solution.
0.25%, 0.5% a=d 1.0%.

PEAKMACOLOGICAL CATECORY ARD/OR PRINCIPAL INDICATION:

Noncardioselective, beta-adrenoceptor blocking sgent
for control of intraocular pressure in chronie
open-angls glavcoma and ocular hypertension.

STROCTURAL FORMULA AND CHEMICAL MAME:

- o i
£ Cy yEo5 N0y -NC1
JCd
N.W. 327.9
mm(ﬂglg

I-)-S-IS-(m-lltnulu)-z-l]drlmul-s.hllllm 1(2i1)-asphthalencae hydrochloride

_ IMITIAJ. SUBMISSION:

- dated: Japuary 17, 1984
raceived: Japuary 19, 1984
assigasd: May 24, 1984

AMENTMENRTS : : ~
Az




(
N\



A 19-219

et 7= N

- 2. Tasar- cfae X zay e Lo T = F7. trenrt solektfgoe ~=- :
- srE T “in T T ) - * .oy IALA: W
T

R ¥
P
- % R

| | /

ESTABLISMMINT DNSFRCTION: Requested )

< - \

gy

Adequatd’
Adaguata. -

How adequatas,
A revised envirommental impact amalysis report is inciuded im the August 29, 1984
zasubudssion.

 /
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Liqui€l

Levobunolol hydrochierids
Also rafer to Chemist's zevisvilll

1R, starile, ophthalmic aclution.

ICAL CATEGORY Aﬂl(l- PRINCIPAL INDICATION:

Rouocsrdlosslective,
| preasuxe in chroniec

beta-adrenocepilor blocking agant forx control of intraccular

open-eagle glaucoma and hypertension.
STRAUCTURAL FORMULA AND CHEMICAL HAME: -
o i
. €y yli3 03 2C3
1
a.v. 327.9
h,q:zllcm,t,

!-i-l-ll-lnn-ht'hllul-aohuoumml-!.ﬂlw 3(28)-saphthalensae hydrechlor!

INITIAL STRMISSION:
dated:
racsived:
assigned

s ¥

N

Jamary 17, 1984
January 19, 1984
May 24, 1984

Refer to pravious Ciemistry Reviews.
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REMARES :

faceat subsissions have completed the sazufacturicg and control information for this
uoh and the information is acceptsble with one exception, Ths &pplicant ; ropoess

24 wonth expiry dates for the products while the Stability Protocol proposas 3( months..
The protocol must be smended.

Rasulty of validation of MDA methods Lave been 1uceivad from the Los Angeles Dist-ic

{
} _/'/

CONCLUSIONS AND RECOMMENDATIONS :

The application is basically fn accord with Section 505(b) of the Act in relation

to manufacturing snd control procedurss. Howevar, the CSO should eall the applicant
aod requast a Tevi:ed Stability Protocol (as above), and evaluation of mathods by the
pivision of Drug Chemistry should be conpleted before final approval of ihe *Chemisty
Section’ is given.

T

EFR-815/CSO M‘_'—i}“é‘- cfii/es
HFN-815/ARCaszcla Mary Ann Jars

Hra-815/MAJarski Chemist HBFN-815

HFN-815/M0

B/D init. by AR Casocla

Arec AUPST
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. Seview Natas

¢ NOTE: Thess Raview Nots~ only cover thoss sections which were previowsly fscomplets.
[ T ~ Now Acceptable . -
/{@
\\

CONTAIRERS - Now Accepiable
i
[ ". 1
AN
R el
TORY CONTROLS : ¥ow Acceptakle -,
[
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devisv Sotas -

- System suitad:iity data were inclvded in the svbadesion of 3-7-85. Methods
were s=xnt to FD laboratories for validacien on 4-1-83.

TABILITY: Bow Aeelptlbhr '7;—'

- £
This product will oarry & 24 wo. expirxy datu vot & 30 month axpiry data, The applicant
is to revise the protocol accordingly. _
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1% Levobanolal HC) {Let SRIA)

Age-  Lavobunolol Senzalkonius Physical
fdnes)? M1 (F w/v) Agpesrance
Ir itial 1.08 0.4517 .95  Peers imst

M 1.0% -— .06 Nests test
S8 1.05 — 5.9 Meests test
0 1.04 - 3.91  Nasts test
L 14 .08 0.339 5.72 Mests test
Age  Levobunolol Senzalkontum Physical

{davs}* HC1 (X w/y) Chloride (¥ w/v x 100) pH  Appesrance
Initial 10 0.356 6.83 MNests test
64 1.0% 0.40S 5.80 HMests test
120 1.06 0.355 5.59 Mests test

182 -— —_ -— -~

1 nolol HC) 1510)

. Age Levobunolol Benzalkontum Physical
{days)* HC} (¥ w/v} ] vyl o  Appesrance
Inftial 1.07 0.384 6 .3 Meats test

[ ] 1.05 0.399 5.715 fMeets test
120 1.08 0.358 5.56 Mests tast
182 1.09 - 0.420 5.19 Neats fast

Q.55 Levobunolo) MCY (Lot SO40A)

Age wobno'lol Senzalkonfum Deysical
{days}* HCl (X w/v) Chloride (X w/y x 100) pi TP RRCe
Inittal 0.53 0.430 7.01  dests test

™ 0.535 - 6.34 Meets test

58 0.534 -— 65.20 Mests test
90 5.530 -— 6.05 Meets tast
mn 0.538 0.37 6.00 Meets test

"hays at 3°. - \

WA g 3

Preservative

31111

us?
Praservative

Effectivensss

—
L]

usp
freservative

Effectivennss

- -
e —

Preservative
Effactivensss

§



0.260
20 0.255%
&2 0.258
%0 0.261
120 -—
[ -—
162 0.261
Levobunolol
mm_ HE) (X w/v)
Inttial 0.280
30 0.256
82 0.253
90 0.255
120 -
M -—
162 0.257

Me Levobunolol
{days)® HC} (¥ w/v)

Inittal
30
62
%0
120
162

IAME 1 fContinued)

0.25
0.254
0.253
0.2%

0.2%4

“tays at 45°.

el Hel

Benzalkonism

6.320
0.3%3
0.3"
o-a’s
0.405
0.416

usr
Mysical Praservative

Aspearance  Effectivenesy

Neets test ——
Neets test «
Meats test —
Mests test © ——
flests tast Pass

i
——— ———

0.25% {evobunolol HCY {lot §259C)

Benzalkonium
hlori 00 ph
0.317 1.06
0.3%4 65.60
0.398 6.28
0.400 6.18
0.398 6.15
0.404 —
. 1ol HC}
Benzatkonium
Chloride (X w/vy x 100} pH
0.3 1.0
0.3%8 6.58
0.397 .1
0.3%0 .15
$.13

use )
Physical Preservative

Appearance Effectiveness

Beets test
Hests test
Neets test
Reets test
Reets tast
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i use
Physical Preservative

Appearance Effectivensss

feets teo ¢ —
fests test —
fests tast —
Nests test —
Heets test Pass
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{ - © 0,295% Levor qlol BCY (Lot G239%)
_ _ use
Age.- Levobunalo) genzalkor ivd Physical Preservative
1days)* HE) (X w/y) ) pH  Apcearance fectiveness
Inittal 0.25% 0.30 7.06 Meets tost —
20 0.255 0.390 $.580 Macts test —
2 0.253 0.2%% 6.34 Nest: test —
120 -— 0.30% .14 Mests te=i Pass
162 0.252 - -— — -

*Bays at 45°.
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.n". tl: g ml!] E] Lots iinder ”’B ﬂm'w

FiN Centainer -
Prodect it 8 Yolume fcc) shie (cc)
- 1.08 6617x-001 5 19
9.8 - S41AX-001 S 10
0.25% ) $71X-001 S 10
Me Levobunolol Physical
{days)}™* Bl (% w/v) 'L} Appesrance
Initial 1.03 7.02 Meets test
n 1.04 6.6 Hests test
N 1.03 6.91 Meets test
L1 1.03 - Meets Test
188 1.0% $.20 Mests teast
3 1.06 £.26 Meets tast
e 1.08 5.97 Mects test

0.5% Levobunolol HC1 (Lot 6618X-001)

Age Levobunolol Physical
{days)** HC1 (X w/v) pH ADpearance
Initial 0.512 7.04 Meets test
23 0.506 - Mests test
37 0.51% 6.74 Neets test
56 0.516 - Neets test
188 0.576 6.50 Meets test
I 0.524 6.43 Nests test
776 0.540 6.13 Meets test
o 1 (Lot §711X-001
Age Levobunolol Physical
(aav)*™ 1) (5 wiv) pH Appearance
Initial 0.256 7.12 Meets test
a3 0.254 — Meets tsst
N - 0.252 . 6.87 feets test
- ] 0.2%53 T - . Neets test
| 188 0.260 6.69 . Heets test
| m - - 6.56 Meets test

* ppproximately 75 Feot-candle iatensity
*Says of light axposure
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Mﬂm AND CONCLUSI0KS :
Act in relation to

The application 4s in accord with Section 505 (b) of the
ssoufecturing and control procedures and oay be approved irom rhis standpoint.
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