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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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Satvice
Food and Drug-Administration
Rockville MD 20857
NDA 19-270
Mr. Lou Horger A 30 1985

Alcon Laboratories

* P.0O. Box 1959
6201 South Freeway
Fort Worth, TX 76101

Dear Mr. Horger:

Reference is made to your New Drug Application dated Aprii 26, 1985 submitted
pursuant to section 505(b) of the k:derai Food, Drug, and Cosmetic Act for the
preparation Betoptic (betaxolol hydrochloride) Ophthalmic Solution.

The application was filed on May 6, 1985.

- acknowledge your June 4, 1985 letter notifying us of your commitment to
conduct a repeat two-year carcinogenicity study in mice. The protocol should
be reviewed by the Division of Anti-Infective Drug Products before its
initiation.

We also acknowledge your commitment, as discussed in a telephone conver:ation
with Dr. Bilstad on August 30, 1985, to conduct a phase IV post-marketing
study to provide additional safety information about Betoptic Ophthalmic
Solution. Tne details of the study should be discussed with FDA staff and a
protocol should be prepared and submitted ¢o the Agency within 3 months.

We have completed the review of this application and have concluded that the
drug is safe and effective for use as reconimended in the submitted labeling,
including the changes in your letter of August 29, 1985, provided that the
following additional changes be made in the labeling prior to marketing the
druqg:

1. Indications and Usage, revise second paragraph to read: v —

In clinical studies Betnptic safely controlled the intraocular
pressure of 47 patients with glaucoma and reactive airway
disease followed for a mean period of 15 months. However,
caution should be used in treating patients with severe reactive
airway disease.

2. Oontraindications, sentence 2, delete the words "a history of".
3. Warnings, revise to read:

Although Betoptic Ophthalmic Solution has had little or no
effect on heart rate or blood pressure in clinical studies,
caution should be observed in treating patients with a history
of cardiac failure. Treatment with Betoptic Ophthalmic Solution
should be discontinued at the first signs of cardiac failure.
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Accordingly, the applicatior is approvec.

In addition, we would appreciate your submitting in 3duplicate the advertising
oopy which you intend to use in your propoeed promotional or advertising
carpaign. Please submit one of the copies directly to the Division of Drug
Mvertising with a copy of the package inserc.

We remind you that you must comply with the requirements get forth under
CFR 314.80 ani 314.61 for an approved NDA.

Your cooperation is appreciates,

Sincerely yours,

Elaine C, Esber, M.D.

Director

Office of Biologics Research and Review
Center for Drugs and Bioclogics

cc: DAL-DO
ORIG. NDA 19-270
HFN-800/IMinor
HFN-82

- HFN-710

HFN-220

<HEN-815/CSO/RLinkous/sdj/5/17/85 HFN-815MO/DHarper /5/23/85

HFN-815/CHEM/JTaylor /5/23/85 HFN-B15/PHARM CS’ oa

R/D init. by: ETabor/5/30/85/F/T init: 6/17/85/6/26/85 ?0
ARCasola/5/23/85/F/T init: 6/17/85/6/25/65
JMDavitt/5/23/85/F/T init: 6/17/85/6/25/85
SJoshi/5/23,85/6/25/85
GRStanley/F/T init.: 6/17/85/6/25/85

F/T: 6/11/85/8/30/85

4030b

APPROVED






Betoptic

(betaxolol hydrochloride)
.&45 as base
Sterile Ophthalmic Solution

10 HIPTION BETOPHC ™ Stecie Ophthalmic Solution containg bet - olot hydrochionde. a caruoselecuive beta-
adsrs-1QiC receptorn blocking agent, in a siende sotomc sululion Belaxolol hydrochlonde 15 a while crystaline
prownier Stluble i waler, wilh @ imolecules weghl 0 343 5Y The chenncal shigcture i presented below

(CH) CHNEDH CHOHO / \ CH.CH.OCH, ——<l 4

Empuncal f ormuta: Ort
CinHzNO; HCH
Chenn 9l Name
{- ) Hp [2-{Cyclopropy yiethyllphenuxy}-3-usopropy); ) & prog hyd:aehleme;

Lach ml of BETOPTIC Ophitsalime Solution (G 5%) contans. Ackve 5.6 mg betaroiot hythoUoe epuse— 1o
hetaxnlo! base s mg Fressrvative Henzaliomum Chionde 0 01% inactive Edelate Disodum  Sodem Chionde
Hydtortitnne Ar-d and'or Sndum Hydroxida (in adgust pH), and Purited Watsr DM 0
CLINICAL PHARMACOLOGY: Betaxohsi HUI, a caerhoselective (bela-1-adrenergic) receplor thotkmg agent. dors
A0t have sigadcant stabwlining (local ) aC.awly and s dewnd 0l ntnnsic sympathomimetic
achnn (rally admimisizred beta-adie; ~rgic bic- -ing agenls reduce carthac gutput in healiny subyrcts ang
patents wilh heart disease In patents wilth Seve- inpadment of myocardial function beta-adrenergic reveplor
ant4gomsts may iatubil the sympathetic stimulatory eflect necessary 16 mainlain adequate Cardac funchion
Wrich iStlied 1 the eye, BETOPTIC Ophthalmic Solution has the attion of reducing elevated as welt as norma!
e:dncular pressure, whether or not a_compamied by giaucona  Cphihaimi: ol has r | e1l2c1 a6 pul-
mnaary aml cardiovascular parametrs -

Upninshitie betdxolo! {one drop in each eye) we - com- aied (0 imolo! and placebo In a thee-way masked £10ss:
over study chlienging paticnts wabs seactive sway disease Befaxoiol HCThad ho sigficant effect on pu'monary
function 2t measured by Forced Expiratory Volume in one second (FEV,). Forced Vital Capacity (FVC) ang

HWZWC Adumwnally, the aclion of 18 I, abeta & lant, adinimistered at the end of the sludy was nol
inhbited by ouhihalmic L In tontrast. ophi timolol signd ly decreased thess puimonary
funtlions
FEV,—Percant Change trom Saseline’
Means
Betaxolol 1.0%* Timolot 0 5% Placebo
Basrline 16 1.4 14
_________ 6OMinytes {23 —BT 58
120 Minules X ] -214 15
240 Minutes - 64 -26.9° (%]
Isop r 3.1 -i2.4° 42.8
‘Schoene, R B . efal Am J Ophibat. 97:86, 1954,
*Twice the ciimycal concentration,

binhaled a1 240 minutes; measurement at 270 minutes.

“Timolct statisticatiy different from belaxolol and lacebo (p=.0.05).

No ewdence of cardiovascular beta adrenergic-biockade dusing exercise was dbserved with betaxofof HCI in a
duuble-masked, thiee-way c1ossover study in normal substcts compating ophthaimic betaxolol, tmolol and pla-
cabo for ettecis on blood pressure and heat 17 ie. Mean arienal blood prassure was not atfecied by any treatment:
however, ophthalmic limolol produced a signicant decrease in the mean heart rate.

Mean Heart Rates!
. TREATMENT
Bruce Stress Exercise Test
Minwies Betaxoint 1%* T:molol 0 5% Placebo
0 92 793 at.?
. ? 1302 126 0 130.4
r" 4 1334 128.0° 1383
o 3 1364 129.9* 1379
8 1398 _ 1231.8" 139.4
10 1408 131.8° 1413

YAtkns, v M., Pugn. B R Jr . and Timewell, R #.: Cardiovastular Etfects of Topical Beta-Blockers Duning
Exercse- Am S Oph S 173-175, Feb , 1985

*Twnce the chinscal concentrat.on

“Me2n pulse 1ate signilicantly lower {1 timolol than betaxviol o1 piacebo (p< 0.05).

Clinical Studins: Optic nerve head damage and wrsual field loss are the result of 3 sustaned elgvated atraocular
pressure and poot ocitar prriuswn. BETOPTIC Ophthaimic Solutior has the action of reducing elevaled as wellas
normal intraocy'ar pressure and the mechanssin ot dcutar hypotensive action appears (o be a reduction of
sueous production as demunsiraled by lonography a1 aqueous fluorobholometry The anset of achion with
BETOF +iC Ophthalmic Solution can generally be noted within 30 munutes and the maximal sffect can usually be
detected 2 hours after topical administration. A single dose proviaes & 12-ur reduction in intrsoculsr pressuse.
Chircal observation of glaucoma patients treated with BETOPTIC Ophthalmic Sokution for vp to thee years shows
that th. intraocular pressure iowering effect is well maintained.

Clinical Stud.r. how thal topical BETOPTIC Opathumic Solution reduees mean intraonular pressure 25% from
baselire. ln -5 ysing 22 mmHg a3 a penenally accepted index of intraocidar pressure control, BETOPTIC
Ophthalmic Solution was efiective in morz than 94% of the population studied, of which 73% were lieated with
the beta blocker #icne_ In controtied, double-mzsked studies, the magnitude and duration of the pcular hypoten-
sive eflect of BETOPTIC Ophthatmic Sofution and ophthatmic timo'ol solution were clinically equivalent.
BETOPTIC Ophthaimic Soluiion has alsu been used succesthully in glaucoma patients who have undergone a laser
4 and have needed additions! long-term oiular hypotensive therapy.

BETOPTIC Ophthalmic Solution has baen wef-10rated »n QILCOMA pitients wearing hard or sofl contact lenses
and in aphakic patients.

BETOPYIC Ophthaimic Soluhon does not produce micsis of acCommadative 3patm which aee Treguentty seen
with miotic agents. The diurredt vizion and night blinduess often associsted with standard miotic therapy arc Aot
ns3ocisied with BETOPTIC Dphihaimic Soiution. Thus, paients with central snticular 0pacities avaid the visusl




l INDICATIONS AND USAGE: BE TOPVIE ™ Ophihaimic Solution has been shown to be efiective i lowenng intia- I
ocular pressure and 15 indicated in the freatment ¢, )
1. Patients with thion open-angle glaucoma
2 Patients with elevated intraocular pressure (ocular hyperiensive patients)
3. Palients with glaucoma of ocular hyperiension who have reactive sirway disease
4 Pabeonls with glauvome ot wvles hypeifension whis oft Cusicntly on multple ant-glaucoma therapy
CONIRAINDICATIONS: Hypersensitivily lo any cumponent of (s poduct
BETOPTIC Ophlhainie Solulion is contrandicated m pabenl: wii, Sinus Wadycardia greater man a tirst degree
block, cardiogenic shuck, or pahienis with a hislory of oven Caithu taiure H
FPRECAUTIONS: Paticals wht. ate receiving a beld-adieneigic biucking agent orally and Bt TOPTIL Dpnihalmne. !
Solution should be observed for a potentia: addilive effect gither on the Mivaoculdr pressure of on the known sys-
temic effects of bea blocks de
While BETOPTIC Op Solution has o d 3 low pol }Hor systemu eflecls, if should be ustd
with caution in patients with diabetes (especially labde diabetes) or in patients suspecied of developing
thyrolox. cosis
Consuderabion should be given -2 the gradual withdrawal of beta adrenergic blocking agents prios (o general anes
thesia because of the reduced abikty of the hear (o respond te heta-adtenetgucally tediated Sympathetic rellex
stumuli
Pulmanary: BE TOPTIC Ophthalmic Sotution, a cardioselective beta-bincker, hae produced snly mmimal efiects in I
palenls wah reaciwe auway disrase, however, caution shoutd be exerased in the weaiment of palienls with
excessive restrichion of pulmonary function
Deug Inferactians: \ithough BETOPTIC Ophtha'.nic Sofutran used afone has iiftie or nr effect on pup Size,
mydnasis resuling from concomtant therapy wity BETOPTIC Ophthalnue Solution and spinephiine has been
rgpom:d msmmlly CIo:.e observahon of the patent 1s recommcnmd when a beta blotuet fs Ldmimstéred to
g catechoi tigpleting diups such as reserpe, because of possible anditwe etiects and the
ion of hyp and’ar brady Cautan shauld be exercised in patnts using toncomian adien
efgic psychotrops drugs
Ocular: 1n patients with angle-closure glaucoma, the immediate treaimant oh;mw: 15 {0 re-open the ang'e by
constriction of the puyl with a miolic ggent Betaxoiol has no effect on the pupd, therefore, BE {OFTIE Op!
Solution should e used with 2 mioti: to reduce elevated intrancula® pressure in angle-closuie allu(oma
As with the use of other anliglaucoma drugs, Siminished responsiveness to B TOPTIC Ophthatmat Solution atter
prolonged therapy has been reported in some palients However, in one long-term Study in wiuch 25C patients
have been foltowed for up to three years, 00 significant difierence in mean intrancul™r pressyure hax been observed
atter mteal Stabiizatron
ANIMAL STUDIES: No adverse ocular effscts were observed following topecal ocutar administration of BETOPTIC
Ophithaimic Sonion 10 rabbits for one year.
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Lielime sludies with betaxolol HCI have been
completed in mice 2t oral doses of 6, 20 of 60 mg/kg/day snd in rats at 3, 12 or 48 mg-g day. betaxoiol HC! dern-
onstraled no carcinogemc effacl. Higher dose levels were hot tested. In a vanety of in vitro and m vivo baclanal
and mammahan celf assays, betaxotol HC1 was Jonmutagenic.
Pragnancy Categoery C: Reproduction, teratology. and peri- and post-Ratal studies have been conducied with
orally administered tetaxofol HCI in rats and rabbits. There was endence of drug refated post-implardation loss
rabbits and rats at dose levels above 12 mg/kg and 128 moAg. respectively Betaxolol HC) was not shown to be
feratogenic, however, and there were no other adverse efiects on reproduction at subtonc dose levels There are,
howtver, o adequate and well-controlied studies in pregnant women. Because ammal re_roductve studies. ace
nol always predictive of human response. mmucmubeuuddummmnwm»ndmiym
Nursing Methars: Nt is 102 known whether BETOPT'C Ophthaimic Solution is excreted in human milk. Because
many drugs are excreted in human milk, caution should be exercised when BETOPTIC Ophthalmic Soluuon is
administaned 10 IFSING WoINeN.
Usage in Children: Ciinical studies I astablish the safety and eflicacy in children have nol been pertormes.
ADVERSE REACTIONS: The following adverse reactions have been reported in clincal trials of up to 3 years of
patient sxperence with BETOPTIC Ophthaimic Solution.
Ocular: BETOPTIC Ophihaimic Solution has been weil tolera“ed. Discomfort of short duration may be expenerced
by some patients upon inslillation and occasinal tsaning has been reported. Rare instances of decreased comeal
sensitivity, erythema, fiching sensation, cofneal punClake slaming, kerntis, anisocona and photophobia have
been reporied.
Systemie: Sysiemic reactions following topical sdministtation of BETOPTIC Ophthalmic Solution have baen
reporiad saiely (¢.g., insomnia and depressive neurosis),
OVERDOSAGE: No information is availabie o overdosage of humans The oral LDsa of she drug ranged from 350-
920 mgXg in mice and 860-1050 mg kg In rats. The symploms wiuch might be expecied with an ovegduse of a
systemically adminisiered beta-1-adrenstgic receptor blocker agent are bradycardia, hypotension and acu'e car-
dac: failure.
Atopical overdose of BETOPTIC Ophthaimic Solution may be fiysaed from the eye(s) with warm tap wawer.
DOSAGE AND ADMINISTRATION: The usual dose is one drop ot BETO™MIC Ophthatmic Solution in the affected
aye(s) twice dzily. In some patients, the intrsocular pressure loweriig 1e5ponse to RETOPTIC Ophthalmic Solution
may require & few weeks 1o stabilize. Chinical fobow-up should inciude 2 dfermination of the intrsocular pressure
during th: tirst month of treatinent with BEFOPTIC Ophthalmic Solution. Thereatier, intraocular pressures should
e datermined on an indiviou2! basis at the judgment of the physicic .
Whei a patient Is translerred from a single anti-glaucoma agent, continye the agent alteady vsed and add one
drap of BETOPTIC Ophthalmir: Solidion in the aftecied eye(sj twice a day On the following day, discantinue the
previous anti-glaucoma agent completely and continue with BETOPTIG Opttneimic Solution.
Because of diurnai vanations of inlraocular pressure in individual patients. satistactory response to twice 2 day
therapy is best delarmined by measunng int-aocular pressure at drtigrent limes during the Gay. Intraocular pres-
sures <22 mmiig may not be optimal lor control of glaucoms in each patienl; thersfors, tharapy should be

H the intraocutar pressure of ha patiant i 20t adequiiely cHniroiad on this regimen, Concomitant Tharapy with
pllocarpine, othier miotics, epinephrine or systemic:fly admtnistered carbonic anhydrase inhibitors can be

When a patient is transferre . .rom several concomitantly administered anti-glaucoma agents, individualization is
mu:ua.uiumm 1 - involve one agent at & time made ot intervals of not less than one week. A recom-
mended approach Is 10 cominye the apents being used and add one drop of BETOPTIC Ophthaimic Solution in the
Mql(n)mn -4y, On e following day, discontinue one of the other and-gisucoma sgents. The remain -
wmmmmhwmmm.nm\mhm T
physician may be able fo di- . &. lnus 30me or al Of the olher Snti-G'automa QONts.
HIW SUPPLIED: BETOPTIC Ophthalrile Selution Is 8 sterlle, isatonlc, uu:mn soiution of bataxolol

BETOPTIC Ophihalmic Solution v . ; **1 1 foi:ows: 5 and 10 ml in white epaque plastic sphthaimic
DROP-TAINER® disensers.

5 oal. ¥OC 0035-0245-09
0 mi: NDC 0085-C245-10

SITANLF: Siore st mon temperalae. Alcon

ALCON LARORATORIES, INC.
Fort Worth, Texas 76134
Printed in USA
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Medical Officer's Review of NDA 19-270 -

Date: uoveier 30 1984

Sponsor: Alcon Laboratories. Inc.
pP.0. Box 19%9
Fort Worth, Texas 76101

Name of Drug: Generic: Betaxolol Hydrochloride
Code: SL 75212
SL 75212-10
Trade: Betaxolol Ophthalmic Solution 0.5%

Pharmacologic Category: Beta-adrenergic receptor blocking agent

Proposed Indication: Antiglaucoma

Dosage Form and Route of Administration: 0.5% aqueous, isotonic solutions for
topical ophthalmic administration.

Related Drug: timolol Maleate (TIMOPTIC) NDA 18-086

Manufacturing Controls: Refer to chemistry review.

Pharmacology: Preclinical ocular pharmacology /as studied at Alcon
[aboratories, and general pharmacology was studied at the Department of
Biology of the Laboratoires d'Ctudes de Recherches Synthelabo in France.

Ocular pharmacology studies in rabbits revealed the following:

1. Betaxolol had no effect un pupil size in concentration of 0.125%,
0.25%, 0.5% and 1.0%.

2. Corneal anesthesia from Betazolol occured with dosages above 100 ug
per cornea.

3. Intraocular pressure reductions occurred with 0.5%, 0.75% and 2.0%
drug solutions, peaking between one and two hours and dissipating
completely by six hours. The C.1% solution caused no significant

change in 10P as compared to the vehicle control.

Studies in preparations of isolated guinea pig atria show that the
beta adrenergic blocking potency of Betaxolo) is simiiar to that of

- propanolol but six to seven times greater thar that of metoprolol.
The drug. however, 1s only a very weak blocker of
beta-2-adrenoceptors in the guinza pig trachea. Propanolo! shows no
such selectivity.

These findings suggested that Betaxolol administered: topical]y to the

eye should cause a useful lowering of the intraocular pressure

without an effect on the pupil or accommodation. In additfon, 1t was
:xpec}ed to pose less risk to the patient u*-h compromised pulmonary
unction.



N

dDA 19-270 -2 - -

Toxicology: JFie sponsor rcports that extensive reproduction, mutagenicity an
carcinogenicity studies of Betaxelol hydrochloride have been carried out. The
drug has not been found to be mutagenic or carcinogenic, nor to cause other
prcblems with reproduction in test animals except at very high dose levels.

Ocular toxicology studies have substantiated the safety of Betaxolol
Ophthalmic Solution for topical ocular use.

Clinical Background: Botaxolol had not been extensively evaluated prier to
the studies initiated by the sponsor in 1980 which are reported in this NDA.
The drug is not currently marketed i: any foreign country.

Literature References

1. Berrisopi.R, Leibowitz, HM. A New B-Adrenergic Blocking Agent for
Treatnent of Glaucoma. Arch Ophthalmol 1982; 100:943-46.

0.25% Betaxolol produced a 30% to 35% decrease below baseline IOP in 12
subjects with chronic open angle glaucoma or intraocular hypertension that
was maintained during a one yea:. observation period. Visual acuity and
tear secretion remained stable throughout the study period as did blood
pressure and pulse rate. Corneal anesthesia was not encountered.

2. Berry DP, VanBuskirk EM, Shields MB. Betaxolol and Timolol: A Comparison
of Efficacy and Side Effects. Arch Ophthalmol 1984; 102:42-45,

Forty-six pztients with primary open-angle glaucoma were enrolled in a
randomized, double-blind study designed to compare 0.5% Betaxolol
hydrochloride and 0.5% timolol maleate. Both drugs were noted to lower
intraocular pressure equally effectively, and the incidence of hoth
systemic and ocular side effects were comparable. Corneal sensitivity and
tear production were not altered by either drug in a clinically
significant way.

Related NDA: Timolol maleate (NDA 18-086), a non-selective beta-adrenergic
bTockTng agent very similar to Betaxolol was approved for marketing in the
U.S. 1in 1978. Although Timolol has become the drug of choice in most cases of
chronic open angle glaucoma, especially early in its course, it is essentially
contraindicated in patients with asthma and other cardio-pulmonary problems.
The labeling for Timolol specifically advises against its use in patients with
_bronchial asthma and severe chronic obstructive pulmonary disease, and warns
that “severe respiratory reactions and cardfac reactions, including death due
to bronchaspasm in patients with asthma, and rarely death in association with
cardiac failure, have been reported following administration of TIMOPTIC."
Documentation of these respiratory auverse re-ctinns is found in the published
literature, including the FDA Drug Bulletin dated 11/#1, and ih the National
Registry of Ocular Side Effects.

/
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Betaxolol 1s§i seiective beta-1 blacking agent with negiigible effect on
beta-2 receptors located ‘n the puimonary system, and therefore s potenti:lly
more suitable than Timulol for use in patients with obstruvctive puimonary
diseases. Studies have supported this fact showing that Betaxolol topical eye
drops have no significant effect on pulmonary function. Significantly,
{soproterenol has been noted to enhance pulmonary function in the presence of
Betaxolol 1.0%, while its effect is effectively masked iy Timolol 0.5%.

Normal Vciunteer Studies

1.  Pprotocol No. 79-E-09 (Judson P. Smith, M.D.): Betaxolol Ophthalmic
solution 0.5%, when used twice a day for 28 days reduced intraocular
pressure up to 30%. No clinically remarkable ocular or systemic
changes were observed.

2. Protocol No. 79-E-21 (Judson P. Smith, M.D.): The data demonstrates
that Timolol 0.5% has a greater potential for producing a reduced
pulse rate than Betaxolol 0.5%. Neither drug affected mean arterial
blood pressure, nor had an adverse effect on ocular tissues.

3. Protocol No. C-82-24 (Billfe R. Pugh, M.D. and James M. Atkins,
M.D.): This study compared the effects of 1% Betaxolol, 0.5%
Timolol, and placebo. No significant difference in pulse, mean
arterial pressure, or double product (heart rate x systolic pressure)
were seen between subjects when treated with placebo or with 1%
Betaxolol. However, 0.5% Timolol produced significantly reduced
heart rates (p 0.05) compared with placebo at 4, 6, 8 and 10
minutes of exercise. No differences in mean arterial pressures were
detected after the treatments at any of the time intervals. There
were no adverse experiences recorded during this study with the
exception of one incident of burning upon instillation of Betaxolol

Dose Response Studies

1.  Protocol No. 79-E-10 (Alan I. Mandell, M.D.): Eleven patients:wg?i
evaluated for efficacy in a double-masked trial of Betaxolol
Ophthalmic Solution 0.0625%, 0.125%, 0.25%, 0.5% and placebo eyedrops.

Al four concentrations significantly (p < 0.05) reduced intraocular
pressure 8 hours after treatment when compared to baseline values.
The higher concentrations (0.5% and 0.25%) yielded similar I0P
responses which were statistically significantly better than the.
lowest concentration (0.0625%) while the remaining concentration
(0.125%) fell between these.

2. Protocol No. 79-E-10 (Robert A. Stewart, M.D.): Twelve patients with
symmetrical ocular hypertension were assessed, in a double-masked
fashion for efficacy of Betaxolol 0.5%, 0.25%, 0.125%, and 0.0625%,
and placebo to lower intraocular pressure.
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AT lbu concentrations of Betaxolol lowered intraocular pressure in
a dofé dependent fashion. No changes in pulse rate-or blood pressure
were observed for any concentration. No ocular symptoms were
reported. )

Controlled Clinical Studies: Betaxolol in several strengths has been studied

since June 1980 under 17 different clinical protocols. The safety and
efficacy has been evaluated in 1117 patients and normal subjects, exposing a
total of 850 people to Betaxvlol, 202 to Timolol, and 219 to placebo. Some
subjects used more than one medication due to enroliment in multiple protocols
or changing test drugs or drug concentrations within a protocol.

1. Protocol No. 79-E-23: Five independent studies compared Betaxolol
0.25% or 0.5% to Timolol 0.5% in a double-maskad, randomized
fashion. Two of the five studies compared Betaxolol 0.5% as it is
planned to be marketed with 0.5% Timolol and are considered by the
sponsor to be pivota, studies, and were carried out by Robert H.
Stewart, M.D., and Normal S. Levy, M.D.

Title of both studies: A Double-Masked Comparison of Betaxolol 0.5%
and imolo

Design of both studies: Randomized, double-masked stuay to compare
the safety and relative intraocular pressure (IOP) lowering effect of
Betaxolol 0.5% and Timolol 0.5%.

Details of Robert A. Stewart, M.D. Study:

40 patients enrolled initially.
29 patients (15 on Betaxolol and 14 on 1imolol) completed the study.

23 patients (13 on Betaxolol and 10 of Timolol) were ultimately
analyzed for IOP reducing efficacy (6 were excluded because of
missing data).

!

Length of Study: 26 weeks

2 patients receiving Betaxolol only were dropped from the study for
lack of efficacy.

7 patients (5 Betaxolo! and 7 Timolol) were free of other medications
that could effect blood pressure and pulse and were suitable for
analysis of these var1ables. .
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Results of I0P reductiun (average of 23 patfents):

;
Betaxoloi 0.5% (N) Timolol 0.5% (N)

B‘se]i“e 109 [} : . | Y . i .
Average Cﬁangc at:
Week 1 ~6.93 + 2.59 (13) -7.23 + 3.22 (10)
Week 2 ~7.74 ¥ 2.52 (13) -8.73 * 2.41 (10)
Week 4 ~7.97 ¥ 2.65 (13) -0.43 + 2.48 (7)
Week 6 -7.28 + 2.40 (13} -8.53 +1.28 (9)
Week 8 ~7.63 ¥ 2.95 (13) -8.28 + 2.44 (10)
Week 17 ~7.30 ¥ 3.38 (11) -8.06 + 1.94 (9)
Week 26 -5.78 ¥ 3.78 (13) -7.38 + 3.18 (10)
Results of pulse monitoring (7 patients):

Betaxolol 0.52 Timolol 0.5%
Baseline pulse rate 76.00 * 6.16 (5)  81.00 + 4.2 (2)

Average Change at:

‘Week 1 ~2.80 + 10.83 -8.00 + 5.66
Week 2 0.40 + 7.67 -8.00 + 5.66
Week 4 -0.40 + 8,65 -8.00 ¥ - (1 patient)
Week 6 -0.80 ¥+ 10.16 -6.00 + 2.83
Week 8 0.80 :_7.82 -7.00 + 1.41
Week 17 -3.60 + 6.84 -6.00 + 0.00
Week 26 -2.00 ¥ 9.70 -5.00 ¥ 1.41

Summary: Betaxolol 0.5% produced a mean IOP decrease from baseline of 7.5

mmig compared to an 8.5 mnHg reduction from Timolol which is a

statistically insignificant difference (p > 0.17). The mean 10P decrease
from baseline was statistically signiticant (p< 0.01) for both treatment
groups at each observation time. Inspection of the pulse rate data shows
a lesser pulse rate reduction effect from Betaxolol as compared to < ~—
Timolol, but the number of subjects was too small to make a statistically
valid comparison. No adverse experiences were reported during this study.

Details of Norman S. Levy, M.D., Ph.D. Study:

40 patients enrolled initially
34 patients completed the study (16 treated with Betaxolol and 18
treated with Timolol). a : :
26 patiants {12 on Betaxolo] and 14 patients on Timolol) received
tests solutions only without adjunctive therapy and their data are
used {-r efficacy comparisons. : P

H
Length of Study: 26 weeks.
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?ikesul ts of I0P Re-uction (average of 26 patients)
: r

- Betaxolol 0.5% (N) Timolol 0.5% (N)

Baseiine IOP 3063 + 4.02(12]) .29 + 1.98(14
Average change at:

Week 1 -9.41 + 3.65 (11) -9.84 + 2.10 (14)
Week 2 -12.30 + 2.73 (12) -10.38 + 2.82 (14)
Week 4 -11.55 + 3.52 (12) -10.81 + 2.75 (14)
Week 6 -11.55 + 3.18 {12) -10.52 + 3.05 (14)
Week 8 -10.55 + 3.54 (11) -10.63 + 2.36 (14)
Heek 17 -10.92 _T_ 2.23 (12) -10.56 + 1.61 (14)
Week 26 -10.12 + 2.7

.74 (10) -9.55 + 4.35 (13)

Results of pulse monitoring: As witn the Robert H. Stewart, M.D., study,
inspection showed a reduction in pulse rate occurring more frequently in
Timolol treated patients than in Betaxolc treated patients, but the
number of patients was inadequate for statistical amalysis.

Ocular tearing, discomfort and photophobia occurred in approximately half
of patients from both medications in both studies, but did not necessitate
stopping the study medications.

No instances of visual acuity reduction in either study appeared related
to the study drugs.

2.

3.

Protocol No. C-82-19: A fluorophotometric study of the mechanism of
action of ocular pressure lowering by betaxolol was performed, by
Richard F. Burbaker, M.D. This study demonstrated suppression of
aqueous flow as the mechanism of action responsible for the reduction
of intraccular pressure by Betaxolol. Flow rate reductions of 10 to
58% (mean 33%) were observed. Outflow facilities were unaffected by
the study medication. The study was a double-masked, randomized .
trial comparing Betaxolol to placebo 1n each of 24 normal voluntedr
subjects. The aqueous flow rate and IO’ at the end of the treatment
period were found to be significantly lower (p ¢ 0.01) in
Betaxolol-treated eyes than placebo-treated eyes. There were no
significant differences between Betaxolol and placebo eyes for
endothelial permeability or anterior chaber volume. No adverse
experiences or side effects were observed in any of the 24 study
stbjects. ) . - .

Prutocol No. C-83-19: Betaxolol Duration of Action Study
Investigators:
- '
Alan S. Crandall, M.D., Salt Lake City, Utah '
Normal S. Levy, M.D., Gainsville, Florida ’
Ralph H. Weeks, M.D., Fort Worth, Texas
Robert N. Weinreb, M.D., Dallas, Texas



NDA 19-270 ' -7-

Stud# Design: Randomized, double-masked

ective: To determine the ocular hypotensive effect of
taxolol 0.5% 12 hours after dosing

Number of Subjects: 21 Betaxolol treated patients and 24 placebo

treated patients.

Test Schedule: After a washout period, tonometry readings were
performed at 8 a.m., 10 a.m., 12 noon, and 10 p.m. on day 1
(baseline). The investigator then instilled one drop of the assigned
study medication into each eye after the last baselire reading. IOP
measurements were repeated on day 2 for 10, 12, 14, and 24 hour
evaluations after drug instillation. Study medications were again
administered after the Tast IOP measurement on day 2. On day 3,
final 10P measurements were taken and the study was compleied after
the 24 hour tonometry reading.

Resullq Betaxolol 0.5% treated patients - average of 20.1%
reduction 1n IOP 12 hours following drug insuvaliation when compared
to baseline (p < 0.001).

Placebo treated patients - Average of 5.7% reduction in IOP 12 hours
after drop installat.on.

Protocol No. 79-E-11: A Double-Masked Comparison of Betaxolol 0.125%
and Placebo.

Investigators:

Ronald L. Radins, M.D.
Robert A. Stewart, M.D.
Mark ]. Weiss, M.D.

Study Design: Randomized, doubie-masked.

Number of Subjects: 21 Betaxolol 0.125% treated
21 placebo treated

“
"
1

Test Schedule: A washout period was followed by 6 weeks of twice
daily treatment with Betaxolol 0.125% or placebo.

Results: In two of the three studies (R.L. Radins, M.D., and M.J.
Welss, M.D.), Betaxolol N.125% produced a statistical!y significant

- (p < 0.05) greater decrease in IOP than did placebo eyedrops.

However, the actual numerical difference of 4 mmHg or less difference
between the study drug and placebo would not be clinically useful.

The third study (R.H. Stewart, M.D.) did not demonstrate a clinically
significant difference between the two groups.

,.
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ProYdcol No. 79-E-11: A Double-Masked Comparison of Setaxolol 0.25%
and Placebo.

Investigators:

Delmar L. Caldwell, M.D.

Paul L. Kaufman, M.D.

Zdwin N. Keates, M.D.

Norman S. Levy, M.D., Ph.D.
Alan I. Mandell, M.D. :
Wayne F. March, M.D.

Study Design: Randomized, double-masked

Number of Subjects: 44 Betaxolol 0.25% treated
47 Placebo treated

Test Schedule: A washout period was followed by haseline I0OP
meastirements and assignment to 0.25% Betaxolol or placebo to be used
twice daily for 6 weeks.

Results: During the observation period, the decrease from baseline
ICP with 0.25% Betaxolol was greater than that produced by placebo by
a statistically significant degree (p=0.001). The a.. 1ige actual
decline 1n I0OP in 0.25% Betaxolol treated patients was 5.2 mmHg at 1
week and 5.5 mmHg at 6 weeks. Discomfort on instillation was
commonly reported for both treatments.

Protocol No. 79-E-23: A Double-Masked Comparison of Betaxolol 0.25%
and Timolol 0.25%.

Investigators:

1

David L. Epstein, M.D.
Robert H. Stewart, M.D.
E. Michael Van Buskirk, M.D.

Study Design: Randomized and double-masked,
Number of Subjects: 6 Betaxolol 0.25%

10 .Timolol 0.25% :
-1 Betaxolol 0.25% with adjunctive therapy

Test Schedule: After washout of previous medications and recording
of baseline 10P, patients were assigned to one or the other study
medications to be used twice dafly for 26 weeks. Examinatfons were
scheduled at the end of weeks 1, 2, 4, G, 8, 17, and 26. Adjunctive
therapy could be added as needed to reduce IOP to acceptable levels.
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Resﬁlts: Betaxolol 0.25% - Average IOP reduction ~ 3.7 to 6.2 mmig.
: Timolol 0.25% - Average IOP reduction - 5.8 to 8.9 mmig.

The Betaxc 01 group consis-ently showed smaller numerical decreases
in IOP th:.i the Timolol group, however these differences were
statistically significant at weeks 2 and 4 only.

Timolol patients exhibited larger decreases in pulse rate at each
observation time than did the Betaivlol group, but the number of
patients was too small to determine if thic was statistically
significant.

Diminished Corneal Sensitivity:

. 30% of Timolol group
.None of Betaxolol group

Ocular discomfort was reported in 5 of 7 Betaxolol treated patients
and in 2 of 10 Timolol treated patients. This discomfort was mild
and did not persist.

No adverse reactions were reported during this study.

Protocol No. 79-E-23: A Double-Masked Comparison of Betaxolol and
TimoTol: A Report 6n Patients Who Changed Concentrations.

Investigators:

David L. Epstein, M.D.

Alan I. Mandell, M.D.

Robert L. Stamper, M.D.

Robert H Stewart, M.D.

-E. Michael Van Buskirk, M.D.
Study Design: Randomized and double-masked trials to compare the
safety and efficacy of Betaxolol and Timolol. The patients started
the studies using 0.25% concentrations of both drugs, and then were
switched to 0.5% solutions at various times in an unstructured
manner., Study duration was 26 weeks.

Number of Subjects: 20 Betaxolal treated
. - 156 Timolol treated -

A1l 35 patients were switched rrom 0.25% solutions to 0.5% solutions

in an uncontrolled fashions between the 2nd and 17th week.
7/

Results: Not statistically analyzed.
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protocol No. 79-E-23:
molol O. combined report).
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Inveétiggtors:

N.R. Caldwell, M.D.
. Kaurman, Ph.D.
. Mandell, M.D.
. Radfus, M.D.

. Stamper, M.D.

reere

s

D.L. Epstein, M.D,
N.S. Levy, M.D.
W.F. Munch, M.D.
M.B. Shields, M.D.
R.A. Stewart, M.D.

A Double-Hasked Comparisor. of Betaxolol 0.5%

P.
A.
R.
R.
E.M. Van Buskirk, M.D.

Study Design: Randomized and double-masked.

Number of Subjects: 59 Betaxolol treated
: 71 Timolol trsated

The data from 87 additional patients was retained for safety
evaluations, but was excluded from efficacy analysis because of the
use of adjunctive medications.

Test Drug Schedule: After a washout period, baseline intraocular
pressure was recorded, and patients were randomiy assigned Betaxolol
0.5% or Timolol 0.5% solution to be used, one drop in each eye, twice
dafly for 26 weeks. Examinations were scheduled at the end of weeks
1, ¢, 4, 6, 8, 17, and 26. Adjunctive therapy could be added at the
discretion of the investigator.

Results: Statistical summary of IOP (mmHg) in 130 patients
controTled without adjunctive therapy (sponsor's analysis).

Mean + S.D. (N)

Betaxolol 0.5% Timolol 0.5% T
Baseline I0P .81 + 3.04(59) 28,55 + 2.76(N)
Change at:
Week 1 -7.09 + 3.35 (54) -8.68 + 3.96 (67)
Week 2 -8.15 ¥ 3.42 (56) -8.74 + 3.89 (70)
Week 4 -8.33 + 3.67 (56) -9.53 + 3.46 (66)
~ Week 6 . =8.11 *+ 3.66 (56) -9.09 + 3.58 (67)
Week 8 -8.30 * 3.07(55) -9.63 + 3.49 (68)
Week 17 -7.83 ¥ 3.51 (56) -9.07 ¥ 3.43 (69)
Week 26 -6.84 + 3.75 (56) -7.65 * 4.47 (70)

~
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Betagdlol 0.5% as a single medication nradiced a mean IOP decrease
‘from*baseline of 6.8 te 8.3 maHg over the six month period. The
pressure reduction with Timolol ranged from 7.7 to 9.6 mmHg during
the same perfod. Both pressure decreases were statistically
significant (p 0.05) for both treatment groups at each observation
time, and there was no statistical difference (p 0.05) between the
two groups.

Adjunctive therapy was added to the treatment regimen of 34.4% of
Betaxolol treated patients and to 25.3% of Timolol treated patients.
This difference did not reach statistical significance (p)> 0.20).
In addition, 6 treated with Betaxolol and one patient treated with
Timolol were discontinued for lack of efficacy, also a
non-significant difference (p > 0.10).

Pulse Rate Changes {change from baseline):

Bataxolol: +0.4 to -2.2 heats/min.
Timolol: -3.9 to -5.5 beats/min.

This difference is statistically significant at p & 0.05.

No difference in mean arterial pressure could be demonstrated between
Betaxolol and Timoiol treated patients.

Treatment related disconformt was more frequent (p < 0.01) in the
Betaxolol group than in the Timolol groups. However, no patient

* stopped efther drug because of discomfort, and the magnitude of this
problem was not considered great enough to limit the usefulness of
either drug.

No adverse experiences were reported for Betaxolol treated patients,
while four of seven such reactions reported for Timolol were felt to
be treatment related.

- -
v e—

SAFETY STUDIES: According to the sponsor, Betaxolol Nphthalmic Solution
represents a significant therapeutic advance in the treatment of glaucoma
based on 1ts greater safety in patients with cardio-respiratory problems.
Timolol, the currently available beta-blocker for the treatment of glaucoma,
is a non-selective beta-adrenergic receptor blocking agent. Its use has been
associated with severe respiratory and cardiac reactions, and the labeling for

. Timolol. warns against use in patients with bronchial asihma and chronic

obstructive pulmonary disease.. It states that “severe respiratory reactions
and cardiac reactions, including death due to bronchospasm in patients with
asthma, and rarely death in association with cardiac failure, have been
reported following administration of TIMOPTIC". Documentation of these
respiratory adverse reactions is found in the National Registry of ocular side
effects, and in the FDA Drug Bulletin (11/81). O approximately 600 adverse
reactions 1isted in the 1980/81 National Registry Report, 60" (10%) were
pulmonary reactions including one death and, of approximately 300 adverse
reactions listed in the 1981/82 National Registry Report, 56 (18%) were
pulmonary reactions including nine deaths.
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Sponsor's studies (noted below) have shown that Betaxolol HCL (at twice the
clinical conceniration) and placebo has no significant effect on vital
pulmonary function. Inhaled isoproterenol enhances pulmonary cz:.-abilities in
the presence of Betaxolol HCL 1.0%, but fails to effectively do so aiter
administration of Timolol 0.5%. Clinical use in 29 pailents with reactive
airway disease has generated 23 patient years of experience withcut pulmonary
compliications.

The sponsor feels that the respiratory and cardiovascular advantages provided
by Betaxolol Ophthalmic Solution coupled with the fact that its intraocular
pressure lowering effects are similar to Timolol, indicates a definite
therapeutic ad -antage for beta-1 blocking agents over non-selective
tata-blockers.

1. Protocol No. C-81-25: Betaxolol-Timolol-placebo bronchospasm study in
asthmatic’ bronchitis patients.

Investigators: Robert B. Schoene, M.D.
Seattle, Washington

Study Design: Randomized, double-masked, three-way cross-over in
asthmatic patients.

Patients: Nine patients with a history of obstructive airway disease, who
demonstrated at least a 15% decrease in forced expiratory volume in one
second (FEVy), following use of topical Timolol drops, were enrolled

into the study.

Test Drug Schedule: One drop of study medication (1% Betaxolol, 0.5%
TimoTol, or placebo) instilled in each eye at the beginning of the test
session.

Study medication changed at each new test session.

Spirometry, respirations, pluse and blood pressure observed for up fg ?Gﬁr
hours following test drug application.

Beta-stimulant administered by inhalation at the end of observation period
with repeat measurements made.

. Results:

1. Group mean FEVy: Vvalues for patients when treated with Timolol
were sianificantly Tower than when they were treated with Betaxolol
or placebo at 30, 60, 120, 140, and 240 minutes after drug
instillation (p < 0.05). See Table I. : .

2. AMdministration of beta-stimulant (isoproterenol): ,The FEV; values
for the Betaxolol and placebo treated patients increased to .
approximately 402 above baseline, but did not return to baseline in
Timolol treated patients (p < 0.05). See Table I.
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Respi_.__r'-‘pto}y rate: No significant change from :ay treatment.

Bloodi;presﬁure: No significant change from any treatment.

Pulse: No sfgnificant differences hetween trea:ments for heart

rates, as a change from baseline, were detected.

Table I

THREE DRUG CROSSOVER COMPARISON

RESPIRATORY FUNCTION
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Mverse Expériinces'and Side Effects: One adverse experience and seven
sTde-effects were reported during this study. The adverse eknerience and five
of the side-effects {subjective symptoms of wheezing/dysp1>da) were reported
from the patients whiie on the Timolol segment of the study. One side-effect
each was noted from the Betaxolol and placebo segments of the study. The
degree of symptom severity ranged from No Change (4/10), Moderate Increase
(1/10), Marked Increase (3/10), and Severe/Life Threatening (2/10) during the
Timolol treatment. One patient each from the Betaxolol and placebo treatment
groups noted a moderate increase over bseline symptoms (wheezing/dyspnea).
Conversely, one patient administered Betaxolol showed improvement over his
baseline symptoms. No improvement was observed for the patients during the
Timolol or placebo test segments. Two patients were terminated from the
Timolol portion of the study by the investigator because of severe 1ife
threatening pulmonary distress, patient #13 after 3 hours and patient #19
after 45 minutes. An adverse experience form FD1639 was completed for patient
#19. Apart from these predicted cardiopulmonary changes, there were no other
side-effects or adverse experiences observed during this study.

Conclusions of the Sponsor: Betaxolol and Timolol are both beta-adrenergic

receptor blocking agents but Betaxolol is a selective beta-1 hlocker while
Timolol is a nonselective beta-1/beta-2 blocker. Therefore, since the
respiratory system tissues possess predominantly beta-2 receptors,
theoretically, Betaxolol should not exert an effect on the pulmonary system.
This proposal, and the previous repcrts that 0.5% Timolol Ophthalmic Solution
can cause potentially dangerous cardiopulmonary side-effects in susceptible
individvals (Schoene et al., 1981; Zimmerman et al., 1981) are supported by
the results of this study. Although the patients in this study were given
twice as much Betaxolol as they were Timolol (quantitatively fn terms of mg
doses), none of the cardiopulmonary parameters measured was significantly
reduced, as compared to placebo, during Betaxolol treatment. Therefore, this
suggests that Betaxolol can probably be used safely in patients who have
reactive airways disease.

The results of this study also suggest that, once an acute episode of - . .
respiratory embarrassment has been precipitated, the patient's response to
beta-ctimulation is significantly diminished by Timolol treatment. However,
this effect was not demonstrated for Betaxolol. This implies that, not only
does Timolol bring about significantly greater beta-blockade that does
Betaxolol, but that this blockade 1s so enduring that its reversal by the
beta-stimulant is inhibited. This also may be an important safety parameter

~ to be considered in the medical control of asthmatic/bronchitic patients.

" 2. Protocol No. C-81-25 (Ruien M. Chernidck, M.D.): Originally planned as a

"randomized, double-masked, three way cross-over study of
Betaxolol-Timolol-placebo in asthmatic bronchitis patients, 1t was amended
to eliminate Timolol from the masked portion of the study;a

Nine patients with a history of obstructive and reactive airway disease,
and demonstrating at least a 15% decrease 1n forced expiratory volume in
one second (FEVy) following a challenge with open-label Timolol
eyedrops, were enrolled into the study.
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The resuTts of the study demonstrated that in patients kpown to respond %o
ophthalmic Timolol 0.5% with a significant decrease in pulmonary function,
no comparable change occur with 1.02 Betaxolol and none of the pulmonary
naraneters measured were different with Betaxolol than with placebo.

3. Protocoi No. C-81-25 (Woody V. Kageler, M.D.): Two asthmatic patients
demenstrating more than a 15% decraase in forced expiratory volume in one
second (FEV1§ foilowing use of topical Timolol drops were studied with
1.0% Betaxolol and piacebo, and were found not to exhibit any signiticant
ckange in pulmonary function from either of these m~dications as compared
to Timolol.

Long Term Safety and Efficacy Studies (Open Label): 1hree hundred and efghty
T380) patients on 0.5% Betaxolol Ophthalmic solution twice daily were
evaluated over a 36 month period under Protocol Nes.79-E-11L, 79-E-23L,
¢-82-06, and C-82-13.

Results:
Efficacy: Approximately 65% of the patients' IOPs were controlled with
Betaxolol therapy alone with a mean intraocular pressure of 19.2 to 20.7
mmHg. For patisnts controlled on a regimen of Betaxolol plus adjunctive
hypotensive therapy, the mean IOP ranged from 18.5 to 22.8 mmhg.

Safety: Stinging, burning, and tearing upon instillation of the eye drops
was observed with an incidence of 30%. Five adverse experiences occurred,
only two of which were related to the use of Betaxolol: one case of
insomnia, and one of depressive neurosir:

Sponsor's Conclusions: While Betaxolol Ophthalmic Solution may produce mild
stinging and burning of short duration upon instillation, it is safe and
effective therapy for the control of elevated intraocular pressure, either
alone or in combination with other adjunctive therapy. F

Adjunctive Medications and Compatibility Studies:

1. Protocol Vy. C-83-30: Betaxolol and Propine (Dipivefrin) (F. Kushner,
M.D.. R. Ritch, M.D., R. Weinreb, M.D.). This was a randomized,
doubie-masked investigation 1n which 40 patients using Propine alone had
Betaxolol or Timolol added to this therapy fur one month.

" -Results: Addition of Betaxolol 0.5% or Timolol 0.5% to the study '
patients' Propine therapy brought about a significant (p<£ 0.05) decrease
in I0P compared with Propine alone. Dizziness and headache occurred in
one patient in both groups. No adverse experiences were reported.

2. Protocol No. C-83-31: This study to evaluate Betaxolol used concomi tantly
with Pilocarpine was not carried out because a sufficient number of
patients had not been enrolled by the entry cut-off date. This issue is
addressed in the long-term evaluation section.
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3. Protocol M. C-83-42: Betarclol in combination with Acetazolamide (J.P.
Smith, M.D.J:  1is was & rariomized, observer-masked study of 28 patien
in which 26 were evaluated for efficacy considerations.

Test Schedule: Patients were randomly assigned to two groups:

Group A: Betaxolol 0.57 twice daily for 3 weeks with Acetazolamide
500 mg 1n a sustained .clease capsule twice daily added during the
last two weeks.

Group B: Acetazolamide 500 mg twice daily (sustained release
capsules) for 3 weeks with Betaxoloi 0.5% twice daily added during
the final two weeks.

Results (Group A):

1) Betaxolol 0.5% alone reduced the mean IOP Yrom 25.7 mmHg to 21.5 mmHg.

2) The addition of acetazolamidz further reduced the mean IOP to 18.2
mmHg .

Results (Group B):

1) Acetazolamide alone reduced the mean IOP from 25.2 mmHy to 18.3 mmHg.

2) The addition of Betaxoldi 0.5% further reduced the mean pressure to
17.0 mmHg.

Conclusion: It appears that most of the IOP reduction from combined use
of Betaxolol and acetazolamide is from the acetazolamide rather than the
Betaxolol.

Summary: A total of 1117 patients or normal subjects were enrclled in 17
studies designed to assess the safety and efficacy of Betaxolol Ophthalmic =...
Solution. Each study included analysis of a combination of ocuiar and/or
systemic safety parameters. Efficacy in terms of intraccular pressure
reduction was addressed in most studies. Although several concentraiticns were
evaluated, 0.5% Betaxolol Ophthalmic Solution, the recommended clinical
concentration, was investigated in a majority of the protocols.

~ Normal volunteer studies (three protocols) demonstrated that C.5% Betaxolol

Ophthaimic Solution used twice dafly reduces intraocuiar pressure up to 3C%.
They also showed that there was-no difference from placebo on pulse rate or
mean arterial blood pressure.

Dose res?onse studies (two protocols) demonstrated four concentrations of
Betaxolo! Ophthalmic Solution (0.0625%, 0.125%, 0.25%, and 0.5%) to reduce
intraocular pressure in a dose dependent fashion. The 0.5% concentration was
noted- to be sligntly more efficacious than 0.25%, but appeared still to be
well within a safe dosage range ard was therefore selected as the clinical
strength of choice.
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Controlled c1ditfcal studics (eight protocols) ¢: onstrated the fntraocular
pressure lowering efficacy of 0.5% Betaxolol to pe essentially equivalent (o
0.5% Timolol, & drug which, since its introduction ir 1978, has become the
primary therapy in a majority of glaucoma patients. While Eetaxolol 0.5% {is
somewhat 1rritating to the eye, as is Timolol, the problem is not serious
enough to 1imit its clinical usefulness. Inspection of several studies
revealed a larger magnitude of decrease in pulse rate for Timolol than for
Betaxolol, but the number of patients in each study was inadequate to allow
statistical comparison.

Two studies conducted under Protocol No. 79-E-23, one by Robert H. Stewart,
M.D., and the other by Norman S. Levy, M.D., were considered by the sponsor to
be pivotal studies. A tutal of 49 patients (25 treated with Betaxolol 0.5%
and 24 treated with Timolol 0.5%) were evaluated for efficacy. Both drugs
produced a significant reduction in intraocular pressure over a six month
period, and were statistically equivalent to each nther. No adverse
experiences were reported from either study.

Safety studies (three protocols) were carried out in 20 asthmatic patients who
demonstrated at least a 15% reduction in forced expiratory volume in one
second (FEV]) after receiving topical ophthalmic Timolol 0.5%. None of

these patients demonstrated a reductior in FEVy from 1.0% Betaxalol

Ophtalmic Solution (twice the recommended ch‘nlca] strength). Statistically
this medication did not differ from placebo, and is therefore considered safe
for use in asthmatic patients.

Open label-long-term (36 month) safety and efficacy studies were carried out
in 380 patients under four protocols. Approximately 65% of the patients had
successful control of their intraocular pressure with Betaxolol therapy alone,
with the mean IOP ranging from 19.2 to 20.7 mmHg. The remainder were
controlled with Betaxolol plus adjunctive therapy with a mean IOP ranging from
18.5 to 22.8 mmHg.

Safety evaluations revealed that stinging and burning upon installation of -—-
Betaxolol Ophthaimic Solution may occur in up to 50% of patients, but that
this did not 1imit the drugs clinical usefulness. A total of five (5) adverse
experiences were reported, but only two (one case each of insomnia and
depressive neurosis) were felt to be related to Betaxolol.

Adjunctive medication compatibility studies (three protocols) indicated that
Betaxolol Ophtalmic Solution produces additional significant decrease in

-intraocular. pressure when added to Propine (Dipivefrin) therapy. A small

additional pressure reduction of approximately 7% was also noted when
Betaxolol was given to patients already receiving Diamox 500 mg sustained
release capsules. Studies with Betaxolol added to Pilocarpine therapy could
not be carried out due to an inadequate number of patients. .
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Betaxolol Ophghalmic Solution has been well-tolerated in glauycoma patients
wearing hard ér soft contact lenses and in aphakic patients. The total
cumulative number of patient-yesrs 1s 15.8, with one patient using Betaxolol
for 27 months, and the majority having from 12 to 18 months of experience.

Labeling Review: Genperal labeling claims were reviewed and found to be

satistactory.

Conclusfons: These studies adequately support the safety and efficacy of 0.5%

Betaxolol Ophthalmic Solutfon in the treatment of chrenic glaucoma eijther

alone or in conjunction with ¢ .her anti-glaucoma medications.

Additionally, this drug, a beta-1 cardio-selective blocking agent, djes not
adversely affect pulmonary function in asthmatic patients, which will

represent a significant advance in the anti-glaucoma therapy of these patients.

Recommendatioﬁs- Betaxolol Ophthalmic Solution 0.5% (NDA 19-270), for the

treatment of glaucoma, {s recommended for approval.

David G. Harper, M.D.

cc: Orig. NDA
HFN-815

(gFN-BIS/CSOIRRLinkous

HFN-815/DGHarper:th/1/4/85 o
R/D typed 12/12/84 // |
2408b ;:j/
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Addendum:

The combined réport under protocol No. 79-E-23 (p.10) includes the studies
conducted by N.S. Levy, M.D. and R.H. Stewart, M.D., which are discussed

in detail on pages 4 thru 6.

The 23 patients in the Rcbert H. Stewart, M.D. study, (p.4) for which
efficacy results are tadulated received nc adjunctive topical ophthalmic
medications.

The statement on p.17, “A small additional pressure reduction of

approximately 7% was also noted . . .", is in error. The actual reduction
was 1 point in 18 (5.5%) and is probably clinically insignificart,

T Dot G, fzppes o

J—ré-FC J
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A.1.

- . pivisfon of Anti-Infectiye
Drug Products

Chemist's Review —_—

Date Completed: 7/20/84

NDA 19-270

Sponsor: Alcon Laboratories, Inc.
Fort Worth, Texas ’76101

Product Names:

USAN: betaxolol hydrochloride
Proprietary: Betaxclol

Dosage Form & Route of Administration: 0.5% sterile ophthalmic
solution, topical

Pharmacological Cateqory and/or Principal Indication: anti-giaﬁcoma
aqent

Structural Formula and Chemical Name(s):

o s
D—-—CH LOCH~ LHL‘@/\'OC”ZCN‘C”'LNH ({:’ - HCL

Hs,

(t)z-propanOI,1-[4-[2-(cycloprOpylmethoxy)ethyl]phenoxy]-
3-[ (1-methylethyl)amino]hydrochloride salt

Original Submission: 4/26/84

Amendmentswi

DWF Referrals, Related Material




- .

C. Remarks: . . -
~~This i{s a new entity previously reviewed Apparently

neither the sponsor nor the synthetic source have updated their files
since 1981 in regard to refining early IND specifications or methods.

Vi vy

alrgn acr

EIR's will be finalized when the source of the drug substance is clearly
defined.

Methods validation 1s pending,

P

f?f
alan O

John W. Taylgr/, Ph.D.
cc: Orig. NDA (

;tFN_-_g%s. HFN-815/CS0 HFN-815/Taylor: gm 7/26784 / /
HFN-616 R/D Init. by: ARCasola 7/23/84 aZre D
1014b aec RUEY

4
'|1'



Review Notes NDA 19-270

1&2. Components_and Composition
II
I
o
\_\
3. Facilities: N
7 .
i
."
b)
|
!
[
\
\
4. Personnel: Adequate.
5. Synthesis: Review is deferred pending a response to item 3.
6. Raw Material Controls:

a)

TR

'y



Comments: These specifications are apparently based on the attached lot

(Alcon) history.
were:

The ranges observed for the specifications

b) Other Components: Per USP/NF. Adequate.

7. Other Firms: see item

8. Manufacturing and Processing:

3.

9. Container/Closure:
/
'ﬁ\
10. Packaging and Labeling:
1. Controls (dosage form):

!
!

/

Adequate.

!

T



Comments:

\

12. Stability Data:
K two year expiry i- proposed. The product appears stable at R.T.
However, data will be requested to include an znalysis of evaporative
trend vs. degradation which may be obscured. The turbidity of the .
pruduct noted at some 359C and 450C stations presumably is duc to
formation of descyclopropyl betaxolol and should be delineated in the
other samples or ruled out. See attached brief data summary.

i:
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13.
4.

15.

16.
7.
18.
19.

Control Numbers: Adequate. . -

Methods Validation:
Requested Trom one District laboratory and HFN-420 with this review.

Labeling:

a]_ The container and insert require revision ir the statement of
potency. The potency should ba stated as “"Each ml contains 0.56
mg betaxolol HCI equivalent to 0.5 mqg betaxolol base." The
temperature storage limits should be defined.

h) Under "How Supplied” in the insert the storage recommendations,
an Rx statement, and a date of printing should be added.

Inspections: Requested.

Registration: To be determined with item 16.

Part 5 Form 356H: Submitted as required.

Environmental Impact:
Submitted as required. No impact interpreted at the Bureau Tevel.

*
4
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REYIEW. & EVALUATION OF PHARMACOLOGY & TOXICOLOGY DATA

NDA 19-270 (Iriginal Submission, dated 4/27/84)

Date Review Completed: 3/19/35

Applicant: Alcon Labs, Fort Worth, TX
Drug: Trade Name: Not specified.

Generic Name: Betaxolol Hydrochloride
Code Name: SL-75212; ALO-1401

Dosage Form: Ophthalmic Solution, 0.5%

Formuiation Quantity/ml

——el - -

Chemical Name: (%)-1-[4'-2"-cyclopropylmethoxyethy?l)phenoxyl-3-1isopropyl-

amino-2-propanol hydrochloride
CAS #: 63659-19-8

Chemical Structure:

-m-- -
L d

o e

==pirical Formula: CigHpgNO3.HC1

Molecular Wt: 343.9

. /
prapie D-m -0-CH..=CH
- ASLE /

OH Oy =
I
°‘°‘z’°"°‘zf“”"‘i:”
*HCL oy

Category: Beta-adrenergic blocker, topical (ophthalmic)
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Proposed Clinicar Indicat!gg: Glaucoma

Related Submission:

Preclinicay Data:

The following arimal toxicity studies haye been reviewed. Severa] Studies
were repeated by a lab different than the original (HRC); therefbre, the lTap
performing the study has been Iniicated, Unlass otherwise noted, all stydjes
emp loyed racemic betaxolo} HCI.,

List of Submicte: Preclinical Studies

JYopical Ocular Toxicity - a1j by Alcon Labs

1. One-day in fabbits
2, One-month topical ocular ig rabbits (Ocular histopathology by Experimenta]

3. One-month topical ocylar (various formulations) i rabbits
4. One-year topical ocular In rabbigs

Systemic Toxicity

A. Acute

I. Acute ora] in mice & rats (2 studies) - Synthelabo (sL)
2. Acute oral (formulatfon) in mice - Alcon
3. Acute 1v in mice - Alcon

B. Subacute & Chronic

3. 4-week oraj in rats (3 reports in NpA) - SL, to confirm HRC's findings)
4. 4-week 1ip rabbies - g (HRC's teratology repor.) e
5. 13-week in F rats - g (to complement 3- & 6-month HRC studies; see #6)
6. 26-week oral in rats - HRC

7. 61-week oral in rats - Inveresk

8. 26-week oral in dogs - HRC

9. 52-week oral in dogs - Inveresk

Carcinogenicitg

l. One-year (dietary) 5 mice - Inveresk
2. Two-year oral (dietary) 1 rats - Inveresk

Hutagenfcitz - f
A. By Litton Bionet{cs

1. Ames Test
2. Mouse Lymphoma Forward Mutation
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3. Sister chromatic exchange in Chinese hamster ovary cell

4, In vitrs transformacion of BALB/3T3 cells assay i

Teratology in rabbits - HRre
Teratology. in rabbics - Life Science Research, u.k,

B By HRC
1. Ames Test
2. Micronucleoys test in the mouse
keproduction
- rertility & general reproduction (Segment 1) in rats - HRC
- Perinatal & postnatat in rats (Segment III) - HRe
- Teratology in rats (Segment I) - HRC
. Fetal toxiciiy jn rats - S¢

1
2
3
4
5
6

Ocular Pharmar&logy

i. Pupillary activicy in rabbits
2. Corneal sensibility (loca} anescthesia) in rabbits
3. Intraocular pressure 1n rabbits
REVIEW OF PRECLINICAL DATA
Note: 1In this review, Betaxolol will be abbreviated "BTX".

TOPICAI. OCULAR TOXICITY (AN conducted by Alcon Labs.)

1. One-daz Acute Topical Ocular Irritation in Rabbits

Test Material: ¢ (vehicle), 0.1, 0.25, 0.5, 1.0 or 2.5% BTX HC1
opﬁcﬁalmiq $0l'n; TimopticR 0.5 solution

Treatment: Instilled in the right eye 1 drop (approx. 0.03m1) of tesi or..
Control sol'n at 2p min. intervals for 6 consec, hrs for a total of j8
treatments, |eft éye, untreated (control). Eyes were evaluated at
pretreatment and at 6 & 24 hrg after the first dose,

Results: It was concluded that 0.25% & 0.5% BTX HCT ophthalmic sol'n had
minimal ocylar irritation potential.

2. One-Month Topical Ocular Irritation 1n Rabbits

Test Materials: 0.25, 0.5, 1.0 or 2.5% BTX HCl ophchalmic sol'ns;
ophthalmic vehicie; TimopticR 0.5% so11y, .

Procedure: 1o rabbits (5/sex)/dose level; instilled 2 drdps (approx.
-vomi) sol'n in che right eye twice/day for 30 Consec, days.

Cule Evaluation: Conjunctiva, caornea, anterior chamber, iris g lens of
both .y3s examined biomicroscopically (s1it Tamp) prior to first treatment
and weekly thereafter,
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Patholog;: Eyes & adnexa (Harder's & lacrimal gland) were examined
Tstologically; other tissues examined grossly, but not histologically.

Results: Vehicle control and all treated gps showed slight conjunciival
congestion; at 0.5% & 1.0% BTX, the incidence was high on day 8 and low on
days 15, 22 & 30. 1In the 2.5% BiX gp, conjunctival congestion noted on
days 8 & 22 was not present on days 15 & 30. Corneal cloudiness was not
present in treated or control eyes. Histologically, there was r:
consistent inflammatory change in the eyes of the BTX-treated gjs.

One-month Topical Ocular Irrijtation Evaluation of Various Formulations of
U.5% BIX Ophth. Sol'n in Rabbits (IR 027:3320:0787)

Materials Tested: AIll 0.5% BTX ophth. sol'ns with the following
differences in their com-osition.:

Group 1. Untreated Control
2. BTX Ophthal. Sol n (IND formulation)
3. *  without P04 & Tyloxapol (NDA formul'n)
4. . " " ‘without PN4, Tyloxapol & EDTA

5. TimopticR (timolol ophthalmic sol'n)

Objective: To determine whether there were any differences between the
so"n inicially used in the IND and that now being proposed in the NDA.

Animals: Total of 50 Nz albino rabbits [10 (5/sex)/group; 5 groups]

Treatment: AIll rabbits received 2 drops (0.06m1) ophth. sol'n in the
right eye, b.i.d. for 30 days (see Table 5, NDA vol 13, p.26).

Ocular Evaluation: Conjunctival congestion was O-minimal in gps 1, 3 &5
and O-moderate in gps 2 & 4. Conjunctival discharge was O-minimal in all
gps except gp 2, where none was reported. Indirect ophthalmoscopy at
pretest {day 3) & terminal (day 30) revealed that optic nerve head, major.
retinal & choroidal vessels were within normal limits.

Pathology: No gross Tesjons in any ocular tissues.
Histopathology: (Dr. Ackerman, Experimental Pathology Labs, Herndon, VA.)

Eyes, eyelids, nictating membranes & lacrimal/Harder's glands were
examined histologically. No treatment- or drug-related changes occurring
only in the treated eyas were reported. The lens & retina in all rabbics
were reported to be unremarkable. Microscopic changes noted were
considered in-idental, occurring in both treated & untreated eyes.
Systemic Effects: No effects on body wt gain, Diarrhea, ‘nasal discharge
alopecia of the perineal area occurred, but none of these effects were

drug-treatment-related.

One-Year Chronic Topical Ocular Evaluation of BTX Ophthalmic Sol'n in
Rabbits (ATcon Labs, TR U65:3320:1280 dated WMay |982)
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Materials Tested: (a) BTX HC1 Ophth. Sol'n, Lot AA1-293; same composi: inm
as proposed 1n the initfal IND (P04, tyloxapol & EDTA;, 0.5% sol'n {:;
TimopticR (marketed formulation).

Animals: NZ albino rabbits. On the basis of slit lamp & Indirect
ophthalmoscopy, a total of 108 rabbits were used.

Approx. # of

G oup Conc'n Sac'd # Rabbits Treatment Days
Untreated Controls -- 6 month 10 182
12 month 26 (17)* 365
BTX Ophth. Sol‘n 0.5% 6 month 10 182
12 month 26 (17)* 365
TimopticR 0.5% 6 month 10 182
* 12 month 26 (19)* 365

*Figures in parenthesis are actual nos. of rabbits subsequent to
2/10/81 randomization.

Note: This study was originally designed to evaluate lower conc'ns of

U.TZ5 & 0.25% and the ophth. vehicle. Due to an outbreak of mucoid

enteropathy in the rabbit colony, the latter 3 gps were sac'd, and the
sac. schedule was changed from the original 4, 8 & 12 mos. to 6 & 12 mos.

Treatment: Two drops (0.06ml1) of the ophth. sol'n were instilled into the
right eye of each rabbit; contralateral left eye served as control.
Animals were dosed 2x/day for 182 or 365 days. After each instillation,
the eyes were manipulated; controls rec'd only eye manipulation,

Ocular Evaluation: By siit lamp exam on day 0 and at 2-wk 1intervals

Results:

thereaftar. Indirect ophthalmoscopy by vet. ophthalmologist at pretest
and termination.

‘.'

Pharmacotoxicit,

a) Mortality: Six rabbics in both untreated control & Timoptic gps, and §
rabbits in the BTX ophth. sol'n gp died within the first 2 mos. of the
study. Death was not related to drug treatment, but was attributed to
mucoid enteropathy confirmed at necropsy & histopathologically.
Additionally, death occurring due to other causes (also non-drug-
related) are 1isted in Table 5 of the report and their correlating .
histopath. causes of death are listed in Table 6 (NDA Vol. 12A, p.57).

H

b) Body Wts: No stat. sig. difference between any gps.

Ocular Evaluation

a) Siit Lamp Exam: In the BTX ophth. sol'n group:
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- minimal-moderate conjunctival congestion at a moderate-high
incidence throughout the study -

- minimal-moderate conjuncrival discharge

- single or very low incidence, during the study, of flare, iritis,
corneal cloudiness & corneal neovascularization

b) Indirect Ophthalmoscopy: Optic nerve head, major retinal & choroidal
vessels were within norma: Timits in all gps.

ens: Since this is an important aspect of the study, the jnvestigator

————

1S quoted verbatim:

"In general, moderate-high incidences of numerous ‘donut shaped
vacuoles’ generally along the suture line of the lens, were observed in
all groups. These 'vacuoles' were not cataracts as indicated by
observations from a board-certified Veterinary Ophthalmologist and
hisiopathologic evaluation. The significance of these vacuoles are not
known, as they appear to be a normal finding and possibly age related.

In the untreated Control group (Group 1), Rabbit G388 exhibited a
focal deep anterior cortical opacity in the right eye on Day 363; this
finding was determined histopathologicaily to be focal fiber
degeneraction. Also in this group. Rabbit G345 exhibited a opacizy on
the posterior capsule in the righc eye on Day 3G3; this finding was
determined histopathologically to be focal fiber degeneration. In the
Timoptic treated group (Group 6), Rabbic G451 exhibited an opacity 1in
the deep anterior cortex of the lens in the right eye; no lesion was
found histopathologically."

Reviewer's Comments: On the basis of lens data (Table 14), this reviewer
compiled an incidence table (below) of "abnorma!" lenses observed at
various times by slit lamp exam.

-

e

Group Day 42  Day 56  Day 181  Day 195 Day 349  Day 363
Untreated 1/30 12/27 13/27 0/17 1717 10/17
Controls (44%) (48%) (59%)
BTX 0/31 11/29 10/26 0/17 0/16 12/16
Ophth. Sol'n (38%) (38%) (75%)
TimopticR 0/30 11/30 11/28 0/18 0/15 11/15

(374) (39%2) . (73%)

The following points become clear:

- The incidence of "abnormal" lens was nearly equal in a1{ 3 gps
(including untreated controls).

~ Abnormal lenses did not appear prior to day 42; from days 56-181, the
incidence remained high (38-48%); it immediately dropped to zero in all
3 gps on day 195, and remained at or near zero until day 363 when it
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again became very high (59-73%). A1 these data pertain to the treated
right eyes; data for the left eyes were not provided. °

It should be noted that a scheduled 6-mo. sacrifice was made on day 182,

and the Possibility cannot be excluded that rabbics with abnormai lenses

were selectively killed (although the investigator claims to have

randomized these animals),

Day 363 represents the day immediate!y preceding the finay I-year

sacrifice on day 365, It is Interesting to note that the incidence Jumped

from zero (or near zero) on day 349 to 59-75% on day 363.

Histologica!ly, no lesions were noted at 6-mo, sacrifice; at 12-mo.
(terminal) sacrifice, Jens lesions in one rabbit each were:

- anterio;_cortical fiber degeneration in (a) rt. eye of untreated
control M, and (b) untreated left eye of Timoptic gp M;

- posterfor cortica] fiber degeneration in rt. eye of untreated contrg] F.
Thus, the lesions seen on slit lamp exam were not apparent histo!ogically.
Pathologg: Ocular & non-ocular tissues from each rabbit were examined,
Gross Patholoqy: (Alcon Labs) There were incidental findings, but no
Hrug-freafment-related lesions were reported,

Hfstopatho{ggx: Performed by Experimental Pathology Labs, Herndon, vA
a) 6-Month Sacrifice: (Report dated 7/24/81):

General Pathological cause of death in animais that died or were sac'd
in morbund condition is Jisced in NDA Vol. 12 B, pp. 396 & 397. Most
died of mucoid enteropathy, — - B

Ocular: Incidental lesions were detected in the eyes, eyelids,
nictating membranes & lacrimal glands. None of thesa lesions ware
censidered to be treatment-related. The ocylar lesiens rored were:

= Slight focal to multifocal dilatation of the glandulat elements of
the lacrimaj glands.

b) 12-Month Sacrifice: (Report dated 2/9/82) None of ché 4 deaths were
rug-treatment-related. (3 Timoptic-treated animals had meningitis due

to Encephalitazoon cunicul! infection & 1 BTX-treated animal had
scrotal abscess.] Wo adverse treatment-related changes were reported
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in the eyes or other nonocular tissues of any particular oFgan from
rabbits treated with BTX ophth. sol'n when compared to untreated

controls.

SYSTEMIC TOXICITY

A. Acute Toxicity

1. Acute Toxicity in Mice & Rats

a) LDgg (confidence interval) in mpk were:

(Synthelabo, 1/23/80)

Mice Rats
IV Oral TV Oral
Metoprolol  62(56-69)  1050(766-1438)  78(70-87) > 1000
Propranolol 38(30-49)  350(250-372)  32(28-37)  510(398-653)
BTX 38(32-44)  920(601-1408) 39(33-46) 1050(945-1166)

b) Material Tested: BTX

LDs5o_(mpk)
Route  Species  Male Female
IV Mice 40 * 1.15 55 % 2
Rats 28 £ 1.6 25115
Oral Mice 350 £ 23 400 * 30
Rats 980 * 95 860 X 113

* (Oral - male rats:

Clinical Signs

tremors, convulsive jumps,
clonic convulsions

tremors, clonic convulsions

difficulty in movement,

stereotypic behavior, violent

clonic convulsion
* .

slight palpebral ptosis, exhaustion, stereotype

behavior, hypersalivation, tremor, piloerection, motor difficulties,s.

polypnea, cyanosis

Oral - female rats:

loss of motor coordination, protruding eyes,

stereotypic behavior, hypersalivation, -oisy breathing

2. Acute Oral Toxicity of BTX Ophth. Sol'n in Mice (Alcon)

Test Material: 2.5% BTX HC1 ophth. sol'n

Treatment: Single oral admin. of 12.5, 25 or 37.5ml/kg dose of 2.5% -
soT'n corresponding to 312.5, 625 or 937.5mpk of BTX HC1; volume of
sol'n given adjusted to animal wt. Controls received distilied water

(not ophth. vehicle).
Results: LDgg for BTX HC1 = 482.7mpk
3. Acute IV Toxicity in Mice (Alcon)
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Test Material: (+) BTX HC1 1.1% (= BTX free base 1%) 2q. saline sol'n,

Treatment: Single IV injection of 20, 30, 40 or 50mpk of BTX sol'n
Further diluted to conc'ns of 0.1, 0.15, 0.2 & 0.25% (+) BTX free base;
each received a constant volume @ 20m?/kq.

Results: LD5p of BTX free base = 42.6mpk

B. Subacute & Chronic Toxicity

1. 4-Week IV Toxicit¥ in Rats (Huntingdon Research Center, U.K., report

Material Tested: BTX

Animals: CD rats of SD strain; 10/sex/group

Groups: Controls; BTX at doses of 2 (LD), 6 (MD) & 15 (HD) mpk/day
Texpected human exposure: 0.3mg/kg, or 1.5mg/50 kg individual).

Treatment: Rats were injected IV over a period of one minute, once
daily for 29-30 days.

Mortality: None

Clinical Signs: None in the LD or MD gps. At the HD, 12 rats (6/sex)
showed cancal signs approx. one minute after injection. Most common

signs were: unsteady galt & irregular breathing; single instances of
piloerection, body tremors & partially closed eyes.

Body Wt & Food Intake: No effect in the LD & MD gps. Reduced food
intake resulting in dec. in body wt gain at the HD.

Ophthalmoscopy, Hematology, Blood Chemistry, Urinalysis & Pathology: =
No drug- or Eose-relaiea effects.

2. 4-Week IV Toxicity In Dogs (Report # 1803 dated August, 1980; Inveresk
Fesearch Intnrnai!onal. ﬂusselburgh. Scotland)

Material Tested: BTX (from L.E.R.S.)

Animals: Beagle dogs; 3/sex/dose group

Groups: Saline controls; BTX at dose levels of 1 (LD), 3 (MD) & 6 (HD)
mp D gp rec'd 10mpk on day 1, then the dose was reduced due to
mortality.) The dogs were injected for 4 wks. g

Mortality: 2 dogs died following 10mpk; there were no other deaths.
Clinical Signs: Initially ataxia, salivation, subduedness and a high

stepping gait of the hind legs in HD (6 mpk) dogs; severity of these
signs disappeared by the middle of wk 3.
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Body Wt; Food Intake; Ophthalmoscopy: No treatment-related eifects

EKG: Reduced heart rate in the HD dogs after 3 wks
Hematology: No drug-treatment effect reported.

Blood Chemistry: A miid dose-related dec. in GPT after 3 wks of
dosTng, at which time marginally raised lactate dehydrogenase (LDH) and
alpha hydroxybutyric dehydrogenase (HBNDH) were also observed in HD
animals. However., all values were considered within normal limits by
investigators.

Urinalysis; Pathology: No treatrent-related effects

4-Week Oral Toxicity in Rats (Synthelabo; Histopathology hy Professor
J. DaTion; 3 reports in NDA vol. 15, pp. 2-116)

Animals: CD rats of SD strain; 10/sex/gp

Groups Males Females
Controls Controls ontrols
BTX 50mpk 25mpk

" 100mpk 50mpk

" 200mpk 100mpk

The dose was administered by intubation, once daily for 4 wks.
Results
25mpk: No sig. effect at 25mpk in F

50mpk :
- slight inc. in blood glucose

I

- s1ight inc. in serum urea (F only)
- Histopathology not done.

100mpk :
slight inc. in blood glucose

elevated serum urea; very slight in M, moderate in F

moderate inc. in serum triglycerides (F only) ’

proteinuria slightly greater than in controls'(F)

Histopathology (F only) - no abnormalicy reported.
200mpk (M only):
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- slight inc. 1n blood glucose
- proceinuria slightly greater than in controls
- Histopathology - no abnormality reported.

4-Week Oral Toxicity in Rabbits (F only): Synthelabo

Objective: In their teratology report, Huntingdon reported occurrence

of enteritis & diarrhea in F rabbits at 36mpk/day, PO
Animals: Rabbits HY/Cr/n (Charles River, France); 12 F/group
Groups: untreated controls, vehicle controls & BTX ai 30 & 100mpk /day
EHET%?tefed by gastric intubation, once daily for 4 wks.

Results {Note: no enteritis at 30 or 100mpk dose levels.)

Mortality: 3 HD & 2 LD rabbits died (intubation error)

30mpk: The drug was well tolerated.

100mpk :

- lower rate of body wt gain in beginning, but no stat. difference at
the end of the expt.

- moderate inc. in neutrophils

- slight inc. in serum globulin levels

Histopathology: (By Prof. Dalion; done on urinary bladder only.)
- lung fesions due to intubation errors or infection e
- urinary bladder normal in all treated animals

13-Week Oral Toxicity in Female Rats (Synthelabo, Paris)

Objectives:

~ to complement a similar 3- & 6-month oral toxicity study in rats by
Huntingdon Res. Ccntre (vide infra) .

~ to study the ef “ects of 400mpk

~ to complete dose range at HRC (1.5, 2.5, 25 &.400mpk);by including a
dose Tevel of 100mpk

-In a 3;mo. interim report, HRC reported urinary bladder h{perplasia
in some animals, inc'd urine volume & inc'd blood urea (F).
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Animals: CD-SD rats, F only, starting with 20/gp; in each treated
g1 dup, 3 rats were lost because of intubation error; 12/gp were
examined.

Graups: Controls; BTX at 100 (LD) & 400 (HD) mpk/day

Results

Clinical Symptoms: hypersalivation &i. both doses

Mortality: 1/17 rats

Body Wt: Slightly retarded at HD

Food & Water Intake: no effect

Renal & Urinary Parameters:

- inc. in blood urea at both dose leveis; LD sig., HD marked
- slight inc. in creatinine Tevels, both doses
- slight inc. in wts of both xidneys (histopath. normal)

- discoloration of renal cortex; rare at LD, somewhat more frequent at
HD (hisctopath. normal)

- slight polyurea at both doses, particularly the HD
- tendency for inc’'d no. of epithelial cells & bacteria at the HD

- thickened appearance of the bladder wall in 4/17 rats in LD gp &
7/16 1in HD gp (rats not identified)

Histopathology: 12 rats/gp were examined by Prof. Dalion, IR

- In both dose groups, all urinary bladders were "N.A.0." (no
abnormality observed).

- Kidneys were unremarkable at both dose levels.
- Adranals look: * large, but were microscopically normal.

6. 26-Week Oral Toxicity in Rats (Huntingdon Rese.rch Céntre, Report
# BGX/95/78456)

Animals: CD rats of SD strain; 25/sex/group; of these 25, 10 were
sacrificed at 13 wks.

Groups: (actually 2 studies)

a) Study # BGX/89, commencing 1/31/77: controls; BTX @ 1.5, 2.5 &
mpk/day
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b) Study # BGX/95, commencing 5/9/77: controls; BTX @ ?Smpk
Treatment: Rats were dosed by gavage, once daily, 7 days/wk for 26 wks

Results

Ophthaimoscopy: Indirect ophthalmoscopy at wks 6, 13 & 26 revealed no
ﬁorpﬁo!ogicag abnormalities in the €yes of rats at 400 or 25mpk dose,

At 1.5 & 2.5mpk: intermittent salivation immediately after dosing
among bolh W E F lasting dpprox. 20 min.

At 25mpk:

- From wk 3 on, occasional severe salivation immediately after dosing,
lasting for approx. 5 min. in both sexes. From week 13 on, areas of
hair loss on and around the face & head in5M&4F.

- Marginally Invered food intake in F

At 400mpk :

Clinical Signs:

- body tremors & unsteady gait during the first 2 wks of dosing
-~ Ssalivation following dosing in beth sexes
~ 1solated convulsive episode in 2 rats

Morta'it!: 6M&4F died . on
Body Wt Gain & Food Intake: slightly lower

Urinalysis: 1nc'd output of more dilute urine in F during wks 4 &
1Z; Tnc'd urine output during wk 25 by F associated in part with
inc'd water intake,

Blood Chemistry: sig Inc'd SAP levels in M&F at wks 4, 6, 12 &
25, together w‘th marginally inc'd SGPT levels in M at wk 4;
Slightly higher plasma urea levels in F at wks 4, 6, 12 & 25, and g
M at wks 1278 25 '

~ sig. dec'd glucose levels in F at wks 25 & 26
- higher K levels in both sexes throughout dosing period

PathOlOg!:
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Interim Sacrifice at 13 Wks: ””

~ Higher liver & adrenal wts and marginally higher r.  kidney wts
were reported in both sexes.

~ Micrascopic rel, kidney wts in bath sexes revealed the following
changes:

- inc'd incidence & extent of aggregations of distended
macrophages in the lungs;

- evidence of possible minor effect on the liver of M
characteized by absence of vacuolation in centrilobular
hepatocytes;

- evidence of epithelial hyperplasia of the urinary bladder
seen to a moderate extent in 1, and to a minimal extent in
6 F only;

- evidence of follicular hyperplasia of the thyroid in a
proportion of both sexes.

- Final Sacrifice at 26 Wks:

- higher adrenal wts in both sexes; higher liver, kidney & spleen
in both sexes, also uterine wts in F

- pale subpleural foci in the Tungs of 1/10 M & 9/12 F
Histopathology (400mpk Gp): as reported & commented upon by the
Tnvéstigators In rats atter 26 wks of dosing:

- Heaft: diffuse chronic inflammatory cell infiltration of the -

myocardium associated with evidence of degeneration of occasional
myocardial fibers & deposition of cartiiage in the chordae

tendinae - considered to be associated with indirect pharmacological
effect on the CVS

- Urinary Bladder: inc in thickness of the epithelium of the urinary
bTadder Tn & W and in all 11 sections of bla'der seen from F -

considered related to drug treatment

- Spleen: engorgement of the red pulp with blood (related to inc'd
spleen wt) represents a change in the hemodynamic status of this
organ associated with the pharmacological actian of ‘the test
compound and not, by itself, significant

- Liver: absence of vacuolation of centrilobular hepatocytes in the M
and a minimal generalized reduction of fat deposition in both sexes
- probably related to an alteration in the metabolism of this
tissue, and unlikely to be-of toxicological significance
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- Kidneys: possible minimal effect in the kidneys characterized by

ocalization of minor tubular changes and assoctated chronic
inflammatory cell infiltration in the juxta-medullary region of the
cortex. (The investigators state, "It was considered 1ikely that
this effect could represent the early stages of development of
specific lesion in this locality in the kidney.)

Thyroid: reductinon of colloid in the follicles of the thyroid
gTands considered to represent follicular hyperplasia, in a
proporticn of both M & F. The inc. in incidence & degree of
severity at 400mpk, as compared to controls, wazs considered to be
treatment-related.

Uterus: minimal chronic cell infiltration in the endometrium and
minimal hyperplasia of endometrial glands associated with hydrometra
and the accurrence of cellular exudate in uterine lumen in a few
jnstances - conformed with inc. in uterine wt and were in some way
related to the administration of test compound at 400 mpk. (Ovaries
were unremarkable.)

Adrenals: apparent inc. in size of cells in the zona fasiculata in
a proportion of both M & F - consistent with inc'd wt at necropsy.

Reviewer's Comment

a)

b)

The apnlicant has appended to this report a cover letter dated
2/16/81, from David E. prentice, Principal pathologist at
Huncingdon, with comments in effect saying that “the lesions were
minor and of little toxicological importance.” (See NDA vol. 16-B,
pp. 592-94.)

Note that the report of the above 13-wk rat study prompted
Synthelabo (manufacturer of the drug) to do a separate experiment at
doses of 100 & 400mpk/day in the same strain of F rats concentrating
only on the urinary bladder & urine changes (results of the French
study were negative; see #5 above).

7. 61-Week Ural (Gavage) Toxicity in Rats (Rpt. # 1839, Nov., 1980;
Zonducted by Inveresk Res. Internatl., Musselburgh, Scotland.)

Note: This study was originally planned for 78 wks, but was terminated
prematurely (at 61 wks) due to lesions on hind feet (vide infra).

Animals: Charles River CD rats of SD strain; 20/sex/group

Animal Cages: suspended polypropylene with stainless steel wire grid
tops and E d

mesh).

edding of white wood shavings (feet in bedding, not on wire

Groups: Controls (C) - distilled water; BTX at 6 (LD), 25 (MD) or

100 (HD) mpk/day
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Dosing: Animals were gavaged via steel cannula daily for &1 wks.

Results

Mortality: A total of 18 rats diec 3/20 & 7/20 F in the MD & HD gps;
720 W in each of the LD, MD & HD gps; 2/sex in C

Clinical Signs: None attributable to treatment
Body Wt: Dec'd overall body wt gain in M & F of the H and M of the MD
Food Intake: Slightly reduced in HD M & F. No effect on water intake.

Clinical Lab: 10/<ex in the C & HD gps at 6, 13, 26, 52 & 60 wks; MD
rats sampled on wk 60

*

a) Hematology: high reticulocyte counts and mixed total & differential
counts in wks 52 & 60 due to foot lesions; no consistent trends

b) Blood Chem.: stat. sig. different from C were: dec'd SGOT &
elevated BUN in HD F at wk 52 and elevated SGPT in AD h at wk 60;
reduction in triglycerides in M of the HD & MD was not consistent.

c) Urinanalysis: up to 26 wks, no diff. in any gp. HD M in wk 52
started to excrete lower urine vol. (by 50%) with a higher specific
gravity; high urine specific gravity in HD F at 60 wks. MD rats at
wk 60 showed no effect.

Pathology: Total incidence of neopiastic lesions tabulated
(non-neoplastic lesions were not - for these, see data for individual
rats). The investigator states, "No lesions were seen either
macrnscopically or microscopically which could be attributed to dosing
wi:h SL 75212 (BTX). Lesions which are expected findings in rats of
this age were however found, exampies being bile duct hyperplasia, . .
pituitary adenoma & chronic glomerulonephropathy (CGN)...*

Reviewer's Comment: Inspection of lesions in the individuel rats did
not show any lesions in the urinary bladder.

Lesions in the Hind Feet: It should be noted that the rats were housed
n plastic cages with bedding (feet not exposed to wire mesh) and the
lesions occurred only in hind feet. The lesions described as swollen
and/or ulcerated hind paws and its incidence is tabulated below.
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| Gex Males | Females
Group 1 2 3 41 2 3 ¢

. of animals
3gth hind foot |13 18 12 1% 1§ 13 18 10

lesicons
Week of first

observations of |3 24 28 28|27 27 27 21
I QQ

lesions

this -
* This was one single animal; other animals in
g;oup showed hind foot lesions from week 27 onwards.

The investigator states:

-

”Hany rats had lesions of the hind feet (see page 16 for
incidence) which produced several related histopathological
changes. In these cases lymph node hyperplasia, splenic
white pulp hyperplasia and haemosiderosis, bone marrow
hyperplasia and extramedullary haemopoisesis were commonly
found and are not commented on in individual reports
unless gross f£indings require comment or the condition was
extreme. The term reactive hyperplasia is used to des<
cribe lymph node morphology in association with these
foot lesions and indicates a normal proliferative respbnse
to chronic infection It does not imply progression to

a more severe lesion such as necoplasia, although occasional
neoplastic lesicns were found.”

8. 26-Week Orel Toxicity in Dogs (Huntingdon, Regt. # BGX 88/77881
dated 11/30/77

4
)

Animals: Pure-bred beagles; 5/sex/dose group (leex/gp were sac‘'d in
the i3th week)

Groups: Controls (C) - empty gelatin caps; BTX @ 2 (LD), 6 (MD)
& 2v (HD) mpk/day
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Treatment: Dogs were dosed orally (gelatin caps), once daily, 7
days/week for 26 wks. e

Results

Mortality: One C-F was killed

Clinical Signs:

- Convulsions, accompanied by *1{mb-padd1ing" movements, jnvoluntary
jaw snapping, arching of the back & excessive salivation were seen
on isolated occasions in 1 MD & 1 HD dogs.

- "Head-nodding® - seen in 2 HD dogs, usually within 2 hrs of dosing.

- Vomiting, occasionally seen in several dog- from all gps, up to 140
minutes post-dosing. The greatest incidence was in the HD gp.

- Salivation, seen in 2 HD dogs before & after dosing. This sign was
not seen from wk 19 on.

- One MD dog appeared subdued on day 16. The heart sounded arrhythmic
on auscultation; this was confirmed by ECG. The pulse was weak &
thready and the HR was low. Complete recavery ensued by 2 days
later.

Ophthalmic Exam: Performed once pretest, then after dosing on wks 4,

B, 12, 17, 21 & 25. Consisting of the Schirmer tear test in the
unanesthetized and anesthetized right eye. Slit lamp after 25 wks of
dusing; prior to slip lamp corneas were stained with sodium fluorescein.

- Schirmer tear test - During dosing, the HD gp tended to show a
reduction in lacrimal secretion when compared to C. On most
occasons, this achieved stat. sig. The reduction for this gp,. =—
however, was not progressive. Occasionally, sig. reductions were
seen for the remaining treated gps.

- Ophthalmnoscopy - From wk 21, there was an apparent dose-related
inc. in incidence of dogs showing minor corneal damaje, Tack of
corneal lustre & photophobia. These signs were considered a
manifestation of the pharmacological activity of BTX.

- STit Tamp exam - This was performed during wk 26. .Exam revealed
moderate or severe punctate epithelial erosion in 1 C & 4 HD dogs.
Minimal punctate epithelial erosion was seen in a1l gps.

Commenting on the ocular findings in the dogs (vide sup‘a). Dr. Heywood
of H.R.C. (NDA vo:. 17, pp. 351-353) remarked:

- Clinical exam indicated that repeated insertion of Schirmer test
papers induced minor corneal damage which reversed within 24 hrs.
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punctate epithelial erosions (seen in majority of dogs including C)
eare not considered to be findings of major clinical importance.”

- In the dog, the Schirmer test measures tears produced by irritation
and which can be modii .ed by local anesthetic.

- Scnirmer tear test values of less tian 9mm/mia. accompanied by
ocular irritation are considered suggestive of keratoconjunctivitis
sicca when induced chemically. Reduction in tear secretion in HD
dogs was detectable after 4 wks, continuinc to wk 21. There was no0
evidence to suggest that this reduction was progressive;
furthermore, using the standard test in unanesthetized state,
readings below 9mm/min. were never recorded.

- Histologically, iesions in the lacrimal gland were noted. The
replacement of glandular acini in scme lobules of the lacrimal
glands with adipose tissue is a minor change and of doubtful
pathological sig. In the absence of morphological change in the
glandular epithelium, this change cannot be interpreted as
indicating a treatment-related atrophy.

- The inhibicion of lacrimal gland secretion following the HD level
admin. of beta-blocking agents is interpreted as a pharmacological
effect and a manifestation of toxicity.

9, 52-Week Oral ToxicitE in Do?s (ppt. # 1497 dated August, 19803
conducted by Inveresk Res. at'l., Jan, 1979 to Jan. 1980)

Material Tested: BTX

Animals: Beagle dogs; 4/sex/group

Groups: Controls (empty gelatin caps); BTX @ 2 (LD), 6 (MD) & 20 (HD)
mpE7an A S

Treatment: A1l dogs were dosed orally (gelatin caps containing test
material) prior to feeding at ca. 10 AM each day, 7 days/wk for 52 wks.

Results

Mortality: One HD dog died 2 hrs after dosing on day 4; no obvious
Cause of death. This dog was replaced.

Clinical Sigas: "Head nodding" movement, a tendency for a high
stepping gaif, occasional vomiting and in some cases, whining after
dosing. Such sigas developed within 1 hr of dosing, then subsided over
the following &4 hrs. These signs were dose-related in intensity and
were seen in dogs at the MD & HD in the first 2 wks of dosing, and
thereafter, only in the HD dogs up to wk 6.

Body Wt., Food & Water Intake: No treatment-related changes
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Ocu'lar Eigm: Indirect ophthalmoscopy & Schirmer tear test were
performed at pretest and during wks 6, 12, 24, 38 & 50-of dosing. No
treatment-related effects were reported on ophthalmosc0py. Group mean
values of tear test, 1.e. lacrimal secretion ratc (mm/min,) per group
are tabulated jn NDA vol. 18, p. 27.

At wk 24, reduction jn secretion values jn the HD gp (20mpk), though
stat. sig. (P less than 0.01), was attributed te difference in
individual values and was not cansidered biologically sig. by the
jnvestigators. (Histologicaliy no abnormality was reported in the
lacrimal gland of the HD gp.)

EKG's & BP: performed at pretest and wks 6, 12, 24, 38 & 50; lowering
oF T in the HD dogs in the 2nd half of the study; slight dec. in
systolic BP in MD & HD dogs

Lab Investigations: (Pretest and during wks 6, 2, 24, 39 & 51)

Hematology: No consistent adverse effects reported.
Blood Chemistry: Elevated BUN in HD dogs during the later stagec of
the study.

Urinalysis: No treatment-related effect were reported.

Organ We: No treatment-related changes reported.

Gross & Histo athology: No evidence of any obvious direct
Toxjcological effect gue to treatment with BTX

CARCINOGENICITY

1.

Carcinogenicity in Mice following Oral (diet) Admin. for 102 Wks: (Rpt._#
2235 dated Jan. 19823 Inveresk Res. Int'l.s March 1979 to March 1981) " =

Material Tested: BTX mixed in the diet (ppm conc'n) to provide the
scheduled dose (mg/kg/day) « Test diets prepared once/wk for the first 26
wks, and once/Z wks thereafter.

Animals: CD-1 Swiss mice from Charles River Labs, Margate, Kent, U.K.; 4
wks o1d, 18-20 g in wt; 50/sex/gp

Groups: Dose Conc'n in Diet** Animat Numbers*
(mpk/day) __{ppm) WaTes Females
Controls o (C) 0 201-205 451-500
' 0 0 251-300 510-550
BTX 6 (LD) 39-58 301-350 551-600
- 20 (MD) 128-179 351-400 601-650
' 60 (HD) 389-564 401-450 651-700

sstarted from 201 (1.e. mice below this number not used). .

*+Dietary conc'n of BTX varied due to jnc'd wt of the mice.
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Selection of Dosage: The doses were based on the results of a 28-day
preliminary‘s!uay. The HD was the max. tolerated dose (MTD); the LD was
1/10 the MID; the MD was the log. mean of the low & high doses.

Food Intake: Quantity consumed (including food scattered) by each animal
was calculated --nce/wk, commencing one week pretest, once/wk up to wk 26,
and at 2-wk intervals thereafter.

Duratjon: BTX dietary admix was fed to mice for 102 wks & 3 days. (The
study was originally planned for 78 wks.)

Results

Mortality: A total of 305 mice died spontaneously or were killed 1in
extremis. No dose-related trend was observed.

Clinical Signs: none which could be 2-iributed to treatment

Bodz Wt

- Males: reduction in wt gain at the HD from wk 34 on was stat. sig.
different from C in wks 38, 78, 90 & 102; no treatment-related effect
in LD or MD

- Females: reduction in gain at the HD from wk 30 on; stat. sig.
different from C, wks 38, 66 & 78; LD & MD not affected

Food & Water Intake: no treatment-related effect

Pathology: Ail animals which died spontaneously [termed "premature
decedents* (PD)] or were killed in extremis (KIE) or at termination as
terminal ki1l (TK) were autopsied. ~Autopsy is defined as external exam,
including body orifices and exam & fixation of tissues (see NDA vcl. 19,
pp. 19-21). Tissues included 3 cross-sections from the brain; eyes were
examined histologically only if abnormal on gross exam. T

Reviewer's Comments: To disc.nguish various histologi- lesions, e.g.
hyperplasia and/or neoplasia, and to further distingui.™ benign &
malignant according to investigators' terminology, this reviewer has
tabulated (see appended tables) in condensed form, incidence &
histomorphology in both M & F.

Non-neopiastic Lesions: These included chronic nephropathy, chronic
epatitis, cardiomyopathy, interstitial pneumonitis & amylodosis - all
considered to be due to aging of the mice.

Neoplastic Lesions: No s1g. dose-related patterns in tumdr incidence were
TdentiTTed. Please see statistical analysis (vide infra).

Statistical Anal;sis: The following is the summary of effects that were
$ig. a contidence level:

- Males: reduced mortality at the LD only
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- Females: reduced incidence of definitely malignant lung tumors at the
ose-un1y. reduced incidence of malignant tumors of -any site at the
LD on]y .

- Sexes Combined: reduced mortality at the LD only; reduced incidence-of
tumors of other sites (as listed in Table 12), at the MD only; reduced
incidence of malignant tumors of any site at the LD only

0f these effects, those relating to surviva! and total malignant tumor
incidence are most Tikely to represent a tr.ie biological effect, as the
significance was not only highest for both sexes combined (P less than
0.01 for survival & P ca. 0.01 for total malignant tumor incidence), but a
similar pattern was seen in both sexes, though it should be realized that
these effects were only seen at the LD level.

The treatment showed no evidence of sig. increase of tumor incidence at
the 95% conf. level. The only site worthy of any comment in this respect
seems to be the uterus, where there was an excess incidence at the HD
level for both vascular & non-vascular tumors. However, bearing in mind
the weak level of sig. {(only 90% conf. level and only in some
comparisons), the lack of effect seen at the other dose ievels, and the
1ikelihood of chance "significant" findings due to the multiple
comparisons problem, there seems no reason to suspect a real effect from
these data.

Note: Please see tabulated data for this study in Appendices I-V,
attached to this review.

2-Year Oral (dietary admix) Carcinogenicity Study in Rats (Rpt. # 2076
dated Rug. I198T; Inveresk Res. Int'i)

Materijal Tested: SL 75212-10 in the diet

AnimaIS' Sprague-Dawley rats (Charles River Labs, U.K.); ca. 4 wks old
=90 g in wt; 50/sex/dose gp

Housing: Rats housed singly in suspended poiypropylene cages with
stainless steel wire grid tops & bottoms.

Groups: Dose Conc'n in Diet* (ppm) Animal Nos.
(mpk/day) WMaTes Females MaTes Females
Controls (C), 0 0 0 . 1-50 251-300
untreatced 0 0 0 51-100 301-350
BTX LD 3 25-72 25-53 ° 101-150 351-400
u MD 12 101-289 99-220 151-200 400-450
" HD 48 404-1108 398-817 201-250 451-500

*Conc'n ‘of BTX varied because of increase in body wt (less in the
beginning and more at termination).

Tre=iment: Test compound was fed in the diet for 104 wks.
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Basis for Dosage: 1In preliminary test, 10/sex rats 4-5 wks old were fed
diet contaming BTX SO that they consumed @ 48 mpk/day. This was done
solely to Qgtect any palatability problems for the main study.

Results

Mortality: Total of 311 rats died (or were killed in extremis) prior to
ermination. Slightly fewer deaths in the HD gp than in C.

Clinical Signs: Many rats daveloped sore hind feet which sometimes
progressed to large ulcerated lesions. The condition occurred in all gps
with approx. equal severity. No other effects attributable to treatment.

Body Wt: M & F at the LD & MD consistently showed similar or stightly"
reater body wt gain than in C, but the difference rarely achieved stat.
sig. HD rats showed consistently reduced body wt gain when compared to C,
beginning approx. wk 7. This reduction became highly stat. sig. in M from
wk 21 and in F from wk 9.

Food intake: No sig. gp differences at any point in the study. Rats of
the AD gp showed a "marginal® reduction in food intake when compared to C
over the first 52 wks of the study. Quoting Ross et al.», the
{nvestigators state that reduced mortality in HD M was related to the
lower mean body wt of this gp.

*Ross et al. Lasting influence of early calorific restriction on the

prevaTence of neoplasms in the rat. JNCI 47: 1095-1113, 1971.

Pacho logy:
Males:
Neoplastic Lesions: Two ftat. sig. changes were (a) decreased no.
of pﬁeocﬁromocyfomas at +he LD and (b) presence of SC lipoma in 4/50
rats at the MD, but not in the LD or HD. T

Trmors occurring only in treated rats showed random distribution and
low incidence, taus indicating they were unrelated to drug

treatment. This includes Z SC anaplastic sarcomas in MD & HD rats
that died prior to termination; their distribution was not stat. sig.

No significant dose-related patterns 1in the incidence of total no.
of animals with benign, malignant, multiple or metgstatic tumors.

Non-neoplastic Lesjons: These included chronic nephropathy,
periarierifis % degenerative lesions of the adrenals which were
typical of aging rats. Also noted was chronic ulcergtive dermititis

probably of pacterial origin. None of these werée compound-related
in incidence or severity. -

Females:
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Neoplaptic Lesions: In the HD gp, there was a slight increase in
clear-cell carcinomas of the thyroid & pituitary adenomas plus
decrease in pituitary carcinomas.

Among the tumors occurring only in tresred rats, their random
distribution and low incidence (usually -ingle instances) showed
these to be not related to treatment.

A total of 6 rats (11D; 4 MD; 1 HD) had hepatic neoplastic Tesions,
but they were not prrsent in a dose-related pattern.

There was no sig. dose-related changes in the total no. of animals
with benign, malignant or metastatic tumors. However, in the MD gp
there was a stat. sig. iIncrease in no. of rats with multiple (more
than ene type) tumors among those rats dying prior to termination
As chis inc. was not seen in terminal rats of this gp or in the LD
or HD gp, it was thought by the investigators to be unrelated to
treatment.

There were no sig. interqroup trends in the latency period for each
type of tumor.

Non-neoplastic Lesjons: Similar to those mentioned for the M.
Thronic ulcerative dermatitis of the hind fnot pads occurred more in
F than in M. Non-neoplastic lesions occurring only in treated rats
were present in small nos. and according to investigators, were of
minor importance; they could not be related to BTX.

Note: Incidence of various lesions observed histopatholcgically can be
Tound in Table 6 (males) & Table 11 (F). For definition and
interpretation of terminology used in histopatholcqy, please see pp. 17-18
of the report (NDA vol. 21, pp. 23 -23).

Statiscicz] Analysis: (NDA Vol. 22, pp. 573-613): The following summary
listed effects which were stat. sig, at at least at 95% confidence level:

Males:

- dose~-related reduced mortality in treated animals, particularly marked
at the HD

- dose-related reduced pituitary tumor incidence in treated animals
particularly marked at the HD

Females:
- inc'd skin tumor incidence at the LD only _
- inc'd adrenal medullary tumor incidence at the MD only

- inc'd liver tumor incidence at the MD only
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Sexes Combined: o

dose-retated reduction in mortalitv in treated animals, marked at the HD

reduced pituatary tumor incidence in treated animals, most marked at
the HD, but also sig. at the LD

reduced thyroid follicular .umor incidence, evident only at the LD

inc'd incidence of malignant skin tumors evident at the MD

Of these effects, those related to the skin, thyroid, adrenal medulla &
liver were all of marginal sig. at the 95% conf. level, and evident only
in one sex and at one (intermediate) dose Tevel. The effect on survival &
pituictary tumor incidence seen in M, on the other hand, are far more
Tikely to represent true biological effects, since they have a wuch higher
level of statis. sig. and show a dose-related trend.

Note: Please see tabulated data for this study in Appendix VI, attached to
this review.

REPRODUCTION

1. Fertility & General Reproductive Performance in Rats (Huntingdon Res.
Centre: *pt. No. BGX |i277956l dated 9719779]

Animals: CD Sprague Dawley rats (Charles River Labs); 15 M & 30 F/gp

Groups: Controls (C); BTX @ 4 (LD), 32 (MD) & 256 (HD) mpk/day, orally by
gavage

Treatment: M - 9 wks prior to mating, continued during mating periodi
F - 20 wks prior to mating, continued during mating period. =

Proced.re: For mating, 1 M + 2 F were caged together; daily vaginal
sm2ars were taken for a max. of 20 day: (mating period); 11-14 F/gp were
sac'd on day 20 of pregnancy, remaining F gave birth and reared their pups.

At weaning, 12/sex/gp in C, LD & MD gps were selected to assess
reproductive performance in the F-1 generation. These animals were not
dosed, but were exposed in utero. Pups from the HD gp were not selected
because of the adverse toxic effects this dose had on the F-0 animals.

Results

’

a) F-0 Parents (dosed M & F) !

Male Fertility: -Mating performance & pregnancy rates were comparable
Tor all gps, gndicating no effect on M “ertili:y,

Female Fertility:
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HD: .

— - Py

- cMnical toxic signs, e.g., salivation at post-dosing
- 5/30 F died, mostly during pregnancy or early lactation

- highly sig. inc. in incidence of embryonic/fatal deaths
resulting in reduced litter size & reduced mean fetal wt on day
20 of gest.

- highly sig. inc. in neonatal pup mortality, including totai loss
of 6/11 litters, leading to sig. reduction in litter size &
reduced mean pup wt attaining max. divergence from C at day 8
post-partum

- cérrelating ~.1th lower mean pup wt of survivors, mean ages of
development of pinna unfolding, righting reflex, startle
response, second coat growth & eye opening of F-1 offspring;
because of their fewer nos., no meaningful comparison with C

- transient clinical toxic signs (salivation)

- sig. lower litter wt & slightly Tower mean fetal wt on day 20 of
gest. correlating with slightly lower Titter wt & sig. lower
mean pup wt at birth & day 4 post-partum

- marginal delays in the mean age of development of startle
response & vaginal opening - may or may not be relevant

LD: slightiy Tower mean fetal wt & sig. Tower litter wt on day 20
of gest. followed a dose-related pattern seen at the higher doses of
32 or 256mpk T

b) F-1 Generation: no obvious effect on growth to maturity, mating
performance, pregnancy rate, litter data at day 20 of gest. (F) or
performance in behavior tests

Effect of BTX on Pregnancy of the Rat (Segment II Teratology)

[Huntingdon Res. Centre, Rpt. No. ate 8)

Animals: CD rats (presumably a SD-derived strain); 20 pregnant F/gp

Procedure: Controls (C); BTX @ 4 (LD), 40 (MD) & 400 (HD) mpk/day orally

by gavage from.days 6-18 of pregnancy. Rats were killed on-day 20 of

pregnancy & evaluated for visceral & skeletal anomalfies.

Bgsults



NDA 19-270 - - - Page 27 °

HD: L.

. ,

- Clinicak:signs post-dosing: Body wt was severely retarded and at
termination was siqa. Tower,

- sig. inc'd incidence of late embryonic deaths leading to sig. inc'd
post-implantation loss & lower viable litter size; mean litter wts &
mean fetal wts sig. reduced

- Correlating with the reduction in fetal wt, thei 2 was a high incidence
of fetuses showing varying degrees of visceral & skelatal changes, most
of which appearaed to be the consequence of a marked general retardation
of development. According to the investigators, "evea the occasional
frank malformations observed (e.g., cleft palate in 3 fetuses) could be
considergd an extension of this general retardation."

LD & MD: Clinical signs (salivation) at post-dosing was seen in the MD F,

But no other maternal effects. Values for litter size, post-implantation
loss, litter & mean fetal wts were comparable with C.

Fetal Toxicity in the Rat (Segment II Teratology)
[SyntheTabo Eeporc No. B.0T0Z.B1.020; no date, no GLP statement)

Animals: CD-SD rats (Charles River Labs, France)

Experimental: (Two experiments done.)

Dose No. of Animals
Group (mpk/day) Expt. T Expr, TT total
Controls 0 (C) 15 12 27
BTX (base) 10 (LD) 0 20 20
" 200 (MD) 15 12 27
“ 400 (HD) 15 0 157 =

Treatment: Rats were dosed orally (intubation), days 6-15 of pregnancy;

Tn the HD gp, treatment was stopped on day 13 rather chan day 15

(presumably due to maternal toxicity). All rats were sac'd on day 20 of
gestation and evaluated for fetal anomalies.

Results

Maternal Toxicity

- Clinical Signs: marked lecthargy in HD gp

- 7/13 HD rats died; on autopsy, gastric erosions in 2 rafs

- Body Wt Gain: LD, normal; MD, markedly less; HD, marked inhibition

Reproductive Parameter..:

Embryotoxicity:
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4'

- No. of Tive fetuses were normal in LD gp & slightly dec'd in MD gp;
all f&tuses in 5/5 pregnant F died (post-implantatjon) in HD gp;
slightly inc'd post-implantation losses in MD gp

~ Preimplantation losses & mean fetal wts at the LD were not affacied,

Teratogenicity: External Exam: no abnormality at the LD & MD; total
resorption at the HD

Visceral Exam: (C & MD; brain sections not examined; 2/3 fetuses in
Expt. 11 only) No malformations occurred. Delayed ossification and
extra ribs occurred with about equal frequency in C & MD gp.

Effect of BTX on Pregnancy in the NZ White Rabbit (Segment II)
{Runtingdon Res. Cen%re Rpt. # BGX 110779548 dated 27il780)

Preliminar& Studg: BTX was administered orally (gavage) at dose levels of
36, , Ompk/day, days 1-13 in nonpregnant does. Doses of 200 &
300mpk were associated with death, anorexia, wt loss, hunched posture,
lethargy, ptosis, unsteadiness, occasional hody tremors & collapse.
Treatment with 100mpk was associated with initial wt loss,
hypersensitivity, hunched posture, lethargy & occasional unsteadiness; no
marked conclusive effects at 36mpk.

Main Study: BTX was administered at 4 (LD), 12 (MD) & 36 (HD) mpk/day
orally (gavage) to pregnant rabbits, day 2-18 of gestation; controls (C)
rec'd distilled water. ATl rabbits were killed on day 29 of gestation,
necropsied, and evaluated for teratologic parameters.

Results

- Approx. 30% rabbits ia each drug-treated gp died due to enteric
disorder; 5% mortality in controls.

- Pregnancy rate, as assessed by no. of pregnant animals &
pre-impiantation losses, was not adversely affected.

- Among the healthy surviving pregnant rabbits, further litters were lost
due to total resorptions and/or abortions; incidence was 0, 14, 8 & 57%
in C, LD, MD & HD dams, respeciively. Alternacively, deaths &
exclusions (except those due to non-enteric causes) total litter losses
might be combined to provide incidence of pregnant dams failing to
maintain pregnancy (termed as “pregnancy failure"). The incidences
were: 7, 37, 42 & 67% in C, LD, MD & HD gps, respectively. These data
jndicate the effects of treatment, though greatest at the HD, may also
have been induced at the LD & MD. ,

!
Note: The investigator stated that adverse effects on pregnancy (total

[Ttter losses) were also observed in concurrent Segment II & III

reproduction studies in the rat at doses of 256 or 400mpk.
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- Assessmept of effects on 1itter values was limited by the high
incidence of deaths, exclusion & total litter loss. Within these
limitations, treatment at all doses was associated with inc'd
post-implannation loss mainly associated with inc'd incidence of late
embryonic deaths and/or abortions.

- Consequent to the inc'd posn-implantatiOn loss, litter =ize & litter
wts were reduced compared to C. These differences were marginal at the
LD, minimal at the MD & marked at the HD.

—

remarkable differences im incidence of major malformations, minor
anomalies or skeleta® variants to indicate specific effect of treatment
on embryonic & fetal development. :

- Within the iimitations (vide sugra), there were no sufficiently

£

5. Effects of Oral Administration upon Pregnancy in the Rabbit (Rpt. #
BO.LES.024.049 dated 2/27/30, LiTe >cience Research, StoOck, EsseX, England)

Procedure: NZ white rabbits were artificially fnseminated using pooled
<emen from proven M, followed by 50 i.u. of LH (Pregnyl, Organon Labs)
injected IV to ensure ovulation. Estrus had been synchronized in these F
by LH treatment 3 wks previously.

Dosage Post-implant # Dam
Groups (mpk/day) Loss (%) per tv ¥ Aborted
1. Controls 0 15.4 14 0
2. BT 1 3.4 14 0
3. " 4 3.0 14 1 (day 23)8
4, " 12 10.0 18 1 (day 26)
5 " 36 50.4 18 2 (day 26)P
6. Controls* 0 4 0 )
7. BTX* 4 4 1 (day 19)

*|{sed for pharmacokinetic study.

a gmaciated
b 1 total litter loss + 1 abortion

All rabbits were dosed oraliy by gavage once daily, days 6-18 of
pregnancy. All animals were killed on day 29 of gestation and evaluated
for reproductive & teratologic parameters.

Results

Maternal Effects: One control & one YD rabbits died due to respiratory
Tract intection or tracheal intubation. Body wts wvere undffected. There
was no consistent treatment-related change in food & water intake,

Abortion & Total Litter Loss: One F each in Gps 3, 4 & 7 aborted and one
Rad total resorption (see WOA, vol. 23, p. 340, Table 6).
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Litter Dataz ra
Pre-imp lantatfon Loss: No dose-related effect.
Post-implantation Loss: Stat. sig. (P less than 0.05) increise in HD F
(3Bmpk); This was associated with dec'd live litter & increasad fetal &
placental wts. Based on all animals that survived to term and bore

evidence of implantation, post-implant losses were 15.4, 3.4, 3, 10.6 &
50.4% in groups 1 thru 5, respectively.

However, if the mean values were derived from animals which survived to
term and bore viable Eug » the value for HD F was 45,5%, still stat.
sig. (P less than 0.057, indicating that effects were indeed real at
36mpk. Mean post-implantation losses in other dose gps were within the
concurrert control values; mean values in their historical control data
ranged from 7.6-15.4 (see NDA vol. 22, p. 341-342, Tables 7 & 8).

Fetal Morphology: No indication of any drug- or dcse-related effects.

Reviewer's Comments: From both rabbhit studies, ii. .. clear that stat.
sig. post-implant, losses were noted in rabbits at 36mpk. Post-implant.
losses were also noted in the rats at 400 (but not at 40) mpk.

Peri- & Post-Nactal Development in the Rat (Segment III)
[Huntingdon, Rpt. # BGX l§3779580 dated 1079739)

Animals: CD-SD rats (Charles River Labs) 20 timed-pregnant F/group

Treatment: Controls; BTX at 4, 32 & 256mpk/day orally (gavage), from day
I5 of gestation to day 21 post-partum

Parameters Ob.erved: Treatad parent animal (F-C) & litter (F-1) values
from birih to lactation to weaning were monitored for growth & developmept.
of F-1 offspring to weaning; selected F-1 offspring were reared to _
maturity, and their gruwth, performance 1n specific behavior tests, and
reproductive capacity assessed.

Resulcs

48 32@2%:. In F-0 parents, clinical signs of the drug (inc'd salivation &
piloeréction) at 32mpk were noted, but no other adverse effects were noted

in the treated parents. Also, there were no conclusive adverse effects on
the fetuses (F-1 progeny).

256mpk : p
-~ F-0 Dams: The effects vera indicative of maternél toxicity, e.g.,
toxic signs, reduced body wt gain, high incidence (79%) of total litter
loss occurring perinatally or immediately postnatally.

- F-1 Progeny: Among the few surviving 1itters, inc'd pup mortality &
reduced mean pup wt during the first 4 days post-partum with consequent
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reduced Titter size & wt and pup wi thru lactation to weaning; slightly
delayed mean age of development of startle response & gull coat growth,

There wat® lower body wi gain, slightly delayed mating, slightly iower
pregnancy rate, and slightly lower no. of corpora lutea &

impiantat fons/litter anong the selected F-1 reared to maturity. These
differences were considered to be a consequence of the initial effects
shown during the first few days post-partum.

The investigators state, uIn all test groups, but particularly among
F-1 animals derived from parents treated at 32 or 256mpk, inc'd
activity was demonstrated by a pattern jncluding increased mobility and
inquisitivity on the hole-board test, a shorter time of tail withdraval
and, reduced maximum performance time on the accelerating rotarod in
the absence of bizarre observations or evidence of incoordination ia °
tne Irwin screen. The pattern was more clearly evident among males
than among females and difference from control values freque  ‘ly
attained statistical significance."

MUTAGENICITY

3.

5.

Ames Test

a) By HRC Labs: BTX at doses up to 1000 ug/plate was tested. Negative
~esuTts were reported; level of 10,000 ug/plate was toxic to cells.

t) By Litton Bionetic Labs: At dose levels up to 2000 ug/plate, results

were negative in bot the non-activated & activated (by S-9 fraction,

test systems. Test had been repeated with tester strains TA-1538 & 98,
because of initially observed inc'd revertants due to solvent controls.

Mouse L!gghoma Forward Mutation Assay: The test material did not induce
an 1nc. in mutations at the ocus in L5178Y mouse 1ymphoma cells.
Highly toxic treatments at conc'ns up to 500 ug/ml (non-activated) & 1500
ug/ml (S-9 activated) were assayed.

Sister Chromatid Exchange (SCE) & Chromnsome Aberration Assays in Chinese
Hamster Ovary (CHU] Celis: [Citton Bonetics) 1he test compound was
evaluated in terms of ability to induce SCE's & chromosomal aberrations in
CHO cells in vitro. Test compound failed to jnduce sig. inc. in SCE
frequency'Tﬁ non-activated; with activation, this frequency was sig.
elevated (P less than 0.01) at the highest dose of 1000 ug/m1 (considered
biologically insig. by the investigator). Test compound was negative in
chromosomal aberration assay when tested up to 1000 ug/mi conc'n.

In Yitro Transformation of BALB/3T3 Cells Assay: (Litton Bionetics) The
Test material did not Indice any transtormed foci over the:applied conc'n
range of 1-20 ug/ml. This conc'n range corresponded to approx. 80-50%
survival in this cytotoxicity test. -

Micronucleus Test in the Mouse: (HRL Rpt. # BGX/81759, conducted in 1981)




NDA 19-270 : : Page-32 -

BTX at total dosages of 150, 300 & 500mpk was administered to groups of
mice by oral-gavage, in 2 equal doses, separated by a 24-hr interval
[preliminar¥§study showed maximally tolerated dose (MTD) of 500mpk]. The
incidence of micronucleated polychromated erythrocytes at all dosages and
at both times of sacrifice was not sig. different from concurrent
controls. Mitomycin C was used as a positive control.

OCULAR PHARMACOLOGY

1. Pupillary Activity in the Rabbic: Instilled one drop (0.03 wl) 0.125,
: U ES. U.E or 1% B¥X ACT soT'n; pupil diameter measured up to 3 hrs. There

wés no effect on pupil diameter.

2. Corneal Sensibility in the Rabbit: Two studies were conducted.

a) One drop: (0.03m1) of 0.125, 0.25, 0.5 & 1% BYX HC1 sol'n, equiv. to
37.5, 75, 150 & 300 ug drug, respectively

b) Two consecutive drops (0.05 ml each) of 0.1, 0.75 & 2% BTX HC1 sol'n,
equiv. to 100, 750 & 2000 ug drug, respectively.

Corneal sensibility loss was seen at doses ranging from 100-2000 ug drug;
threshold dose for producing loss of corneal censibility was estimated to
be about 100 ug per cornea. Thus, BTX HC1 has the ability to cause a
partial or full loss of corneal sensibility which is dose-related in
intensity, incidence & duration.

3. Intraocular Pressure (IOP) in Rabbits

a) 0.1-2% BTX HC1 sol'n instilled in the eyes of smaller, young normal
albino rabbits (1.7-2.3 kg body wt) signficaniTy Jowered IOP at 1 & 2
hrs after 2%, and at 1 hr after U.75% sol'n; no effect on I0P with D.1%.

b) In NZ rabbits, ocular hypertension was induced by intra-ocularly - =
injecting alpha chymotrypsin; 2.0% BTX HC! was then instilled. The
response was variable; BTX did cause reduction of IOP in scme
individual animals.

c) 0.5% BTX was instilled in the eyes of large normal albino rabbits.
There was a definite reduction in I0P, WEQCh was stat. sig. at 5 hrs
following treatment.

1 GENERAL PHARMACOLOGY

- BTX may be considered to be a cardioselective beta-blocker; it has a
greater affinity for cardiac beta-1 adrenoceptors than for vascular or
bronchial beta-2 adrenoceptors. Beta-1 activity was several times greater
than beta-2 activity.

= In in vivo studies, doses of [ { producing a blockade of isoproterenol-
induced tachycardia did not significantly modify the isoproterenol-induced
hypotension - a response known to be mediated by peripheral vascular
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beta-2 adrenoceptor.. This non-effect would be advantageous clinically,
since at least theoreticaily, respiratory function would-be maintained.

- BTX produced an antihypertensive action in spontaneously hypertensive rats
and in dogs with renal hypertension. The mechanism, though not fully
known, is thought to involve a central and/or peripheral site on the
autonomic nervous system.

- BTX administered at doses ensuring beta-adrenoceptor blockide or causing
an antcihypertensive effect has no obvious undesirable side effects on the
CNS, CVS or GI system. Also, BTX does not appear to interfere with diugs
clinically used as hypoglycemics (glibenciamide) or anti-coagulants
{dicoumarol).

- BTX has no intrinsic sympathomimetic activity.

- BTX has a weal. membrane stabilizing action (local anesthetic) - vide supra.
ADME
After oral administration of BTX to M rats (Impk), dogs (Impk) & man (20mg

total dose), the proportion of unchanged BTX and its metabolites in the urine
were:

% Compound in Urine Potency Ratio of Metabolites
Compound Dog Rat Man Rat a. Pig
BTX 3.2 1.0 15.5 1.0 1.0
SL 77.009 - - * <5 -
SL 77.010 28.2 61.6 23.9 0.003 < 0.02
sL 77.310 2.5 2.7 3.0 0.04 0.068
SL 80.0088 6.8 4.9 trace 0.03 0.04
SL 80.0827 4.1 12.1 - 0.001 0.004 "
*Measurable i

Metabolites of BTX had very little beta-adrenoceptor blocking activity.

SUMMARY: The following animal toxicity studies were reviewed:

TOPICAL OCULAR TOXICITY

Ocular safz:y was studied following instillacion of the ophthalmic solution
ranging from 1 month to 1 year in the rabbit. In the I-month study in )
rabbits, with concentration up to 2.5% BTX, no ocular irritation was observed;
no lesions related to drug treatment were reported. In the 1-iear topical
ocular study in rabbits with 0.5% BTX ophthalmic solution (2 drops, 2x/day),
eyes were examined by s1it lamp at Z-week intervals as well as by indirect
ophthalmoscopy. Minimal to moderate conjunctival irritation was reported.
Histologically, donut-shaped vacucles along the suture line of tlie lens were
reportedly not cataracts. The significance of these vacuoles is not known,
according to the investigators.
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s SYSTEMIC TOXICITY
Acute Toxicity - .

Routé. Species Sex LDso_(mpk) Clinical Signs

BTX Oral Mouse M 350 ¥ 23 tremors, conv :lsions,
F 400 * 30 stereotype behavior,
- Rat M 980 * 95 motor difficvlties
F 860 £ 113
Iv Mouse M 402 1.15
F 55+ 2.0
" Rat M 28+ 1.6
F 25215
BTX Ophth 1V Mouse 42.6 (free base)
Sol'n  Oral Mouse 482.7mpk (admin. as 2.5% sol'n)

SUBACUTE TOXICITY

BTX was administered orally (gavage) to rats at doses of 50, 100 & 200mpk in
males and 25, 50 & 100mpk in females, for 4 weeks. The "no effect" dose was
25mpk. BTX produced a dose-related increase in serum urea & creatinine
levels. Histopathologically, no abnormality was reported at 100mpk in males
or at 200mpk in females.

Doses of 2, 6 & 15mpk IV to rats for 4 weeks caused no mortality. Clinical
symproms at 15mpk within 5 minutes following injection were agitaticn,
unsteady gait, irregular breathing, and piloerection & tremors in a few
animals. At 15mpk, there was also reduced body weight associated with reduced
food intake. Ophthalmoscopy, blood chemistry, urinalysis and histopathology
were within normal range.

BTX was administered IV to dogs for 4 weeks, at 1, 2 & 6mpk (2 dogs injected
with 10mpk died; cause of death could not bo established). Clinical signs
observed were ataxia & salivation at 6mpk. Also at 6mpk, significantly - -
reduced heart rates were noted after 3 weeks. Body weight, food intake,
ophthalmoscopy, urinalysis and pathelogy were negative.

CHRONIC TOXICITY

Rats were treated by oral gavage at dose levels of 1.5, 2.5, 25 & 400mpk/day
for 26 weeks. At 1.5 & 2.5mpk, there was intermittent salivation after
dosing, lasting for 20 minutes. The HD (400mpk) produced the following
results: (a) About half of the animals diad (excluding 10/sex killed at
interim sacrifice), some with foci of alveolar macrcphages; in others the
cause of deat™ could not be established. (b) Body weight gain was slightly
reduced. (c) Ophthalmological and hematological exaiis were normal. (d)
Moderate increases were ncted in alkaline phosphatase, kalemia‘and urine
volume. (e) Adrenal, liver, kidney, spleen & uterus weights were
significantly increased. (f} Histologically, treatment-related lesions were:
epicthelial hyperplasia in the urinary bladder (noted first in 13-week interim
sacrifice); follicular hyperplasia of the thyroid; absance of vacuolation of
centriiobular hepatocytes in males; diffuse chronic inflammatory cell
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infiltration of.the myocardium, degeneration of occasional mycardial fibers
and deposition t. cartilage in chordae tendinae (indirect pharmacologic
effect); engorgement of red pulp in the spleen with blood (a change in
hemodynamic status of the spleen); in the kidneys a possible effect was
Tocalization of minor tubuiar changes and associated chronic inflammatory cell
infiltration in the juxta-medullary region of the renal cortex considered to
represent the early stages of development of a specific lesion in this
Tocality (no further explanation).

Rats were treated by oral gavage for 61 weeks at doses of 6, 25 & 100mpk/day.
" The study was originally planned for 78 weeks, but because of irnflammatory
lesions of the pocterior legs of all animals (ctreated & controls) which
appeared in the 28th wk of dosing, the investigator decided to terminate the
study early at 61 weeks. Moderate decrease in body weight gain was reported
in HD & MD males. Hematology, blood chemistry, urinalysis and histopathology
were within normal limits or considered not reiated to treatment.

A 26-week study was performed in dogs at doses of 2, 6 & 20mpk/day via oral
capsules. There was no mortality. One HD dog showed convulsions on isolated
occasions and others showed head nodding movements, vomiting and salivation.
All treated groups showed significant reductions in heart rate.
Ophthalr~1~~ical exam (Schirmer Tear Test) showed a significant decrease in
lacrimal secretion. This decrease, attributed to excessive pharmacological
actTon of beta-blockers, induced a certain number of minor epithelial erosions
of 1\* ornea. Histologically, adipose tissue replaced glandular acini of the
lac: * 2. gland in 2 LD & 2 MD dogs. Hematology and urinal" is were normal.
Ser urea level was increased at the HD.

A 52-week oral study in dogs at 2, 6 & 20mpk/day produced the following
results: One HD dog died on day 4 of dosing; there was no obvious cause of
death. Symptomology was the same as in the 26-week study. Ophthalmoscopic
exam and Schirmer Tear Test showed a decrease in lacrimal secretion at the

HD. Histologically, no abnormality was found in the lacrimal glands. Heart
rate decreased in the HD dogs in the szcond half of cthe study. Blood pressure
(systolic) was slightly decreased in MD & HD dogs. BUN was elevated at the HD
in the later stages of the study. Hematology, urinalysis, gross &
histopathology were reported to be within normal Timits.

CARCINOGENICITY

In a 2-year oral (dietary admix) study, groups of CD Sprague-Dawley rats
(50/sex/group) were fed BTX at 3, 2 or 48mpk/day; 2 control groups received
untreated diet. The rats were dosed for 104 weeks. The HD group showed
reduced body weight gains and marginally reduced food intake. Statistically.
significant changes at 95% confidence level were:

/
a) Males: dose-related mortality, particularly at the HD; do'se-related
reduced incidence of pituitary tumors in treated animals, particularly
marked at the HD;

b) Females: 1increased incidence of skin tumors at the LD only; increased
incidence af adrenal medullary tumors.at the MD only; increased incidence
of liver tumors at the MD only;
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c) Sexes combjped: dose-related reduced mortality in treated rats, but
markedly so”at the HD; reduced pituitary tumcr incidence in treated
animals, most marked at the HD, but also significant at the LD; *ncreased
incidence of malignant skin tumors at the MD.

In a 2-year (102 week) oral .dietary admix) study, groups of CD-1 Swiss mice
\50/sex/group) were fed BTX at doce levels of 6, 20 & 60mpk/day. Mice were
dosed for 102 weeks. The following effects, significant at the 95% confidence
level, were seen:

a) Males: reduced mortality at the LD only;

b) Females: reduced incidence of definitely malignant lung tumors at the LD
only; reducea Tncidence of malignant tumors of any site at the LD only;"

c) Sexes combined: reduced mortality at the LD only; reduced incidence of
tumors of other sites (testes, splaen, pancreas, etc.) at the MD cnly;
reduced incidence of malignant tumors of any site at the LD only. The
only site where there was increased incidence at the HD was the uterus,
with both vascular and non-vascular tumors, but the level of significance
was weak (90% confidence level) and that, too, only in some statistical
comparisons.

REPRODUCTION

In a Segment I fertility study, BTX was tested orally {gavage) in rats at
levels of 4, 32 & 256mpk/day. The males were dosed from 9 weeks preceding and
durinj mating. The females were dosed from 2 weeks preceding mating, through
mating, and vp to day 20 of gestation. There was no effect on reproductive
capability in females or on male fertility. In the HD females, clinical toxic
signs, 16% mortality and a highly significant increase in embryonic/fetal
death was noted. In the MD females, there was no embryonic/fetal mortality,
but fetal, litter, and pup weights were lowered, and there were margi:al
delays in startle response and vaginal opening, which may or may not be . .o
relevant. The LD produced slightly lower mean fetal weight and lower litter
weight, These effects occurred after implantation and were seen in dams
killed on day 20 of gestation.

A Segment II teratology study was performed in rats, in which BTX was
administered orally (gavage) at doses of 4, 40 & 4GCmpk/day, days 6-15 of
gestation. At the LD & MD, though clinical signs (salivation) were seen
post-dosing, thaere was no effect on the conceptus. At the HD, the incidence
of embryonic death was significantly increased, and correlating with a
reduction in fetal weight was a high incidence of fetuses showing varying
degrees of visceral and skeletal changes, apparently a consequencc of fetal
retardation. Even occasional frank malformations (clefi palates in 3 fetuses)
were considered to be due to this retardation. : i

A Segment II oral (javage) study was performed in rats by Synthelabo. Two
separate experimen.s were done: (a) BTX dosed at 200 & 400mpk (7/13 died at
400mpk and treatment was stopped on day 13); (b) BTX at 10 & 200mpk. Effects
on reproduction were as follows: no effect at 10mpk; at 200mpk, slightly
increased post-impifantation 10oss; no malformations, delayed ossification &
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extra ribs at anm:incidence comparable to controls; at 400mpk, total fetal
resorption. . 4

In a Huntingdon study, rabbits were dosed orally (gavage) at 4, 12 &
36mpk/day, on days 6-18 of pregnancy. About 30% of the animals in each
treated group died (enteric disorder); 5% controls died. Among the survivors,
the incidence of tetal litter loss (resorption/abortions) was 0, 14, 8 & 57%
in controls, LD, MD & HD groups, respectively. Alternatively, daaths &
exclusions (except those due to non-enteric causes), total litter Tosses may

.be combined to provide incideance of pregnancr faflures. Such incidences were

7, 37, 42 & 67% in controls, LD, MD & HD, respectively, indicating that,
though the effects were greatest at the HD, the may also have iv:n induced at
the LD & MD. No major anomalies werc reported. '

+ife Science Research U.K. conducted a study in rabbits in which BTX was
administered orally (gavage) at !, 4, 12 & 36mpk. Two abortions/total litter
Toss at 36mpk and one abortion at 12mpk occurred. Post-implantation losses
(primarily late resorption) were 54.4 (statistically significant), 10.6, 3.0 &
3.4% in rabbits doscd at 36, 12, 4 & lmpk, respectively, compared with 15.4%
in controls. Nc¢ malformations were reported.

A peri- & post-natal study was performed in rats in which BTX was administered
at 4, 32 & 256mpk orally [gavage) from day 15 of gestation to day 21 post-
partum. At 4 & 32mpk chere were drug effects on the mother, but noc on the
fetus. At 256mpk, maternal toxicity and high incidence (79%) of total Titter
Toss occurred either pecinatally or immediately post-natal!ly. Among the

surviving pups, lower body weight gain and slightly delayed development were
noted.

MUTAGENICITY

A battery of in vitro tests were conducted. BTX at the highest dose tested,
1000 ug/ml (and W'Eh activation), produced a statistically sionificant _ _
Increase in sister chromatid exchanges in "hinese Hamster Ovary cell assay. =
Effects were not stacistically significant in the non-activated system at
this, or low:r doses. Results were negative for chwomosomal aberrations in
this assay. Other in v{tro tests with negative results were the Ames iest and
mouse lymphora forward mutation assay. No effects were reported in the in
vivo micronucleus test in mice conducted at doses up to 5COmpk (maximum ~—
tolerated dose).

COMMENTS & RECOMMENDATION

1. Betaxolol (BTX), a beta adrenergic blocking agent, was originally
developed by Synthelabo (Laboratoires d Etudes et de Recherehe; LERS),
Paris, France., The basic pharmacological, toxicological & clinical
Investigations for systemic use were conducted by them.

2. The applicant proposes to use a racemic mixture of 50:50 of (S)- and
(R)-isomers of BTX. Pharmacologically, the (S) {somer is more active.
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3. The -zhicle“ingredients are commonly used compounds and are not Tikely to
pos safety hazards.

4. One drop (0.06m1) of the 0.5% solutior -ontains 0.33mg of BTX. Thus,
daily buman exposure of one drop in eacn eye twice daily would be 1.32mg
(0.33 x 2 x 2 = 1.32). Even assuming 100% absorption, the systemic
exposure on a mg/kg basis would be quite small.

In 4-week IV toxicity studies, 6mpk in the rat & 3mpk in *he dog were the
"no toxic effect” dose levels (IV ruute closely simulates absorption from
topical ophthalmic solutions). Thus, on a subacute basis, BTX was fairly
well-tolerated. In chronic (26 week) rat studies at 1.5 & 2.5mpk orally,
salivation was observed, but no lesions were reported; target organ
tox.city was observed at 400mpk (about one-half died at this dose).

The applicant should incorporate in the labelling: (a) an accurate
statement regarding the emhryotoxicity/fetotoxicity (a post-implantation
effect) noted in the segment II rat & rabbit teratology studies, and

(b) an indication that the carcinogenicity studies may not have employed
the highest tolerated dose.

I have no objection from a safety standpoint to the approval of this
application, provided the recommended labelling changes are made.

N Y
VSISTEL Y
S.R. Joshi, D.V.M, Ph.D.
cc: Orig. NDA E
HFN-815
HFN-81 .
g! €S0 . - /;Z’ :
HFN-3 S e
HFN-815/SRJoshi/smc/5/3/85 :

R/d init.by:JMDavitt
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NDA #: 19-270/0rug Class: 18

Applicant: Alcon Laborator ies

———————

Docunerts Reviewed: VYolunes 1.2 -~ 1.8 dated 4/26/83

The medical reviewer for this NDA is Dr. darper (HFN-140) with whom this
statistical review has been discussed.

I. Back ground

This NDA was submitted to establish the efficacy and safety of Betaxolol
Ophthalmic Solution in the treatment of glaucoma.

Betaxolol, a cardioselective beta adrerergic blocker, has a selective beta-1
adrenergic blocking property which the sponsor believes may lead io increased
safety and to better control of irtra ocular pressure (I0P) than currently
marketed products for the treatment of glaucoma.

Four multicenter studies werc conducted to assess the efficacy and safety of
Betaxolol in the treatment of patients sufferiny from glaucoma or ocular
hypertension: (a) Protocol 7Y-E-11 compared Bet «xolol (0.25%) to nlacebo in
reducing JOP; (b) Protocol 79-g-23 compared Betaxolol (0.5%) to Timolol (0.5%)
in reducing JOP; (c) Protocol (-82-24 compared the effects of a sinyle dosa of
Betaxolol (1.0%) and Timolol (0.5%) with placebo on blood pressure and pulse
rate during a 10-minute treadmill exercise test; (d) Protocol C-87-25
evaluated the effects of a single dose of Betaxolol {1%) and Timolol (0.5%) in
cumparison with placebo on pulmorary parameters in patients with reactive
airway disease who demonstrated a systemic response to ocular Timolol N 2% as
evidenced by a 15% reduction ip FEVj.

1I. Study Design and Statistical Methods

The design features of these 4 studies are suumarized below:
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Both Studies 79-E-11 and 79-E-23 were conducted using a randomized, parallel
group, double-blind design. Betaxulol was given twice a day in 0.25% solution
in Study 79-E-11 ¢ { 0.5% solution in Study 79-E-23. The primary efficacy
variahle for these studies was I0P which was measured at haseline, weeks 1, 2
4, anc¢ 6 in Study 79-E-11 and at baseliue, weeks 1, 2, 4, 6, 17, and 26 in
Study 79-£-23. Systemic safety data included pulse rate and mean arterial
blood pressure (MAP), while pupii diameter and basal tear secretion were used
to measure Lhe ocnlar safely,

Study C-82-24 was conducted in a randomized, double-blind 3x3 Latin Square
design with a 7 day washout, while Study C-81-2% was cerried out using a
randomized double-blind cross-over design with a 3 day washout. In Study
C-82-24 (2 investigators), pulse rates were taken at baseline, and 2, 4, 6, 8,
and 10 minutes during exercise; blood pressures were measured at bas2line and
2, 4, 6, 8, and 10 minutes durinqg exercise (Investigator Atkins) and at
baseline and 5, and 10 minutes during exercise (Investigator Pugh).

In Study C-81-25, the primary variables (safety) were FEVy, FVC, flow rate,
blood pressure, pulse and respiratory rate, which were taken at baseline, and
15, 30, 60, 120, 180, and 220 minutes after drug instillation.

The efficacy variable IOP {charge from baseline) was analyzed usinc a
repeated-measures design analysis of variance in Study 79-E-11, whtle in Study
79-E-23, it was evaluated cross-sectionally using an analysis of variance.

Tne systemic and ocular safety data were analyzed similarlv.

The safety data of both C-82-24 and C-81-25 were analyzed using analysis of
variance,

ITI. Results reported by the sponsor

In Study 79-E-11, 6 investigators enrolled 102 patients (49 on Betaxolol, 52
on placebo) of which 91 patients (44 and 47 respectively) were efficacy
evaluable. The Betaxolol patients obtained a significantly g. eater average
decrease in [OP from baseline than their placebo counterparts (p < .001) at
each visit of the 6 week study (an . erage reduction of at least 5 mmHg on
Betaxolol vs. less than 1 mmHg on placebo). For systemic and ocular safety,
no statistically significant difference botween treatment groups was found.

In Study 79-E-23, 11 investigators recruited 269 patients (132 on Betaxolol,
137 on Timolo1) of which 188 patients (93 and 95 respectively) were efficacy
evaluable. The data revealed that Timolol patients obtained consistently
greater average decreases in I0P than “heir Betaxolol counterparts at each
visit of the 26 week study. However, the differences were not statistically
significant at the 5% level,

For systemic and ocular safety, Timolol patients experienced a greater drop in
pulse rate than Betaxolol patients; Betaxolol patients obtained a greater
decrease in MAP than Timolol patients; and Betaxolol patients had a decrease
in pupil diameter while Timolol patients showed an increase from baseline.



e

Again, no statistically significant differences betweep treatment groups were

found for each of these 4 safety variables, except pulse rate at week 1.
Details are giver in Table 2,
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In Study C-82-24, 2 insestigators enrolled 24 healthy volunteers (12 subjects
each) to evaluate thc effect of Betaxolol 1.0% on pulse rate and blood

pressure during a 10-minute treadmill test ip compar ison with Timolol 0.5% and
placcho.

The d."a showed that mean pulse rates were not significantly different when
patients were on Betaxolol than when they were given placebo during 4-10
minutes of exercise. However, patients experienced a siynificantly lower
pulse rate (an average difference of at least 6 beats/minute) on Timolol! than
uh placebo duriny 4-10 minutes of treadmill testing. In terms of blood

cisures (MAP), no statistically sigrificant difference was found amnong
+ - oitments,

+++ Sianl o C-81-25, the effect of Betaxolol 1.0% Solution was evaluated in
~ompar *son with Timolol 0.5% and placebu in 9 paticnts wich reactive airway
disease as evidenced by at least a 15% reduction in FEVy. The data showed
that patie-ts experienced a siynificantly grcater average decrease from
baseline - FEVy on Timolol (approximately -14% to -27%) than on Betaxolol

- wh to 4/%) or placebo (-0.7% to + 10%) durin¢ the period 30-240 minutes post
=rug instillation. After 24) minutes (post drug instillation), a
heta-stimulart (Isoproterenol) was administered. Ap analysis of changes in
FEVy from baseline during the post stimulant period showed that patients
obtaired significantly less reV, recovery on Timolol than on Betaxolol or
placebo (Mean chanye of 0.16%, 0.48%, and 0.43% for Timolol, Betaxolo! and
placebo respectively). However, no statistically significant difference amony
treatment grouns was found in respiratory rate or MAP.

Amony a total of 1117 patients or normal subjects enrolled in 17 protocols,
the most frequently reported treatment-related side effects included
discomfort (:4.9% cn Betaxolol vs. 15.8% on Timolol), tearing (4,6% vs. 7.9%),
photophobta (1.2% vs. 4.0%), acute pain (1.4% vs. 1.5%), inflammation

10.7% vs. 5.0%), itchiny (0.2% vs. 2.0%), erythema (0.6% vs. 2.5%), foreign
body sensation (0.2% vs. 2.0%), and correal sensitivity (0.2% vs. 2.0%).
Unfortunately, the sponsor did not ipgicate the numper of patients (or
subjects) in each treatwent group; therefore, a statistical compar ison of
these incidence rates can not be carried cut,

i¥. Reviewer's Comments

Several deficlencies in data handliny and aralysis are noted below:

(1) In Studfes 79-E-11 and 79-E-23, 10P was measured on both eyes, but the
statistical amalysis was performed based on the average of two eyes. A large
percentsge of patients had missing values on one eye (e.g., 30% on Betaxolol
vs., 45% on Timolol for Investigator Caldwell in Protocol 79-E-23, and 33.3% on
Bataxolol vs. 30.U% on placebo for Investigator Xaufman in Protocol 79-E-11).
A disparity in proportions of missing values betweer treatment groups may make
1t difficult to justify the honogeneity assumption in the analysfs cf variance
model used by the sponsor. However, based on a quick check of the data
11stings, the disparity may not alter the tost results, especially since the
F-test' 1s generally very rotust.
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(2) For thcse patients who discortinued duc to treatment failure, the last
observed value was used for all <ubsequent follow-up periods in the
statistical analysis of efficacy and systenic and ocular safety data. To
examine the impact of drop-outs on efficacy amd salety reculis, an analytis
should alsv be carried oul at cach visit using only those paiients who
returpec for follow-up. The substitution of last visit values used by the
sponsor assumes that the condition of patients ai the time of dropping out
would remain constant throushout the study. If a longer duration of therapy
improves response, this procedure would tend to repeatedly bias results
ayainst the group which has a higher percent of early drop-outs due to
treatment failure, particularly when the data wa: analyzed cross-sectionally
(i.e., at each visit) as in Study 79-F-23. In that study, efficacy recult-
may be biased in favor of Timolol because the percent of eerly withdrawals due
to inadequate control ot [UP was 3.5% on Hetaxolol vs. 1.1% on Timolol.

{3) Protocol C-81-25 was conducted using a cross-over design. However, the
pulmonary function data were not analyzed accordingly.

(4) The pulmonary function of patients in Study C-81-25 was measured at
baseline, 15, 30, 50, 120, 180, and 230 minutes after drug instillation ard
was analyzed at each observation tim:. An analysis of area under the curve
(of repeated pulmonary function tests) is recommended to test for differences
between treatm ~ts in their effects on pulmonary function over the entire
observation perioud.

(5) Adverse reactions were tabulated but not statistically analyzed, as
indicated on page 7 or this review.

(6) The sponosor did rot vrovide power calculations to judge whether or not
Protocol 79-E-23 involved sufficient numbers of patients to rule out
clinically important differences between the effects of Betaxolol and

Timolol. However, assuming thai the standard deviation of 10P is 3.5 mmllg, as
observed, this reviewer finds that the sample size of 56 patients per group
provides adequate power (roughly 30%) to detect a mean dirference of 2 mmlig in
I0P at the 5% significance level.

The correction of these deficicncies would be helpful. However, this reviewer
does not believe that efficacy conclusions will be altered by any additional
or alternative analyses.

V. Conclusios (which may be conveyed to the sponsor)

The data from Study 79-E-11 demonstrated that Betaxolo! 0.25% significantly
reduced I0OP as compared to placebo in patients with glaucoma or ocular
hypertension. In Study 79-£-23, Timolol (0.5%) produced consistently greater
average reductions in IUP thar Betaxo!~1 (0.5%) during the 26-week follow-up
period, but the differences (approximately 1-2 milg) failed to reach
statistical significance at the 5% level.

In terms of systemic safety, Betaxolol and placebo were statistically
comparable in their effects on pulse rate and MAP (Study 79-E-1!); as compared
to Timolol, Betaxolol patients showed a smaller reduction in pulse and a
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