





























NDA 20-597 XALATAN™ 2

pigmentation if treated over a longer period of time with latanoprost. Of the 45 patients
who experienced an increase in iris pigmentation, only 21 were classified by the
investigators as having "haze!” eyes (6 were thought to have blue/green/grey eyes anc 18

to have brown eyes).

The percentages of latanoprost ard timolol patients, respectively, reporting symptoms and
events for various body systems iz as follows: cardiovascutar system {2.6% and 3.0%),
respiratory system (3.3% and 5.7%), infections {13.5% and 11.1%), gastrointestinal
system (2.6% and 3.8%), reproductive/urinary system (1.5% and 2.2%), central nervous
system (8.5% and 12.5%), skin/allergy (5.0% and 2.7 %), musculo-skeletal system (6.1%
and 4.9%), and “other” symptoms (5.6% and 5.1%). None of these system differences
were statistically significant (all p-values:>0.064). However, slightly more timolegl patients
experienced headache/migraine {7% compared to 3.5% for latanoprost; this is statistically
significant, p=0.027), which falls under the central nervous system. Also, slightly more
latanoprost patients experienced dysfunction/pain in muscle/joint/back {6.1% compared to
4.3% for timolol; this is not statistically significant, p =0.24), which is part of the musculo-
skeletal system.

No deaths occurred during the clinical trials with latanoprost (Phase | through Ill, including
the interim report). However, 5 deaths occurred during the extension of the Phase il
clinical trials {that is, during either Protocol 9200PG008, 9200PG009, or 8200PG0O10, but
after the interim report): 3 myoncardial infarctions, 1 stroke, and 1 lung cancer. The
sponsor states that these will be reported separately in the extended Phase ||| ciinical trial
reports which will be submitted to the FDA as a supplement to the NDA. The medical
officer will have to determine if this is acceptable, however | note thai the patient
population being studied is fairly old {the average age in the latanoprost cohort that
continued into the extension phase was 65.7 years old), and the safety profile probably
refiec:s this.

V. CONCLUSIONS (Which May be Conveyed to the Sponsor)

1. Latanoprost appears to be 2s effective as timolol in reducing diurnal IUP in patients with
both primary open angle glaucoma and ocular hypertension. In fact, when administered in
the evening, latanoprost appecrs statistically superior to timolol. Whether this difference is
clinically relevant will have to be determined by the reviewing medical officer.

These conclusions are supported by data from the 3 Phase Il trials, the U.S. study, the
U.K. study, and the Scandinavian study. The U.S. study shows that evening
administration of latanoprost is stutistically superior to timolol, with 2 85% confidence
interval for the difference in average diurnal I0P reduction after 6 months of treatment for
latanoprost minus timolol (using the per protocol group of patients) of {-2.23, -0.93). The
corresponding confidence interval for the U.K. study is (-0.65, 0.21), suggesting that
evening administration of latanoprost is equivalent to timolol in reducing diurnal 1OP.
However, if the two studies are combined they support the conclusion that evening
administration of [atanoprost is statistically superior to timolo! with 8 95% confidence
interval of (-1.51, -0.41). The Scandinavian study is somewhat different from the first two
as it used a cross-over design to compare morning and evening administration of
latanopros:. Treatment on timolol remained the same. Evening administration of
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latanoprost is statistically superior to morning administration of latanoprost in reducing
diurnal |OP at both the 3 and 6 month visit (p=0.008 and p = 0.002, respectively).
Evening administration of latanoprost is also statistically superior to timolol in reducing
diurnal IOP at the 3 and 6 month visit {(p=0.001 and p<0.001, respectively). Morning
administration of latanoprost is equivalent to timolol in reducing diurnal IOP at the 3 and 6
month visit (p=0.54 and p =0.08, respectivelyl.

2. No difference in response to latanoprost, as measured by IOP reduction, was observed
in any of the following subgroups in the U.S. study: gender, race, age, eye color, ocular
disease (POAG versus ocular hypertension), or duration of ocular disease. In the UK.
study, patients with hazel eyes responded better than patients with blue/green/grey eyes
(p = 0.006), but no other subgroup differences were observed. In the Scandinavian study,
no significant subgroup differences were observed when all latanoprost patients are
considered together. However, when considering patients in the latanoprost group that
received evening administration for the first 3 months and morning administration for the
second 3 months, patients aged 60-69 were observed to respond less well than patients
either <60 years or 2 70 years of age (p=0.04 and p=0.01, respectively). The
significance of the difference in respanse according to age is probably just a resuit of
multiple comparisons f{i.e., if we look at encugh subgroups, evantually we will see a
difference due to chance variablility alcnel since it is not replicated in the other latanoprost
group, and hence is most likely not clinically relevant.

3. Safety on latanoprost appears acceptable, and similar to timolo! with a few exceptions,
the most marked being the increase in iris pigmenta ion observed in certain latanoprost
patients. The three most common ocular adverse events in the patients trea ted for 6
months with latanoprost in the Phase Il studies were increased pigmentation of the iris
(6.7%), conjunctival hyperemia (3.9%), and punctate epithelial erosions (2.8%).

Increased iris pigmentation was observed in 7.2% of Phase Ill latanoprost patients, and in
16.3% of Phase Il latanoprost patients with hazel eyes (as defined by Pharmacia staff --
there is some concern whether clinicians will be able to pick out such “hazel” eyes). More
males than females with hazel eyes experienced this increased iris pigmentation (20.6%
versus 11.4%). In addition, a higher percentage of patients with green-brown eyes, versus
blue/grey-hrown or yellow-brown eves, were affected {57.9% versus 18.4% and 37.5%,
respectively).
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RECOMMENDED REGULATORY ACTION:

The data from 3 Phase lIl controlled. clinicai trials (Protocol 9200PG004 in the U.S.,
Protocol 9200PG005 in the U.K., and Protocol 9200PGO006 in Scandinavia) statistically
support the conclusion that latanoprost is equivalent to timolol in reducing diurnal IOP in
patients with primary open angle glaucoma and aocular hypertension. In fact, evening
administration of latanoprost appears statistically superior to timolol, in terms of reducing
diurnal IOP. Whether this difference is clinically reiavant will have to be determined by the
reviewing medical officer.

Safety of latanoprost is acceptable. However, patients should be cautioned about the
possible increase in iris pigmentation with extended use of latanop-ost.
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CLINICAL PHARMACOLOGY / BIOPHARMACEUTICS REVIEW

NDA 20-597 SUBMISSION DATE: 6/16/95
PRODUCT: Latanoprost St=.ile Ophthalmic Solution
BRAND NAME: XALATAN™ REVIEWER: Dan Wang, Ph.D.
SPONSOR: Pharmacia Inc.
7001 Post Road TYPE OF SUBMISSION: Original
Dublin, OH 43017 CATEGORY: 1P ,NME
SYNOPSIS

This submission consists of 5 study reports (three human pharmacokinetics studies). The
applicant has adequately studied the absorption, excretion and metabolism of latanoprost
(PhXA41). It was found that (*H)-PhXA41 and its metabolites were rapidly absorbed following
ocular administration of 3 pg/voiunteer. An estimated 77% of the dose entered the systemic
circulation. Renal elimination represented the major route of elimination (87.88 + 6.41%) with
the remainder recovered in faeces (15.31 + 3.56%). In vivo, CH)-PhXA41 was rapidly
hydrolyzed to the biologically active acid PhXA85 which had a short half-life of 16.6 min in
plasma. The mean Cmax value of PhXAS85 is 57 pg/mul. Compared to IV dose, the systemic
bioavailability for PhXA83 following ocular adrainistration was 45%. PhXAS85 was extensively
metabolized mainly through $-oxidation. Plasma concentration of PhXA8S from patieats who
had been treated with latanoprost during at least one year showed that there was no signs of
accumulation of the biologically active acid of latanoprost in plasma.

The bioavaiiability of the biologically active acid of latanoprost PAXA85 was also evaluated
in human aqueous humor. Human aqueous humor latanoprost concentrations after one eye drop
of latanoprost administration (1.5 ig/patient) at 0.5, 1, 2, 4 and 24 hours before surgery were
studied in 20 patients who underwent cataract surgery. The mean concentration (+8D) at around
0.5, 1, 2, 4 and 24 hours after topical administration of latanoprost are 5.7 (2.8), 18.7 (5.6), 32.6
(20.6), 29.0 (8.2) and 0.2 (0) ng/ml, respectively.

RECOMMENDATION

The applicant's Human Pharmacokinetics and Biopharmaceutics Section of NDA 20-597 is
acceptable for meeting the requirements of 21 CFR 320.21 and the applicable clinical
pharmacology laheliag requirement under 21 CFR 201.57. However, the comments (1) to (4) on
pages 4-5 to the »pnlicant should be adequately addressed.
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BACKGROUND
XALATAN™ (latanoprost), a prostaglandin F,a analogue, is a selective prostanoid FP receptor
agonist which reduces the intraocular pressure by increasing the outflow of aqueous humor.

Latanoprost is an isopropyl ester pro-drug designed to enhance the bioavailability in the eye.
Latanoprost is rapidly and completely hydrolyzed to the biologically active acid during passage
through the cornea by esterase presented in the cornea.

XALATAN™ is indicated for the reduction of elevated intraocular pressure in patients-with
open-angle glaucoma and ocular hypertension. It can also be used in combination with beta-
adrenergic antagonists (timolol), adrenergic antagonists (dipivalyl epinephrine), cholinergic
agonists (pilocarpine) and carbonic anhydrase inhibitors (acetazolamide) to achicve an additive
effect.

The recommended dose for adults is one drop in the affected eye(s) once daily in the evening.
The dosage of XALATAN should not exceed once daily since it has been shown that more
frequent administration decreases the intraocular pressure lowering «ffect.



Chemistry
Physical form: A colorless to slightly yellow viscous oil.
Chemical name:
CA Index name: S-Heptenoic acid, 7-[3,5-dibydroxy-2(3-hydroxy-5-phenylpentyl)

cyclopentyl}-i-methylethyl ester,[IR-[12(Z),2B(R*),3¢,5¢]]
Structural formula:
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Molecular formula: C,H,,0,

M-~lecular “.eight: 432.58

olupility: Practically insoluble in water (5mg/100ml), freety soluble in ethanol, octanol, and
very soluble in acetonitrile.

Partition coefficient: The partition coefficient (Log p) of latanoprost was determined in
octano)l/water at pH 7.4. Log p=4.3. :
pKa value of the acid of latanoprost: 4.88 (in 0.01 M KCl solution).

SUMMARY OF BIOAVAILABILITY/PK/PE
BIOAVAILABILITY (Single Dose)

The absoiption, excretion and metabolism of latanoprost were studied in a two way cross-over
study in four healthy male volunteers after single dose of [V and ocular administration of [13,14-
3H] Iabelled latanoprost ((CH)-PhXA41) (Study reports # 9400460 and # 9400107). It was
concluded that CH)-PhXA41 and its metabolites were rapidly absorbed following ocular
administration. An estimated 77% of the dose entered the systemic circulation. Renal -
elimination represented the major route of elimination with a small percentage being biliary
excreted. In vivo, CH)-PhXA41 was rapidly hydrolyzed to the biologically active acid PhXAS8S5
which had a short half-life of 16.6 min in plasma Compared to IV dose, the systemic
bioavailability for PhXA85 following ocular administration was 45%. PhXABS was extensively
metabolized mainly through §-oxidation.

BROTEIN BINDING

It was found that during the intravenous infusion (7.5 min), possibly equating to active



compound, binding to plasma proteins was approximately 90%. This decreased to about 62%
by 2.25 h afier the start of the infusion. Afier ocular administration a similar pattern was
observed to that of intravenous dosing, with binding of about 90% at 3 min post-dose decreasing
to about 72% at 2 h post-dose.

MULTIPLE DOSE STUDY

Plasma samples collected from ten patients who had been treated with latanoprost during at least
one year were analyzed by radioimmunoassay (RIA) and showed that there was no sign of
accumulation of the binlogically active acid of latanoprost in plasma. The maxima) plasma levei
obtained was around the quantification limit of the RIA method used (60 pg/mi) and similar to
the concentration obtained in plasma after a singlc dose administration in healthy volunteers.

BIOAVAILABILITY IN HUMAN AQUEQUS HUMOR

Human aqueous humor latanoprost concentrations after one eye drop of latanoprost
administration (1.5 pg/patient) at 0.5, 1, 2, 4 and 24 hours before surgery were studied in 20
patients who underwent cataract surgery. The mean concentration (SD) at around 0.5, 1, 2, 4
and 24 hours after topical administration of latanoprost are 5.7 (2.8), 18.7 (5.6), 32.6 (20.6), 29.0
(8.2) and 0.2 (0) ng/ml, respectively.

SPECIAL POPULATIONS

The age of patients and healthy volunteer. ranged from 47 to 86 years old in the study submitted.
The patients studied included both males and females. No gender analysis was conducted.

FORMULATION

Five formulations were used in clinical trials. (See Appendix 1)

COMMENTS (need not to be sent to the applicant):

The applicant indicated that the mean maximum concentration of the acid of latanoprost in
human aqueous humor was 33-34 ng/ml obtained 2.5 h after topical administration of 1-5 pg
latanoprost to the eye. owever, there is no explanation of how these values were obtained.

COMMENTS (need to be sent to the applicant):

1. In the proposed package insert, the applicant stated that there was practically no metabolism
of the acid of latanoprost in the eye. However, the metabolism of the acid of latanoprost was
not evaluated in the eye in studies submitted. The applicant shouid provide the information




3 lnthepmposedpncknsc insert, on page 6,’2ndpmagnph,itismwdthat "In man, the half-
life of the biologically active acid in plasma is approximately 17 minutes”. On page 29, 2ed
the applicant aiso states that "the balf-life of the biologically active acid in plasma

is approximately 10 minutes”. The applicant should correct this inconsistency-

4. Assay validation was not conducted st the Jevels of concentrations gtudied snd was not
submitted for each individuat study. The applicant should have provided the assay validation
or quality control data for each individual study at the jevels of drug concentrations studied

W

Dan Wang, PLD.
Pharmacokinetics Evaluation Branch m

First Draft initialed by F. Pelsor, Pharm.D. ;Nov.20.1995)
T initialed by F. Peisor, Pharm.D. =
Biopharm-Day _ngg._L.Jﬂﬁ_ (Attendees: N. Fleischer, H. Malinowski, ML. Chen, Wang)

cc: NDA 20-597 original. HFD-S4(Clinical, Chapman), HFD-880(N. Fleischer, Pelsor, D.
Wang), Chron, Drug, Reviewet, HFD-15(FOI), HFD-340(Viswanathan)
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Pharmacia

Pharme cri Ticals Uppsals

ZALATAN ™ Eye Drops 50ug/iml

CLINICAL TRIAL FORMINLAQ USED
Bhase ITI
FORMULA 1
1 ml contgins:
Active ; i
Latanoprost 35, 60, 115, 350ug

The vehicls has been used as placebo

FORMULAZ

1 ml contains:

Active | i

Latanoprost 125, 15, 25, 50°)ug
The vehicls has bean used as placsbo

*)  The final formulation contains latanoprost 50 ug.
**) The final formulation contains equivalent zmount of disodium phosphats
aphydrous, i.e. 4.74 mg.

02-00064
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Pharmacia

Pharmacedrticals Uppsaia

Modified formulations for nharmacokipetic - tvd ~inhumans

FORMULA 3
1 =zl contains:
A ctive | i
Latanopcost (13,14-3H radio hbdlod)}
Latanoprost 2

Latanoprost

FORMULA 5

1 ml contains:

Lastanoprost (13,14-9H radio I.lhollod)}
Latanoprost

10.5ug

40ug

02~00065
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TITLE: Tritium Labelled Latanoprost, ("H)}-PhXA41: A Study of The Absorption and Excretion
Following Ocuiar and Intravenous Administration tc Healthy Human Volunteers

STUDY NO: 9400460 (369/51) YOLUME: 1.42
STUDY DATE: Julv, 6, 1993 - July, 29, 1994. DATE OF REPORT: July, 29, 1994
OBJECTIVES:

1. To define the plasma and whele blood concentrations versus time curves for total radioactiviry
following ocular and intravenous administration of (*H)-PhXAd41 tc healthy male volunteers.

™ To describe the availability of ("H)-PhXA41 related material afier ocular administration.

3. To obtai:i a material balance by quantifying the urinary and faecal excretion of radioactivity.
4. To examine the pattern of metabolites in plasma, urine and faeces

5. To determine the extent of in vivo plasma protein binding of (*H)-PhXAd41 related material.

Ocular administration was selected as this is the proposed therapeutic i nute, while intravenous
administration was selected to assess the systemic availability.

FORMULATION: Formulation 5, Lot B 039307

STUDY DESIGN: An open Z-way cross-over study design was used to investigate the absorption,
metabolism and excretion of ("H)-PhXA41 in four healthy male volunteers following intravenous
infusion and ocular administrations. (*H)-PhXA41 was administered by intravenous infusion, a’ a
nominal dose level of 0.003 mg/kg body weight corresponding to a nominal radioactive dose of
100 uCi per volunteer at a dose rate of 1.6 ml/min over 15 min. (*H)-PhXA4! was administered
by the ocular route, at a nominal dose volume of 37 plieve (dose level 3 pg/volunteer)
corresponding to a nominal radioactive dose of 100 uCi per volunteer (1.5 ug and 50 uCi per eye.
The dose administered to euch volunteer was determined from the radioactivity present in the dose
equipment prior to dosing minus the residual radioactivity recovered from the dosing equipment
efter dosing. The dosing information was shown in Tables 7.} and 7.2.

Blood (9 mL or 16 mL) was sampled by venepuncture or by indwelling cannula of the ante-cubital
veins at the following times after dosing: 0 (predose), 1,3, 5, 10, 15,20 and 40 min, 1, 2, 4, 6,9,

12, 24, 48", 72* and 96* h post-infusion (* 9 mL blood collected at these time points). Additional
blood samples (16 mL) were collected at 7.5 and 15 min after the start of the intravenous infusion.
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Additional blood samples (9 mL) were collected at 120, 144 and 168 h post intravenous infusion
and at 120 and 144 h post ocular dose administration.

Blood samples were used for the measurement of total radioactivity and plasma protein binding
dutermination.

Urine and faeces were collected at the following ix:tervals after dosing:

Urine: 0 (predose,-12t090),0t02,2104,4106,61t09,91t0 12, 12 to 24, 24 to 36, 36 to 48, 46
to 72, 72 to 96, 96 to 120, 120 to 144 and 144 to 168 h post-dose

Faceces: 0 (predose, -12 to 0), 0 to 24, 24 to 48, 48 t0 72, 72 t0 96, 96 to 120, 120 t0 144, 144 10
168 h post-dose

Thirty minutes afier the ocular dose, each volunteer had the surrounds of his eyes gently swabbed
to remove any residual radioactivity which may have leaked from the eye. The radioactivity
present in samples of urine, faeces and eye wash was determined.

DATA ANALYSIS: Non-model dependent pharmacokinetic evaluations of plasma and blood
radioactivity data were performed to determine terminal half-life (t,,), AUC values (AUC,,,
AUC, ), Cmax and tmax,

RESULTS:

1. Specific radioactivity

The mean specific radivactivity of each formulation was determined using the mass data supplied
by the applicant and radioactivity content determined at HE. Values for the intravenous and ocular

formulations were 18.18 MBg/mg (491 .4 uCi/mg) and 1219.0 MBq/mg (32947.2 pCi/mg)
respectively.
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2. Blood and plasma radioactivity profiles

Dose informatiun, blood and plasma radioactivity, concentration profiles and PK parameters are
summarized in Table 7.3 to 7.10. Mean concentrations of radioactivity in the plasma following IV
and ocular administration are shown in Figures 8.1 and 8.2. At the end of an intravenous infusion
of CH)-PhXA41 for 15 minutes, at a nominal flow rate of 1.6 mL/min, a mean blood radioactivity
level of 7.46 = 1.01 ng equivalents of ("H}-PhXA41/mL was determined. The corresponding
concentraticn in piasma wa: 12.43 + 2.01 ng equivalents of ("H)-PhXA41/mL. Thereafter levels
declined ir a biexponential manner such that radioactivity was not detected in blood beyond 4 h
(with the exception of volunteer 002M where radioactivity was stili detected at 6 h post-dose)
while levels were still detected in plasma up to 6 h after the infusion (except 002M where
radioactivity was still detected at 9 k). The initial phase half-lives were 0.19 + 0.22 h (blood) and
0.24 + 0.i7 h (plasma). The terminal elimination half-lives for radioactivity were 1.60 = 0.55 h
(blood) and 1.47 + 0.32 h (plasma). Mean areas under the blood and plasma concentration time
curve (AUC) were 11.55 + 0.70 ng equiv.i/mL and 20.20 £ 2.93 ng equiv.h/mi respectively.

Following a single ocular administration of {*H)-PhXA41, blood and plasma radioactivity
concentrations reached maxima of 0.039 £+ 0.010 and 0.064 £ 0.01 ng equivalents of
(*H)-PhXA41/mL respectively within 40 min post-dose. Thereafter levels declined rapidly suci:
that radioactivity was not detected beyond 12 h post-dose (blood) or 6 h post-dose (plasma).
insufficient cata points were present to enable the half-lives of the initial elimination phase o be
calculated., The mean terminal elimination half-lives were 2.21+ 0.71 h(blood) and 1.84 +0.13 h
(plasmaj and tii : corresponding area under the blood and plasma concentration time curves (AUC)
were (.11 + €.02 ng equiv.h/mL and 0.17 £ 0.03 ng equiv.h/ml respectively.

3. Excretion of radioactivity

Urinary and iaecal excretion data are listed in Tables 7.11 to 7.20, and mean urinary and faecal
excretion of radioactivity following [V and ocular administration is shown in Figures 8.21 and
8.26. The extent of tritium exchange was investigated in selected samples of plasma and urine,
after freeze drying. Results indicated that the extent of tritium exchange was less than 10% and
therefore no further work was necessary.

Within 168 h of a single intravenous infusion of *H)-Ph¥A41 for 15 minutes, a mean of 114.50 +
0.51% of the radioactivity administered was recovered, principally in urine (98.31 = 1.72%). Most
radioactivity was eliminated in urine by 12 h post-dose, but continued at low levels thereafter.
Faecal elimination of radioactivity accounted for 16.19 + 1.99% of administered dose. Most
radioactivity was excreted in facces within 72 h of dosing, although small amounts were still being
eliminated from volunteers 002M and 003M at 168 h post-dose.

After an single ocular administration of CH)-PhXA41, a mean recovery of 103.5 + 8.95% was
achieved. Radioactivity was predominantly renally eliminated (87.88 + 6.41%) with the
remainder recovered in faeces (15.31  3.56%) and eye washes (0.32 £ 0.23%). Excretion of
radioactivity in urine was essentially complete within 24 h, although low levels of radioactivity
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were still detected in all subjects at 96 h (0.12 + 0.03%). The majority of radioactivity eliminated
in the faeces was recovered within 72 h of dosing, with radioactivity not detected beyond 96 h
post-dose in 2 out of tour volunteers (001M and 004M). Protracted faecal elimination was
observed for volunteers 002M and 003M, where low levels of radioactivity (< 0.09%) were still
detected at 144 h and 168 h respectively.

4. Protein Binding

Protein binding data in plasma following IV and ccular administration are shown in Tables 7.21
and 7.22. Binding of radioactivity was shown to decrease with time after both intravenous and
ocular administration.

During the intravenous infusion (7.5 min), possibly equating to active compound, binding to
plasma proteins was approximately 90%. This decreased to about 62% by 2.25 h after the start of
the infusion.

After ocular administration a similar pattem was observed to that of intravenous dosing, with
binding of about 90% at 3 min post-dose decreasing 10 about 72% at 2 h post-dose.

5. Adverse events

During the course of the study no adverse events were recorded.
DISCUSSION AND CONCLUSION:

The blood and plasma profiles and routes and rates of excretion of radioactivity have been
investigated in healthy male human volunteers following single ocular and intravenous
administrations of (*H)-PhXA41 at nominal dose levels of about 3 pg/subject (ocular) and about
210 pg/subject (intravenous). In addition, the extent of plasma protein binding has been evaluated
after intravenous and ocular administration.

(’H)-PhX A41 and/or its radiolabelled metabolites was rapidly absorbed following ocular
administration. Comparison of the ocular and intravenous AUC data indicated that the maximum
systemic availability was about 77%, assuming no route dependent differences in metabolisr
while urinary data would suggest that the extent of absorption was about 88%.

Radioactivity was predominantly cleared by renal mechanisms, although the protractcd faecal
elimination of radioactivity in two of the four volunteers after ocular dosing suggests that PhXA41
and/or its radiolabelled metabolites may undergo biliary excretion to a smalil extent. This is
evidenced by the appearance of radioactivity in the facces after intravenous administration.

in conclusion, (*H)-PhXA41 and/or its radiolabelled metabolites were rapidly absorbed following
ocular administration to healthy male volunteers. Renal elimination represents the major route of
excretion of radioactivity after both intravenous and ocular dosing. There was evidence to support
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biliary excretion of ("H)-PhXA41 and/or its radiolebelled metabolites.
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TITLE: The metabolism of tritium Labelled Latanoprost in healthy male volunteers after a single
intravenous or topical administration on the eyes

STUDY NO: 9400107 (369/51) YOLUME: 1.43

DATE OF REPORT: Dec., 29, 1994
OBJECTIVES: To examine the pattern of metabolites in plasma, urine and faeces

$1-JDY DESIGN: This is an analysis of urine, plasma, and feces sampies from healthy volunteers
in rtudy 9400460.

DATA ANALYSIS:

The concentration of PhXA85 in plasma was calculated from the total radioactivity in the sample
multiplied by the percentage of PhXA85 ohtained from the run divided by the volume
multiplied by the specific activity of the administered PhXA41. According to the following
formula:

c= PxR
UxSx60x100

C = concentration of PhXA85 ug equivalent/ml

P = percentage of PhX.A8S in the chromatogram
R = total radioactivity in the plasma sample (dpm)
V = sample volume (ml)

S= specific activity of PAXA41 (Bq/pg)

The plasma data obtained were analyzed by a non-compartmental model to obtain the AUC and
elimination half-life. From the given dose and AUC the plasma clearance was estimated
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{Cl=dose/AUC). The volume of distribution was estimated as V=Cl/elimination rate constant.
The used model (mode! 200) uses the trapezoidal rule and linear regression to estimate the AUC
and elimination rats constant.

RESULTS:
1. Metabolic profiles in plasma

Plasma samples collected within 35 minutes after the start of the intravenous infusion and within
40 minutes after topical administration contained measurable amounts of radioactivity fo
chromatography with on line radiochemical detection from individuals. The plasma samples
collected between 40-120 minutes after intravenous administration were pooled to one sample
from the four individuals at each time point. Latanoprost was completely hydrolyzed in plasma.
The only significant radioactive component in plasma during the first hour after administration had
a retention time in the chromatography system equivalent to PhXA8S5. [t is evident that
PhXA8S was measurable in pooled samples 40 and 60 minutes after intravenous administration
but not after 120 minutes.

2. The pharmacokinetics of PhXA85

From the total radioactivity and the chromatograms the concentration of PhXA85 was
calculated (Table I and II}. In figure 13 the mean plasma elimination curve of PhXAB8S5 after
intravenous and topical administration on the eyes are presented. The pharmacokinetic parameters
calculated for PhXA8S5 atier intravenous administration are presented in Table III. The plasma
elimination half life of PhXA85 was as a mean (n = 4) found to be 16.6 + 0.9 minutes, the plasma
clearance 0.40 = 0.04 L/h*kg and the volume of distribution 0.16 + 0.02 L/kg. After topical
administration on the eyes, mean plasma concentration values of PhXA8S from 3 individuals were
used to calculate the pharmacok’netic parameters due to sparse data, see table I'V. The maximal
plasma concentration 53 pg/mi was obtained 5 minutes after administration. The plasma
elimination half-life was 17 minutes. The systemic bioavailability for PhXA85 was 0.45 (45%)
calculated as

(AUC,,, /dose, J(AUC, , /dose,,) = (0.0337/2.27)/(7.15/216) = 0.45
3. Metabolites in urine and faeces

In the mass balance study (study 9400460) it was found that the major part of the radioactivity
administered was recovered in urine both after intravenous as well as after topical administration.
The excretion in urine was nearly completed during the first 24 hours after administration. The
two urine samples from each person containing most radioactivity were analyzed. In figure 14
urine samples were run on in gradient 4 to investigate if any PhXA41 was present. This
figure shows the absence of both PhXA41 and PhXA8S in all four volunteers in the first urine
samples collected after intravenous administration. Further separation of the metabolites in urine
using gradient 1 showed that the metabolites more polar than PhXA85 were present in every urine
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sample. There was no obvious qualitative difference in the metabolic pattern after intravenous and
topical administration. However, quantitatively the most polar metabolites constituted a greater
share of the radioactivity profile after intravenous compared to after topical administration. The
least polar metabolite had a retention time equivalent to 1,2-dinor PhXABS. The
1,2,3,4-tetranor-Ph X A8S5 has a structure that easily forms a 8-lactone, that means an internal ester
between the carboxylic group and the hydroxyl group on carbon § (=carbon 9 in PhXA85). There
is an equilibrium between the acid and the lactone. In HPLC gradient 1 the acid had a retention
time of around 21 min and the less polar lactone 28 min.

The major metabolites in human urine after topical administration chromatographed as
1,2-dinor-PhXA85 and 1,2,3,4-tetranor-PhXA8S5 in the form of acid in equilibration with its
corresponding §-lactone. The 8-oxidation metabolites, 1,2-dinor PhXAS8S5 and 1,2,3,4-tetranor
PhXA8S5, amounted together to about 42% of radicactivity in the metabolic profile after
intravenous administration and to 66% (range 57-73%) after topical administration.

To investigate if the more polar metabolites were glucuronic acid or sulfate conjugates, urine
samples collected 0-2 h after the end of the intravenous infusion of latanoprost, were incubated
with glucuronidase and sulfatase. HPLC chromatograms of the same urine incubated with and
without glucuronidase are presented in figure 24. The peaks with retention times 7.7 and 11.9
minutes decreased and those with retention times 26.1 and 28.9 minutes increased. These data
indicate the presence of a glucuronide conjugate of 1,2-dinor-PhXA85 (retention time for
1,2-dinor-PhXA8S5, 28.9 min) and at least one unknown glucuronide conjugate. No further
changes in the chromatographic profile were observed after incubation with arylsulfatase. The
applicant indicated that possible polar metabolites could be formed through hydroxylation and
conjugation in the w-chain in combination with B-oxidation in the a-chain of PhXA85. However,
due to the small amounts of material present and lack of reference standards no further
investigation were performed on these metabolites.

About 15% of the total radioactivity administered was found in faeces. One of the two metabolites
was judged to correspond to |,2-dinor PhXA85. The 1,2-dinor PhXA85 metabolite amounted to
about 45-60% after intravenous administration and to 7-23% after topical administration. Another
prominent very polar metabolite was present. This metabolite was not identified. The major
metabolic pathways are presented in figure 28. The facces samples from the volunteer 001M was
not analyzed due to technical problems to process the sample.

DISCUSSION AND CONCLUSION

Fromn studies in human piasma it has been shown that ester hydrolysis of latanoprost (PhXA41)
occurs rapidly and completely and the biclogically active acid of latanoprost (PhXAB85) is thus
formed. PhXA4] acts as a pro-drug to enhance the penetration through the cornea.

In plasma PhXA8S5 disappeared rapidly both after intravenous and topical administration. The
systemic bioavailability of PhXA8S after topical administration was around 45%. The piasma
clearance of PhXA85 was high, mainly due to liver metabolism, thus no PhXA85 was recovered in
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urine. The volume of distribution for PhXA85 was small and the plasma elimination half life was
short and similar afier intravenous and topical administration. The only prominent radioactive
peak in the human plasma samples was the one corresponding to PhXASS.

The in vivo plasma protein binding of PhXA85 in 1nan varied between 62-90% studied by
ultracentrifugation (study 9400460).

In man the majority of the radioactivity, following both ocular and intravenous administration, was
recovered in urine. About 15% of the dose was recovered in faeces. The faeces excretion after
intravenous administration indicates biliary excretion.

No latanoprost or PhXA8S were found in urine or faeces. The metabolic pattern of the urine
samples contained several peaks. The most lipophilic compound was identifi=d as 1,2- dinor
PhXAR8S. Another B-oxidation metabolite identified was 1,2,3,4-tetranor PhX.A85 present both as
free acid and as the 8-lactoi:e. After topical appiication of latanopros:t these metabolites in urine
amounted to about 66% of the radioactivity. The remaining part of the radioactivity was divided
into several more polar metabolites. One of these seemed te be a glucuronic acid conjugate of
1,2-dinor PhXA85. Two compounds predominated in the facces samples. One chromatographed as
1,2-dinor PhXA8S5 and the other was a very polar metabolite not identified.

In conclusion, in man latanoprost (PhXA41) was rapidly and completely hydrolyzed to the acid of
latanoprost (PhXA85). The topically applied drug was partly absorbed into the systemic
circulation. The plasma elimination half life of PhXA85 was shon, the clearance high and the
volume of distribution was small. The metabolites were mainly excreted into urine. The major
metabolic pathway was B-oxidation of PhXA85.
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Table] Individual end mean values of the caleulatsd concentrations of PhXASS

in plasms after intravenous sdministration of PhXA41 (3 ue'kg).

Time PhXAAS ng wghal
min Subject 80,
00IM o0 oM oM

Maan 2 8D,
ag eg/ml

i

r—-

gfelsBEE

= male
= not detactad
= pool of four individuals (001.004M)
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Teble I Individual and mean valucs of the caleulsied concentrations of PhXASS
" in plasma aRtar topizal administration of PhXA43 on the eyes (1.5 pgieye)

Time PRXAMS ny og/ml Maar 2 8.D.
mia Scljact no. Pg og/ml
001M 00M COIM* OdM

1

3

5

10

15

b\

&

a

® = Statistical outlier, not included in tha calnlations.

. M a male
nd = not dstected
na = not analysed
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Table IT Pharmacokinetic parameters of PhXASS in plasma after intravenous

administration of PhXA41 to four heslthy male voluntesrs using PCnonlin,
model 200 or by hand using the squations statad below.

Subjact 001M oM ooaM | ooaM Mean
{(mwd)
]
1 1 | ] 1 1 J

Tmaz was reached at the snd of the infusion

tys = eliminstion hall-life (time : 0.4-3 h)

AUC = area under ccrve, is calculated by the trapezoida) mathed
Clp = plasma clearence, dose/AUC

v = volume of distribution, Clp/k

k =

slimination rate constant

Table IV Pharmacokinetic parsmeters of PRXABS in plasma sfter ocular

administration of PhXA41 to healthy male volunteers.
Mean plasma concentrations were used. Caleulated by PCnonlin,
model 200 er by hand using the equations stated below.

Route Topical (nel)

Weight (kg) 183324
1_Doss (ugindividual) 2275018
_Cmax (pg eg/ml) B

Tmaz (min) 5
|t (mdn) 17

AUC (pg sqeb/ml) 331

Clp QL/heky) 0.88

Vakp 0.9

tyg = elimination half:life (time : 0.4-3 h)

AUC

Ch
v

k

= ares under curve, is ealeulated by the trapezoidal method
= plasma clearence, deso/AUC

s velume of distribution, Clpk

s slimination rats constant
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Figure 13A Mean plasma concentration of PhXABS following an intravenous
infusion of [SH]-PhXA41 ut a nominal dose level of 210 ug/subject.
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Figure 13B Msan placma conocantrations of PhXASS following a single ocular
administration of [SH]-PhXAA1 at a nominal dosa level of 8 ug/subject
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B. Enzymatically treated urine

5 10 15 20 25 30 35 40 45
Time (min)

chromatogram of a 0-2 h uwrine sample in gradient 1.

B. The same urine sample as above after ensymatic hydrolysie with

f-glucuronidase The two polar compounds with retention time
7.7 min and 119 min decreased, whils two less polar peaks with
retsntion time 96.1 and 33.9 min (1,3-dioor?hXASS) increased.
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1.2-dinor-acid of latanoprost (1,2-dinor-PhXARS)
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Figure 28 The maizholem of latanoprost in man.
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TITLE: Bioanalysis of the acid of Latanoprost by radioimmunoassay in plasma from patients
STUDY NQ: 9400109 (KPO/GLAU 9408)

YOLUME: 1.43

DATE OF STUDY: Week 24 - week 26, 1994 DRATE OF REPORT: Oct. 28, 1994

OBJECTIVES: To investigate if PAXAS85 could be analyzed by in human plasma in the
clinical situation.

FORMULATION: Formulation 2. Lot B 099308

STUDY DESIGN: Blood samples were collected from patients in "A six-month open-label study
with PhXA41 in patients with open angle glaucoma or ocular hypertension. A multi-center study
in Scandinavia, CTN 9200PG009". The patients in this study had previously been involved a1 "A
six-month randomized, double-masked comparison of PhXA41 to timolol in patients with open
angle glaucoma or ocular hypertension. A multi-center in Scandinavia, CTN 9200PG006".

Ten patients were included in this study: 601-H.B.. 602-A.J, 603-E.S., 608-M.L., 611-G.J.,
632-0.F. from Department of Ophthalmology, University of Umea and 703-K.B., 704.8.0.,
709-N.K., 715-1.F. from Department of Ophthalmology, University of Uppsala. Two of the
patients from Uppsala received Latanoprost Eye Drops on one eye, 1.5ug/day. The other patients
obtained Latanoprost Eye Drops on both eyes 2 x 1.5 pg/day (one drop = 30 ) of 50 pg
PhXA41/ml). For patient data see table 1. These patient had been treated daily with latanoprost
for at least one year before blood was collected for this study.

A heparinized cannula was inserted into a vein in the bend of one arm. A zero sample was

collected just before administration of 30 ul Latanoprost on each eye with a micropipette. Further
blooa samples were collected 5, 15, 30 and 60 minutes after administration of the eye drops.
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RESULTS:

The results of the analysis of the acid of latanoprost, PhXA85 in the Fuman plasma samples by

are presenied in table II. In 4 individuals a Cmax value of 32, 45, 54 and 67 pg/ml plasma
(mean 55 pg/ml) was observed S - 15 minutes after administration. These peak values were above
the detection limit but only one (67 pg/ml) was above the quantification limit. One patients had
concentrations in single plasma sample close to the detection !imit and the other 5 patients had
plasma levels below the detection limit of the RIA method. 1t is interesting to notice that among
the 4 patients who had plasma concentrations above the detection limit patient 703-KB was one of
the two patients who had only half of the dose (1.5 pg) of the rest of patients.

DISCUSSION AND CONCLUSION:

In a study (Report # 5400460) in 4 healthy male volunteers a single administration on the eyes of a
clinical dose (1.5 pg/eye = 3 pg) containing tritium labelled latanoprest as a tracer, gave a
maximal plasma concentration of 53 £+ 6 pg/ml (mean + S.D.) of the acid of latanoprost 5 minutes
after topical application. In this clinical study on patients the sensitivity of the was limiting
for the possibility to obtain reliable plasma values of the acid of latanoprost. However, the mean
value obtained from the 3 patients with the highest plasma concentrations was 55 pg/ml in good
agreement with the study with radioactive latanoprost in the healthy volunteers (53 pg/ml). These
sparse data, thus confirms that there is no systemic accumulation of the biologically active acid of
latanoprost in plasma in the clinical situation after daily administration of latanoprost to patients
during one year. Thus the Cmax value obtained in the healthy volunteers after a single
acdministration is rzslevant in the clinical situation and could be used to evaluate the safety margin
in reiation to the toxicological studies.
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Table I  Plasma levels of the acid of latanoprost (PhXASS) measured
after topical administration of latanoprost

Conocsntraticos pg/ml
Patient Dose | Omin  Smin  18min S0min GO min
L

F 608-ML 3 ]
| F 603 ES 3 )

F 703-KB 1.5

M 601-HB 3

M 704-80 3 — __

M 611-GF 3 - _

M 708-NK 3 - -

M 632-QJ 8

F 715-IF 1.5

M 602-AJ 3

NOT TO BE COPIED

* NS = No sample
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IITLE: Bicavailability of latanoprost; examination of the aqueous humor after topical application
to patients undergoing cataract surgery

STUDY NQ: Report # 9400503 (KPO/GLAU 9408) & Report # 9400108 (KPO/GLAU 9409)
YOLUME: 1.43

STUDY DATE: May 1994 - Feb. 1995 DATE OF REPQRT: April 4, 1995

OBJECTIVES: The primary objective was to measure the concentration of acid of latanoprost in
aqueous humor 30 min and 1, 2, 4 and 24 hours after topical administration of a single drop (30
ul) of latanoprost [50 pug/ml] to the eye. The secondary objective was to follow the safety
variables.

EORMULATION: Eye drops latanoprost, [50 ug/ml], 30 pl administered once before cataract
surgery. Formulation 2. Lot B 029301

STUDY DESIGN: The study was designed as an open study comprising 5 groups with four
Fatients in each group. The age of patients ranged from 47 to 86 with mean of 69.3. Seven (7)
males and 13 females were included. The patients were about to undergo cataract surgery during
which aqueous humor could be sampled. Before surgery the patients were treated each with one
drop of 30 ul latanoprost [50 pg/mi]. Each group was to have latanoprost administered at a
specific time: 30 min, 1, 2, 4 or 24 hours before aqueous humor sampling. The 4 and 24 hours
sampling were performed only if acid of latanoprost was detected in the samples taken 2 hours
after topical administration. Due to a mistake, six 2 hours samples were collected while only two
24 hours samples were collected.

DATA ANALYSI!S: The pharmacokinetic calculations were performed by graphic reading from a
manual plot. Cmax, Tmax, and the rate constants for the absorption (ka) and elimination (ke) for
the acid of latanoprost in aqueous hwi..or was estimated and the corresponding t,, calculated.

RESULTS: The concentrations of the acid of latanoprost obtained in kuman aqueous humor at
different times after administration are presented in Table I, and Figure | ard 2. The mean
concentr=tion (xSD) for groups 1 to 5 are 5.7 (2.8), 18.7 (5.6), 32.6 (20.6), 29.0 (8.2) and 0.2 (0)
ng/ml, respectively. For group 5 (sampling at 24 hours), patient #19 had a concentration value of
0.2 ng/ml and reported concentration for patient #20 was <0.2 ng/ml. [t was also reported that the
loss of latanoprost at administration was 20 ul for patient #20. Thus the only value obtained at 24
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hours was 0.2 ng/ml for patient #19. Based on these data, the applicant estimated the ka and ke
values and the corresponding half-lives by manual graphic calculation. The ka value was
estimated to be 0.87/hr and thus the absorption half-life was 0.6 hour. The elimination rate
constant, ke, was 0.25/hr and thus the elimination half-life is 2.8 hour of the acid of latanoprost in
aqueous humor. From Figure 2, it is observed that except for one point at 24 hours, no other
points were collected during the elimination phase. Therefore the calculation of the PK
parameters was heavily relied on the single point at 24 hours. This makes the PK parameter
estimation not reliable. More data between 4 and 24 hours are need to obtained reliable estimates.

Safety of the treatment was evaluated. The applicant concluded that all patients experienced
adverse events which were related to and expected from the cataract surgery, with conjunctival
hyperaemia, subconjunctival bleeding and corneal cedema as the predominant findings. No event
was regarded as related to latanoprost treatinent. There was one report of an elevated 10P which
was reported as serious. This patient later recovered completely from the event.

DISCUSSION AND CONCLUSIONS:

Based on this study, the applicant indicated that the mean maximum concentration of the acid of
latanoprost in human aqueous humor was 33-34 ng/ml obtained 2.5 h after topical administration
of 1.5 ug latanoprost to the eye of sampling. However, there is no explanation of how these values
were obtained.

The applicant also indicated that in a similar study of the bioavailability of timolol into human
aqueous humor the concentration of the timolol eye drop administered was 100 times higher than
the latanoprost eye drop concentration is this study. The mean maximum concentration obtained
of timolol in aqueous humor was 554.6 ng/ml and for the acid of latanoprost 33-34 ng/ml. After
adjusting for the dose the bioavailability of latanoprost in the human aqueous humor was more
than 10 times higher than that for timolol.

The applicant aiso stated that in receptor binding studies of the acid of latanoprost to cell
membrane preparations from bovine corpora lutea, containing FP receptors, the concentration of
unlabelled latanoprost acid needed to inhibit 50% of the binding of the tritiated ligand was found
to be 2.01x10*M. During at least the first 4 hours after administration of a clinical dose of
latanoprost to patients the concentration of the acid of latanoprost in aqueous humor was 10°*-10"
M that is in the range of the IC,, value cbtained in corpora lutea or higher.

In conclusion, this study shows that the acid of latanoprost is availatle iri human aqueous humor.
The peak concentration was obtained about 2 hours after topical administration of 1.5 pg
latanoprost to the eye of study. The aqueous humor concentration had dropped to less than 1% of
the peak concentration 24 hours after the adrinistration. The concentration obtained in aqueous
humor were similar between 1-4 hours after administration and in a concentration range that in
vitro has been reported to interact with the prostaglandin FP receptors.
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7. TABLES

Table 1 The concentration of the acid of latanoprost (PhXA85) in human
aqueous humour at diffsrent timzs aflar lopical administration of 30 ul
sye drop with a concentration of 50 ug/ml latanoprost (dose 1.5 ;g)

Protocol dme | Actusl ime | Concentration ag/m] |

T

TR

& shd @ a0 AMALE ] | . |

4 42min |

* Loss of latanoprost at administration, 20 ul in patient 20 and an unknown smount
in patient 11.
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Figurel Concentrations of the acid of latanoprost are presented. Individual data
at real sampling times § snd mean concantrations at protocol
sampling times —j— are shown (compare Table I)
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TABLE 7.1

Coses of (’H)-PhXA4] administered to male volunteers by
intravenous infusion at a nominal dose level
of 210 ug/subject

Sobyact numper Ragroact: ”rt..rc .'1’”“".'“ .:‘.";'n‘l“u:.;?.t: ';:;f::: ‘
ogIm
ocm
ekl
20av
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TABLE 7.2

Doses of (’H)-PhXA4]l administered to male volunteers
by the ocular route at a nominal dose level
of 3 pg/subject

Supject numoar Radroae "(‘u,ﬁ ‘l)um nisteres .::-‘-'u:t: 'c'f.ct l[l:c '.:.,(n_‘_':_cl:\l
oo
acm
opyu
00em
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TABLE 7.3

plasma radigactivity pharmscokinetic parameters following an
{ntravenous infusion of (*H)-PhXA41 to male voluntesrs
at & nominal dose level of 210 ky/suidject

Subject Cor oe t, A, AuC, .
number ing a0 _w) (M g him ng him
Q01N
oom
oom
004n
Nean 1243 1.47) .37 -0 (-
0.3
30 1.007 0.)8 .M 1.930
{0 110

Valuen 1n Braciats refer te th entimgted sver thy 1Ait1d) phase (e te | N}
* paor carralation coefficient for tmiy half-l1fs sstimstion
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TABLE 7.4

Dlood radicactivity pharmacokinetic parameters following an
intravenous infusion of (*W)-PhXA41 to male volunteers
at 2 nominal doss level of 210 gg/subiect

| - L, A, e,
Subject number o 0 e} " ng nrmL ng n/m
DoIm
00w
00
004N
“aan T.48) 1.400 10.17 11.5§
(0. 149}
30 1 006 Q.54% 0.8% 0.704
{0 217}

valuas 1A brachats refer to th eatinaled avar thy 1MiLise) phase (Wb t9 ) A}
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TABLE 7.5

Plasma radioactivity pharmacokinetic parameter: following a single ocular )
administration of ('H)-PhXAdl to male volunteers
at 2 nomina) dose leval of 3 ug/subject

Subject e I... t, Time range M, &C. .
number (NG eQu‘tv/m} {") ) L ng nim LIRS

LML)
002
kL]
Q04N
Haan
50 0.0Ll8 3 246 0134 Wi 0 02! 302t

NA = Not aoplicable
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Wministratign of ("R)-Phxaq) to maje volunteeps
3t 2 noming) dose leye! of 3 H9/subject

Subjact [V M L.

Sumbgr MY eguryrm ; (nt —-ﬁ_____L:P__g NG nre
Goim
Gozm

Timg réngy
{h

3w

Clam
M—ﬁ
L T

_— 50 4 0097

2 080 372

NA
NA » agg wpiicable

[

a4 022
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TABLE 7.7

Plasma concentrations of radioactivity following an intravenous
infusion of (’H)}~PhXA4l to male volunteers at a nominal
dose level of 210 ug/subject

ng equ -alents of (‘n)-PRaadl ym

Time 4L Lo 00Im pLIL] Mean 50

Pragute L] ND L 1] ND ()] NA

-] o -~ N e
¥

[F
]
48 n
nn
$6 h
120 h
LT

188 n

ND w Not cetectec
MA = Wot anplicable
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TABLE 7.8

Blood concentrations of radioactivity following an intravenous infusion
of ['H)=PhXA4] to male volunteers at a nominal
dose lavel of 210 ug/subject

ng aquivalents of (‘m|-Palkd] smg

Timg coim tozm paIm S4m Hean 1]

Precoae
*?im
on
I m
Y
m
W0m
15 m
M m
40 =
]
in
L
6n
in
in
Han
L]
nh
S h
120 n
144 h
& h

N0 = Mot detscted
A v gt applicable
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TABLE 7.6

Plasma concentrations of radicactivity following 8 single ocular

sdministration of (M)-PhXA4] to male volunteers at a nomingl

dose level of 7 ug/subject

ng %y valenty of

BLTRELT VT LS

T i mg

OCim

Com

Lo lal
SN

004m

Ngar

50

Praogis
)
im
Sm

om
15m
Wm
o m
1n
ihn
an
En
ghn
Zn
un
“wn
mn
% n

ND = Mot cetacten
NA » Mot applicsble
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TABLE 7.10

81o0d concentrations of radioactivity following a single ocular
administration of ('H)~PhXA4l to male volunteers at & nominal

dose level of 3 ug/subject

ng ed.tealants of lei-PRRid) pm

Tine tilm tozm [T&L} 23em

52

Preaose
1w
im
T m
1tm
15 ™
W0m
a0 m
1n
)
an
§n
9hn
i2n
FL L]
1.
n
| L
1on
144 n

N0 = Mot detectsd
NA = Mot spplicable
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TABLE 7.1]

Recovery of radicactivity following an intravenous jnfusion
of (°M)-PhXA4l to male voluntesrs at a nominal
dose level of 210 ag/sudbject

Percent of administered 003s

Tizsue LIL) oom GO 00an maan 50
urine §h.60 95.79 99.6° 99.14 95.11 1.719
Fasces 16 41 14.92 14.50 14.94 i6.19 1.991
TOTAL 115.1 a7 114 } tid.1 114.5 0.812
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TABLE 7.12

Urinary excretion of radioactivity fﬁl!wing an i{ntravenous infusion

of ('H)-PhXA4]l to male volunteers it 8 nominal
dose lave) of 210 ug/subject

Percert of soministersc OO%R

Ci.w 0om 003n 00ém L TR 50

laa
158

L}

TOTAL

L L0 ] 579 " &l 96 1< L. N At

ND = %ol Gatected

A = Mot apolicadle

06-00120



NOT TO BE COPIED

- B13 - HE Study n 7/

TABLE 7.13

Cumulative urinary excretion of radicactivity following an intravenous
infusion of (’N)-PhXA4l to male volunteers at a nominal
dose Yevel of 210 ug/subject

Percant 2 aOmiri3iEren 00U

Time 001m Loz b1 Jaam “n

Pregose

“wn
Rn
96 n
n’on
144 n
i n
TOTAL 98 &8 9% 1 9% 4! &6 18 ¥4 31
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TABLE 7.14

Faecal elimination of radiocactivity following an intravenous infusion
of (’H)-PhXA41 to male volunteers at a nomina)
dose level of 210 ug/subject

Parceny af somrnisteryo Cose

Go2m (1L} QGam ngan 50

Timg 001IM

Precose
ithn
B n
7
9% »
10 m
14 »
168 n
ToTAL 6 18.92 T

o 1819 1.991

ND = Mot cetectwo
NA » MOt applicable
RS » Ro 2emple
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TABLE 7.15

Cunulative faecal elimination of radtoactivity foliowing an intravenous
tnfusion of (‘H)-PhXA4l to male volunteers at a nominal
dose Tevel of 210 gg/subject

Fercent of agminigtered dosa
Time L obin AL Goan nean

Pracose

HR

an

L

" n

-]

HTI

H

TOTAL 8.4l u.n 1450 14.94 [LNE
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TABLE 7.18

of radicactivity following & single ocular administration
of ('M)-PhXA4]l to male voluntoers at s nominal
doss level of 3 xg/subject

Percent of s@mIniatavred Gese

Trasue ooin on o0 -] Mgen 0
uring | LI ¢ $n n.w .1 .8 § 404
Fascr 1314 w.n 1.4 15.38 15,31 1.55
[ys wash 0.494 0.4 b.%07 0.018 e.ns 0.3
Tota! " IR | %77 1e.s 100§ [ LH
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TABLE 7.17

Urinary excretion of radicactivity following a single ocular
administration of (‘H)~PhXA4} to male volunteers at a
nominal dose level of J xg/subject

Perceant of aominigtered cose

Time 00Lm oom o0 004n LT 50

Pregoss
tn
en
& h
[N
tn
Hn
M
WA
nhn
"
120N
144 n
1.

1ot 8.1 n.u (1 9.4 "nn §.404

N = Net detected
A = Mot applicanle
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TABLE 7.18

Cumylative urinar wxcretion of radicactivity follewing a single ocular
administ. _¢ton of (*H)-PhXA4l to male volunteers st a
nominal dose level of 3 ug/subject

Parcent of sominyitlared 3086

Tiea ooIm 002w (13T i3am ugan
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in
in
dn
n
in
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W
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13n
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nen
14e n
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TABLE 7.19

Faecal elimination of radicactivity following a single ocular
administration of ('H)-PhXAdl to male voluntesrs at a
nominal dose level of 3 ug/subject

Percant of agm nistered coss

Tirs ao1m ooam 003M 04m Hasn §0

Precose
ahn
4@ n
nn
8h
120 h
44 n
168 n

TOTAL 13.14 20.31 17a 15.2% 5.3 3.5%8

N0 = Mot oetected

A » Mot applicable
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TABLE 7.20

on of radioactivity following a single ocular

cumulative faecal oliminatd
-PHXAS] to male volunteers at a

adminigtration of )
nominal dose level of 3 k9/iubject
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an
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e
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TABLE 7.21

Protein binding in plasma fellewing an intravenous infusion
of (*H)-PhXA4] to mals volunteers at a nominal
dose level of 210 ug/subject

Percent prateir Singing

Timg from olim oM 003 oG gan 5
stary of

infyusion

7.5 min

1S min

5 min

;.25 m

2.25n
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TABLE 7.22

binding in plasms following a single ocular sdministrition
of (*H}-PhXA4]l to male volunteers at a nominal
dose level of 3 ug/subject

Perignt protein pracing

BUIm 002n 001M Do4m Haan 50

3 min
15 myn
2¢ min
40 min

2hn
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Name of Drug: isopropyl-(Z)-7[(1R,2R,2R,58)3,5-dihydroxy-2-[(3R)-
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PhXA41; 13,14-dihydro-17-phenyl-15(R)-18,19,10-
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Related Submissions: IND
Review QObjectives: Review the preclinjcal safety data.

Background:  Prostaglandins (PGs) are 20 carbon cyclized unsaturated hydroxyl fatty acids.
They are end products of the cyclooxygenase limb of the arachidonic acid cascade, and are
synthesized at the site of action. Most tissues possess enzymes that rapidly inactivate the PGs
through metabolic degradation. Any PGs that remain in the general circulation are taken up and
metabolized by the lungs, livers and kidneys. Generally the initial metabolic step is to oxidize the
15-hydroxyl to 15-keto. This reaction is followed by enzymatic reduction of the A'> double bond.
The 15-keto-13,14-dihydro prostaglandins thus formed are biologically inactive. Further
metabolism of the 15-keio-13,14-dihydro prostaglandins involves one or two steps of B-oxidation.
Hydroxylation in the 19 and 20 position with subsequent oxidation is also common. Pharmacia
has undertaken a drug discovery /development program to design an antiglaucoma drug that has
a mechanism of action different from currently prescribed therapies and has a prolonged local
effect. They selected prostaglandin F,, as a synthetic starting point and modified the structures
to enhance the absorption of topically applied material and prolong the biological effect by
inhibiting some of sites for enzymatic degradation. They achieved this by increasing the lipid
solubility by synthesizing an"isopropyl ester. This increased octanol:water partition coefficient
(log) to 4.35 from 0.52 for the corresponding free acid. Thus esterification increased the
lipophilicity about 7Q00 times. They enhanced the duration of action by protecting the compound
from rapid enzymatic degradation by saturating the A'* double bond and protected B-chain from
oxidation by substitution with a pheny! ring. This New Drug Application describes the studies
that Kabi Pharmacia has provided to support the safety and efficacy for isopropyl-(Z)-
7[(1R,2R,3R,55)3,5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-$-heptenoate;
PhXA41; 13,14-dihydro-17-pheny!-15(R)-18,19,10-trinor-PGF,, isopropy! ester; latanoprost;
XALATAN™Expected toxicology of class; The major side effects associated with the use of
prostaglandins are those identified with stimulation of smooth muscles and/or secretion.
Therefore nausea, gi coli and diarthea are ofien observed following treatment with prostagiandins.
During the last two trimesters of pregnancy prostaglandin F,, causes strong contractions of the
uterus and can inrduce abortion. It has also possible for patients to experience transient pyrexia
following PG administration, and large doses of PGF,, can induce hypertension by constricting
vascular smooth muscle.

Indicatior: Reduction of intraocular pressure
Route of Administration: Topically to the Eye

AN 001
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Ingredient Complete Percentage(%
Formula(l ml w/w)
contents)
active i i
Latanoprost 50.0 ug 0.005

.

Overview :Preclinical Efficacy Studies: The preclinical animal efficacy data are not being
reviewed for the NDA because they were previously reviewed (IND Original

submission, dated 7/10/9} - see attachment 1) and also efficacy will be measured by the clinicr1
studies.

Animal Safety Studies;
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Table of Studies
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Test to evaluate the acute toxicity following a single intravenous administration of 2.0

mg/kginthe MOUSE .. ... ... . ... ... .0ttt 8
Test to svaluate the acute toxicity following a single intravenous administration of 2.0

mg/kgintherat .. ... ... ... . 8
Single dose oral (gavage) toxicity study inthemouse .. .................. 8
Single dose oral (gavage) toxicity study intherat . . . .................... 9
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Fertility study by intravenous route inthe rat (segmentI) . . . ... ........... 19
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(*H)-PhXA41: Absorption, distribution and excretion following oral, intravenous and
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Metabolism of latanoprost in the cynomolgus monkey after single intravenous, oral or
topical administrationontheeye . ... ... ... ... ..., 44
The ocular pharmacokinetics and metabolism of [*H]-13,14-dihydro-17-phenyl-18,19,20-
trinor-PGF,,-isopropy! ester in the rabbits after topical administration . . .. 46
Tissue distribution of tritium labeled latanoprost in the cynomolgus monkey after topical
administration on the eyes studied by whole body autoradiography . . .. .. 48
Tritium labeled latanoprost CH)-PhXA41: Abscrption and excretion following repeated
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Metabolism of {13,14-3H]-latanoprost in the dog after intravenous administration . 51
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A NN 00|



NDA 20-597 Pharmacology and Toxicology Review 7
m_

Test to determine the index of primary cutaneous irritaticn in the rabbit . . .. . . . 71
Evaluation of the potential to induce immediate hypersensitivity. Passive cutaneous

anaphylaxis (PCA) and induced anaphylactic shock in the guinea pig. . ... 71
Test to evaluate sensitizing potential in the guineapig . .................. 73

PhXB20 (5,6 trans-13,14-dihydro-17-phenyi-18,19,20 trinor-PGF,,-isopropy! ester; 5.6
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Test to evaluate the acute toxicity following a single intravenous administration of 2.0
mg/kg in the mos:se

Report Number; 1411 SO15; Studv site:

Report Date: 1/17/91; Date started: 10/22/90; Species: mouse;
Strain: OF1 (IOPS Caw); N: 6; Gender: M/F; Dases evatuated: 2 mg/kg; Route: i.V.; Dose Yolume:
50 ml/Kg; Rate of Dosing; 0.55 ml/min; yshicle: unspecified; La: B 119009; GLP: yes; Reference:
1.13:428

No precautions were taken to ensure that all the test material was delivered, no effects
observed at 2 mg/kg. (Also see Seethaler's review of IND in appendix)

Test to evaluate the acute toxicity following a single intravenous administration of 2.0
mg/kg in the rat

Report Number: LA11 SO16; Spudy site:

Beport Date: January 1991; Date started: 10/22/90; Species: rat;
strain: OFA.SD (I0PS Caw); N: 6; Gender: M/F; Doses evatuated: 2 mg/kg; Route: i.V.; Dose
Volume; 50 ml/kg; Rate of Dosing: 0.55 ml/min; Yehigle: saline; Lot: B 119009; GLP: ves;
Reference: 1.13:496

Neither the stability nor the absorption of the test material vsas determined.

No clinical signs, differences in weight gain or deaths were observed following
intravenous administration of a single dose of 2 mg/kg. (Also see Seethaler's review of
IND in appendix)

Single dose oral (gavage) toxicity study in the mouse

Report Number; L411 SO25R; Study site:

s Report Dute: April 1992; Date started: 4/24/91; Species: mouse;
Strain: Crl:CD-1(CR)BR; N: 3; Gender: M/F; Doses evaluated: 0.1, 1.0, 10.0 and 50.0
mg/kg; Route: P.O.; Yehicle: Neutralolja TG8/10; Lot: B029103/2; GLP: yes; Reference:
1.13:379

Single ora! auministrations of latanoprost to mice at doses from 0.1 to 50 mg/kg caused
some wetness around the anogenital areas at the intermediate dose and soft or loose stools
at the intermediate (10 mg/kg) and high dose (50 mg/kg ), but no deaths were observed.
No precautions were taken to ensure that a!l the test material was delivered. (Also see

ANXSET OO0
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Secthaler’s review of IND in appendix)
Single dose oral (gavage) toxicity study in the rat

Report Number; [ 411 S026 ROO1; Study site:

Hepott Date: April 1992; Date gtagied: 4/16/91; Species: rat;
Strain: Crl:CD(SD)BR; N: 3; Gender: M/F; Dases evaluated: 0.1, 1.0, 10.0 and 50.0 mg/kg:
Route: p.0.; Yehigle: Neutralolja TG/8/10; Lot: B029103/2; GLP: yes; Reference: 1.13:447

No effects were observed following oral administration of doses from 0.1 to 50 mg/kg.

No precaution were taken to ensure that the dose reported was delivered. (Also see
Seethaler's review of IND in appendix)

14 day oral (gavage administration) tolerance stucdy in mouse

Report Number; 1411 S047 ROOL; Siudy gite:

) Report Date; July 1992 Date started: 9/6/91; Species: mouse;
Strain: Crl:CD-1(ICR)BR; N: 9; Gender: M/F; Doses evaluated: 200 ug/kg; Route: p.o.;
Vehicle: Saline; Lot: 1321112; GLP: yes; Reference: 1.17:2220

'S

No treatment related effects were observed. This study was conducted according to UK
GLPs and the dose was the intended for the high dose for carcinogenicity study. (Also
see Seethaler's review of IND . in appendix)

28 day oral (gavage) sub-acute toxicity in the mouse

Report Number: 1411 SO30; Study site:

o Repoci Date: June 1992; rate started: 5/30/91; Species: mouse;
Strain: CrlCD-1{(ISR)BR; N: 6; Gender: M/F; Doses evatuated: 0, 2, 20 and 200 nig/kg; Route:
p.0.; Vehicle: Saline; Lot: B259102, B269102; GLP: yes; Reference: 1.18:2252

No analytical evaluation was performed because microbial contamination of diluent used
to dilute lower concentrations. No procedures to ensure that dosing apparatus was
saturated with test material was performed.

There were no dose dependent moralities, clinical signs, decreases in body weight, food
consumption, pathology observations or macroscopic findings. (Also see Seethaler's
review of IND in appendix)

28 day oral (gavage) sub-chronic toxicity study in the mouse (oil vehicle)

AANDNS9T 001
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Report Number; LA11 SO038; Studv site: )

Revort Date: July 1992; Date started: 5/1/91; Species: mouse;
Siain: CriCD-1(ISR)BR; N: 6; Gepder: M/F; Dascs evaluated: 0, 0.01, 0.1, 1 and 10 mg/kg;
Route: P.0.; Yehicle: Neutralolja TG8/10; Lot: B029103/1; GLP: yes; Reference: 1.18:2366

Samples of test material shipped to the sponsor for chemical analysis were spilled and no
analysis is available. No procedures to ensure that dosing apparatus was saturated with
test material was performed.

There was an usually high number of animals dying from dosing. The sponsor attrioutes
this to the viscosity of the vehicle. A dose dependent occurrence of anogential staining
was observed. (Also sce Seethaler's review of IND ‘n appendix)

29 day oral (gavage) sub-chronic toxicity study in the rat

Report Number: [411 SO031; Studvy site:

Report Date: June 1992; Date started: 5/29/91; Species: rat:
Strain: Crl:CD(SD)BR; N: 5; Gender: M/F; Doses svalyated: 0, 2, 20 and 200 ug/kg; Route:
P.O.; Vehicle: Saline; Lot: B259102, B269102; GLP: yes; Reference: 1.19:2722

'S

Samples were not analyzed because of microbial growth. No proof of absorption was
determined.

No effect of test material treatment was observed following treatment with oral doses as
high as 200 wg/kg.

29 day oral (gavage) sub-chronic toxicity study in the rat {oil vehicle)
Report Number: 1411 S039; Studv site: .

_ * Report Date: July 1992; Date started: 4/16/91; Species: rat;
Steain: Crl:CD(SD)BR; N: 5; Gender: M/F; Dosss evaluated: 0, 0.01, 0.1, 1 and 10 mg/kg;
Route: P.0.; ¥ehicle: Neutralolja TG8/10 ; Lo B029103/1; GLP: yes; Refersnce: 1.19:2822
The maximum dose employed in this study (10 mg/kg) approximates to 1 x 10° the
assumed systemic exposure. The vehicle is viscous and there were deaths related o
dosing and not drug.
4 week intravenous dose range-finding study in the rat
Repory Nymber; 1411 S032; study site:
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: Report Date: June 1992; Dats sarted: 5/14/91; Species: rat;
Strain: OFA.SD (IOPS Caw); N: 5; Gender: M/F; Dases gvaluated: O, 1, 10, 100 and 340
#2/kg; Route: i.V.; Dose Yohume: 1 t0 7.1 ml/kg; Rate of Doging: 0.5 ml/min; Yehicle: Saline; Lot:
069104 ; GLP: yes; Refersnes: 1.20:3203

There were no procedures designed to ensure that the intended dose was delivered.

This were a GLP study designed to select the dose for a 13 week rat i.v. study. At the
doses selected no animals died during the study and there were no treatment related
clinical signs, differences in weight gain, or food consumption. No biologically
meaningful treatment related effects were observed in hematologic, blood chemistry,
microscopic or macroscopic findings or organ weights.

13 week intravenous study in the rat

Report Number: 9300692; Studv site:

Repart Date: November 1993; Date started: 2/7/92; Species: rat;
Strain: ; N: 10; Gender: M/F; Doges evaluated: 0, 5, 35 and 250 ug/kg; Route: i.V.; Dase Volume:
6.25 ml/kg; Rate of Desing: 1 ml/min; Vehicle: saline; Loat: B17910%; GLP: yes; Reference:
1.20:3419

.

Four of 20 rats treated with 250 ug/kg died shortly after intravenous administration. Two
males (1 week 6, 1 week 12) and two females (both during week 8) were found dead
approximately 15 min. after dosing; no clinical signs were observed immediately prior
to death for these animals. Macroscopic and microscopic examination revealed no
remarkable effects that were consistent with drug-induced toxicity. One additional high
dose male died during terminal blood collection before necropsy, the cause of death was
attributed to esophageal perforation.

The failure 10 provide an explanation for the observance of esophageal perforation in an
intravenous study is perplexing, since this is an event that is often seen following oral
intubation.

In the remaining rats there were no test article relate.! toxic effect.

Conclusion: 250 ug/kg, i.v. when administered in a concentration of 40 ug/ml at 1
ml/min is a minimal lethal dose.

13 week oral (gavage administration) sub-chronic toxicity study in the mouse

Report Number: 9400368; Study site:
Report Dage: Tune 1594; Date started: 11/24/92; Species: mouse; Straia:

AANSHT 007



NDA 20-597 Pharmacology and Toxicology Review 12
m

Crl:CD-1(ICR)BR; N: 12; Gender: M/F; Doses evaluated: 0, 2, 20 and 200 ug/kg; Raute: p.0-:
Yehicle: saline; Lot: 1022712; GLP; yes; Reference: 1.18:2502

The doses of test material were between 50 and 85% of the nominal doses to be
delivered. The Iower the concentration of test material the greater the deviation from
nominal.

There were no clinical signs attributable 1o test article treatment and there were no test
article related deaths.

13 week oral {(gavage administration) sub-chronic toxicity study in the rat

Report Number; 9400367 ; Study site: .

Report Date; June 1994; Date started: 11/19/92; Species: rat; Strain:
Crl:CD(SD)BR; N: 10; Gender: M/F; Maje weight: 189-240 g; Female weight: 136-185 g Doses
svaluated: O, 2, 20 and 200 wg/Kg; Routs: P.O.: Yshicle: saline; Lot: 1022712; GLP: yes;
Reference: 1.19:2942

Procedures designed to saturate the dosing apparatus were used in this study.

The concentrattons of test material varies from 35 to 87.5% of the expected
concentrations,

There were no remarkable effects of oral treatment of rat with doses of approximately
170 up/kg for 13 weeks.

4 week intravenous dose range-finding study in the beagle dog

Report Number: L4111 S033; Studv site:

Renort Date: June 1992; Date started: 5/14/91; Species: dog; Strain:
Beagle; N: 1; Gender: M/F; Male weight: 6.4 - 8.3 kg; Female weight: 6.8 - 7.9 kg; Study duration:
28 day; Daoses eyatuated: 0, 1, 10, 100 and 340ug/kg; Raute: i.v.; Doss volume: 1 (control, 1 and
10 pg’kg), 2.1 (100 png/kg) and (340 pg/kg) ml/kg Rate of Desing: 10 ml/min; Vehicle: saline;
Lot: B25910 B069104; GLP: yes; Referenge: 1.21:3814

This is a GLP dose range finding study in beagle dogs. The average concentration of the
test material was 95 % with a range of 90 to 100%.

Following intravenous administration of 100 and 340 ug/kg salivation and miosis were
observed during administration, followed by vomiting and sometimes liquid stool
immediately following treatment. In addition, a moderate to marked subdued behavior and
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sporadic peripheral vasodilation were observed in the 340 ug/kg treated group starting
during the injection .

Daily intravenous administration of latanoprost in doses up to 340 ug/kg for 28 days had

no effect on body weight gain, food consumption, hematology, blood chemistry, or macro
or micro paihology in male or female dogs.

13 Week intravenous toxicity study in the beagle dog

Report Number: 9300282; Studv site:

Benors Date: June 1993; Date started: 10/2/91; Spacics: dog; Strain:
beagle; N: 4; Gerder: M/F; Male weight: 6.9 - 10.1 kg; Femaie weight: 6.8 - 9.§ Kg; Study duration:
91 day; Doses cvaluated: O, 1, 10 and 100ug/kg; Routs: i.v.; Dost volume: 2.5 or 2.75 mbi/kg; Rate
of Rosing: approximately 2 min; Yepicle: saline; Lot: B069109 B079109; GLP: yes; Reference:
1.21:3952

The average concentrations of the test material was 88% with a range of 75 to 100%. After
the first analysis 10% was added to the low dose to account for amount adsorbed,

One male in the | ug/kg treated group was killed on day 20, and was found to have an
abscessed parotid*salivary gland which was attributed to a traumatic injury.

No treatment related clinicai signs were observed the in the low dose treated dogs, however,
salivation and miosis were observed following intravenous administration of 10 ug/kg. In
addition to salivation and miosis the 100 ug/kg treated animals presented with vomiting .

There were no meaningful treatment related differences in . *ight gain, food consumption,
ophthalmologic observations, hematology, blood chemistry, urine analysis, organ weights
or macro or microscopic pathclogy. Thirty minutes after intravenous administrstion of 100
ug/kg there was a statistically significant increase in the heart rate. This was not observed
following 1 or 10 ug/kg, i.v.

Ocular Studies:
4 week ocular toxicity in the rabbit

Report Number: L411 S019; Studv site:

France; Report Date: 5/23/9); Date started: 11/9/90; Species: rabbit;
Strain: pigmented; N: 5; Geader: M/F; Male weight: 2.2 - 2.5 Kg; Femals weieht: 2.05 - 5.5 kg;
Study duration: 28 day; Doses evatuated: 1, 5 and 25ug; Routc: ocular; Dose volume: 30 wub;
Yehicle: lat ; GLP: yes, Refercnce:
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1.14:515
The average conicentration of the test material was 97 % with a range of 96 to 98%.

No treatment related effects were observed following twice daily ocular administration
of 0.0037, 0.0185 and 0.0925 % solutions to pigmented rabbits.

PhXAd4]1 in different vehicles - 4 week ocular tolerance study in the rabbit

Report Number: 9400064, Siudy site:

Report Date: February 1994; Date grted: 2/18/93; Species:
rabbit; Strain: fauve de Bourgogne (pigmented rabbit); N: 5; Gender: M/F; Male weight:
2.2 - 2.7 kg; Femalg weight: 2.1 - 2.8 kg; Study duration: 28 day; Doses svaluated: Vehicle
B. 50 ug/ml in vehicle B, Vehicle D and 50 ug/ml in vehicle D ug/ml; Route: ocular;
Dose yolume: 1 drop; Yehicle:

 Lat: 199301, B179208; GLP: yes; Refortnce: 1.29:7636

Five rabbits per sex per group were treated twice daily for 28 days with one drop to
the eye as follows:

Group Number Right eye Left eye
1 Vehicie B Latanoprost in vehicle B
2 Vehicle B Nothing
3 Vehicle D Latanoprost in vehicle D
4 Vehicle D Nothing
Ref 1.29:7636

There were no deaths during the study; no treatment-related clinical related signs; no
differences in body weight gain; no treatment-related changes in ocular irritation,
corneal thickness or intraocular pressure and no treatment-reiated macroscopic or
microscopic changes to the eye.

No precautions were taken to ensure that the expected dose was delivered to each
animal.

52 Weck ocular toxicity study in the rabbit
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Report Number: 9400427; Study site: . _

o } Report Pate: July 1994; Date garted: 12/16/91; Species:
rabbit; Sirain: Dutch Belted; N: 10; Gender: M/F; Male weight: 1.8 - 2.69 kg; Female
weight: 1.87 - 2.44 kg; Stwudy duration: 365 day; Doses evaluated: 0, 10, 30 and 100ug:
Reute: ocular; Dese yolume: 0.03 ml; Vehigle:  °

. - - a -

The average concentration of the test material was 95 % with a range of 91 t0 98%.

0.0017, 0.0025 and 0.008 % solutions of latanoprost were administered to male and
female Dutch Belted rabbits in one or two drops twice daily for 52 weeks. The test
material was well tolerated and there were no treatment related deaths, differences in
body weight gain, or food consumption. In the S1st week both male and female
rabbits had elevated intraocular pressure in the treated eye of 3 or 2 mmHg greater
than the untreated eye for males and females, respectively. No gross abnormalities
were found at necropsy and no histopathology finding suggestive of ocular or systemic
loxicity were seen.

There were, however, 4/10 females in the control group were observed to have minimal
ovarian mineralization and in the 100 pg/kg 5/10 were observed to have minimal
mineralization and 1/10 had slight mineralization of the ovaries.

PhXA41 an immunohistological research investigation of the numbers of iridial-stromal
melanocytes in rabbits after 52 weeks of ocular treatment

Report Number: 9400483; Study site: .

Report Date: September 1994; Date started: 12/16/91;
Species: rabbit; Supports Study: Tissues taken from The 52 Week Ocular Toxicity Study
in the Rabbit (Study No. 9400427 ref. 1.14:704); GLP: no; Reference: 1.38:11632

There were no differences in the numbers of pigmented or non-pigmented stromal
iridal melanocytes.

52 Week ocular toxicity study in the cynomologus monkeys
Report Number: 9400425; Study site:
' Report Dats: June 1994; Date spried: 2/14/91; Species:
monkey; Simin: cynomolgus: N: 5; Gender: M/F: Mas weight: 2.6 - 4.65 kg; Female wyjght:
2.05 - 3.3 kg; Study dumation: 365 day; Dasex evaluated: O, 10, 25 and 50ug; Route: ocular:
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Dose volume: 0.03 ml; vebicle: Vehicle A;

Lat: B049102, B049103, B0§S.06, B029102 & hOﬁ9lO6; GLFP: yes,
Refergnee: 1.15:1157

The average concentration of the test material was 102% 9 with a range of 100 to
105%.

This is a GLP study in which 10, 25 or 50 ug of latanoprost was ad..iinistered twice
daily (total daily exposures were 20, 50 and 100 pg), 6 hours apart. The dose
concentration was 0.035 % for the low dose treatment and 0.08% for the intermediate
and high (twc drops were administered over 5 min.). Vehicle A was used for the
treatment of the vehicle control group and the 25 and 50 ug treated groups and vehicle
B was used only for the 10 pg treated group. These concentrations representa 7 to 16
fold multiple of the concentration used in humans and a doubling to quadrupling of the
frequency of the daily exposure.

These treatments were well tolerated and no signs of systemic toxicity or macro- or
microscopic histopathology were observed, however, 18 out 30 animals treated with
latanoprost developed visitle increase in iris pigmentation. No histopathological (see
report number 948061 1) changes in the surrounding tissues or eyelids were associated
with drug treatment. The incrsase in pigmentation of the iris did not seem to be due to
an increase in the number of pigmented cells of the iris stroma, but instead o increased
content of the pigment in the dendritic melanocyctes and possibly other pigment
containing cells. No effect was seen on the iridial or ciliary pigment epithelium. The
morphological appearance and shape of the melanocytes and other pigment containing
cells were normal and no difference could be detected when comparing to the
contralateral control (vehicle treated) eye. These results were not reversible following
26 or 30 weeks following cessation of treatment.

Topical application of latanoprost also induced a widening of the palpebal fissure in 27
out of 30 monkeys. No histopathological alterations could be detected and Miiller's
muscle as well as the other muscies of the eyelids appeared normal. These changes in
the paipebral fissure were reversible within 3 to 6 months after termination of treatment.

52 Week ocular toxicity study in the cynomologus monkey
Regort Number: 9400426; Study aite:
) Report Date: Auvzust 1004; Date staned: 11/18/91; Species:
monkey; Strain: cynomolgus ; N: ; Gender: M/7; Male weight: 1.96 - 3.15 kg; Female weight:
1.95 - 2.82 kg, study dusation: 265 d3y; Duser syajuated: O, | and 3ug; Route: ocular; Doy
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relume: 0.03 ml administered twice daily; Vehicle: Benzalkonium chioride 0.2-mg,
w - A

3049110, B049201, BOS9110 & B059201; GLP: yes; Refersuss: 1.16:1774

This is a GLP study in which 1 and 3 ug of latanoprost was administered twice daily
(total daily exposures were 2 and 6 pg) , 6 hours apart. The dose concentration was
0.0035 % for the low dose treatment and 0.01% for the high dose. The average
concentrations of the test material was 96 % with a range of 94 to 98%. These
concentrations represent a 0.7 to 2 fold multiple of the human concentration and a
doubling of the frequency of the daily exposure.

These doses were well tolerated and no signs of systemic toxicity or macro- or
microscopic histopathology were observed. However, 12 out 19 animals treated with
latanoprost developed visible increases in iris pigmentation. The change occurred from
8 to 12 weeks afier initiation of treatment.

There was one high dose male that showed a slight increase of the palpebal fissure.

Evaluation of the increased pigmentation in the primate iris observed in a 52 week
ocular toxicity study

Report Number: 940061 1; Siudy site:

Report Date: October 1994; Date started: 3/28/94; Species:
monkey; Stmin: Cynomolgus ; Supports Study; Tissues taken from The 52 Week Ocular
Toxicity Study in the Rabbit (Study No. 940042 ref. 1.15:1157); GLP: yes; Reference;
1.38:11426

This study is the histologic support study for evaluation of the increased pigmentation
seen in the eyes of cynomolgus monkeys (study number 9400425) and shows that
there are no differences in the numbers of dendritic cells, any pigmented cell with
dendritic processes; small pigmented cells, other pigmented cells with smaller nuclei
than the dendritic cells; small unpigmented cell, round cells with small nuclei and no
pigment; total call count, the sum of all three cell types; ictal pigmented (melanin
containing) celis, the sum of the small pigmented cell and dendritic cell; totat small
cells, the sum of small pigmented and small unpigmented cells and the ratio of
dendritic to total small cells.

Evaluation of the incieased pigmentation in the primate iris observed in a 52 week
ocular toxicity study
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Renort Number: 9400612; Study sis: . :
Repart Dats: October 1994 Dage gtarted: 2/22/94; Species:
monkey; Stain: cynomolgus ; Suggorts Study: Tissues taken from The 52 Week Ocular
Toxicity Study in the Rabbit (Study No. 940042 ref. 1.16:1774); GLP: yes; Reference:
1.38:11507 .

This study is the light microscopic support study for evaluation of the increased
pigmentation seen in the eyes of cynomolgus monkeys (study rumber 9400426).
There were no differences in the numbers of dendritic cells, any pigmented cell with
dendritic processes; small pigmented cells, other pigmented dells with smaller nucle;
than the dendritic cells; small unpigmented cell, round cells with small nuclei and no
pigment; total cell count, the sum of all three cell types; total pigmented (melanin
containing) cells, the sum of the small pigmented cell and dendritic cell; total small
cells, the sun of small pigmented and small unpigmented cells and the ratio of
dendritic to total small cells.

To characterize the cell components of the different regioas of the iris of the cynomolgus
monkey by electron microscopic examination

Report Number: 9400613 Study site: .
" Report Date: October 1994 Dae started: 3/28/94; Species:
monkey; Strain: cynomolgus ; N: 1; Genger: unspecified; GLP: no; Reference: 1.38:11572

A preliminary study which concludes that cynomolgus monkey eye appears to be
similar to rhesus monkey and man.

Reproductive Studies:

PhXA41 - Dose range-finding fertility and reproduction study by intravenous route in
the female rat

Report Number: 1411 S037 R 001; Study site: -

Report Date: June 1994; Date parted: 5/27/91; Species:
rat; Steain: Ico, SD (IOPS Caw); N: 6; Gender: F; Male weight: 396-448 g; Femaje weisht:
248-289 g; Stadv duiation: 21 day; Dases evaluated: 0 5, 50 and 200ug/kg; Boute: i.v., Dose
valume: 6.25 ml’kg; Rate of Doging: 2 ml/min; Yshicle: saline; Lot: B259102; GLP: yes;
Referense: 1.30:7981

This study is uninterpretable because the methods say that the rats were dosed from
day 6 to 15 of gestation inclusively, and the results report the effects of treatment on
esirus and mating behavior.
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The concentration of the test material delivered was 81, 67 and 80 % of expected dose
for the low, intermediate and high dose , respectively, and was attributed to
adsorption losses in the analysis.

Two females in the 300 ug/kg treatment group died after dosing on the first and
seventh days of treatment, respectively. All other animals survived to necropsy.

PhXA41- Dose range-finding fertility and reproduction study by intravenous route in
the male rat

Repers Number: 1411 S036 R 001; Study sige:

~. Report Duts: June 1992; Date started: 5/13/91: Species:
rat; Strain: OFA SD (IOPS Caw); N: 6; Gender: M/F; Maie weight: 166 - 188 g; Femake
weight: 214 - 284 g; Studv duration: 71 day; Doses evaluated: 5, SO and 300ug/kg; Route: i.v.;
DRoss yolume: 6.52 mU/kg; Rate of Dosing: 2 ml/min; Yenicke: saline; Lot: B259102; GLP: yes;
Reference: 1.30:7855

All males were treated daily for 71 days with test material before mating and up to
the day before nccropsy.' Each male was paired with two untreaied females for a
maximum of 14 days. The mating partners for a female which failed to mate within
7 days were exchanged for ancther male from the same group.

The concentration of the test material delivered was 80, 73, and 85 % of the expected
concentration for the low, intermediate and high dose, respectively, which was
attributed to absorption losses during analysis.

All treated males survived to terminal necropsy with no remarkable observances of
differences in clinical sign, weight gain or food consumption. All males from all
treatment greios copulated with at least one female and, with the exception of one 50
#g/kg male, induced pregnancy in at least one female. At necropsy there were no
macroscopic lesions found and no adverse effects on testis and epididymides weights.

There were no test material induced cffects associated with the pre- or post-
implantation caesarean data or the feial data.

Intravenous administration of latanoprost up to 300 ug/kg daily for 71 days had no
adverse effects on reproductive performance or F1 generation as measured by live
fetus weights or external abnormalities.

Fertility study by intravenous route in the rat (segment I)
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Report Number: 9200027; Study site:

Renort Date: April 1993; Date starigd: 10/14/91; Soscies: rat;
Strain: Ico:OFA. SD. (IOPS Caw); N: 20; Gaader: M/F; Mais weight: 246-289 g; Esmaic
weight: 271-319 g; Stadv duration: 71 day; Doses evatunted: 0, S, 35 and 250ug/kg; Routs® i.v.;
Dose yolums: 6.25 ral/kg; Rate of Desinx: 2 ml/min; Yehicke: saline; Lot: B069109; GLP: yes:
Reference: 1.30:0

The average concentrations of test material for this study was 89 % of expected for
the low dose, 73 % of expected for the intermediate dose and 84% of expected for the
high dose. The sponsor claims that the samples values are 80% of expected because
of adsorption losses in analysis.

Males were dosed for 9 weeks before pairing and , through mating and up to the day
before necropsy, and females were dosed daily from 2 weeks before pairing and until
7 days of gestation inclusive. Males were killed after confirmation of successful
mating and females were killed on day 20 after mating.

Each fetus was examined for external defects and approximately one half from each
litter was examined for visceral abnormalities and the carcasses were fixed and
processed for skeletal examination.
N

By the end of week 12 of treatment 15/20 of the 250 .g/kg treated males died. They
died during or shortly after dosing with one dying at 1 hr 20 min after dosing. These
deaths were accompanied by respiratory difficulties and/or convulsion. Necropsy
examination failed to reveal a cause of death. Some time after fertilization 1/20
females from the high dose group also died.

Surviving high dose males were mated with high dose females, however, the spcnsor
claims that only 6/20 males were mated, while the data show that 1120 survived to
mating, and that they fertilized from 1 to 4 females.

There were no differences in clinical condition, body weight gain or food
consumption between treatment groups.

The fertility data are reported in the following table:

Parameter Control 5 ug/kg 35 ug/kg 250 ug/kg
Males paired 20 20 20 11
| Females paired 20 20 20 20
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Number 19 20 20 19
insemninated
Number 18 17 20 18
pregnant
Pams with 17%> 17 20 16**
viable fetuses
Number dams 0 0 0 1
dead

* Number of males that were mated. Some males were paired with up to 4 females.
** One female mistimed pregnancy, i.e. corpora lutea and implantion sites present.

There were no aborted fetuses or early deliveries in any of the treated groups. the
mean number of corpus lutea, implantation sites, preimplantation losses,
postimplantation losses were similar for all treaiment groups. Likewise the number
of total, early and late resorptions were similar for all treatment grcups and there
were no fetal deaths. The number of live fetuses and the sex ratio was similar
regardless of treatment.

The mean number of live fetuses, sex ratio, fetal weight compared either as a total
or as genders were similar for all treatment groups. One fetus in the control group
had an umbilical hernia. Thsre were no other remarkable findings seen in any of
the remaining litters.

Conclusion:

Latanoprost at an intravenous dose (250 ug/kg, i.v.) that killed both male and
female rats had no effect on fentility, reproductive performance or feruses.

PhXA41 - Dose range-finding study by intravenous route in the pregnant rat

Report Number: L411 S034 R 001; Sy site. 2,

Report Raie: June 1992; Dai: atarted: 6/10/91; Species:
rat; Sinia: 1co:OFA. SD. (10PS Caw); N: 6; Geader: F:: Famaic weight: 222 - 260 o Study
duration: 9 day; Desn evatuated: 0, 0.1, 1.0, 5.0, 50 and 300..g/kg; Rowss® 1.V.; Doss volums:
6.25 ml/kg; Rue of Dosing 2 ml/min; Yehicle: saline; Lot: B259102; GLP- yes; Reference:
1.31:8349

The average concentration of test material for this study was 79% of expected and
ranged from 67 to 90% of expected.
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The animals were doses daily by infusion in the tail vein from day 6 to day 15 of
gestation, and they were killed on day 20 of gestation.

All females survived treatment, had no differences in weight gain, food consumption,
clinical condition or macroscopic lesions at neci Jpsy.
The number of rat pregnant and dams with viable or no viable fetuses are shown in
the following table:
Parameter | Control | 0.1 ug/kg | 1 ug/kg | 5 ug/kg | SO ug/ke 300
nglkg
Number/group 6 6 6 6 6 6
5 6 5 6 6 6
pregnant
Dams with 5 6 5 5 6 6
viable fetuses
Dams with no 0 0 0 1 0 0
viable fetuses | .

Threre were no aborted fetuses, early delivered fetuses or fetal deaths in any of the

treatment groups.

The mean number of corpora lutea; implantation sites:

preimplantation loss: total, early or late resorptions; post implantation losses or fetal
sex ratios were similar for all groups.

There was one incidence of fetal abnormality, cleft palate, found in a 1.0 ug/kg
treated dam. No other fetal abnormalities were observed.

Conclusion:

No signs of maternal or fetal toxicity were found with any of the doses evaluated.

Teratology study by intravenous route in the rat (Segment II)

Raport Number: 9300279; Study sitr
deport Date: November 1993; Date sarted: 3/9/92; Species:
rat; Stmin: Ico:OFA. SD. (IOPS Caw); N: 25; weighs: 218 - 267 g; Study duration: Day
6 to day 15 of gestation ; Doses evatuated: 0. 5, 50 and 250ug/kg; Route: i.V.; Dase volume:
6.25 mi/kg; Rass of Desine: | mi/min; Yehicle: saline; Lot: B179109; GLP: yes; Reference:
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1.31:8451

The average concentration of test material in the formulations was 81, 81 and 86%
for the 5, 50 and 250 ug/kg doses, respectively.

The rats were dosed from days 6 to 15 of gestation by intravenous administration
through the tail vein. On day 20 of gestation the dams were Killed, dissected and
examined macroscopically. The fetuses were examined for external defects and
approximately one half from each lirter was examined for viscera; abnormalities and
the carcasses were fixed and process fo: skeletal examination.

The number of rat pregnant and dams v.ith viable or nc viable fetuses are shown in
the following table:

Parameter Control S ug/kg 50 ug/kg 250
ug/<g
Number/group 25 25 25 25
Number pregnant 23 22 25 22
Dams with viable fetuses 23 22 25 22
Dams with no viable 0 0 0 0
fetuses

There were no aborted fetuses, early delivered fetuses or fetal deaths in any of the
treatment groups. The mean number of corpora lutea; implantation sites;
preimplantation loss; total. early or late resorptions; post implantation losses or fetal
sex ratios were similar for all groups.

No treatment related abnormalities were observed in any of the fetuses.

Latanoprost administered by the intravenous route to rats from day 6 to 15 inclusively
had no materna!l toxic or fetotoxic effects at doses up to 250 ug/kg.

PhXA41 - Dose range-finding study by intraver.cus route in the pregnan® rabbit

Regort Number: L411 S035 R0OOI1; Study site: -

ANIO597 061
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rabbit; Strain: New Zealand; N: 6; weight: 3.2 - 4.0 kg, Study duratien: Rabbits were dosed
from day 6 to 18 of gestation; Dosgs evaluated: 0, 0.1, 1.0, 5.0, 50 and 300.2/kg; Rouss:
1.v.; Dose volume: 5.63 ml/kg; Rate of Dosing: 1 ml/min; Yehicle: ; Lot: B269102; GLP: yes;
Reference: 1.32:8635

The average concentration of test material was 91% of expected, however, the two
highest doses were 73 and 77% of expected, respectively. Also the sponsor asserts that
"In higher concentration samples about 80% of expected due to adsorption in the
analysis." If the decrease in potency of the formulation were due to adsorption one
would expect to see the greatest deviations from the expected values at the lowest
concentrations. This was not the case in this study because the lowest concentrations
were 105 and 107 % of expected concentrations, respectively.

There were no deaths and immediately following treatment the 300 ug/kg treated rabbits
displayed increased “in breathing” (presumably this means the rate of respiration),
tremors and slight motor incoordination during the first 5 min after treatment on all days
of treatmen’. These observations were not observed for other treatment groups. There
no treatment related effects on body weight gain or food consumption. At necropsy 2
females treated with 50 ug/kg and 4 treated with 300 g/kg had multiple ovarian cysts.
Ar.other female in the 50 wg/kg group had a movable pelvic mass.
LY

The effect of treatment with latanoprost on pregnancy are shown in the following table
(ref: 1.32:8664):

24

Dose (ug/kg)

Parameter Measurement] Control | Q.1 1 5 50 300

Number/group N 6

Number pregnant

ool o

6
6
0 1
6

Lh D L | o

N 5
Aborted/litter N 0
N 5

Dams with viable
fetuses

L= IR == I I e )

Dams with no viable N 0 0 0 1 6
fetuses

Corpora Lutea Mean 12.4 1.0 | 10.3 12.6 0
5.D. 2.1 1.9 1.8 1.9
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Implantation sites Mean 9.8 104 9.8 114 8.0 9.3
S.D. 3.1 2.5 1.5 1.8 33 1.0
Preimplantation loss Mean 22.2 6.3 4.3 4.8
(fetuses) S.D. 16.0 9.8 7.1 7.3
Early resorptions Mean 0.2 0.6 03 0.8 8.0 9.3
(fetuses) S.D. 0.4 1.3 0.5 1.8 33 1.0
Late resorptions Mean 0.6 1.0 0.7 2.0 0
(fetuses) S.D. 0.5 0.7 1.0 1.9
Dead fetuses Total 0 0 0 0
Postirnplantation Joss Mean 10.2 15.5 { 103 | 22.9
S.D. 13.7 8.4 8.8 20.1
Live fetuses Mean 9.0 &8 8.8 8.6 0
S.D. 35 2.4 1.6 1.8
Fetal weight (g) Mean 40.37 | 41.28 | 37.77 | 39.16
(All viable fetuses) S.D. 8.2 5.26 | 4.83 | 2.35

LY
As can be seen, all females receiving intravenous doses of 50 and 300 ug/kg
admunistered between days 6 to 18 of gestation underwent early total resorption their
liters. No abnormalitics were found in the fetuses at necropsy of dams that received

5 ug/kg, i.v. or less of latanoprost, and there was no effect of treatment on fetal
weight.

The occurrence of an abortion of one litter at 5 ug/kg, i.v., may represent the
beginning of a treatment-induced efiect since doses that were 10 and 60 times higher
induced total resorptions of embryos and no abortions could have been observed. The
sponsor should have explored doses between 5 and 50 pg/kg.

Conclusion:

Intravenous doses of 50 and 300 ng/kg, i.v. of latanoprost administered to gravid
female rabbits from day 6 to 19 induced a dose dependent development of ovarian
cysts and in dams treated between days 6 to 18 of gestaticn. These doses were also
embryo toxic, since they induced complete early resorptions. A dose of 1 pg/kg, i.v.,
1+ a no effect dose.

Teratology study by intravenous route in the rabbit (Segment II)
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Report Number: 9300280; study site:

Benort Date: November 1993; Date started: 4/6/92; Species:
rabbit; straig: New Zealand; N: 18; Genger: F; Eemale weight: 2.9 - 4.4 kg; Doses evalugeed:
0,0.2, 1, Sug/kg; Route: i.v.; Dase velyme: individual; Rate of Desing: 5 mi/min (control and
high dose), 30 sec (low dose) and ! min (intermediate dose); Yehicle: saline; Lot
B179109; GLP: yes; Reference: 1.32:8738

All rabbits were dosed intravenously via the marginal ear vein from day 6 to 18 of
gestation inclusively, and killed on day 29 of gestation.

The sponsor measured the concentration of the tzst material twice and found it be 90
and 80% of label concentration. They did not evaluate the test material as it was
formulated for administration to the animals.

There were no treatment related deaths or clinical observations in gravid female
rabbits treated with varying doses of from 0.2 10 § #g/kg of latanoprost. The
following table shows that the 5 ug/kg dose induced a 25% incidence of abortions and
a concomitant decrease in average litter weights, suggesting that this dose is fetotoxic:

Dose (ug/kg)
-
Parameter Measurement{ Control 0.2 1 5
Number/group N 18 18 18 18
Number pregnant N 16 i5 15* 16
Aborted/litter N 1 0 O 4
Dams with viable fetuses N 15 15 14 12
Dams with no viable N 0 0 1 0
fetuses

Corpora Lutea Mean 11.1 12.9 12.2 12.2

$.D 1.9 4.4 2.1 2.6
Implantation sites Mean 10.3 11.0 9.8 1.8
S.D. 1.8 4.0 24 2.8

* Preimplantation loss Mean 5.8 11.1 13.4 3.1
S.D. 8.0 214 9.4 8.7

Early resorptions/litter Mean 0.3 0.5 0.3 02
S$.D. 0.6 0.9 0.6 0.6
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Late resorptions/litter Mean 0.1 0.7 0.1 1.1
S.D. 0.3 1.0 0.4
Dead fetuses/litter Total 1 1 1 0
Postimplantation Mean 39 9.0 12.8 9.6
loss/litter S.D. 6.6 11.5 28.4 8.2
Live fetuses/litter Mean 99 9.8 8.2 10.6
S.D. 1.8 33 3.2 22
Fetal weight (g) Mean 39.38 | 40.38 41.7 35.41%+
(All viable fetuses) 8.D. 4.31 5.12 3.43 39

* One gravid female found dead with lJumbar hematorna

** significantly different from control p<0.05 by analysis of covariance

Evaluation of body weight gain (fig. 1) and food consumption suggest that the high
dose group may be slightly different from control, hcwever, the interpretation is
confounded by the induction of abortions during the observation period. Therefore,
it is not possible to assess maternal toxicity vsing these parameters.

Weight (g)

4200

3800 tm——  ontrol

— ()2 ugikg
A 'Y 7Lt
L SMS

3600

3400

1200

Day of Gestation

Figure 1 Body weight gain in gravid rabbits from day O to 29 of pregnancy
following daily treatment with latanoprost.

No treatment related ditferences were found in the dams upon necropsy examination.

The sex ratios of the fetuses in all treatment groups appears to be similar. Gross
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examination of the fetuses found one incidence of gastroschisis and acaudis in the
control group and one incidence of spina bifida in the high dose treated group (5
ug/kg). There were no drug related incidences of abnormalities of the soft tissue or
skeleton.

Conclusion:

Latanoprost was not teratogenic at intravenous doses up to 5 ug/kg, but was fetotoxic
at this dose. The no effect dose in this study was 1 ug/kg.

Dose range-finding peri- and post-patal study (Segment I1I} by intravenous route in the
rat

Report Number: 9200137; Study site:

Report Date: April 1993; Date started: 11/12/91; Species: rat;
Strain: OFA, SD, (IOPS Caw); N: 8; Weight: 200 - 270 g; Study duration: Day 15 of
gestation to day 21 of lactation; Doses evaluated: 0, 1, 3, 10 and 100ug/kg; Route: i.v.; Dose
volume: variable; Rate of Dosing; 2 ml/min; Yehicle: saline; Lot: BO79109; GLP: yes; Reference:
1.32:8957

The average concentration of test material was 74% of expected and the range of
expected values was 67 -100%.

Rats were dosed daily from day 15 of gestation to day 21 of lactation. Dams were killed
on day 21 of lactation or the death of pups. The litter sizes were adjusted to 10 pup on
day 4 post partum. Pups were killed aiter weaning or when culled.

Two females from the 100 ug/kg died 5 days after parturition; necropsy was not able
to determine the cause of death, and 2 from the same treatment group were kiiled on day
9 of lactation following complete loss of litters. No other deaths were observed, nor
were there any treatment related changes in clinical condition. Body weight appears not
to be affected by increasing doses of latanoprost, however, the variability appears to be
greater than control variability at 10 and 100 ug/kg at the later observation periods and
this may be indicative . Failure of the sponsor to perform statistical evaluation does not
allow for discussion of the parameters of weight gain or food consumption as early
indicators of maternal toxicity.

Necropsy of the dams revealed no remarkable findings.

Tabie 1 shows the data observed for females treated with latanoprost during late
pregnancy, lactation and their F1 pups. One of 7 pregnant females in the high dose
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group did not deliver any live pups. Deaths of fetuses were observed after parturition
following treatment with 3, 10 and 100 ug/kg, and sex ratios for males was Jower
following treatment with the two highest doses.

Table 1 Effects of Latanoprost on Females Treated During Pregnancy and Lactation and
Their F1 Pups

Dose (ug/kg)
Parameter Measurement| O 1 3 10 100
Number/group N 8 8 8 8 8
Number pregnant N 8 8 B 6 7
Dams with live pups N 8 8 8 6 6
Dams with no live pups N 0 0 0 0 1
Duration of gestation Mean 2z 22 22.1 22.2 214
S.D. G 0 04 1.0 0.8
Litter size Mcan 11.6 | 11.6 11.2 16.3 12.6
- S.D. 2.8 3.5 53 55 528
Sex ratio at birth %males 49 52 49 39 35
Sex ratio at 21 days % males 50 54 39 45 33
Total litter death - day 1| litters with | 0/8 0/8 1/8 2/6 1/7
deaths/litters
Total litter death - day 7| litters with | 0/8 0/8 07 0/4 2/5*
deaths/litters

* One litter was dead by the day 4 observation.

Examination of the pups for physicil development and reflexes in time to eye opening, incisor
eruption, pinna unfolding, grip reflex, auditory reflex, pupil reflex or righting reflex and no
differences were noted by inspection of the results (statistics were not performed).

Daily intravenous dosing with | ug/kg to dams during the peri- and post- natal (day 15 of
gestation to day 21 of lactation) was the no effect dose. Doses of 3 ug/kg and greater caused

deaths within the litters and doses of 10 ug/kg or greater caused a decrease in the number of
males pups delivered.
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Developmental toxicity study by intravenous route in the rat (Segment I1I)

Report Number: 9300281; Stydv site: _

Beport Date: November 1993; Date started: 2/17/92; Snecies: rat;
Strain: OF A, SD, (IOPS Caw); N: 25; weigh: 211-267 g; Doses evaluaged: O, 1, 3, and 10ug/kg;
Route? 1.V.; Dose volume: variable, calculated individually using most recent body weight; Rae of
Desing: 1 ml/min (low dose) and 2 ml/min for remaining groups; vehicle: saline; Lot: B069109;
GLP: yes; Belerence: 1.33:9149

The average concentration of test material was 79% of expected and the range of expected values
was 67 10 83%.

Females from the F0 generation were dosed daily from day 6 of pregnancy until weaning and
the F1 generation was net treated.

Necropsy schedule:
[0 females:

* Killed after weaning of F1 pups (females that failed to produce a viable litter by
day 26 post-coitum were killed and necropsied;

: 1 pups:

* Unselected F1 pups were killed and necropsied after weaning.

* Dead and culled (day 4 post parrum) F1 pups were necropsied.

 The F1 males were killec and necropsied after necropsy of the majority of Fi
females.

» The F1 females were killed on day 20 post-coitum for examination of their uterine
contents.

+ The F1 females without evidence of mating were killed and necropsied after
completion of Wie mating pericd.

Evaluation of FO to F1 generstion:
No FO treated females died nor were differences in clinical condition, weight gain or food

consumption observed. No treatment related abnormalities were noted at the necrepsy of the FO
females.

The effects of treatment gravid females with intravenous latanoprost from day 6 of gestation
through the period of iactation on delivery of pups and pup sex ratio, pup birth weight and
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weight gain are presented in the following table:
Dose (up/kg)
Parameter Measurement 0 i 3 10
Number/mated N 25 25 25 25
Number pregnant N 2z 24 24 24
Dams with stillborns N 2 4 3 2
Dams with no live pups N 0 0 0 0
Duration of gestation Mean 21.8 220 22.0 220
S.D. 0.4 0.3 0.2 0.4
Litter size Mean 12.6 12.4 13.5 12.9
$.D. 2.6 33 2.5 30
Sex ratio at birth Yemales 49 43 51 51
Sex ratio at 21 days % males 48 47 50 51
Total litter death - Day | liter with | 0722 0124 0124 0124
1 deaths/linters
Pup weight/litter (G):
Males: Day 1 Mean 7.64 7.78 7.67 7.83
S.D. 0.53 0.67 0.40 0.67
N 21 23 24 24
Females: Day 1 Mean 7.27 7.40 7.27 7.58
S.D. 0.49 0.61 0.38 0.80
N 21 24 24 24
Males: Day 21 Mean 51.29 53.98 51.53 54.69
S.D. 4.7¢ 6.16 4.44 5.35
N 21 23 24 24
Females: Day 21 Mean 49.74 51.94 50.37 54 .34
S.D. 4.36 5.82 4.10 4.46
N 21 24 24 24

ref : 1.33:9204
* p<0.01
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There were no treatment related differences in pina unfolding, incisor eruption, eye opening,
righting reflexes, grip reflex, auditory startle reflex, or pupil reflex. The results of the water
maze test and open field activity test could not be properly evaluated because the sponsor
failed to include a description of the methods, however, they claim that there were no
treatment-related effects.

There no remarkable differences observed in gravid females or their progeny following
intravenous doses up to 10 ug/kg.

Eraluation of F1 <o F2 generation

In the F1 generation there were no treatment-related deaths, biologically meaningful
differences in body weight gain or clinical condition.

Cesarean data for the Fl generation females and F2 generation pups are presented in the
following table:

Dose (ug/kg)
Parameter " {Measurement 0 I 3 10
Number/groyp N* 24 24 25 25
Number pregnant N 22 22 23 24
Pregnant at C-section N 20 22 23 23
Dams with live pups N 19 21 23 23
Dams with no live pups N 1 1 0 0
Early resorptions Mean 0.9 1.1 0.7 1.1
S.D. 1.3 0.7 0.9 1.1
Litter size Mean 14.9 15.4 15.9 14.9
(live fetuses) S.D. 43 4.5 2.7 2.6
Sex ratio at birth %males 53 49 56 55
ref - 1.33:5462

* N=number of animals
It can be seen that there were no biologically meaningful effects on mating, delivery
of live or stillborn pups, carly resorptions, litter size or sex ratios. In addition to
there were no ditterences in the mean numbers of corpora lutea, implantation sites,
preimplantation losses, dead fetuses, postimplantation losses or fetal weights for either
males or females.

AANDGS9T DOt



NDA 20-597 Pharmacology and Toxicology Review 33
W

One litter of 23 at the 3 ug/kg had one incidence of spina bifida and 1/23 litters in the
10 ug/kg group had one incidence of gastroschisis.

There were no treatment-refated effects to dams of the FO generation or F] and F2
pups at intravenous doses of 1, 3 or 10 ug/kg.

Fharmacokinetic/toxicokinetic Studies

Tritium labeled latanoprost. "H)-PhXA41: Absorption, distribution and excretion
following oral and intravenous administration to the rat

Report Number: 9400458 Study gite:

Repont Date: December 1994, Dage santed: unspecified;
Snecies: rat; Strain: Crl: CD(SD)BR and Lister Hooded for pregnancy study; N: 4;
Gender: M/F; Male weight: 155-344; Femsle weighi: 197-334; Stwdy durstion: 1 dose; Doses
evaluated: 2004g/Kg: Route: P.O., i.v.. Dose volume: 5 mi/Kg; Rate of Dasing: ¢a. 1 ml/min
for intravenous administration; Yehicie: saline; Lgtt B179203, B049211 and
B179109(used to pre-soak dosing apparatus and TRQ6506 (free acid); GLP n;
Referepce: 1.35:10475

Tritium labeled latanoprost (labeled in the C-13 and C-14 positions) was used to
evaluate pharmacokinetics, and the parameters presented by the sponsor assume that the
majority of radioactivity in the systemic circulation is associated with the active acid
metabolite.

Two lots of test matenal were used in these experiments and their concentration was 82
and 95 % of expected values. The sponsor did flush the dosing apparatus in order 10
reduce the irorption of latanoprost to the dosing apparatus.

Following  _ ntravenous or oral administration of 200 pg/kg dissolved in saline in
a dose volurne of 5 mlkg to Charles River rats, Crl:CD(SD)BR and administered either
orally o by the lateral caudal vein at a rate oi about | ml/min. Blood samples were of
wispecified volume were withdrawn for the lateral tail vein at the following intervals:
Oral: Pre-dosing, 15, 30 min, 1,2, 4, 6,9, 12, 48, 72 and 96 hours afier dosing.
Intravenous: Pre-dosing, 5, 10, 20, 30 min, 1, 2, 6, 24, 48, 72 and 96 hours after dosing.

The times selected for sampling biological fluids are not chosen well for a class of
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compounds that are rapidly metabolized. Typically prostaglandins have short half
lives, so a study should be designed to sample frequently in the beginning of study
and would not be expected to sample at times that exceeded 4 to 5 half lives.

The experimental design of the present studies does not take these factors into
consideration and consequently, the results have to viewed with caution and should
be considered as preliminary. Therefore, the results will be discussed in qualitative
rather in quantitative terms.

The studies show that the plasma levels rose and then declined in an apparent
biexponential manner. The data collected show that following intravenous
administration the half-life in males and females was less that 30 minutes and that the
variability associated with these measurements is large (the mean + 2 x SD include
0). The AUC measurements for oral administration when expressed as a percentage
of the intravenous value, are 281 and 214 % greater than iv values for males and
females, respectively.

After intravenous administration of 200 ug/kg there was rapid and widespread
distribution of radiolabel into tissues. At all time-points, up to 120 hr. after dosing,
the distribution of label was generally similar for males and for females. The highest
concentration of sadiolabel was found in the organs of elimination, i.e. liver, kidney
and intestinal tract.

Tissne distribution following administration of the same dose of latanoprost orally was
agamn similar for both genders and the highest concentrations were observed in organs
of elimination or secretion and in the contents of the gastrointestinal (GI) tract.

Recovery of radio activity from rats administered 200 ug/kg of tritium labeled latanoprost
is presented in table 2. Radio activity is excreted primarily in the feces and urine of rats, and
males appear to excrete more label in feces than do females and females seem to excrete
mere radio label in urine than do males.

Table 2 Recovery of radio label following administration of 200 ug/kg of *H-labeled
latanoprost to Crl:CD{SD)BR, Charles River rats (percentage of administered dose)
(N=4/sex)(mean + SD)

Intravenous Oral
Parameter Male Female Male Female
Total 9.7 £ 0.2 926 £ 76 11116 £3.0 104.9 +10.2
Feces 49.1 £ 4.6 214 + 24 63.7 £ 65 393 +5.0
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Renal

368 +5.7

648 + 7.7

428 + 74

549 £ 938

Results after intravenous administration of 200 ug/kg of latanoprost to rats with their
bile ducts canmulated are shown in table 3. In these experimenis where bile secretion
is diverted from the gastrointestinal tract, relatively little radio activity appears in
feces and the percentage found in renal and bile secretion are similar.

Table 3 Bile excretion study following intravenous administration of 2 »g/kg of
latanoprost (pcrcentage of administered dose) (N=4/sex}{mean + SD)

male fernale
Amount recovered within 24 hr 335+ 88 353+ 15.0
Feces L9117 08 +06
Renal 104 + 29 16.6 + 6.4
Bile 200 + 11.8 i4.5 + 13.9

Following addition of labeled latanoprost radiolabel is moderately bound to plasma
protein of rats, yabbits, monkeys, dogs, and bumans {(table 4). However, as the
concentration of compound increases from 0.01 to ¢.100 ug/ml the binding in hurmans
decreases from 87 % to 52% and rises again to 30% at the highest concentration, 1.00
ug/ml. This trend holds for ail species evaluated.

Table 4 [n vitro plasma protein binding of iatanoprost free acid in various species.

Concentration Percentage Latanoprost Free Acid Bound
pg/ml Rat Rabbit Monkey Dog Human

0.001 74 86 T 63 82
0.01 76 B4 T2 64 87

0.1 56 46 56 58 53
0.25 63 53 52 59 59

1 76 59 62 61 80
Average 69 65.6 62.6 61 722

In an experiment where blood samples were pooled from rats treated with 200 ug/kg,
iv, the percentage of bound radiol-bel to free was approximately 50% at 1 hr after
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Renal

368 +5.7 64.8 +7.7

428 + 74

549 £+ 98

Results afier intravenous administration of 200 ug/kg of latanoprost to rats with their
bile ducts cannulated are shown in table 3. In these experiments where bile secretion
is diverted from the gastrointestinal tract, relatively little radio activity appears in
feces and the percentage found in renal and bile secretion are similar.

Table 3 Bile excretion study following intravenous administration of 200 ug/kg of
latanoprost (pcrceumge of administered dose) (N =4/sex)(mean + SD)

male female
Amount recovered within 24 br 335 + 88 353 1+ 150
[reces 19 £+ 1.7 08 +06
Renal 104 +29 16.6 + 6.4
Bile 200+t 118 145 + 139

Following addition of labeied latanoprost radiolabel is moderately bound to plasma
However, as the
concentration of compound increases from 0.01 to 0.100 ug/ml the binding in humans
decreases from B7% to 52% and rises again to 80% at the highest concentration, 1.00
ug/ml. This trend holds for all species evaluated.

protein of rats, rabbits, monkeys, dogs, and humans (lable 4).

Table 4 g vitro plasma protein binding of latanoprost free acid in various species.

Concentration Percentage Latanoprost Free Acid Bound
ug/ml Rat Rabbit Monkey Dog Human

0.001 74 86 71 63 82
0.0 76 84 72 64 87

0.1 56 46 56 58 53

0.25 63 53 52 59 59

1 76 59 62 61 80
Average 69 65.6 62.6 6] 72.2

In an experiment where blood sampies were pooled from rats treated with 200 ug/kg,
iv, the percentage of bound radiolabel to free was approximately 50% at 1 hr after
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dosing and declined thereafter (fig 2).
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Figure 2 Protein binding of radiolabel in blood taken from rats treated
with 200 ug/kg of )atanoprost.

Whole body autoradiography studies were performed in two day-18 pregnant Lister
rats. They were treated intravenously with 200 ug/kg of latanoprost. One rat was
killed after 1 hr and the highest levels of radioactivity were associated with the
contents of the intestinal tract, with moderate levels in the stomach contents, uterus,
tongue, kidney cortex ( inner renal cortex), kidney pyramid (urine), blood, lymph,
nodes, bile ducts, liver, lungs and uveal tract. Low levels or radioactivity were
observed in bone marrow, periostcurn, brain and spinal cord, adrenal, pituitary,
thyroid, thymus, Hardenan gland, intra-orbital lachrymal gland, salivary glands,
mucosa of the gastrointestinal tract, ovaries, muscle, pancreas, skin (both pigmented
and non-pigmented), spleen and tooth pulp. In addition to these tissues, low levels
of radioactivity were also found in the mammary tissue, placentae and evenly
distributed throughout the fetuses.

By 24 hr high levels of radioactivity were detected and moderate levels were observed
in the contents of the intestinal tract and kidney cortex. Low Jevels of activity were
observed in the placentac and no detectable ievels were observed in the fetuses or
mammary tissue.
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Conclusion:

Qualitatively, these studies confirm that like other prostaglandins, latanoprost and/or
its free acid have half-lives of between 10 and 50 min, that radio activity is
extensively excreted in bile and that radio activity is associated with organs of
excretion. Bioavailability of latanoprost could not be estimated because in thess

preliminary experiments the values of AUC for the oral route of administration was
greater than the iv route.

Metabolism of [13,14-°H]-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF,a-isoprpyl
ester in the vai after a single intravenous or oral administration

Report Number: 9400105; Study site: Report
Date. November 1994; Date started: 6/93; Species: rat; Strain: ; N: 3 for oral and 4 for
intravenous; Gender: M/F, Male weight: unspecified; Female weight: unspecified; Studv duration:
1 dose; Doses evaluated: 200ug/kg; Routs: p.0., i.V.; Dose volyme: unspecified; Rate of Dosing:
unspecified; vehicle: saline; Lot: B 179109; labei. JS 431303; GLP: yes; Reference:
1.36:10748

Latanoprost was converted to the free acid which is extensively metabolized through
{p-oxidation before being excreted in the urine of fernales or the feces of males.

Tritium labeled latanoprost, Plasma levels and excretion of radioactivity following
ocular and intravenous administration to the rabbit

Report Number: 9400424; Studv site

Report Date: August 1994; Date started: ; Snecies: rabbit;
Steain: Dutch Belted; N: 6. Gender: M/F,; Study duration: 1 dose; Doses evaluated: 10
ug/animal and 200 ug /kg ; Rewte: ocular, i.v.; Dese volume: 30 1l for ocular &
unspecified for i.v.; Ratc of Dosing: 5 ml/min; VYehicli °

Lot: labeled B189203 '& B019205; GLP: n; Reference: 1.37:10819

Latanoprost was labeled in (13,14-°H] position and the dosing apparatus was flushed
with latanoprost prior to adniinistration into the ear vein.

The collection times wee as follows:
Urine: Predose, 0to6,6t012 1210 24 24 to 48, 48 1o 96, 120 10 144 hr after

dosing.
Feces: 0to 12, 12, to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120 and 120 10 144
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br after dosing.
Blood: 5,15, 30 and 45 min, 1, 1.5, 2, 3, 4, 6, 24, 48, 72, 96, 120 and 144 hr
after dosing.

Again the sponsor has not designed the study to optimize the detection of a half-life
that is relatively short, however, from the i.v. and ocular initial data they have
calculated the following parameters (table 4):

Table 43 Pharmacokinetic parameters in plasma following ocular or intravenous
administration to the rabbit.

Parameter Ocular Intravenous
(10 ug) (200 pg/kg)
Cs min {Ng equiv/ml) 18.36+4.238 704.0.£107.0
Initial phase t,, (hr) 0.37340.174  |0.25%+0.026
Terminal elimination t,, (hr) 2.371+1.224 11741246
AUC estimate over 1* phasé (ng equiv. hr/ml) 5.808+1.359 298.34+21.11
AUC over the total .tLimc (ng equiv. hr/mi) 7.149+1.612 7152.3+76.06

Cl, (using AUC up to 1.5 hr) (ml/min/kg)
Cl, (total AUC utilized) ml/min/kg

Vd (using AUC up to 1.5 hr) (Vkg)

Vd (total AUC utilized)) (I’kg)

Not Determined |12.30+0.88

Not Determined |{5.098+0.526
Not Determined [0.286 +£0.023
Not Determined }50.97+6.067

Overall recovery of radioactivity (%) 103.7 102.4

The majority of radioactivity following intravenous administration was eliminated within the
first 24 hr by the kidney for both sexes, 49.15% (males) and 67.90% (females). Following
ocular administration no apparent gender differences were observed for renal or fecal
elimination. The mean urinary elimination was 74.10% and the majority was eliminated
within the first 24 hr.

Conclusion: These studies show that radioactivity following administration of tritium labeled
latanoprost couid be detected in the plasma and excreta, primarily in urine of rabbits
whether administered topically to the eye or intravenously. The clearance and volume of
distribution could not be compared for the two routes of administration because these
parameiers were not obtained for the ocular route of administration.
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Metabolism of [13,14-’H]-latanoprost in the rabbit after intravenous or topical
administration on the eye

Report Number; 9400531; Stud site:
Report Date: October 199413,14; Date started: ; Species: rabbit; Sumin: Dutch
Felted; N: 3; Gender: M/F; Study duration: 1 dose; Doses evaluated: i.v. 0.2 mg/kg; Route: ocular,
1.v.; Dose yolume: unspecified; Rate of Dasing: unspecified; Vehicle: .
B )

.
- . ¥

‘Ql.t: S(es; w: 1.37:10926 ’
{13,14-°H]-latanoprost labeled was used in these experiments.

The biological samples were taken from “Tritium labeled latanoprost, Plasma levels and
excretion of radioactivity following ocular and intravenous administration to the rabbit,”
Report Number 9400424. In that study there were 3 male and 3 female rabbits per route
of adminisiration, however, the sponsor reporis that after intravenous or topical
administration to the eye 82.849.2% (n=11) and 96.8+15.2% (n=10) of the total
administered dose, respectively, was recovered within 15 min.

The times of blood coliection after administration were 5, 15, 30, 45, 60, 90 and 120
minutes and the calculated pharmacokinetic parameters are presented in table 5.
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Table 5 Pharmacokinetic parameters for latanoprost free acid following ocular or
intravenous administration of latanoprost to rabbits.

Parameter Ccular* Intravenous®
(10 ug) (200 pg/kg)

Weight (kg) 2964021  [2.4610.1

Dose (ug/animal) 5604133 9.410.5

C, (ng equiv./ml) Not determined [627+178

C 5 min (Ng equiv./ml) Maximum value measured 12.6-:2.3 Not determined

Initial phase t,, (min) 4.6+5.1 9.24+3.21

Terminal elimination t,, ¢hr) 1.4240.27 Not determined

AUC 34 min (ng equiv. hr/ml) 3.01+0.46 147125

Cl, (ml/min/kg) 8.0+28 30.0x4.6

V (l/kg) : 0.39+0.28 0.39+0.11

Ref.: 1.37:10941

a. n=3 males and.?2 females
b. n=3 males and 3 females

In the rabbit latanoprost is rapidly converted to the free acid and it's two major metabolites
found in urine were the 1,2,3,4-tetranor of the free acid of latanoprost in the form of the &-
lactone and the acid (fig 3) according to retention times or and after derivatisation,
according to retention times and mass spectra on GC-MS analysis. There were no obvious
differences in the metabolic patterns following intravenous and topical administration and
no differences between genders.

R oo

H
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1,2,3 4-ctranor-acid of Lawanoprost
Figure 3 The structures of latanoprost free acid metabolism.

(CH)-PhXAd1: Absorption, distribution and excretion following oral, intravenous and
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ocular administration to the cynomolgus monkey

Report Number: 9300006; Studv site

Report Date; January 1993; Date started: 8/8/91; Species:
monkey; Steain: cynomolgus ; N: 3; Gender: M/F; Male weighs: 2.00-2.60 kg; Female
weight: 2.15-2.40 kg; Studv duration: 1 dose; Doses evaluated: 500ug/kg for p.o. and i.v.
and 6 ug/eye topically; Royte: i.v., p.0., ocular; Dose Volume: - )

This is a GLP absorption, distribution and excretion study following oral, intravenous
and ocu!ar administration of [9-*H]-13,14-dihydro-15(R)-17-phenyl-18,19,20-trinor-
PGF- -1-isopropyl ester to the cynomolgus monkey. The tritium label is on the 9
positon. 42 ml of blood was taken from each monkey for pharmacokinetic studies.
No overt signs of pharmacology or toxicology were observed

The times of sampling for these studies were:

Urine: Pre-dose, 0100.5,05101,1101.5,1.5102,2103,3104,41t06,61t0
8, 810 24, 24 10 48, 40 to 72, 72 to 96 and 96 to 120 hr after dosing

Feces: 0to8, 8, 1024,241048, 481072, 7210 96, 96 to 120 and 120 to 144 hr
after dosing

- and blood from the femoral vein -
Blood: 1, 3,5, 10, 15, 20 and 30 min, 1, 1.5, 2, 4, 8, and 24 hr after dosing
The experimental design of this study is adequate to characterize a compound that has
short 1, however, when the 24 hr samples were lyophilizated no radioactivity was
associated with the residue, therefore, volatile radioactivity is probably associated

with water.

Most of the activity excreted was recovered within the first 24 hr and the majority of
that was recovered between 1.5 and 4 hr after dosing. Using these data one can
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estimate the fate of the radio activity.
Results of studies of excretion of radiolabel are presented in table 6. The total values
represent unexpectedly low recovery , when compared to rabbits (Report Number:
9400424). There were no substantial gender differences observed.

Table 6 The percent of administered dose of radioactivity excreted following a single

Pharmacology and Toxicology Review

dose of *H-latanoprost.

Route Dose Urine Feces Cage Wash Total
(ug/kg)
Intravenous 500 29 20 12 61
Oral 500 33 30 9 72
Ocular 12* 31 20 11 62
Ref. table 7.15 1.34:00845

* The actual dose delivered was 9.7 + 1.7 ug.

Estimates of pharmacokinetic parameters (table 7) Show that clearance and volume of
distribution are similar regardless of route of administration and the haif-life is between

0.5 and 1 hour.

Table 7 Estima*:d Pharmacokinetic Parameters

in Cynomologus Monkeys

Adrniunis.ered Latanoprost by Various Routes (mean+SD (presumable))
|}

’ Parameter Intravenous Oral Ocular
(500 ugrkg) | (500 ug/kg) | (12 ug)
Cras (ng equiv/ml) 774@ 1 min 353+125@ | 7.5+0.9
0.6 hr @0.11 hr
Initial phase t,, (hr) 0.493* 1.14+0.52° | 0.506+0.052*
AUC estimate over 1% phase | 6354135 647 +£308 6.0+1.5
(ng equiv. hr/ml)
Cl, (ml/min) 3045 31+11 2714
vd (L) 1.28+0.21 1.45+£1.28 1.171+0.17

A. Time range 0.083-2.00 hr
b. Time range 0.33-8.00 hr

42

At 5 min after intravenous administration detectable amounts of radioactivity were found
in all tissues except the iris and lens of the eye. Most of the activity was found in the
kidney (10.67 ug equiv./g), prostate (9.56 ug equiv./g) and liver (3.62 ug equiv./g). At
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this time the urinary bladder also contained significant amounts of radioactivity (2.28 ug
equiv./g). Apart from the above tissues and the GI contents, seminal vesicles, lungs small
intestine and stomach, all other tissues sampled contained less than those in blood.

Of particular note, the retina/choroid, coniunciiva, coruea and eyelid) contained moderate
levels of radioactivity.

Apart for the dosing site, ocular administration conferred tissue distribution similar to
intravenous administration.

Using autoradiographic techniques the highest levels of radioactivity were associated the
cornea (including the conjunctiva) 30 min after ocular administration of latanoprost.
Moderate radioactivity was present in the ciliary body and humor of the anterior chamber
and the anterior part of the sclera. Low levels of radioactivity were present in the iris.

The sponsor also preformed both Ex Vivo and In Vitro plasma and erythrocyte binding
studies. Ex Yivo binding at 5 min was 28% to erythrocytes and 73% to plasma proteins.
In Yitro binding studies in rat, monkey and man showed erythrocytes binding in rat ¢g 22 %,
in monkeys ¢a 17% and in man ¢a 12%, and plasma protein. binding was ca 79% in rat, ¢a
87% in monkeys and ¢a 97% in man.

Conclusion: While the sponsor used adequate sampling times to characterize a short half-life
compound the radiolabel selected exchanges with water. Therefore, the results can not be
quantitatively evaluated. Qualitatively, the data show that latanoprost has a t,, in monkeys
of between 0.5 and 1 hour regardless of the route of administration, with a clearance of
about 30 ml/min and a volume of distribution of about 1.3 L. They have also shown that
Ex Vijvo radiolabel binding to erythrocytes was 28% and to plasma protein was 73%, 5 min
after exposure. In Yitro binding in man these values were ¢a 12% for erythrocytes binding
and ¢a 97% for plasma protein binding.

Tissue distribution of [9b-°H}-PhXA41 In the cynomologus monkey after topical
administration on the eye, studied by whole body autoradiography

Report Number: £411 C054 K 001; Sy site : - Report Dage; Deacember
1994 Date garted: unspecified; Species: monkey; Simin: cynomolgus ; N: 2; Gender: M;
Weight: 3.86 & 4.42 kg; Studv dursiion: 2 doses; Doses evaluaied: 6442; Rowte: ocular; Dose
volume: 10 ul; Vehicte:

Let: unspecified but 408783 for labeled
material; GLP: no; Refersuce: 1.35:10061

The formulation differs from the clinical formulation by the presence of a surfactznt
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and less disodium phosphate,

One monkey was administered test material in one eye 2 hr before sacrifice and in the
contralateral eye 30 min. before sacrifice. The other monkey was treated in one eye
24 hr and in the other eye 6 hr before sacrifice. .

This study shows that when radio labeled latanoprost is administered to the eye
radiolabel is associated with the corneas, anterior ckamber, the iris and the ciliary
muscle. Radiolabel was aiso observed in the esophagus.

Metabolism of l2ianoprost in the cynomolgus monkey after sintle intravenous, oral or
topical administration or .he eye

All data on the performance of the animal experiments were reported in the study
entitied “CH)-PhXA41: Absorption, distribution and excretion following oral,
intravenous and ocular administration to the cynomolgus monkey” Report No.
930006.

Report Number: L 411 C056 ROOL; Study site :

. Report Date: December 1994; Species: monkey; Sirain:
cynomolgus ; N:.3; Gender: M/F; Male weight: ; Famale weight: ; Study duration: 1 dose; Doses
evaluated: 0.5 mg/kg for p.o. and i.v. ard 6 ug/eye; Route: ocular, i.v., p.o.; Dase Volume

Latanoprost was labeled at the 9 position with tritium.

Regardless of the route of administration latanoprost is rapidly hydrolyzes to the free
acid (fig 4) and is further metabolized by B-oxidation to the 1,2-dinor and then to the
1,2,3 4-tetranor metabolite of the free acid.
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The animais were doses daily by infusion in the tail vein from day 6 to day 15 of
gestation, and they were killed on day 20 of gestation.

All females survived treatment, had no differences in weight gain, food consumption,
clinical condition or macroscopic lesions at necropsy.

The number of rat pregnant and dams with viable or no viable fetuses are shown in
the followving table:

Parameter | Control §{ 0.1 ug/kg | 1 ug/kg | Sug/kg | 50 ug/kg 300
ng/kg
Number/group 6 6 6 6 6 6
Number 5 6 5 6 6 6
pregnant
Dams with 5 & 5 5 6 6
viable fetuses
Dams with no 0 0 0 1 0 0
viable fetuses |

There were no aborted fetuses, early delivered fetuses or fetal deaths in any of the
treatment groups. The mean number of corpora lutea; implantation sites;

preimplantation loss; total, early or late resorptions; post implantation losses or fetal
sexX ratios were similar for all groups.

There was one incidence of fetal abnormality, cleft palate, found in a 1.0 ug/kg
treated dam. No other fetal abnormalities were observed.

Conclusion:
No signs of maternal or fetal toxicity were found with any of the doses evaluated.
Teratology study by intravenous route in the rat (Segment II)
. Report Numper: 9300279; Swdy site
* Report Date: November 1993; Date started: 3/9/92; Specien:
rat; Srain: Ico:OFA. SD. (JOPS Caw); N: 25; wisight: 218 - 267 g; Study duration: Day
6 to day 15 of gestation ; Duses evaluated: 0, 5, 50 and 250.g/Kg; Route: i.v.; Dose yohyume:
6.25 mi/kg; Rats of Dosing: 1 ml/min; Yehicle: Saline; Lot: B179109; GLP: yes; Reference:
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The average concentration of test maizrial in the formulations was 81, 81 and 86%

for the 5, 50 and 250 ug/kg dnses, respectively.

The rats were dosed tror days 6 to 15 of gestation by intravenous administration
through the tail vein. On day 20 of gestation the dams were kilied, dissected and
examined macroscopically. The fetuses were examined for external defects and
approximately one half from each litter was examined for visceral abnormalities and

the carcasses were fixed and process for skeletal examination.

The number of rat pregnant and dams with viable or no viable fetuses are shown in

the following table:

fatuses

Parameter Control 5 pug/kg 50 ug/kg 250
ug/kg
Number/group 25 25 25 25
Number pregnant 23 22 25 22
Dams with viable fetuses 23 22 25 22
Dams with no viable 0 0 0 0

There were no aborted fetuses, early delivered fetuss or fetal deaths in any of the

treatment groups. The mean number of corpora lutea; implantation sites:

preimplantation loss; total, early or late resorptions; post implantation losscs or feta)
sex ratios were similar for all groups.

No treatment related abnormalities were observed in any of the fetuses.

Latanoprost administered by the intravenous route to rats from day 6 to 1S inclusively
had no maternal toxic or fetotoxic effects at doses up t0 250 ug/kg.

PhXAd41 - Dose range-finding study by intravenous route in the pregnant rabbit

Regort Number: L411 S035 ROO!; Sindy site

AANDDISY 001

Repert Date: 6/22/94; Date started: 6/8/9); Species:



NDA 20-597 Pharmacology and Toxicology Review

rabbit; Straia: New Zealand; N: 6; Weight: 3.2 - 4.0 kg; Study durstion: Rabbits were dosed
from day 6 to 18 of gestation; Dases syalnated: 0, 0.1, 1.0, 5.0, 50 and 300ug/kg; Bouts:
i.v.; Dast yalume: 5.63 mlkg; Rats of Deaings 1 mi/min; Yehigis: | Lot B269.".2; GLI: Y¢S,
Refersacs: 1.32:8635

The average concentration of test material was 91% of expected, however, the two
highest doses were 73 and 77% of expected, respectively. Also the sponsor asserts that
"In higher concentration samples about 80% of expected due to adsorption in the
analysis.” If the decrease in potency of the formulation were due to adsorption one
would expect 1o sce the greatest deviations from the expected values at the lowest
concentrations. This was not the case in this study because the lovsest concenirations
were 105 and 107 % of expected concentrations, respectively.

There were no deaths and immediately following treaunent the 300 ug/kg treated rabbits
displayed increased “in breathing” (presumably this means the rate of respiration),
wremors and slight motor incoordination during the first 5 min afier treatment on all days
of treatment. These observations were not observed for other treatment groups. There
no treatment related effects on body weight gain or food consumption. At necropsy 2
females treated with 50 ug/kg and 4 treated with 300 ug/kg had multiple ovarian cysts.
Another female in the 50 zg/kg Broup had a movable pelvic mass.

The effect of treatment with lalanoprost on pregnancy arc shown in the following table
(ref 1.32:8664).

24

Dose (ug/kg)

p—

Parameter easurement| Control § 0.1

E so | 200

Number/group N 6 6 &

Number pregnant 6 6

ajojorn]

iAo ]| o

N 5
Aborted/litter N 0
N 5

Dams with viable
fetuses

slols o

Dams with no viable N 0 0 0 1 ¢
fetuses

Corpora Lutea Mean 12.4 1to {1031} 120 0
S.D. 2.1 1.9 1.8 1.9
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Implantation sites Mean 9.8 104 | 9.8 11.4 8.0 9.3
S.D. 31 2.5 1.5 1.8 33 1.0
Preimplantation loss Mean 222 6.3 43 48
(fetuses) S$.D. 16.0 9.8 7.1 7.3
Early resorptions Mean 0.2 0.6 03 08 8.0 9.3
(fetuses) S$.D. 04 i.3 0.5 1.8 33 1.0
Late resorptions Mean 0.6 1.0 0.7 2.0 0 0
(fetuses) S.D. 0.5 0.7 1.0 1.9
Dead fetuses Total 0 0 0 0
Postimplantation '~ss Mean 10.2 15.5 10.3 | 22.9
S.D. 13.7 8.4 8.8 20.1
Live fetuses Mean 9.0 8.8 8.8 8.6 0 0
S.D. 3.5 24 1.6 1.8
Fetal weight (g) Mean 40.37 | 41.28 | 37.77 ] 39.16
(All viable fetuses) S.D. 822 526 | 4.83 | 2.5

As can be scen, all females receiving intravenous doses ¢f 50 and 300 ug/kg
administered between days 6 to 18 of gestation underwent early tctal resorption their
liters. No abnormalities were found in the fetuses at necropsy of dams that received
5 ug/kg, i.v. or less of latanoprost, and there was no effect of treatment on fetal
weight.

The occurrence of an abortion of one litter at 5 ug/kg, i.v., may represent the
beginning of a treatment-induced effect since doses that were 10 and 60 times higher
induced total resorptions of embryos and no abortions could have been observed. The
sponsor should have explored doses between S and 50 ug/kg.

Conclusion:

Intravenous doses of 50 and 300 wg/kg, i.v. of latanoprost administered to gravid
female rabbits from day 6 to 19 induced a dose dependent development of ovarian
cysts and in dams treated between days 6 to 18 of gestation. These doses were also

embryo toxic, since they induced complete early resorptions. A dose of 1 ug/kg, i.v.,
is a no effect dose.

Teratology study by intravenous route in the rabbit (Segment 1I)
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Report Number: 9300280; Study site: _
Report Date: November 1593; Dase started: 4/6/92; Species:
rabbit; Strain: New Zealand; N: 18; Gender: F; Female weight: 2.9 - 4.4 kg; Doses evalyated:
0,0.2, 1, Sug/kg; Reute: i.v.; Dow volume: individual; Rate of Dosing: 5 mi/min (control and
high dose), 30 sec (fow dose) and 1 min (intermediate dose); Yehick: saline; Lot:
B179109; GLP: yes; Reference: 1.32:8738

All rabbits were dosed intravenously via the marginal ear vein from day 6 to i8 of
gestation inclusively, and killed on day 29 of gestation.

The sponsor measured the concentration of the test material twice and found it be 90
and 80% of label concentration. They did not evaluate the test material as it was
formulated for administration to the animais.

There were no treatment related deaths or clinical observations in gravid female
rabbits treated with varying doses of from 0.2 to 5 ug/kg of latanoprost. The
following table shows that the 5 ug/kg dose induced a 25% incidence of abortions and
a concomitant decrease in average litter weights, suggesting that this dose is fetotoxic:

Dose (ug/kg)
'S —
Parameter Measurement | Control 0.2 ! 5
Number/group N 18 18 18 18
Number pregnant N 16 15 15+ 16
Aborted/litter N 1 0 0 4
Dams with viable fetuses N 15 15 14 12
Dams with no viable N 0 0 1 0
fetuses
Corpora Lutea Mean 11.1 12.9 12.2 12.2
S.D. 1.9 4.4 2.1 2.6
Implantation sites Mean 10.3 11.0 9.8 11.8
S.b. 1.8 4.0 24 2.8
* Preimplantation loss Mean 6.8 11.1 13.4 3.1
S.D. 8.0 21.4 9.4 8.7
Early resorptions/litter Mean 0.3 0.5 0.3 0.2
S.D. 0.6 0.9 0.6 0.6
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Late resorptions/litter Mean 0.1 0.7 0.1 1.1
S.D. 0.3 1.0 0.4 1.2
Dead fetuses/litter Total 1 1 1 0

Postimplantation Mean 3.9 9.0 12.8 9.6
loss/litter S.D. 6.6 11.5 28.4 8.2
Live fetuses/litter Mean 99 9.8 8.2 10.6
S.D. 1.8 33 32 2.2

Fetal weight (g) Mean 39.38 40.38 41.7 35.4]%+
(All viable fetuses) S.D. 4.31 5.12 343 3.97

* One gravid female found dead with lumbar hematoma
** significantly different from control p<0.05 by analysis of covariance

Evaluation of body weight gain (fig. 1) and food consumption suggest that the high
dose group may be slightly different from control, however, the interpretation is
confounded by the induction of abortions during the observation period. Therefore,
it 1s not possible to assess maternal toxicity using these parameters.
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Figure 1 Body weight gain in gravid rabbits from day O to 29 of pregnancy

following daily treatment with latanoprost.
No treatment related differences were found in the dams upon necropsy examination.

The sex ratios of the fetuses in all treatment groups appears to be similar. Gross
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examination of the fetuse. found one incidence of gastroschisis and acaudis in the
control group and one incidence of spina bifida in the high dose treated group (5
ug/kg). There were no drug related incidences of abnormalities of the soft tissue or
skzleton.

onclusion:

Latanoprost was not teratogenic at intravenous doses up to 5 ug/kg, but was fetotoxic
at this dose. The no effect dose in this study was | ug/kg.

Dose range-finding peri- and post-natal study (Segment III) by intravenous route in the
rat

Report Number: 9200137, Study site:

Benert Datet April 1993; Date started: 11/12/91; Species: rat;
strain: OFA, SD, (IOPS Caw); N: 8; Weight: 200 - 270 g; Studv gduration: Day 15 of
gestation to day 21 of lactation; Doses evaluated: 0, 1, 3, 10 and 100ug/kg; Reute: i.v.; Dose
volume: variable; Rate of Dosing: 2 ml/min; vehicle: saline; Lot: BO79109; GLP: ves; Reference:
1.32:8957

The average concentration of test material was 74% of expected and the range of
expected values was 67 -100%,

Rats were dosed daily from day 15 of gestation to day 21 of lactation. Dams were killed
on day 21 of lactation or the death of pups. The litter sizes were adjusted to 10 pup on
day 4 post partum. Pups were killed after weaning or when culled.

Two females from the 100 ug/kg died 5 days after parturition; necropsy was not able
to determine the cause of death, and 2 from the same treatment group were killed on day
9 of lactation following complete loss of litters. No other deaths were observed, nor
were there any treatment related changes in clinical condition. Body weight appears not
to be affected by increasing doses of latanoprost, however, the variability appears to be
greater than control variability at 10 and 100 ug/kg at the later observation periods and
this may be indicative . Failure of the sponsor to perform statistical evaluation does not
allow for discussion of the parameters of weight gain or food consumption as early
indicators of maternal toxicity.

Necropsy of the dams revealed no remarkable findings.

Table 1 shows the data observed for females treated with latanoprost during late
pregnancy, lactation and their F1 pups. One of 7 pregnant females in the high dose
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group did not deliver any live pups. Deaths of fetuses were observed after parturition
following treatment with 3, 10 and 100 ug/kg, and sex ratios for males was lower
following treatment with the two highest doses.

Table 1 Effects of Latanoprost on Females Treated During Pregnancy and Lactation and
Their F1 Pups

Dose (ug/kg)
Parameter Measurement| 0 1 3 10 100
Number/group N 8 8 8 8 8
Number pregnant N 8 8 8 6 7
Dams with live pups N 8 8 8 6 6
Dams with no live pups N 0 0 0 0 1
Duration of gestation Mean 22 22 22.1 222 21.4
_ S.D. 0 0 0.4 1.0 0.8
Litter size Mean 116 | 11.6 11.2 10.3 12.6
- S.D. 2.8 35 53 5.5 58
Sex ratio at birth %males 49 52 49 39 35
Sex ratio at 21 days % males 50 54 39 45 33
Total litter death - day 1| litters with | O/8 0/8 1/8 2/6 1/7
deaths/litters
Total litter death - day 7| litters with | 0/8 0/8 017 0/4 2/5*
deaths/litters

* One litter was dead by the day 4 observation.

Examination of the pups for physical development and reflexes in time to eye opening, incisor
eruption, pinna unfolding, grip reflex, auditory reflex, pupil reflex or righting reflex and no
differences were noted by inspection of the results (statistics were not performed).

Conclusion:

Daily intravenous dosing with 1 ug/kg to dams during the peri- and post- natal {(day 15 of
gestation, to day 21 of lactation) was the no effect dose. Doses of 3 ug/kg and greater caused
deaths within the litters and doses of 10 ug/kg or greater caused a decreasc in *he number of

males pups delivered.
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Developmental toxicity study by intravenous route in the rat (Segment III)

Report Number: 9300281; Studv site

Beport Date: November 1993; Date gtarzed: 2/17/92; Species: rat;
Strain: OFA, SD, (IOPS Caw); N: 25; Weight: 211-267 g; Doses evaluated: 0, 1, 3, and 10up/kg;
Route: i.v.; Dose volume: variable, calculated individually using most recent body weight; Rate of
Dasing; 1 mi/min (low dose) and 2 ml/min for remaining groups; Vericle: saline; Lot: B069109;
GLP: yes; Reference: 1.33:9149

The average concentration of test material was 79% of expected and the range of expected values
was 67 to 83%.

Females from the FC generation were dosed daily from day 6 of pregnancy until weaning and
the F1 generation was not ‘reated.

Necropsy schedule:
FO females:

» Killed after weaning of F1 pups (females that failed to produce a viabie litter by
day 26 post-coitum were killed and necropsied)

F1 pups:

* Unselected F1 pups were killed and necropsied after weaning.

» Dead and culled (day 4 post partum) F1 pups were necropsied.

» The F1 males were killed and necropsied after necropsy of the majority of Fl
females.

¢ The F1 females were killed on day 20 post-coitum for examination of their uterine
contents,

* The Fl females without evidence of mating were killed and necropsied after
compietion of the mating period.

Evaluation of FO to F1 generation:
No FO treated females died nor were differences in clinical condition, weight gain or food

consumption observed. No treatment related abnormalitics were noted at the necropsy of the FO
females.

The effects of treatment gravid females with intravenous latanoprost from day 6 of gestation
through the period of lactation on delivery of pups and pup sex ratio, pup birth weight and

AN (01



NDA 20-597 Pharmacology and Toxicology Review 31
A e — PR - N
weight gain are presented in the following table:
Dose (ug/kg)
Parameter Measurement 0 1 3 10
Number/mated N 25 25 25 25
Number pregnant N 22 24 24 24
Dams with stillborns N 2 4 3 2
Dams with no live pups N 0 0 0 0
Duration of gestation Mean 21.8 22.0 22.0 22.0
S.D. 04 0.3 02 0.4
Litter size Mean 12.6 12.4 13.5 12.9
S.D. 2.6 3.3 2.5 3.0
Sex ratio at birth %males 49 43 51 51
Sex ratio at 21 days % males 48 47 50 51
Total litter death - Day | litter with 0122 0724 0124 0124
1 deaths/litters
Pup weight/litter (G):
Males: Day | Mean 7.64 7.78 7.67 7.83
S.D. 0.53 0.67 0.40 0.67
N 21 23 24 24
Females: Day 1 Mean 7.27 7.40 7.27 7.58
S.D. 0.49 0.61 0.38 0.80
N 2] 24 24 24
Males: Day 21 Mean 51.29 53.98 51.53 54.69
S.D. 4.76 6.16 4.44 5.35
N 21 23 24 24
Females: Day 21 Mean 49.74 51.94 50.37 54.34*
S.D. 4.36 5.82 4.10 4 .46
N 21 24 24 24
ref 0 1.33:9204
* p<0.01
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m
There were no treatment related differences in pina unfolding, incisor eruption, eye opening,
righting reflexes, grip reflex, auditory startle reflex, or pupil reflex. The results of the water
maze test and open field activity test could not be properly evaluated because the sponsor
failed to include a description of the methods, however, they claim that there were no
treatment-related effects.

There no remarkable differences observed in gravid females or their progeny following
intravenous doses up to 10 ug/kg.

Evaluation of F1 to F2 generation

In the F1 generation there were no treatment-related deaths, biologically meaningful
differences in body weight gain or clinical condition.

Cesarean data for the F1 generation females and F2 generation pups are presented in the
following table:

Dose (ug/kg)
Parameter " |Measurement 0 | 3 10
Number/groyp N* 24 24 25 25
Number pregnant N 22 22 23 24
Pregnant at C-section N 20 22 23 23
Dams with live pups N 19 21 23 23
Dams with no live pups N 1 1 0 0
Early resorptions Mean 0.9 1.1 0.7 1.1
S.D. 13 0.7 0.9 1.1
Litter size Mean 149 154 15.9 14.9
(live fetuses) S.D. 473 4.5 2.7 2.6
Sex ratio at birth % males 53 49 56 55
rel : 1.33:9462

* N=number of animals
It can be scen that there were no biologically meaningful effects on mating, delivery
of live or stillborn pups, carly resorptions, litter size or sex ratios. In addition to
there were no differences in the mean numbers of corpora lutea, implantation sites,
preimplantation losses, dead fetuses, postimplaritation losses or fetal weights for either
males or females. ‘
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One litter of 23 at the 3 ug/kg had one incidence of spina bifida and 1/23 litters in the
10 ug/kg group had one incidence of gastroschisis.

Conclusion:

There were no treatment-related effects to dams of the FO generation or F1 and F2
pups at intravenous doses of I, 3 or 10 ug/kg.

Pt kinetic/toxicokinetic Studi

Tritium labeled latanoprost. ("H)-PhXA41: Absorption, distribution and excretion
following oral and intravenous administration to the rat

Report Number: 9400458; Study site: ] .

Begort Date: December 1994, Date stanted: unspecified;
Species: rat; Strain: Crl:CD(SD)BR and Lister Hooded for pregnancy study; N: 4,
Gender: M/F; Male weight: 155-344; Femaie weight: 197-334; Study duration: 1 dose; Doses
svatuated: 200ug/kg; Beuts: P.O., i.v.: Dose volume: S mi/Kg; Rate of Dosing: ca. 1 mi/mir
for intravenous administration; Vehicle: saline; Lot: B179203, B049211 and
B179109(used to pre-soak dosing apparatus and TRQG6506 (free acid); GLP: n:
Reference: 1.35:1N75

Tritium labeled latanoprost (labeled in the C-13 and C-14 positions) was used to
evaluate pharmacokinetics, and the parameters presented by the sponsor assume that the
majority of radioactivity in the systemic circulation is associated with the active acid
metabolite.

Two lots of test material were used in these experiments and their concentration was 82
and 95 % of expected values. The sponsor did flush the dosing apparatus in order to
reduce the adsorption of latanoprost to the dosing apparatus.

Following single intravenous or oral administration of 200 ug/kg dissolved in saline in
a dose volume of 5 ml/kg to Charles River rats, Crl:CD(SD)BR and administered either
orally or by the lateral caudal vein at a rate of about 1 ml/min. Blood sampies were of
unspecified volume were withdrawn for the lateral tail vein at the following intervals:
Oral: Pre-dosing, 15, 30 min, 1, 2, 4, 6, 9, 12, 48, 72 and 96 hours after dosing.
Intravenous: Pre-dosing, 5, 10, 20, 30 min, 1, 2, 6, 24, 48, 72 and 96 hours after dosing.

The times selected for sampling biological fiuids arc not chosen well for a class of
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compounds that are rapidly metabolized, Typically prostaglandins have short haif

lives, so a study should be derigned to sariple frequently in the begianing of study
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and would not be expected to sample at times that exceeded 4 to 5 half lives.

The experimental de:ign of the present studies does nat take th~se factors inte
consideration and consequently, the results have to viewed with ~aution and should
be considered as preliminary. Therefore, the results will be discussed in qualitative

rather in quantitative terms.

The studies show that the plasma tevels Tose an! then declined in an apparent
biexponential manner.

administration the
variability associated with

The data collected show that following intravenous
half-life in males and females was less that 30 minutes and that the
these measurements is large (the mean + 2 x SD include

0). The AUC measurements for oral administration when expressed as a percentage
of the intravenous value, arc 281 and 214% greater than iv values for males and
females, respectively.

After intravenous administration of 200 ug/kg there was rapid and widespread
distribution of radiolabel into tissues. At all \ime-points, up to 120 hr. after dosing,
the distribution of label was generally similar for males and for females. The highest
concentration of sadiclabel was found in the organs of elimination, i.e. liver, kidney
and intestinal tract.

Tissue distribution following administration of the same dose of latanoprost orally was

again similar
of eliminatio

for both genders and the highe:st concentrations were observed in organs
a or secretion and in the contents of the gastrointestinal (G)) tract.

Recovery of radio activity from rats administered 200 ug/kg of tritium labeled latanoprost
is presented in table 2. Radio activity is excreted primarily in the feces and urine of rats, and

males appear to excrete

more label in feces than do femnales and females seem 1o excrete

more radio label in urine than do males.

Table2 Recovery of radio label following administration of 200 pg/kg of *H-labeled
latanoprost to Crl:CD(SD)BR, Charles River rats {(percentage of administered dose)
(N=4/sex)(mean + SD)

Intravenous QOral

Parameter Male Female Male Female

Total 90.7 + 0.2 036 £ 7.6 111.6 £ 3.0 104.9 + 10.2

Feces 49.1 £ 4.6 214 24 63.7 £ 6.5 39.3 + 5.0
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Renal 36.8 + 5.7 64.8 + 7.7 425+ 7.4 549 +9°

Results afier intravenous administration of 200 ug/kg of latanoprost to rats with their
bile ducts cannulated are shown in table 3. In these experiments where bile secretion
is diverted from the gastrointestinal tract, relatively little radio activity appears in
feces and the percentage found in renal and bile secretion are similar.

Table 3 Bile excretion study following intravenous sdministration of 200 pg/kg of
latanoprost (percentage of administered dose) (N =4/sex}(mean + SD)

inale female
Amount recovercd within 24 hr 335+ 88 353 +15.0
Feces 19+1.7 0.8 +0.6
Renal ¢ " +£29 16.6 £ 6.4
Bile 26.0 £ 11.8 14.5 £ 13.9

Following addition of labeled latanoprost radiolabel is moderately bound to plasma
protein of rats, Jabbits, monkeys, dogs, and humans (table 4). However, as the
concentration of compound increases from 0.01 to 0.100 xg/ml the binding in humans
decreases from 87% to 52% and rises again to 80% at the highest concentration, 1.00
pug/ml. This trend holds for all species evaluated.

Table 4 In vitro plasma protein binding of latanoprost free acid in various species.

Concentration Percentage Latanoprost Free Acid Bound

pg/ml Rat Rabbit Monkey Dog Human

0.001 74 86 71 63 82

0.0t 76 84 72 64 87

0.1 56 46 56 58 53

0.25 63 53 52 59 59

1 7€ 59 62 61 80

Average 69 65.6 62.6 61 72.2

In an experiment where blood samples were pooled from rats treated with 200 ug/kg,
iv, the percentage of bound radiolabel to free was approximately 50% at 1 hr after
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Renal 368 +£ 5.7 648 £7.7 428 +74 549 £ 9.8

Results after intravenous administration of 200 ug/kg of latanoprost to rats with their
bile ducts cannulated are shown in table 3. In these experiments where bile secretion
is diverted from the gastrointestinal tract, relatively little radio activity appears in
feces and the percentage found in: repal and bile secretion are similar.

Table 3 Bile excretion study following intravenous administration of 200 ug/kg of
latanoprost (perccntane of administered dose) (N =4/sex)(mean + SD)

male female
Amount recovered within 24 ar 335+ 8.8 353+ 150
Feces 19 1+17 08 +06
Renal 104 +2.9 16.6 + 6.4
Bile 200 £ 11.8 14.5 + 13.9

Following addition of labeled latanoprost radiolabel is moderately bound to plasma
protein of rats, rabbits, monkeys, dogs, and humans (table 4). However, as the
concentration of compound increases from G.01 to 0.100 ug/ml the binding in humans
decreases from 87 % 10 52% and rises again to 80% at the highest concentration, 1.00
ug/ml. This trend holds for all species evaluated.

Table 4 In vitro plasma protein binding of latanoprost free acid in various species.

Concentration Percentage Latanoprost Free Acid Bound

ug/ml Rat Rabbit Monkey Dog Human

0.001 74 86 71 63 82

0.01 16 84 72 64 87

0.1 56 46 56 58 53

0.25 63 53 52 59 59

1 76 59 62 61 80

Average 69 65.6 62.6 61 72.2

In an experiment where blood samples were pooled from rats treated with 200 ug/ky,
iv, the percentage of bound radiolabel to free was approximately 50% at 1 hr after
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dosing and declined thereafter (fig 2).
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Figure 2 Protein binding of radiolabel in bloed taken from rats treated
with 200 ug/kg of latanoprost.

Whole body autoradiography studies were performed in two day-18 pregnant Lister
rats. They were treated intravenously with 200 ug/kg of latanoprost. One rat was
killed after 1 hr and the highest levels of radioactivity were associated with the
contents of the intestinal tract, with moderate levels in the stomach contents, uterus,
tongue, kidney cortex ( inner renal cortex), kidney pyramid (urine), blood, lymph,
nodes, bile ducts, liver, lungs and uveal tract. Low levels or radioactivity were
observed in bone marrow, periosteum, brain and spinal cord, adrenal, pituitary,
thyroid, thymus, Harderian gland, intra-orbital lachrymal gland, salivary glands,
mucosa of the gastrointestinal tract, ovaries, muscle, pancreas, skin (both pigmented
and non-pigmented), spleen and tooth pulp. In addition to these tissues, low levels
of radioactivity were also found in the mammary tissue, placentac and evenly
distributed throughout the fetuses.

By 24 hr high levels of radioactivity were detected and moderate levels were observed
in the contents of the intestinal tract and kidney cortex. Low levels of activity were
observed in the placentae and no detectable levels were observed in the fetuses or
mammary tissue.
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Conclusion:

\Jualitatively, these studies confirm that like other prostagiandins, latanoprost and/or
is free acid have half-lives of between 10 and 50 min, that radio activity is
extensively excreted in bile and that radio activity is associated with organs of
excretion. Bioavailability of latanoprost could not be estimated because in these
preliminary experiments the values of AUC for the oral route of administration was
greater than the iv route.

Metabolism of {13,14-°H]-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF,a-isoprpyl
ester in the rat after a single intravenous or oral admixistration

Report Number: 9400105; Study sit ; Regort
Date: November 1994; Dats maned: 6/93; Speciss: rat; Stam: ; N. 3 for oral and 4 for
intravenous: Gender: M/F; Male weight: unspecified; Femals weight: unspecified; Stadv duration:
1 dose; Doses evaluated: 200ug/Kg; Beuis: P.O., i.V.; Doss yolume: unspecified; Rate of Losine:
unspecified; Yehicle: saline; lot: B 179109; label: JS 431303; GLP: yes; Refersnce:
1.36:10748 .

Latanoprost was converted to the free acid which is extensively meiabolized through
B-oxidation befose being excreted in the urine of females or the feces of males.

Tritium labeled latanoprost, Plasma levels and excretion of radioactivity following
ocular and intravenous administration to the rabbit

Rengnt Number; 9400424, Study aite

Rzport Date: August 1994 Date started: ; Species: rabbit;
Strain: Dutch Belted; N: 6; Gender: M/F; Study duration: | dose: Doges evaluated: 10
ugl/animal and 200 ug /kg . Boute: ocular, i.v.; Dosc volume: 30 ul for ocular &
unspecified for i.v.; Rase of Daslag; 5 mi/min; Vshile:

Let: Jabeled B189203 & B01920S; GLP: n; Raference: 1.37:10819

Latanoprost was labeled in [13,14-*H] position and the dosing apparatus was flushed
with latanoprost prior to administration into the ear vein.

The collection times were as follows:
Urine: Pre-dose, 0106, 6to 12 12 10 24 24 10 48, 48 to 96, 120 to 144 hr after

dosing.
Feces: 0Oto12, 12,1024, 241048, 48 t0 72, 72 10 96, 96 to 120 and 120 to 144
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hr after dosing.
Blood:
after dosing.

Pharmacology and Toxicology Review

5,15, 30 and 45 min, 1, 1.5, 2, 3, 4, 6, 24, 48, 72, 96, 120 and 144 hr

Again the sponsor has not designed the study to cptimize the detection of a haif-life
that is relatively short, however, from the i.v. and ocular initial data they have

calculated the following parameters (table 4):

Table 43 Pharmacokinetic parameters in plasma followiig - -~ular or intravencus

administration to the rabbit.
Parameter Ocular Intravenous
(10 pg) (200 pg/ke)

Cs min (ng_equivfrn]) 18.364+4.238  |704.0+107.0
Initial phase t,, (hr) 0.37340.174  |0.259+0.026
Terminal elimination t,, (hr) 2.371+1.224 117.4424.6
AUC estimate over 1* phasé (ng equiv. k/ml) 5.808+1.359 208.3+21.11
AUC over the toi_lati.!_nc (ng equiv. hr/ml) 7.14911.612 752.3+76.06
Cl, (using AUC up to 1.5 hr) (ml/min/kg) Not Determined {12.80+0.88
C), (total AUC utilized) ml/min/kg Not Determined |5.09810.526
Vd (using AUC up to 1.5 hr) (I/kg) Not Determined ;0.286+0.023
Vd (total AUC utilized)) (I/kg) Not Determined [50.971+6.067
Overall recovery of radioactivity (%) 103.7 102.4

The majority of radicactivity following intravenous administration was eliminated within the
first 24 hr by the kidney for both sexes. 4¢.15% (males) and 67.90% (feinales). Following
ocular administration no apparent gender difterences were obsvrved for renal o fecal
elimination. The mean urinary elimination was 74.10% and the majority was eliminated
within the first 24 hr.

Conclusion: These studies show that radioactivity following administration of tritium labeled
latanoprost could be detected in the plasma and excreta, primarily in urine of rabbits
whether administered topicaliy to the eye or intravenously. The clearance and volume of
distribution couid not be compared for the two routes of administration because these
parameters were not obtained for the ocular route of administration.
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Metabolism of [13,14-’H)-latanoprost in the rabbit after intravenous or topical
administration on the eye

Report Number; 9400531; Studv site: ,

Report Date; October 199413,14; Dage started: ; Species: rabbit; sigain: Dutch
Belted; N: 3; Geader: M/F; Study duration: 1 dose; Doses evaluated: i.v. Ozmgfkg,xm ocular,
i.v.; Dose volume: unspecified; Rate of Dosing: unspecified; Yehick:

.- . .. - . . Lat: B186203, B019205;
labeled 9110015; GLP: yes; Reference: 1.37:10926

[13,14-’H]-latanoprost labeled was used in these experiments.

The biological samples were taken from “Tritium labeled latanoprost, Plasma levels and
excretion of radioactivity follow:ng ocular and intravenous administration to the rabbit,”
Report Number 9400424. In that study there were 3 male and 3 female rabbits per route
of adminjstration, however, the sponsor reports that after intravenous or topical
administration to the eye 82.849.2% (n=11) and 96.8+15.2% (n=10) of the total
administered dose, respectfvely, was recovered within 15 min.

The times of blood collection after administration were 5, 15, 30, 45, 60, 90 and 120
minutes and the calculated pharmacokinetic parameters are presented in table 5.
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Table 5 Pharmacokinetic parameters for lataroprost free acid follewing ocular or
intravenous administration of latanoprost to rabbits.

Parameter Ocular* Intravenous®
(10 g) (200 pg/kg)

Weight (kg) 2.96+10.21 2.4610.1

Dose (ug/animal) 560+33 9.440.5

C, (ng equiv./ml) Not determined 1627+178

1C , .., (ng equiv./ml) Maximum value measured  [12.6+2.3 Not determined

Initial phase t,; (min) 4.6+5.1 9.2413.21

Terminal elimination t, (hr) 1.4240.27 Not determined

AUC ;29 i (ng equiv. hr/mi) 2.01+0.46 147425

Cl, (ml/mirvkg) 8.0+2.8 30.0+4.6

V (I/kg) ) 0.39+0.28 n.39+0.11

Rer.: 1.37:10941

a. n=3 males and.2 females
b. n=3 males and 3 females

In the rabbit latanoprost is rapidly converted to the free acid and it's two major metabolites
found in urine were the 1,2,3 4-tetranor of the free acid of latanoprost in the form of the &-
lacione and the acid (fig 3) according to retention times on HPLC and after derivatisation,
according to retention times and mass spectra on GC-MS analysis. There were no obvious
differences in the metabolic patterns following intravenous and topical administration and
no differences between genders.

0

8 ©  om

L H L b

12,3 4-tetranor-acid of awncprost
Figure 3 The structures of latanoprost free acid metabolism.

(*H)-PhXAd1: Absorption, distribution and excretion following oral, intravenous and
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ocular administration to the cynomolgus monkey

Report Number; 9300006; Study site ; -
Report Date: January 1993; Date started: 8/8/91; Spegies:
monkey; Strain: cynomolgus ; N: 3; Gender: M/F; Male weight: 2.00-2.60 kg; Female
weighs: 2.15-2.40 kg; Study duration: ! dose; Doses svalugted: 500ug/kg for p.o. and i.v.
and 6 ug/eye topically; Roste: i.v., p.0., ocular; Dose Yolume: oral £a 0.625 ml/ke. i.v.

e ‘Lot: B069108, B079108 & BOB9108:
GLE: yes, Refersnce: 1.34:9793

This is a GLP absorption, distribution and excretion study following oral, intravenous
and ocular administration of {9-°H]-13, 14-dihydro-15(R)-17-phenyl-18,19,20-trinor-
PGF,,-1-isopropyl ester to the cynomolgus monkey. The tritium labe! is on the 9
posiuon. 42 ml of blood was taken from =ach monkey for pharmacokinetic studies.
No overt signs of pharmacology or toxicclogy were observed

The times of sampling for these studies were:

Urine:  Predose,0100.5,0.5101,1t01.5,1.5102, 210 3,3104,4106, 60
8, 810 24, 24 t0 48, 40 t0 72, 72 to 96 and 96 10 120 hr after dosing

Feces: 0108, 8,10 24, 24 10 48, 48 10 72, 72 to 96, 96 to 120 and 120 to 144 hr
after dosing

- and blood from the femoral vein -
Blood: 1,3, 5, 10, 15, 20 and 30 min, 1, 1.5, 2, 4, 8, and 24 hr after dosing
The experimental design of this study is adequate to characterize a compound that has
short 1,, however, when the 24 hr samples were lyophilizated no radioactivity was

associated with the residue, therefore, volatile radioactivity is probably associated
with water.

Most of the activity excreted was recovered within the first 24 hr and the majority of
that was recovered between 1.5 and 4 hr after dosing. Using these data one can

ANNNSST OCL



NDA 20-597

Pharmacology and Toxicology Review

42

e ™

estimate the fate of the radio activity.
Results of studies of excretion of radiolabel are presented in table 6. The total values
represent unexpectedly low recovery , when compared to rabbits (Report Number:
9400424). There were no substantial gender differences observed. .

Table 6 The percent of administered dose of radioactivity excreted following 2 single

dose of *H-latanoprost.

Route Dose Urine Feces Cage Wash Total
(ug/kg)
Intravenous 500 29 20 12 61
Oral 500 33 30 9 72
Ocular 12* 31 20 11 62
Ref. table 7.15 1.34:09845

* The actual dose delivered was 9.7 + 1.7 ug.

Estimates of phar nacokinetic parameters (table 7) Show that clearance and volume of
distribution are similar regardless of route of administration and the half-life is between

0.5 and 1 hour.

Tabic 7 Estimated Pharmacokinetic Parameters in Cynomologus Monkeys
Administered Latanoprost by Various Routes (mean+SD (presumable))

Parameter Intravenous Oral Ocular

(500 ug/kg) (500 ug/kg) (12 pg)
Crax (Ng equiv/ml) 774@ 1 min 353+125@ | 7.5409

0.6 hr @0.11 hr

Initial phase t,, (hr) 0.493: 1.1440.52° | 0.506+0.052"
AUC estimate over 1* phase | 635+135 6471308 6.0+1.5
(ng equiv. hr/ml)
Cl, (ml/min) 3045 31+11 2714
vd (L) 1.28+0.21 1.45+1.28 | 1.1740.17

A. Time range 0.083-2.00 hr
b. Time range 0.33-8.00 hr

At 5 min after intravenous administration detectable amounts of radioactivity were found
in all tissues except the iris and lens of the eye. Most of the activity was found in the
kidney (10.67 ug equiv./g), prostate (9.56 ug equiv./g) and liver (3.62 ug equiv./g). At
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this time the urinary bladder also contained significant amounts of radioactivity (2.28 ug
equiv./g). Apart from the above tissues and the GI contents, seminal vesicles, lungs small
intestine and stomach, all other tissues sampled contained less than those in blood.

Of particular note, the retina/choroid, conjunctiva, comnea and eyelid) contained moderate
levels of radioactivity.

Apart for the dosing site, ocular administration conferred tissue distribution similar to
intravenous administration.

Using autoradiographic techniques the highest levels of radioactivity were associated the
cornea (including the conjunctiva) 30 min after oculasr administration of latanoprost.
Moderate radioactivity was present in the ciliary body and humor of the anterior chamber
and the anterior part of the sclera. Low levels of radioactivity were present in the iris.

The sponsor also preformed both Ex Yivo and In Yitro plasma and erythrocyte binding
studies. EX Vivo binding at 5 min was 28% to erythrocytes and 73% to plasma proteins.
In Yitro binding stucies in rat, monkey and man showed erythrocytes binding in rat ¢a 22 %,
in monkeys ¢a 17% and in man ¢3 12%, and plasma protein binding was ¢a 79% in rat, ca
87 % in monkeys and ¢a 97% in man.
-~ .

Conclusion: While the sponsor used adequate sampling times to characterize a short half-life
compound the radiolabel selected exchanges with water. Therefore, the results can not be
quantitatively evaluated. Qualitatively, the data show that latanoprost has a t,, in monkeys
of between 0.5 and 1 hour regardless of the route of administration, with a clearance of
about 30 ml/min and a volume of distribution of about 1.3 L. They have also shown that
EX Vivo radiolabel binding tv erythrocytes was 28% and to plasma protein was 73%, 5 min
after exposure. In Vitrg binding in man these values were ca 12% for erythrocytes binding
and ¢a 97% for plasma protein binding.

Tissue distribution of [9b-’H]-PhXAd] In the cynomologus monkey after topical
administration on the eye, studied by whole body autoradiography

Report Nuymber; 1411 C054 R 001; Siudy gite . Beport Date:. December
1994 Date sarted: unspecified; 3pecics: monkey; Strain: cynomolgus ; N: 2; Gender: M;
Weight: 3.86 & 4.42 kg; Study durstion: 2 doses; Dases evaluated: 648; Routg: ocular; Dase
volume: 10 ui; Yehicle: « _

.. . Let: unspecified but 408783 for labeled
material; GLP: no; Raference: 1.35:1006!

The formulation differs from the clinical formulation by the présence of a surfactant
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and less disodium phosphate.

One monkey was administered test material in one eye 2 hr before sacrifice and in the
contralateral eye 30 min. before sacrifice. The other monkey was treated in one eye
24 hr and in the other eye 6 hr before sacrifice.

This study shows that when radio labeled latanoprost is administered to the eye
radiolabel is associated with the corneas, anterior chamber, the iris and the ciliary
muscie. Radiolabel was also observed in the esophagus.

Metabolism of latanoprost in the cynomolgus monkey after single intravenous, oral or
topical administration on the eye

All data on the performance of the animal experiments were reported in the study
entiiled “CH)-PhXA41: Absorption, distribution and excretion following oral,
intravenous and ocular administration to the cynomolgus monkey” Report No.
930006.

Report Number: L 411 C056 ROOL; Study sits :

. . Report Date: December 1994, Species: monkey; Strain:
cynomolgus N:.3; Gender: M/F; Male weight: » Female weight | Study duration: 1 dose; Doses
evaluated' 0.5 mg/kg for p.o. and i.v. and 6 ug/eye; Royte: ocular, i.v., p.o.; Dase Yolume

m
Lat: B 069106 & labeled 069108 ,
079108 & 089108; GLP: yes; Refersnce: 1.35:10112

Latanoprost was labeled at the 9 position with tritium.
Regardless of the route of administration latanoprost is rapidly hydrolyzes to the free

acid (fig 4) and is further metabolized by P .xidation to the 1,2-dinor and then to the
1,2,3,4-tetranor metabolite of the frze acid.
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Figure 4. The metabolism of latanoprost in the monkey when administered
orally, intravenously or topically to the eye.

The plasma profile after i.v., oral as well as topical, administration to the eye shows
that the ester moiety of latanoprost is rapidly hydrolyzed to the free acid. From the
retention times of the free acid and the amount of radioactivity it was possible to
estimate the half-life following i.v. administration to be about 10 minutes (fig 5).
And similarly for ocular administration the half-life is abou: 20 min. With time one
less and two more polar metabolites appeared. One hour after administration the
radioactivity in plasma had become too low to be detected b, with on line
radioactivity detection. There was also evidence that by one hour the tritium label
had completely exchanged with water (Report No. 9300006).
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Figure 5 Calculated concentration of {’H] latanoprost free acid following

intravenous administration of 500 ug/kg to male and female monkeys
{n=3/sex).

Cenclusion: Latanoprost is a prodrug that is rapidly hydrolyzed to the corresponding
free acid regardless of the route of administration. In plasma the free acid has a half-
life of about 10 min. after intravenous and about 20 min. after ocular administration.
The drug was climinated from the body through urine and feces after complete
metabolism, probably by B-oxidation in the liver to the 1,2-dinor metabolite of the
free acid and further metabolized to the 1,2,3,4-tetras.or metabolite.

The ocnlar pharmacokinetics and metabolism of [’H]-13,14-dihydro-17-phenyl-18,19,20-
trinor-PGF, -isopropy! ester in the rabbits after topical administration

Report Number; 9400260; Spudy aite: h o part Date;
December 1993; Specigs: rabbit; suain: Dutch Belted; N: 4; Gender: F; Female weight: 1.4
to 2.4 kg; Study duration: | dose; Doses evaluated: 50ug/ml; Route: ocular both eyes; Dose
volume: 20 ul;

. Lat: BO110015 & S 431303; GLp: yes:
Raference: 1.36:10791

[13,14-*H]-latanoprost labeled was used in these experiments.

Number of animals and the time they were killed:
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Number of rabbits Time killed
(hr)
4 0.25
4 0.5
4 1
4 4
4 6
4 24
1 0.25
1 0.5
1 1
1 4
1 6
) 1 24

Twenty pul of labeled test material solution was applied to both eyes of rabbits and the
eyes were enucleated and dissected as follows:

Right eye: Eye lids, cornea, iris, ciliary body, conjunctiva and choroid.

Left eye: Eye lids, cornea, iris, vitreous, conjunctiva, anterior sclera, choroid and
lens. Ciliary body was collected in all animals except from the 4 hr
group.

The various parts of the right eye were pooled and used to study the metabolic

profiles. The different parts from the left eye. including tear fluid and plastma, were

used for the determination of total radicactivity.

Eyes from one animal were enucleated at each time point to deteimine the total
radioactivity of the whole eye globe.

Radio activity was determined directly by liquid scintillation counting after total
combustion of the tissue samples. For extraction and separation of latanoprost the
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different parts of the eye tissues were mixed with 3 ml of eihanol and homogenized,
centrifuged and aliquots of the supernatant counted by liquid scintillation.

Since thz tritium label on latanoprost exchanges with water it difficult to discuss the
disposition of much beyond 15 to 30 min., so in genera! it has been shown that
topically applied latanoprost results in rapid hydrolysis with subsequent appearance
of the free acid in the iris—ciliary body.

Tissue distribution of tritium Jabeled iatanoprost in the cynomolgus monkey after
topical administration on the eyes studied by whole body autoradiography

Report Number; 9400106; Sty site : Department of Toxicolegy, Physiology and Medical
Biophysics Biomedical Center University of Uppsala and Pharmacia Ophthamics
Uppsala, Sweden, and Hazleton, UK; Report Dats; November 1994; Date staried:
unspecified; Species: monkey; Strain: cynomolgus ; N: 2; Gender: M/F; Male weight: :
Eemuie weight: ; Study turation: 21 day; Doses evaluated: 6.4u3; Rome: ocular; Dose yolume: 10
K); Yebicle: 13/14 labeled Latanoprost - 0.183 mg, Benzalkonium chloride - 0.224;
Polysorbate 80 - 1.50 mg; Sodium chloride - 4.10 mg;, Monosodium phosphate-]-
hydrate - 4.60 mg; Na,PO,2H,0 - 594 mg; H O for injection - 1.00 ml; Lg:
B249305; GLP: ves, Reference: 1.35:10076

{13,14-H}-latanoprost labeled was used in these experiments.

Administration of 6.4 ug of labeled latanoprost to the eyes of cynomolgus monkeys
daily for 21 days, shows the presence of radioactivity in the cornea which gradually
appears in the iris, anterior chamber and ciliary body. The estimated elimination haif-
life was between 3-4 hours.

HPLC investigations showed the predominate peak present in the eye to be the free
acid. In the stomach both latanoprost and its free acid were observed, while in the
small intestine and bile the main peak corresponded to the 1,2-dinor latanoprost and
other more polar metabolites.

Tritium labeled latanoprost CH)-PhXA41: Absorption and excretion following repeated
ocular administration to the cynomolgus monkey

Report Number; 9400459; Study aite

Report Date: 10/5/94; Species: monkey; Strin:
cynomolgus ; N: 2; Gender: M/F; Study guration: 21 day; Doses svaluated: 1248; Route:
ocular; Dose yolume: 10 ul;

1
-
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1.35:9947
[13,14-H]-latanoprost labeled was used in these experiments.

Labeled in the 13 and 14 position, 48 to 65 ml of blood ‘was drawn from the monkeys
on day 21 and additional 9 to 15 ml was taken over the next 3 days. The excretion
study provide a low mass balance which was attributed to exchange of tritium with
water. This study showed that radio labeled material was rapidly absorbed and that
a small amount of unidentified labeled material accumulated in the eye.

The mechanism of [13,14-’H}-latanoprost in the cynomolgus monkey after repeated
topical administration on the eye

Report Number; 9400110; Study site: " BesertDate
October 1994; Date stanted: February 1994, Species: monkey; Stain: cynomolgus ; Study
dunation: 21 day; Doses evatuated: 12::8; Koute: ocular; Dose vojume: ; Yehicle: see 9400459,
Lot: B TRQ ; GLP: yes; Reference: 1.35:10145

9-’H labeled latanuprost

Plasma samples were taken on day 1 and 21, at § and 30 min, on day 10 at § min. and
on day 21 at 2 and 48 hr after ocular administration.

Urine samples were collected during day 2 and day 20 after the first ocular
administration and feces sampies were collected during day 6 and day 20 after the first
ocular administration.

No measurable latanoprost was found in plasma 5 min after ocular administration.
The amount of radioactivity as tritiated water in the plasma 2 hr after the 21st
administration of latanoprost on the eye was 46% of the total radioactivity of the

. plasma. At 48 hr after the 215t administration the radioactivity of the plasma was too
low to make an estimation of the amount of tritiated water.

In urine neither latanoprost, its free acid nor the 15-keto metabolite of the free acid
were detected. The major pcak was the tetranor metabolite.
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In feces the dinor and tetranor metabolites were the major peaks detected.

Conclusion: Latanoprost when applied o eye of monkeys is rapidly hydrolyzed to
latanoprost free acid which appears in plasma within 5 min. At 30 min the
predominate metabolite was the 15-keto and by 2 hr 46% of the radioactivity is found
as tritiated water.

Tritium labeled latanoprost, Plasma levels and excretion of radioactivity following
intravenous administration to the dog

Report Number: 9400423; Study gite

Report Dute: August 1994; Date garted: March 24, 1992;
Species: dog; N: 6; Gender: M/F; Male weight: 9.85 - 11.50; Femaic weight: 8.45 - 9.55;
Study duration: 1 dosc; Dases evaluated: 40 48/KE; Route: i.V.; Dose yolume: 1 ml/kg; Dose
Yolupe: unspecified; Raie of Dosing: slow bolus; Yehicle: saline (pg. 11041); Lat. 179203,
18923 & 17109; GLP: no; Refersnce: 1.37:10978

[13,14-H]-latanoprost labeled was used in these experimenits.

This is a non-GLP study (GLP in UK and Japan) designed to follow the fate of tritium
labeled latanoprost following slow bolus intravenous administration.

The collection times were as follows:

Urine: Pre-dose, 0to 6, 610 12, 12 to 24, 24 10 48, 48 to 96, 120 to 144 hr after

dosing.

Feces: Oto 12, 12,1024, 24 t0 48, 48 to 72, 72 t0 96, 96 to 120 and 120 t0 144
hr after dosing.

Blood: 5,15, 30 and 45 min, 1, 1.5, 2, 3, 4, 6, 24, 48, 72, 96, 120 and 144 hr
after dosing.

Again the sponsor has not designed the study to optimize the detection of a half-life that
is relatively short, however, from initial data they have calculated the following
parameters (table B):
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Table 8 Estimated Pharmacokinetic Plasma Parameters in Male and Female Dogs
Following Intravenous Administration of 40 ug/kg of Latanoprost as
Determined for up to 1.5 hr After Dosing

Parameter Intravenous
{mean+SD)

C pux (ng equiv/ml) 49 95¢ 5 min

Initial phase t,, (hr) 0.429+0.030 hr

AUC estimate over 1" phase 30.25+2.33

(ng equiv. hr/ml)

Cl, (ml/min) 18.64+£0.95

vd (L) 0.692 +0.050

The above data had been pooled for both genders, however, it is not possible to determine
if there are any gender differences during the early sampling periods.

Metabolism of {13,14-3H]-latanoprost in the dog after intravenous administration

Report Number; 9400104; Squdy site

Repert Date; October 1994, Date garted. ; Species: dog; N: 3; Gender: M/F; Study duraticn:
1 dose; Dosgs evaluated: £a3. 40 ug/kg; Boute: i.v.; Vehicle: saline; Lat: B 17179709 &
431303; GLP: yes; Reference: 1.37:11073

[13,14-’H]-jatanoprost labeled was us:"1 in these experim=ats.

Samples were obt.ined from “Tritium labeled latanoprost, Plasma levels and

excretion of radioactivity following intravenous administration to the dog” Report
No. 9400423.

Latanoprost is rapidly hydrolyzed following intravenous administration to the free
acid. The free acid is rapidly eliminated from plasma with a half-lifc of 4 min. Most
of the radioactivity was recovered in urine with some of the metabolites identified as
. lawanoprost free acid, 1,2-dinor of the free acid and the 1,2,3,4-tetranor of the free
acid (as free acid and gainma-lactone). These metabolites were also found in feces.

A study on corneal permeability and metabolism of 12,14-dibydro-15(R)-17-phenyl-
18,19,20-trinor-PGF,a-1-isopropyl ester in vitro
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Repert Number: LA11 CO42; Study site N Qepart Date:
December 1991; Spcies: pig; Dosss svalustad: 9.2, 18.8uM; Route: In vitro; Yehicle:
Glutathione bicarbonate ringer solution; Lat: unspecified; GLP: no; Reference: 1.34:9749

9p-*H labeled latanoprost was used in these experiments. .
In an [n Yitro porcine assay where corneas were mounted in a incubation chamber,

latanoprost was quantitatively hydrolyzed to the free acid and no further metabolism
was observed.

Metabolism of [9-’H}-13,14-dihydro-15(R)-17-phenyl-18,19,20-trinor-PGF,, -1 -isopropyi
ester by 15-hydroxy prostaglandin dehydrogenase and porcine ocular tissues.

Repors Number: [411 S043; Studv site: Begort Date:

December 1991 Date garted. unspecified; Species: pig: Doses evaluated: 10.g/ml; Route:
In vitro; ¥Yshicle: Phosphaie buffer; Lgt: unspecified; GLP: n; Refersnce 1.34:9762

9B-*H labeled latanoprost was used in these experiments.

Various eye tissues of pigs have low 15-hydroxy prostaglandin dehydrogenase (15-
PGDH) activity and high A"-reductase in the cornea the sponsor evaluated the ability
of the porcine eye to mutabolize latanoprost.

Because latanoprost does not possess a double bond at the 13, 14 position it is not a
good substrate for oxidation of the 15 hydroxyl by 15-PGDH or AP-reductase.
Cytosolic fractions or homogenares from conjunctiva, iris with ciliary body, retina with

choroid, lens and cornea showed no further metabolism beyond the hydrolysis.to the
free acid.

Hydrolysis of [9-'H]-13,14-dihydro-15(R)-17-pheny}-18,19,20-trinor-PGF,, - 1-isopropyl
ester by human plasma and porcine corneal epithelium in vitro

Report Number: L411 CO50 ROOL; Study site : Rsponrt Dats; April 1992; Dute
stanied: unspecified; Species: human & percine; Route: in vitro; Dess volume: ; Yshicle: Porcine
epithelium - phosphate buffer; Los: 1J1434/H and 408790; GLP: yes; Rafersnce: 1.34:9776

.9B-’H labeled iatanoprost was used in these experiments.

Twenty ul of latanoprost (176 ug/20 ul) were mixed with either 20 ml of human plasma or
porcine comeal epithelium homogenate and samples were withdrawn at 0, 1, 5, 10, 30 and
60 min. Afier extraction with ethy] acetate the samples were analyzed by reversed phase-
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high pressure chromatography with on line radioactivity detection,

Latanoprost is hydrolyzed to latanoprost frec acid in both human plasma and porcine corneal
epithelium (fig 6) at approximately the same rate of hydrolysis. However, 7.6 and 4.6 %
of unidentified material was observed at 5 and 10 min. of incubation, respectively, in the

porcine epitheiium preparation.

em—Human latanoprost

= = = Human free acid

Percentage

Time (min}

Figure 6 The hydrolysis of latanoprost and appearance of free acid In Vjtro in human
plasma and porcine corneal epithelium

Conclusion:
Human plasma and porcine corneal epithelium metabolize latanoprost similarly.
Induction/inhibition of hepatic cytochrome P-450 in the rat

Report Number; 9300779, Studv site: -
» Report Date: 11/10/1993; Date started: 2/19/1993; Species: rat;

Steain: ; N: 4; Gender: M/F; Study duration: 91 day; Dases evaluated: 0, 2, 20, 200ug/kg; Route:
+P.0.; Vshicle: not specified; Lot: unspecified; GLP: yes; Reference: 1.36:10699

Male and female rats were dosed daily for 13 weeks with an unspecified vehicle, 2, 20

or 200 ng/kg of latanoprost daily. Evaluation of total P450 and isoforms showed that
there were no differences observed between controls or males and females for total
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P450, ethoxycourin O-dealkylase, ethoxyresorufin O-dealkylase, pentoxyresorufin-O-
dealkylase or lauric acid 12-hydroxylase activity.

54

Extraction and separation of tritium labeled latanoprost (PhXA41) and its metabolites

in plasma, urine and feces

Report Number: 9400068; Study sit, Report Date: March 1994; Date started:
; Species: rat, rabbit, monkev: Reference: 1.37:11109

[13,14-*H]-latanoprost labeled was used in these experiments,

A methods development study in which material was obtained from rabbits and monkey
pharmacokinetic studies and rat studies were spiked to demonstrate that test material and
its products could be extracted and separated.

Bioavailability of latanoprost in different formulations

Report Number; 9400268; Study site Regors Date: Sept. 1994; Date started: : Species:
cat; Strain: ; N: 6; Gender: F; Weight: unspecified; Study dumatiea’ 1 dose; Doses evatuated:
1.2ug; Reute: ocular; Dose volume: 20 ul; yehicle: various; Lot: ij 1444 & ij 1435; GLP: no;
Reference: 1.37:109%68

The objective of this non-GLP study was te compare the effects of different formulations
of buffered saline solutions of latanoprost on the miotic response of cats eyes. The
experimental design was not adequate to meet the objectives of a well designed bioassay.

The concentration of latanoprost in the various formulations was designed to be 60
ug/ml, however, the values of the range of found concentrations differed by 18 %.

The design of the test was not adequaie to bioassay the potency of the test material in
formulations evaluated. The method used only evaluated one concentration of test
material, so that the most that could be determined was that were or were no differences
in the response of the pupil of cats to single dose of latanoprost.

There were no statistical differences between the maximal difference in pupil diameter
of the treated cye and the contralateral control eye for any of the formulations evaluated
-[varyirg concentrations of polysorbate 80 ( 0, 0.015 and 0.15 %), benzalkonium
chloride ( 0, 0.01 and 0.02 %) and disodium EDTA (0, 0.G5 and 0.1 %)).

Bioanalysis of the acid of latanoprost (PhXA8S) by radioimmunoassay
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RBeport Number; 9400174; Study site " Repert
Date: August 1994; Reference: 1.37:11137

A radioimmunoassay for the free acid of latanoprost was developed. When plasma
samples for humans, monkeys, rats, and mice were spiked with the free acid the
accuracy of the assay varied from 87.5 10 102.6% and the coefficient of variation for the
precision of the assay varied from 8.3 10 19.8%.

Limit of detection 30 pg/ml and the limit of quantitation is 60 pg/ml.

Determination of immunoreactive PhXA8S (free acig of PhXA41) in plasma samples
collected from toxicological study with PhXA4] ( Hazleton, study no. 397/503)

Repert Number; 9400311 ; study gite . Beport Date: November 1994; pate starteq:
unspecified; Species: monkey; Serain: cynomolgus ; N: 5; Gegder: M/F; Study duration: 365
day; Doses evaluated: 20, 50 and 10048; Route: ocular; Lot: 429158 & 431308; gLp. yes;
Reference: 1.38:11347

The data show that as the dose applied to the eye is increased, the detectable
concentration of the latanoprost free acid increases in plasma.

[
Determination of immunoreactive PhXASS (free acid of PhXA41) in plasma samples
collected from toxicological study with PhXA41 ( Hazleton, study no. 397/518)

Report Number: 9400302; Study gite: Begort Date; November 1994; Daje gtarteq:
week 24 1993; Species: monkey; Strajp: cynomolgus ; N: S5; Gepder: M/F; Study guration:
365 day. Doses svaluated: 1 and 3ug administered twice-a-day; Route: ocular; Deose volume:
30 uk; Lot: 429158 & 431308; GLE: yes; Reference: 1.38:11363

Performed as par of study Report Number: 9400426, Stydy site- ~

Beport Date: August 1004; Dase
sarted: 11/18/91; Species: monkey; Strain: cynomolgus ; N: ; Gepder: M/F; Maie weight: 1.96
- 3.15 kg; Femate weighs: 1.95 - 2.82 kg, Study duratiop: 365 day; Doses evalysted: 0, | and

Plasma levels of the free zcid of latanoprost were not detectable at 5 or 30 min.
following ocular administration of 1 #R, however, levels ranging between 474 1o 645
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pg/ml were detected at 5 min. following 3 ug applied to the eye. At 30 min.

following application of the 3 ug dose plasma level were be low the level of
quantitation (60 ug/ml).

28 Day oral (gavage administration) toxicokinetic study in the mouse

Report Number: 9400730; Study site:

Report Dage: November 1994; Date started: 4/7/94; Species:
mouse; Strain: Crl:CD- l(ICR)BR N: 3; Gender: M/F; Male weight: 24.8 - 33.7; Female
wmeight: 22.0 - 27.9; Study duration: 28 day; Doses evaluated: 2004g/Kg; Route: P.O.; Dose
yolume: 5 mi/kg; Yehicle: saline; Lot: 9401F07; GLP: n; Beferepce: 1.37:11197

Toxicokinetic data appear in report no. 9400398,
[13,14-’H] latanoprost free acid was used in the study.

This study is the dosing portion of the toxicokinetic evaluation of latanoprost, Report
No. 9400398 which immediately follows.

Determination of immunoreactive PhXASS (free acid of PhXA41) in mouse samples
collected from toxicokinetic study with PhXA41

Report Number: 9400398 s * Repoet
Dute. Novemnber 1994, Date started: 4/7/94; Species: mouse; Sgrain: Crl:CD-1(ICR)BR: N:
3; Gender: M/F; Male weight: 24.8 - 33.7g; Femaie weight: 22.0 - 27.9¢; Study duration® 28
day; Deses evaluated: 200ug/kg; Route: P.O.; Dase volume: 5 mi/kg; Vehicle: saline; Lot:
9401F07; GLP: yes; Reference: 1.38:11248

3 (report no. 9400730).

Blood sampies were collected at 5, 10, 15 and 30 min and 1, 2, 6, and 24 hr after
dosing on days 1 and 28 from three animals per treatment group.

Because of the short half-life of this material and the reported ability of the label to
exchange with water the results obtained from this study are difficult to evaluate.

- The females at both the day 1 and day 28 observation times had higher plasma levels
of latanoprost free acid ranging between 117 to 167 % of the male plasma levels
(table 9). And the levels for day 28 were 101 to 179 % of the male day 1 levels and
159 t0 212 % of the female day 1 levels.
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Table 9  The Plasma Concentration of Latanoprost Free Acid (pg/ml) in Mice at
Various Times after Treatment with 200 ug/kg p.o. Latanoprost Daily.
Concentmit;n of latanoprost free acid (pg/ml)
Day 1 Males 5 min 10 min 15 min 30 min-
Male 1 | 892 1394 1189 702
Male 2 | 1158 979 808 718
Male 3 | 857 1752 1303 855
mean | 969 1375 1100 758
SD | 165 387 259 84
SE {116 274 183 59
Day 1 Females
Female 1 | 1705 2233 1679 1131
Female 2 | 1601 1378 305 1244
Fetale 3 | 1541 1090 1279 1082
mean | 1616 1567 1288 1152
SD | 83 594 387 B3
SE |59 420 272 59
% of male | 167 114 117 152
Day 28 Males
5 min 10 min 15 min 30 min
Male 1 | 1535 2070 1380 1206
Male 2 | 2062 1878 1512 1511
Male 3 | 2155 1611 1813 1081
mean | 1917 1853 1568 1266
SD | 334 230 222 222
SE | 236 163 157 156
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Day 28 Females
Female 1 | 4349 2891 1793 2109
Female 2 | 3669 3323 2143 2026
Female 3 | 2280 2220 2223 2289
mean | 3433 2811 2053 2141
SD | 1054 556 229 1349
SE | 746 393 162 95

% of male | 179 152 131 169

% day 1M | 198 135 142 167

% day 1 F {212 179 159 186

These data show that females mice have higher plasma levels of latanoprost free acid
than males following oral administration of 200 ug/kg of latanoprost. They also
demonstrate that plasma levels are greater after 28 days of administration.

L S
28 Day oral (gavage administration) toxicokinetic study in the rat
Report Number: 9400729; Study site
Repert Date: November 1994; Species: rat: Strain:
Crl:CD(SD)BR; N: 3; Gender: M/F; Male weight: 200.7 - 235.5 g; Femalc weight: 150.5
-187.1 g; Studv duration: 28 day; Doses evaluated: 2004g/kg; Route: p.o.; Dase yolume: 5
ml/kg; Yehicle: Saline; Lot: 9401EQ7; GLP: n; Reference: 1.38:11260
Toxicokinetic data appear in report no. 9400396.
[13,14-°H] latanoprost free acid was used in the study.

This study is the dosing portion of the toxicokinetic evaluation of latanoprost, Report
No. 9400396 which immediately follows.

No treatment related or deaths were noted.

Determination of immunoreactive PhXASS (free acid of PhXA41) in rat plasma samples
collected from toxicokinetic study with PhXA41
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Beport Number; 9400396; stndv site Report Date:
November 1994; Daic started: unspecified; Species: rat; Stmain: Crl:CD(SD)BR; N: 3;
Gender: M/F; Male weight: 200.7 - 235.5g; Female weight: 150.5 -187.1g; smdy duration: 28
day; Doses evabuated: 200.g/kg; Routs: P-O.; Dose yolume: 5 ml/kg; Vehicie: Saline; Loc:
9401E07; GLP: yes; Reference: 1.38:11309

oort no. 9400729)

Blood samples were collected at 5, 10, 15 and 30 min and i, 2, 6, and 24 hr after
dosing on days 1 and 28 from three animals per treatment group.

Plasma levels of latanoprost free acid for females in the day ! observation times were
lower than similarly treated males and ranged between 67 to 83% of male
concentrations (table 10). For day 28 females the levels were between 88 and 164 %
of the male levels. In all but the day 28 30 min plasma level for females, the plasma
leveis in day 28 animais were lower than day 1 levels, ranging from 43 to 80 % of
day 1 levels (127 % for 30 min female).

Table 10 The Plasr.a Concentration of Latanoprost Free Acid (pg/mi) in Rats
at Various Times after Treatment with 200 ug/kg p.c. Latanoprost Daily.

59

Day 1 males . Concentration of latanoprost free acid (pg/mil)
5 min 10 min 15 min 30 min

Male 1 | 1504 952 670 858

Male 2 | 610 922 1028 570

Male 3 | 964 1118 994 286

mean | 1026 997 897 571

SD | 450 106 198 286

SE | 518 75 140 202

Day 1 females

Female ! | 742 628 904 222

Female 2 | 686 878 404 482

Female 3 | 642 976 635 580

mean | 690 827 648 428

AANIOATT OOt




NDA 20-597

Pharmacology and Toxicology Review

60

SD | 50 179 250 185
SE | 35 127 177 131
% of male 67 83 72 75
Day 28 Males _
5 min 10 min 15 min 30 min
Male 1 506 629 421 447
Male 2 272 789 446 256
Male 3 535 732 527 294
mean 438 717 465 332
SE 102 57 39 71
SD 144 81 55 101
Day 28 Females
« -Female 1 | 244 377 536 464
Female 2 | 538 647 406 459
Female 3 | 841 969 285 674
mean | 541 664 408 546
SE | 211 210 89 80
SD | 299 296 126 113
% of male | 124 93 88 164
% day 1M | 43 2 52 58
% day 1 F | 78 80 63 127

These data show that females rat have generally lower plasma levels of latanoprost

free acid following oral administration of 200 xg/kg of latanoprost.

They also

demonstrate the plasma levels are generally lower after 28 days of administration.

Determination of immunoreactive PhXASS (free acid of PhXA41) in plasma samples
collected from toxicological study with PhXA41
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Report Number: 9400304 Study site: Ssnort Date;
November 1994, Date saned: January Species: rat; Sy Crl:CD(SD)BR: N 10; Genger:

M/F; Maic weighy: 189-240 g; Fegay weight: 136-185 g: gragy dusation: 91 day; poges
faluated: 2, 20 and 200.g/kg; Route: p.0.; Vehicie - unspecified; Lo: 429158 & 431308;
GLP: yes: Reference: 1.38:113272 :

[13,14-2H] latanoprost
Samples taken from study Dumber 8400367

Twenty four hours after the last dose of latanoprost in 3 13 week rat toxicology study
10 plasma levels of latanoprost free acid could be detected (limit of detection was 30
pg/mi).

Determination of immunoreactive PhXASS (free acig of PhXA41) in rat Plasma sav yes
collected from toxicological study with PhXxAqj

Beport Number: 9400397, stugy gy Report Dage:
October 1994; Date starteg: unspecitied; Species: Tat; Sirajn: Crl:CD(SD)BR; N: 10; swgy
duration: 735 day; Roces evatugged: 2, 20 and 200ug/kg; Rogie: p.o.: Dost yolume: 5 mirkg;
Xehicle: ; Lot: 429458 & 431308; GLp. Yes; Relerepce: 1.38:11334

Supports Study number 9400614, the ra; carcinogenjcity study. Blood samples were
taken from the first 10 surviving animas og week 97 wesk for females and 104 for

males at I hour after the daily administration of latanoprost. Levels of PhXA8S, the
free acid of latanoprost, were determined by radioixmnunoassay.

The mean plasma levels of PhXASS, the free acid of latanoprost, in mafe and female
rats on week 104 and 97, respectively, at | hour after the daily administration of

latanopros:,
’ Gender ! Mean {Pg/mi) + SEM
20 ug/kg 200 ugikg |
Maje 111.1 # 473.4 + 129}
2.1
Female 48.7 4 g+ 359 + 43.8

* Under the Quantitation jimjy
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Study to determine the ability of PhXA41 to induce mutation in four histidine-requiring

strains of Salmopella typhimuripn and two tryptophan-requiring strains of
Escherichia coli

Regort Number: L411 SO17; Stugdy site:

Repot Date: June 1994 Date sarted: 12/18/90; Species: S. typhimurinum
& E. coli; Smin: see table below ; Doses evaluated: Two studies were performed: range finding
concentrations were 9, 40, 200, 1000 and 5000 ug/plate and the study concentrations were
1.28, 6.4, 32, 160 & 800 or 50, 100, 200, 400 or 800 ug/plate; Yehicle: DMSO; Lot: UJ
1375; GLP: yes; Reference: 1.34:9546

Latanoprost did not induce mutation in Salmopella typhimurium in strains TA 98, 100, 1535
and 1537 or in Escherichia colj in strains WP2 pkM 101 and WP?2 uvrA. pkM 101 at the
concentrations of 1.28 to 800 ug/plate in the absence and presence of S-9.

Table 11 and 12 show the bacterial strains used in this study and the types of mutations and
the results of positive contgol used in these experiments.

Table 11 Bacterial strains
Sphccies Strain
S. typhimurium TA98
S.typhimurium TA100
S.typhimurium TA1535
S.typhimurium TA1537
E. coli Wp2 pKM131
E.coli WP2 uvrA- pKM101

Table 12 Positive controls and results expressed as a multiple of the vehicle control
revertant colonies. ‘

Positive Control Strain(s) S$-9 | Concentration Results
ug/plate (times vehicle
control revertants)
2-Nitrofluorene (2NF) TA98 no - 500 119
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Sodium azide (NaN,) TA100, no 2.0 6 & 58, respectively
TA1535
9-Aminoacridine (AAC) TA1537 no 50.0 430
4-Nitroquinoline-1-oxide WP2 no 2.0 9 & 13, respectively
(NQQ) pKM101 &
WP2 uvrA-
pKM101
2-aminoanthracene (AAN) AlP yes 5.0 68,11, 32,1& 7,
respectively

a TA98, TA100, TA1535, TA1537, Wp2 pKM101 & WP2 uvrA-pKM10]

Study to evaluate the potential of PhXA41 to induce micronuclei in the polychromatic
erythrocytes of CD-1 Mice

Report Number: L411 S023; Stugdy site- .

Regort Dage: 5/31/91; Dage started: 5/2/91; Specjes: meise: Strain: out-bred
CD-1; Doses evatuaged: range finding 75.42, 116, 178.5, 274.6, 422.5, 650, 1000 and 1538 -’
2367 mg/kg Study 200, 400 and 800 mg/kg; Reute:: Yehicle

3 Lat: 1447, GLP: yes; Reference: 1.34:9673

Latanoprost was suspended in water with the acid of Tween 80 and carboxymethyl cellulose,
and administered intraperitoneally (25ml/kg) to groups of male and female albino mice
(15/sex/group). A range-finding study, conducted prior to the definitive study, indicated that
mortalities occurred at doses of 1000 mg/kg and above. The doses used in the main portion
of the study were 200, 400 and 800 mg/kg and 40 mg/kg of cyclophosphamide as the positive
control. The negative control group received the vehicle. Five animals per sex per group
were sacrificed at 24 , 48, and 72 hrs after treatment. Femurs were removed, and bone
marrow was aspirated, slides were prepared and stained for microscopic reading of the
proportion of polychromic erythrocytes, and the number of micronuclei.

Latanoprost did not produce an inciease in the incidence of micronucleated polychromic
erythrocytes, while the positive control produced staticaily significant increases in the
micronuclei. Treatment with latanoprost resulted in a decrease in the ratio of poltychromatic
to normochromatic erythrocytes, indicating possible bone marrow toxicity.

Study to determine the ability of PhXA41 to induce mutations to 6-thioguanine resistance
in mouse lymphoma L5178Y cells using a fluctuation assay

Revort Number: 1411 S024 R 001 ; Study gite:
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' Report Dats: Study to determine the ability of PhXA41 to induce
mutations to 6-thioguanine resistance in mouse lymphoma L5178Y cells using a fluctuation
assay; Date sarted: 5/10/91; Doses evatuaged: 0.316, 1, 3.16, 10, 31.6, 100, 316, and 1000 and
25, 50, 100, 150, 200 AND 250 ug/ml; Vehice: Lat: U 1447; GLP: n; Reference:
1.34:95%6 .

Cultures of wild type mouse lymphoma L5178Y cells were plated in growth medium to
confirm cell viability, and were then incubated with various concentrations of test compound,
negative control _

. either with or without S-9 metabolic activation. Latanoprost
failed to demonstrate an ability to induce mutation in L5178Y mouse lymphoma cells, while
the positive controls increased the mutation frequency.

Study to evaluate the chromosome damaging potential of PhXAd41 by its effects on
cultured human lymphocytes using an in vitro cytogenetics assay

Report Number: 1411 S027 ROO1; Study site. _

Qeport Date: May 1994, Date manted: 7/31/91; Specizs: human; Doses
svaluated: 16.89, 22.53, 30.03, 40.05, 53.39, 71.19, 94.92, 126.6, 168.8, 225, 300 and 400
ug/ml; Yehgle: " Let: 1J 1447; GLP: ves; Reference: 1.34:9626

L S

In the absence of S-9, latanoprost was associated with a significant increase in chromosomal
structural aberrations, including chromatid exchanges. In the presence of S-9, the frequency
of aberratants celis increased in one experiment, but not in another. Both positive controls
also produced increases in the proportion of cells with chromosomal aberrations.

Study tu evaluate the potential of PhXA41 to induce unscheduled DNA synthesis in rat
liver using an in vivo/in vitro procedure

Report Number: 9400244 Studv site: .

Report Date: Study to evaluate the potential of PhXA41 to induce unscheduled
DNA synthesis in rat liver using an in vivo/in vitro procedure; Dats marted: 11/4/93; Spacies: rat;
Straln: Wistar Dose evalvated: Range finding 550, 850, 1300, and 2000; full study 632.5 and
2000 mg/kg; Yehicl: TWEEN 80; 1a¢: 9110015; GLP:
n; Reference: 1.34:9705

Latanoprost was evaluated in Wistar rats that were treated orally 632.5 or 2000 mg/kg. The
rats were killed at cither 2-4 hr after treatment or 12-14 hr after treatment.

At doses up to 2000 me/kg, p.o. of latanoprost there was no evidence of unscheduled DNA
in hepatocytes harvested either 2-4 or 12-14 hr afizr administration. However, it should be
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noted that the sponsor did not analyze the amount of test material delivered.
Summaries of Genotoxicity Studies:

Latanoprost v:as evaluated for genotoxicity potential in a battery of mutagenicity tests and
found to have no genotoxic activity in Ames §, rvphimuriunyV/E .coli, mouse micronuclei test,
mouse lymphoma (L5178Y) test or an unscheduled DNA test. In human lymphocytes in
culture in the absence of metabolic activation by S-9 latanoprost induced chromosome
aberrations were observed, and in the mouse micronuclei test there was an indication of bone
marrow toxicity.

Animal Carcinogenicity studies:

Oral (gavage administration) carcinogenicity study in the rat

Report Number; 940061+; Study sits:

Revort Datg: September 1994 Dais stanted: 8/19/91;
Spscies: Tat; Stradn: Crl:CD(SD)BR; N: 50; Gender: M/F; Doses evaluated: 0, 0, 2, 20, 200
12/kKg. Desc yolume: 5 ml/Kg; Route: P.O.; Yehicle: saline; Lat: ; GLP: Yes; Reference:
1.26:5894
Rationale for dose selection: The selected dose levels were based on human
therapeutic doses and previous toxicity and pharmacokinetic studies. The high dose
was approximately 3000 times the human therapeutic level and approached the limit
of solubility in aqueous based solutions.

The rationale for determining the multiple of the humnan dose is not supported by
either the toxicology data or the pharmacokinetic data presented.  The doses
evaluated in the toxicology studies were not the maximally tolerated doses and the
pharmacokinetic studies were flawed because they were done at time periods that
could not adequately characterize the kinetics of a short acting compound, and they
used radio labeled compounds that exchanged label with water.

So the high dose selected for this study is based on the solubility of latanoprost in
saline.

Because latanoprost is extensively metabolized by the liver it is most appropriate for
companison of safety assessment between species to express the dose in terms of body
surface area instead of on a weight of test material/kg of body weight basis. For the
current study a 200 ug/kg dose would be 910 ug/m?* when expressed on a body
surface area or 492 times the maximum expected human dose (1.85 ug/m?).
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Males were killed of 104 wceks of treatment and females were killed after 97 weeks
of treatment.

Result:

There were no biologically meaningful differences between treated and control rats
in weight gain, food consumption, terminal hemaiology, survival (table 14) and
clinical signs. The spectrum of nonneoplastic findings in rreated animals was similar
to that found in the control animals. Likewise, there was no biologically meaningful
difference between the control and i treated rats with respect to neoplastic lesions.

Table 14 Survival o1 rats to 97 wee  for females and 104 weeks for males (ref
1.26:4923)
Dose Survival (percentage)
(ug/ke) Male Female
0 - 18(36) 20(40)
0 28(56)* 20(40)
2 26(52)* 18(36)
20 24(48) 19(38)
200 18(36) 14(28)

* P<0.5 when compared to control group 1

Because of incidences of ovarian cysts observed in reproductive studies and possible
bone marrow toxicity observed in the Mouse Micronuclei Test (Study No. L411
S023) these parameters were reviewed in detail and presented in table 15. No effect
of treatment could pe observed for cither of these parameters.

Table 15 Necropsy and Histopathology Results from Rat Carcinogenicity Study

Organ and keyword(s) or phrase Male Female
Dose up/kg o |2 f20 [a00 ]o o 2 o oo fo
Ovary (Necropsy) Number Examined |0 0 0 0 10 50 50 50 50 50
c5st Number Observed 12 11 7 15 5
Ovary (Non-neoplastic  |Number Examined |0 0 0 0 0 ¥ n k1] 36 29
histology -decedemts) |
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cyst Number Observed 11 13 5 16 6
Ovary (Non-neoplastic  |Number Examined ]O 0 G 0 0 20 6 4 14 20
histology - tenminaly 2o» 18 |19 |(14)  [(20)

cyst Nurnber Observed 9 6 4 10 3
Ovary (Neoplastic Number Examined |0 0 [ 0 0 50* [38* |35* |50 |49+
histology - all)

B-cystadenoma Number Observed 0 0 0 1 1

B-tubulostrcmal Number Observed 0 1) 0 0 1

adenoma
Ovary (Neoplastic Number Examined {0 0 0 0 0 20 6 4 14 20
histology - terminal) 200 |18y |9 |14 ({20)

B-wbuiostromal Number Observed 0 0 0 0 1

adenoma
Femur Marrow (Non- Number Examined {32 24 26 2 22 29 32 31 36 30
neoplastic histology -
decedents)

Hyperplasia Number Observed (9 8 6 4 8 8 8 12 1] 7
Femur Marrow (Non- Number Examined |18 0 0 18 28 20 0 0 14 20
neoplastic histology - h (18y 1(26) [(24) [(18) 28) |20 OB (19 (14 |20
terminal)

Hyperplasia Number Observed |0 fo  fo |i 1 2 o o 3 s

a. Number of animals surviving
* 50 animals started

Conciusion:

Oral administration of latanoprost to male rats for 104 weeks and females for 97
weeks produced no evidence of either toxicity or differences from control rats in
incidence or types of neoplastic lesions.

80 week oral (gavage administration) carcinogenicity study in the mouse

Report Number: 9400620, Study site:

Rationale for dose select’on: The selected dose levels were based on hiuman therapeutic
doses and previous toxicity and pharmacokinetic studies.

A\NNS9T D01

Report Date: October 1994 Date santed: 3/24/91; Species:
‘mouse; Straln: Crh:CD-1(ICR)BR; N: 51; Gender: M/F; Doses evatuated: 0, 0, 2, 20, 200
Hg/Kg; Route: p.O.; Yshicle: 0.9% Saline; Lot: ; GLP: yes; Reference: 1.22:4343

The high dose was
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approximately 3000 times the human therapeutic level and approached the limit of
solubility in aqueous based solutions.

The rationale for determining the multipie of the human dose is not supported by either
the toxicology data or the pharmacokinetic data presented. The doses evaluated in the
toxicology studies were not the maximally tolerated doses and the pharmacokinetic
studies were flawed because they were done at time periods that could not adequately
characterize the kinetics of a short acting compound, and they used radio labeled
compounds thar exchanged label with water.

So the high dose selected for this study is based on the solubility of tatanoprost in saline.

Because latanoprost is extensively metabolized by the liver it is most appropriate for
comparison of safety assessment between species to express the dose in terms of body
surface area instead of on a weight of test material’kg of body weight basis. For the
current study a 200 pg/kg dose would be 546 ug/m’ when expressed or: a body surface
area or 295 time the maximum expected human dose (1.85 ug/m?).

Animals were killed after treatment of the males for 87 week and females for 91 weeks
because they reached approximately 50% survival.
[

There were no biologically meaningful differences between treated and control mice in
weight gain, food consumption hematology, survival (table 16) and clinical signs. The
spectrum of nonneoplastic findings in treated animals was similar to that found in the
control animals. Likewise, there was no biologically mecaningful difference between the
control and the treated mice with respect 0 neoplastic lesions.
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Table 16 Survival of mice to 91 weeks for females and 87 weeks for males (ref

1.22:4343)

Dose Survival (percentage)
(ng/kg) Male Female
0 29(51) 32(59)
0 29(55) 32(5%)
2 26(49) 28(51)
20 22(39) 33(65)
200 29(53) 33(63)

Because ovarian cysts were observed in reproductive studies and possible
bone marrow toxicity observed in the Mouse Micronuclei Test (Study No.
L411 S023) these parameters were reviewed in detail . The data for the
ovaries {(table 17) show no effect of treatment could be observed and

observations of note were made for the bone marrow.
-
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Table 17 Necropsy and Histopathology Results from Mouse Carcinogenicity Study

* 51 amimals started

Conchusion:

Orgar and keyword(s) or phrase Male Female
Dose pg/kg 0 2 20 200 O 0 2 20 f200 |0
Ovary (Necropsy) Number Examined | 51 51 51 51 i 5 N ]| 31 5t
cyst Number Observed 43 9 |4 36 4
Ovary (Non-neoplastic Number Examined | ¢ 1] 0 0 0 21 26 18 19 2
histnlogy - decedents)
cyst Number Observed i6 22 15 17 17
Ovary (Non-neoplastic Number Examined | 0 0 0 0 0 30 23 28 32 30
histology - terminal) (30r | @25 | 33 |13 | 30)
cyst Number Observed 29 20 27 27 29
Ovary (Neoplastic histology | Number Examined | 0 0 ¢ 0 0 51* 47+ ] 46* | 51* | 51
- alf)
B-cyctadenoma Number Observed 0 0 1 ¢ 1
B-Luteoma Number Observed o 1 0 0 |
Femur Marrow {Non- bil_.ll'l_'lbel’_ Examined | 51 26 32 32 51 L] 26 18 51 51
neoplasiic histology - all)
Marrow necrosis Number Observed | 0 0 0 0 0 1 o 0 0 1
Marrow Atrophy Number Observed | { 0 0 4] 0 8 0 1 1 t
Marrow hyperplasia Number Observed | 14 9 13 19 20 10 12 7 21 21
emum marrow Number Examined | 51 29 37 181 51 51 28 20 51 51
Marrow hyperplasia Number Observed | 14 ‘0 10 18 20 10 1 7 20 19
a. Number of animals surviving ref: 1:22:4506

Oral administration of latanoprost to male mice for 91 weeks and females for 87 weeks
produced no evidence of either toxicity or differences from control rats in incidence or types
of neoplastic lesions.

Octanol-water partition of sume PGF,, derivatives
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Repcrt Number: 9300041 ; Study gite

— A

Report Date; February 1993; Lot: unspecified; GLP: no: Referency: 1.37-11152

Substance

log P

Latanoprost

4.35

latanoprost free
acid

0.5

Test to determine the index of primary cutaneous irritation in the rabbit

Report Numbe-: 9200028; Study site:

Report Date: April 1993; Dt started: 12/12/91; Species:
rabbit; Strain: New Zealand; N: 6; Genger: M; Male weight: 2.30-02.7 kg; Femalc weight: :
Study duration: 1 day; Doses evaluated: 35 & 100 (eye drops ) and 40 (saline)ug/ml; Reute:
topical; Dose voluyme: 0.5; Yehicle: saline and an unspecified eye drop formulation; Lo:
B049201, B059201, B109_111; GLP: yes; Reference: 1.29:7603

A dose of 0.5 ml of latanoprost in either an unspecified eye drop formulation or saline
was applied to imtact and scarified skin and occluded for 24 hr. The dressings were
removed and 30 and 48 hr later the application sites were evaluated for erythemia and

edema according to the Draize scale.

The results show that the low dose eye drop formulation was slightly irritating, the
high dose eye drop formulation was not irritation and the saline formulation was

shightly irritating.

The sponsor did not take precautions to determine whether or not the dose of test

material was delivered.

Evaluation of the potential to induce immediate hypersensitivity. Passive
cutaneous anaphylaxis (PCA) and induced anaphylactic shock in the guinea pig.

Report Number: 9400059; Study site:

Report Date: 2/3/94; Date stanteq: [/14/93;
§.acieg: guinea pig; Sirain: Hartley; N: 10/12; Gepder: M; Doses evaluated: unspecified:
Yehicle: saline; Lotz B05S9210/2; GLp: yes; Reference: 1.29:7534

anaphylaxis (PCA) in guinea pigs.
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Anaphylactic shock was induced using the following protocol:

Induction Phase- route i.p. Chalienge Phase - route - i.v.
Days 1*, 3, 5, 8, 10, & 12 {Days 33 for groups 1 & 2 and day 36 for
group 3 °
Group N |Compound and | Dose Volume Compound and Dose Volume
Designation Concentration | (ml/animal) Concentration (ml/animal)
Negative 10 Saline for 0.5 Latanoprost 1
control injection (4G ug/mi)
(Group 1)
Test article | 10 | Latanoprost 0.5 Latanoprost 1
(Group 2) (40 ug/ml) (40 ug/ml)
Positive 10 Ovalbumin 0.5 Ovalbumin i
control (200 pg/ml on day
(Group 3) ) 33)
(10 mg/ml on day
\ 36)

* Onday 1 induction phase, 0.2 ml of adjuvant (aluminura hydroxide) was
also injected immediately after injection of test or control article.
ref.. 1.29:7540

On day 26 serum from all animals was diluted (1 t0 8, 1 1032, 1 to 128 and 1 to 512) and
administered intradermzlly using the following protocol:

Group N Day 1 Day 2 (1 - 18 hr)
Designation intradermal injections Intravenous unjection
(4x0.1 ml) (1 mh*
Test article 12 Serurn dilutions form Latanoprost
(Group 41) groups 1 and 2 (40 ug/ml)
Positive control| 12 Serum dilutions from Ovalbumin
(Group 5) groups 1 and 3 (600 pg/mb)**

* 0.5 ml of test or positive control article solution mixed with 0.5 m! of 1%
Evans Blue.

* Concentration before the mixing with Evans Blue

ref.: 1.29:7541
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In both these test latanoprost showed no evidence of being able to induce an immediate
hypersensitivity reaction, while the positive controls were capable of inducing an
immediate hypersensitivity reaction.

Test to evaluate sensitizing potential in the guinea pig .

Report Number: 9400529; Studv site:
* Repors Date: March '93; Date sarted: 12/12/91; Species: guinea
pig; Strain: Hartley; N: 10; Gender: M/F; Doses evaluated: induction - 3 series of 2 x 0.1 ml
(0.1 mg/ml latanoprost); challenge - 0.5 ml; Route: i.d. & topical; Dose volume: ; Vehicle:
- iot:
B 059201; GLP: yes; Refprence: 1.29:7471

It is difficult to determine exactly how this experiment was conducted, however, if appears
the guinea pigs were divided into 4 groups of unknown numbers of animals. For
sensitization , three groups were treated with a series of three intradermal injections of
Freund's adjuvant, test material or Friend’s adjuvant and test material and one group was
treated topically with a 48 hr occlusive application (it appears that since the application
was not irritation they painted with 0.5 ml of lauryl sulfate on day 8, no mention of
whether nor not test material was zlso applied ar this time). Eleven days later the animals
were challenged by an unspecified route to an area that had not been previously exposed
to the test material by an unspecified route. In both the sensitization and the challenge
phases of this study the dose was not specified.

Signs of irritation were noted during the induction when administered by either the
intradermal or topical routes of administration. There appears to be no evidence that
latanoprost causes delayed hypersensitization.

PYXB20 (5,6 trans-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF,, -isopropyl ester; 5.6
trans isomer of PhXA41) - single dose toxicity study by the intravenous route in the
mouse

Repori Number: 9200138, Study site: .

Report Date: March 1993; Date manted: 12/22/92; Species:
mouse; Stin: OF1 (IOPS Caw); N: 5; Gender: M/F; Male yzight: 30 - 35 g; Female weight: 21 -
24 g, Study duratioa: 1 dose; Doses evajuated: 1.7 mg/Kg; Routs: i.V.: Dose votume: 50 ml/kg; Dose

" Yolume: 50 mi/kg; Raie of Desing: | mi/min: ¥Yehicke: saline; Lot 199209; GLP: n0; Reference:
1.30:7820

There were no deaths, differences in clinic- i signs, differences in body weight gain or
macroscopic abnormalities noted at necropsy observed 14 days after an intravenous
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administration of 1.7 mg/kg.

A major deficiency of this submission is the failure of the sponsor to ensure that the
specified doses were actually delivered. This is a conscquent of the test material adsorbing
to material used in storage and/or dose administration; in fact there are several notations
from the analytical ceports that anribute a 20% loss of test material to adsorption. As
expected with adsorption problems the deviation of found concentrations from expected
concentrations were greatest with low concentrations. In many studies the sponsor
instituted a procedure of flushing the dosing apparatus with test material prior to dosing
animals, however, they provided no data to support the effectiveness of the procedure.
Toxicologic studies of latanoprost have been performed in mice, rats, rabbits, dogs and
monkeys (Table 18). The dog was the species that had least tolerance for latanoprost.
The adverse effects were salivation miosis and vomiting. In long term monkey studies
ocular administration of ocular administration of latanoprost induced a widening of the
palpebral fissure in 27 out of 30 monkeys. No histopathological alterations could be
detected and Miiller's muscle as well as the other muscles of the eyelids appeared normal.
These changes in the palpebral fissure were reversible within 3 to 6 months after
termination of treatment.

Summary of Animal Studies:
-
Table 18 Anima! Safety Studies
Species  |Study pame Dosing Route | Maximum [Ref.
duration Dose
Mouse |Test to evaluate the acute toxicity[l dose i.v. 2.0 mg/kg  |)-13:428

following a single intravenous
administration of 2.0 mg/kg in the
mouse

Mouse |Single dose oral (gavage) toxicity|l dose p.o. 50 mg/kg |1-13-379
study in the mouse

Mouse |14 day oral (gavage administration))14 day p.0. 200 pg/kg |17U0
tolerance study in mouse

Mouse |28 day oral (gavage) sub-acuic|28 day p.o. 200 pg/kg |i-18:252
toxicity in the mouse

Mouse (28 day oral (gavage) sub-chronic{28 day p.o. 10 mg/kg [!-18:2366
toxicity study in the mouse )
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Mouse |13 week oral (gavage administration){91 day p.o. 200 pg/kg |1.18:2502
subchronic toxicity study in the
mecuse

Rat Test to evaluate the acute toxicity|1 dose iv. 2.0 mg/kg. [1-13:4%
following a single intravenous
administration of 2.0 mg/kg in the rat

Rat 4 week intravenous dose range-|28 day i.v. 340 pug/kg |1.20:3203
finding study in the rat

Rat 13 week intravenous study in the rat {91 day iv. 250 ug/kg |1-20:3419

Rat Single dose oral (gavagz) toxicity|l dose p.o. 50 mg/kg |[1.13:447
study in the rat

Rat 29 day oral (gavage) sub-chronic|28 day p.o. 200 ug/kg |1.19:2722
toxicity study in the rat

Rat 29 day oral (gavage) sub-chronic|28 day p.o. 10 mg/kg {1.19:2822
toxicity study in the rat

Rat 13 week gral (gavage administration)|91 day p.o. 200 pg/kg |1-19:2942
sub-chronic toxicity study in the rat

Rabbit |4 week ocular toxicity in the rabbit |28 day ocular 25 ug 1.14:515

Rabbit PhXAd4] in different vehicles - 4|28 day ocular |1 drop of a 59|1.29:7636
week ocular tolerance study in the ug/ml soluticn
rabbit

Rabbit {52 Week ocular toxicity study in the|365 day | ocular 100 ug 1.14:704
rabbit

Dog 4 week intravenous dose range-128 day iv. 340 ug/kg [1.21:3814
finding study in the beagle dog

Dog 13 Week intravenous toxicity study in|91 day i.v. 100 ug/kg [1.21:3952
the beagle dog

Monkey |52 Week ocular toxicity study in the|365 day | ocular 50 ug 1.15:1157
' cynomologus monkeys

Monkey (52 Week ocular toxicity study in the|365 day | ocular 3 ug 16:1774

cynomologus monkey
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In a model of cutaneous irritation in rabbits latanoprost in saline the solutions were only
slightly irritating. In guinea pig models of immediate hvpersensitivity, passive cutaneous
anaphlaxis or anaphlaxis, laranoprost was inactive. Nor was there any evidence of
latanoprost inducing a delayed hypersensitivity reaction in guinea pig. One notable adverse
event was the observation i monkeys of enhanced eye pigmentation. As can be seen (fig
7) incidence of slight or greater increase in pigmentation can be observed by 8 weeks of
administration and there seems to be no or little relationship to dose.

Sercent Pigmentation

om — —t
8 12 16 24 52

Week of Treatment

Figure 7 The incidence of slight or greater enhanced pigmentation from two 5z week
cynomo!gus monkey studies with latanoprost administered ocularly (doses are
total daily dose in ug)[ ref.: 1.15:1157 (9400425) & 1.16:1774 (500426)]

Attempts to determine the mechanism of this slight or greater increase in pigmentation
using histologic and immunohistologic techniques were indeterminate. The effects of
latanoprost on reproductive function and progeny were evaluated in rats and rabbits (table
19)

Table 19 Effects of Latanoprost in Reproductive Toxicology Studies

Species | Study Route | Maximnm Ref.
Dose

AANZ0S).00)
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reproduction study by intravenous route in the
female rat

Rat PhXA41- Dose range-finding fertility and | i.v. 300 ug/kg | 1-30:7981

reproduction study by intravenous route in the
male rat

Rat PhXA41- Dose range-finding fertility and | i.v. 300 ug/kg | 1-30:7855

(segment I)

Rat Fertility study by intravenous route in the rat{ i.v. 250 ug/kg | 1-30:8108

intravenous route in the pregnarnt rat

Rat PhXA41 - Dose range-finding study by| i.v. 300 ug/kg | 1.31:8349

(Segment II)

Rat Teratology study by intravenous route in the rat | i.v. 250 ugikg | 1.31:8431

intravenous route in the pregnant rabbit

Rabbit |PhXA4l - Dose range-finding study by | iv. | 300 ug/kg |!32:8635

rabbit (Segment II)

Rabbit | Teratology swdy by intravenous route in the | i.v. S ug/kg | 1.32:8m8

(Segment III) by intravenous route in the rat

Rat Dose ra;xgc-t'mding peri- and post-natal study | i.v. 100 ug/kg | 1-32:8987

in the rat (Segment III)

Rat Developmental toxicity study by intravenous route | i.v, 250 ug/kg | 1339149

Latanoprost has been cvaluated for its effect of reproduction following intravenous
administration in rats (Seg. I, II and IIY) and rabbits (Seg. II and III). In rabbits an
incidence of 1 of 6§ dams had no viable fetuses at a dose that was 32 times the human dose
on a body surface area basis, and the highest nonembryocidal dose in rabbits was 6 times
the human dose on a body surface area basis. In rats no evidence of impaired fertility in
either males or female at doses that are lethal to males was observed at doses up to 570
times the human dose. There are no adequate and well-controlled studies in pregnant
women. Latanoprost should be used during pregnancy only if the potential benefit justifies
the potential risk to the fetus.

No teratogenic potential has been detected.

The Sponsor has attempted to cvaluate the absorption, distribution, metabolism and
excretion (ANME) of latanoprost by use of fritium labeted latanoprost or rudioimmunoassay
in several species. The use of the former method presents significant problems for

CAWPRILES\NDAKSINIONT.00L
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interpretation, because the tritium label, regardless of whether it was in the 9 or the 13,14
position, exchanges rapidly with water. Thus, quantitation of pharmacokinetic data derived
from administration uf tritium labeled latanoprost was most meaningful only within the first
few minutes after administration. On the other hand the radioimmunoassay was specific for
the free acid of latanoprost with an accuracy of the assay varied from 87.5 to 102.6% and
the coefficient of variation for the precision of the assay varying from 8.3 to 19.8%. The
limit of detection was 30 pg/ml and the limit of quantitation was 60 pg/ml. Qualitatively,
in rats, dogs, mice, and cynomolgus monkeys, latanoprost is rapidly absorted and
hydrolyzed to the free acid.  The free acid has an estimated plasma half-life of about 10
minutes and it is further oxidized and excreted in urine or feces. The metabolic pathway
1 s

prese )
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Figure 8 Metabolic pathway for latanoprost
Data derived from In virro studies in porcine eyes show that the cornea hydrolyzes

latanoprost to the free acid and no further metabolism was observed. Also since latanoprost
does not possess a double bond at the 13, 14 position it is not a good substrate for oxidation
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the 15 hydroxyl by 15-PGDH, and cytosolic fractions or homogenates from conjunctiva, iris
with ciliary body, reiiaa with choroid, ‘ens and comnea showed no further metabolism.
Therefore, the eye possesses a unique environment in which latanoprost is readily absorbed,
metabolically activated to the free acid and not further metabolized. In conclusion,
latanoprost is a prodrug that In vivo is rapidly hydrolyzed to the corresponding free acid
regardless of the route of administration. In plasma the free acid has a half-life of about 10
min after intravenous and ocular administration. The drug was eliminated from the body
by urine and feces after being completely metabolized, probably by p-oxidation in the liver
to the 1,2-dinor metabolite of the free acid and further metabolized to the §,2,3,4-tetranor

metabolite.

Genotoxicity: Latanoprost was evaluated for genotoxicity potential in the following assays:

of PhXA41 to induce
mutations to 6-thioguanine
resistance in mouse lymphoma
LS5178Y cells using a
fluctuation assay

31.6, 100, 316, and
1000 and 25, 50, 100,
150, 200 AND 250
ug/ml

Study Species & Strain Doses Evaluated Ref
Study to determine the ability S. typhimurinum Range finding 9, 40, 1.34:95
of PhXA41 10 induce mutation | & E. coli TA 98, | 200, 1000 and 5000 | *
in four histidine-requiring 100, 1535 and Study 1.28, 6.4, 32,
strains of Salmonella 1537 WP2 pkM 160 & 800 or 50,
typhimurinum and two 101 and WP2 100, 200, 400 or 800
tryptophan-requirirg strains of uvrA. pkM 101 pg/plate
Escherichia coli
Study to evaluate the potential Mouse; out-bred Range finding 75.42, 1.34:96
of PhXA41 to induce CD-1 116, 178.5, 274.6, 7
micronuclei in the 422.5, 650 & 1000
polychromatic erythrocytes of and 1538 and 2367
CD-1 Mice Study 200, 400 and

800 mg/kg
Study to determine the ability Mouse 0.316, 1, 3.16, 10, ;:4195

A VNS 001
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Study to evaluate the Human 16.89, 22.53, 30.03, 1.34:96
chromosome damaging 40.05,53.39, 71.19, %
potential of PhXA41 by its 94.92, 126.6, 168.8,
effects on cultured human 225, 300 and 400
lymphocytes using an in vitro pg/mi
cytogenetics assay
Study to evaluate the potential Rat; Wistar Range finding 550, 1.34:97
of PhXA41 to indtse 850, 1300, and 2000; | %
unscheduled DN A synthesis in full study 632.5 and
rat liver using an in vivo/in 2000 mg/kg
vitro procedure
Rat and Mouse Carcinogenicity Studies:

Dose selection: The sponsor was not able o reliably deliver the expected dose of test
material to the animals. This failure was attributed to the adsorption of test material to the
dosing apparatus. Attempts to remedy this problem by flushing the dosing apparatus with
test material prior 1o dosing animals were not entirely successful. When they analyzed the
various concentrations of test material they reported sizable differences between the amounts
detected and expected. These differences were more pronounced at the lower concentrations
of test material than a higher concentration (fig 9 & 10, Table 20).

Peveent of Ezpocied

Ceacontration (up/ky)

Figure 9 The expected concentration of test material for the mouse carcinogenicity study

(vol. 1.22 pg. 4343)
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Figure 10 The expected concentration of test material for the rat carcinogenicity study
(vol. 1.26 pg. 5894}

Table 20 The average percentage of the expected dose delivered in the mouse and rat
carcinogenicity studies.
N

Dose (ug/kg) Percentage of Expected
Mouse Rat
Low (2) 62.9 69.3
Intermediate (20) 80.4 814
High (200) 91.7 86.4

Latanoprost is extensively metabolized by the liver, and the most appropriate way to
compare doses between species is on a body surface area basis instead of a of body weight
basis. For this comparison the following table (table 21) will be used:

Table 21 Repressntative Surface Area to Weight Ratios (km) for Various Species®

Species Body Weight (kg) Surface Area (m?) km Factor
Mouse 0.20 0.66 3.0
Rat 0.15 0.025 5.0

ANNNS97. 001
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Monkey 3.0 0.24 12
Dog 8.0 0.40 25
Human 60 16 37

a. Freireich, E.J. er al, 1966. Quantitative comparison of toxicity of anticancer agents
in mouse, rat, dog, monkey and man. Cancer Chemother. Repts. 50(4):219-244.

Ex.: To express a mg/kg dose in any given species as the equivalent mg/m? dose, muitiply
the dose by the appropriate km. In adult human 100 mg/kg is equivalent to 100 mg/kg
x 37 kg/m? - 3700 mg/m?

Latanoprost is administered topically to the eye and a conservative estimate of the maximum
daily dose is to assume that all the administered drug substance were totally absorbed. The
recommended dose is 1 drop in the affected eye once daily so the maximum human dose is
2 drops daily. This makes the total maximum ¢xposure 2 maximum possible of 3.0 ug (50
pg/ml x 0.03 ml/drog. x 2 drops), the maximum possible dose would be 50 ng/kg for 60 kg
patient, which is equivalent to 1.85 ug/m?.

In order to estimate the relative safety of latanoprost studied in animals to humans the
maximaily tolerated dose or aiternately the highest does evaluated was converted to a dose
expressed in ug/m? and divided by the estimated human exposure, expressed similarly.
These values are presented in table 22.

In 13 week studies in rats and dogs when latanoprost is administered by the intravenous
route the safety ratios were 80 and 120, respectively, and when by the oral route to rats the
ratio was 460. Likewise, in carcinogenicity studies in both mice rats (treated for between
87 to 91 wks) and rats (treated for between 97 to 104 wks) the relative exposure ratio was
targe, 300 to 490. However, in the rabbit teratology studies of latanoprost the no effect
embryo toxicity dose was 1 pg/kg and this represents only a 6 fold difference in dose when
compared te humans,

AAN20S97.00(
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Table 22 The ratios of the dose in animals expressed as ug/m? to the maximal
possible dose in a 60 kg patient (1.85 ug/m?)

Study Specie Maximally tolerated Dose Ratio of dose expressed as

g dose or highest dose (#g/m®)* | body surface area to 3 60

tested! kg patient.(1.85 ug/m?)
(#2/kg)

Carcinogenicity Mouse 200 546 295

Rat 200 910 492
13 Week i.v. Rat 35 156 84
13 Week p.o. Rat 200* 850 459
[3 Week i.v. Dog 10 220 119
52 week ocular Rabbit 100* 1200 649
52 Week ocular monkey 6 72 39
52 Week ocular menkey 50 600 324

1® 11 6
& (lowest nonembryocidal
dose)

Teratology (Seg 1I) Rabbit 5 60 32
dose-range finding
study
Teratology (Seg II) Rabbit 1 il 6
study
Fertility (Seg. ) Rat 250¢ 1062 594

* Calculated as [((Dose(ug/kg) X Mean % of dose delivered)<= 100y X km Factor from
table 21] + 1.85 (human dose expressed in ug/m?)

b The no effect dose evaluated.

¢ Lethal to imales

Levels of PnXA8S, the free acid of latanoprost, were deterinined by radicimmunoassay
and the results shown in table 23.

Table 23 The mean plasma levels of PhXAS8S, the free acid of latanoprost, in male and
female rats on week 104 and 97, respectively, at 1 hour after the daily administration
of latanoprost (ref. 1.38:11334).

N20$97.00]
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Gender ' Mean (pg/ml) + SEM

20 ug/kg 200 pug/kg
Male 111.1 + 22.1 473.4 1 129.1
Female 48.7 + 8* 359 4+ 43.8

* Below the quantitation limit

While the above results are not directly comparable to results obtained in human studies
(table 24) one can see that rat plasma level of the free acid of latanoprost 1 hr after oral
administration was greater than 18 times the human plasma concentrations at peak levels
(359 rat pg/ml + 20 human pg/ml).}

Table 24 Plasma levels of latanoprost or its free acid in humans subjects or patients.

Route Cras Time Method

topicalone ( 3 ug) 53 pg/ml 5-15 min radio labeled
. latanoprost (study No.

9400107)
topical ~{ 6/10- <30 pg/ml | 5 min after Radioimmunoassay
daily for 1 yr in 1/10 - 32 pg/mi administration (IRA) Limit of
10 pattents ( 3 ug) | 1/10 - 45 pg/ml quantitation 60 pg/ml
1/10 - 54 pg/ml and limit of detection
1/10 - 67 pg/ml 30 pg/ml (study No.

(mean = 20 9400109)

pg/ml)

Results (Neoplastic and nonnegplasticy: Latanoprost was evaluated in rats and mice in a
carcinogenicity bioassay at doses of 2, 20 and 200 ug/kg administered orally. No drug
related effects were seen in either species. These studies were not adequate to
characterize the carcinogenicity potential of the test material because the animals could
have tolerated higher doses, however, the studies were adequate to characterize the risk
of carcinogenicity at the ophthalmic dose used in humans.

N205397.001
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The results of these studies were presented to the Exccutive Carcinogenic Assessment
Committee and they concurred with the conclusions that label reflect that the doses
evaluated did not adequately assess the carcinogenicity potential of latanoprost.

The ocular as well as systemic toxicity of latanoprost hos been investigated in
several animal species. Latanoprost was well-tolerated at intravenous doses
of 1 ug/kg/day in the dog and 35 ug/kg/day in the rat for 13 weeks. These
doses are approximately 16 and 560 times the recommended human dose given
ocularly. In animal studies latanoprost has nor been found to have sensitizing
properties.

In the eye, no toxic effects have been detected with doses of up to 100
ug/eye/day in rabbits or monkeys. In monkeys, however, latanoprost has been
shown to induce increased pigmentation of the iris. Increased pigmentation of
the iris has also been reported in humans with hazel eyes during chronic
treatment with lalanoprost. The results from a large pre-clinical program
demonstrated that the effect is unlikely to be associated with proliferation of
melanocytes, and neither naevi nor freckles in the eye have changed during
chronic trearment with latanoprost. It appears that the mechanism of increased
pigmeniation is due to stimulation of melanin production in melanocytes of the
iris. The change in iris color occurs slowly and may not be noticeable for
several months and may be irreversible.

In chronic ocular toxicity studies, administration of latanoprost at a dose of 6
ug/eye/day (4 times the daily human dose) has also been shown to induce
increased palpebral fissures. This effect is reversible and occurs at doses
above the clinical dose. This effect has not been observed in humans.

Chronic treatment with latanoprost in monkey eyes, which had undergone
extracapsular lens extraction did not affect the retinal blood vessels as
determined by fluorescein angiography.

Recer mended Labeling

In chronic ocular toxicity studies, edministration of latanoprost at a dose of 6
ug/eye/day (3 times the daily human dose) has also been shown to induce increased
palpebral fissures. This effect is reversible and occurs at doses above the clinical
dose. This effect has noi been observed in humans.

N20597.001
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Mo change except for Last paragraph. Chronic treatment with latanoprost in monkey
eyes—which that had undergone extracapsular lens extraction did not affect the retinal
blood vessels as determined by fluorescein angiography .

Genotoxicity:

Latanoprost was not mutagenic in bacteria, in mouse lymphoma or in mouse
micronucleus test. Chromosome aberrations were observed In Vitro with human
lymphocytes, however, similar effects were observed with prostaglandin F,,, a
naturally occurring prostaglandin, suggesting that this is a class effect.
Additional In Vitro and In Vivo studies on unscheduled DNA synthesis in rats
were negative.

Recommended Labeling:

Latanoprost was not mutagenic in S, typhimuripum sirains TA 98, 100, 1535 and
1537 or E. ¢oli strains WP2 pkM 101 and WP2 uvrA. pkM 101, or in a micronucleus
test using mouse lymphoma L5178Y cells. Chromosome aberrations were observed
in vitro with human”lymphocytes, however, similar effects were observed with
prostaglandin F,a, a naturally occurring prostaglandin, suggesting that this is a class
effect. Additional in vitro and in vivo studies on unscheduled DNA synthesis in rats
were negative.

e

"Latar sprost was nct carcinogenic in either mice or rats when administered at
doses of up to 200 ug/kg/day (6700 times the recommended hunan dose) for up to
2V and 24 months, respectively.”

Recommended Labeling:

The carcinogenic potential following long term administration of latanoprost
has not been fully characterized. Latanoprost has been evaluated by oral
administration in mice (87 weeks for males and 91 weeks for females) and rats
(104 weeks for males and 97 weeks for females) at doses up to 170 ug kg™ day’
!, however, no toxicity was seen in these studies and higher doses could have
been used. If 5 % of the highest dose evaluated in rodents (170 ug kg*' day!)
was absorbed and the total ocular dose in patients was also completely absorbed
then the ratio of the doses in ug/kg in rodents to a 50 kg patient would be
greater than 130

N20597.001
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Reproduction;

Latanoprost has not been found 10 have any gffect on male or female fertility
in animal studies. A systemic dose 100 times the clinical dose has been shown
to induce abortions in rabbits but not in rats. No teratogenic potential has
been detected.

Recommended

Include in Pregnancy Teratogenic Effects/Pregnancy Category.

Pregnancy Teratogenic Effects/Pregnancy Category B

Reproduction studies have been performed in rais and rabbits at doses up to
825 times the clinical dose (based on 0.06 ug/kg - 50 kg human) and have
revealed no evidence of impaired fertility or harm to the fetus due to
latanoprost. A systemic dose of 100 times the clinical dose has been shown to
induce abortion in rabbits but not in rars. There are, however, no adeguate
and well- controlled sludies in pregnant women. Because reproduction studies
are not always predictive of human response, this drug should be used during
pregnancy cnly if clearly needed.

Recommended:

Pregnancy Teratogepic Effects/Pregnancy Category € Reproduction studies
have been performed in rats and rabbits. In rabbits an incidence of 1 of 6 dams
had no viable fetuses at a dose that was 32 times the human dose, and the
highest nonembryocidal dose in rabbits was 6 time the human dose. In rats no
evidence of impaired fertility in either males or female at doses that are lethal
1o males was observed at doses up to 570 times the human dose. There are no
adequate and well-controlled studies in pregnant women. XALATAN should
be used during pregnancy only if the potential benefit justifies the potential risk
to the fetus.

No teratogenic potential has been detected.
Nursing Mothers: Jt is not known whether this drug or its metabolites ar:
excreted in human milk Because many drugs are excreted in human milk,

caution should be exercised when XALATAN is administered o a nursing
woman.

N20597.001
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Recommendation:

No changes /M K/K—;‘__

David A. Shriver, Ph.D.
Pharmacologist

<Cl

HFD-340 Concurrence Only:
HFD-540 HFD-540/DD/JWILKIN TR YA
HFD-540/PHARM/SHRIVER HFD-540/SPHARM/AJACOBS 6§ ilni4o

HFD-540/MO/CARRERAS
HFD-540-CHEM/TSO
HFD-540/PMS/CHAPMAN
HFD-540/SPHARMIAJACOBS
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Proposea Uilnical Studles:

Nunmber and Types of Subjects:
Forty subjects divided into twenty subjects with normal intraocular

pressure and 20 with ocular hypertension. Males and females 20-80
years of age will be tested.

Dosage and Duration of Administration and Evalyations to be
Performed: .

The study-drug will be administereqd topically from a dropper bottle
in volunes of approximately 35 ul.per drop to both eyes twice daily
for 5 days. Patients will be instructed to place one drop of a 60
ug/ml solution in each eye, 2 x/day x 5 days. Exact dosage will
ceneist of 2.1 ug of drug per one 35 ul drop and 8.4 ug per day for
4 drops. Parameters scheduled for measurement will consist of the
following: aquecus humor flow rate, intraocular pressura, outflow
facility, permeability, hyperemia and adverse reactions.

Patient Consent Form: The Sponsor states that informed consent will
be obtained from all subjects. A copy of the informed consent form
Vas submitted to the IND for evaluation.

Preclinical studies: All  preclinical pharmacodynamic,
armacokinetic and toxicological studies submitted to this IND
¥ill be reviewed in the fellowing tabular format.
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Comments and Evalyation

1

2)

3)

4)

5)

6)

The drug proposed for use in the present IND (i.e., PhXA41), is a prostaglandin Fy, (PGF,,)
analogue. According to the sponsor, “it is the active apimer of PhXA34, a mixture containing
two epimers (15R and 155) in equal proportion. PhXA41 is contained within PhXA34 at a
proportion of sbout 50/50 with the less active 15-S apimer.”

in snimal models used to conduct comparative phermacological studies of PhXA41, the active
epimer and the less active epimer, it was found that PhXA41 exerted 50-70% stronger
pharmacoilogical activity than PhXA34 (the epimeric mixture).

The pharmacology/toxicology data base submitted in support of this IND, includes
pharmacodynamic/pharmacokinetic, acute systemic, ocular toxicity and mutagenicity studies
on PhXA34 and PhXA41 With respect to toxicology, these studies showed the following: no
drug induced mortality in rat acute i.v. systemic toxicity studies at 2 mg/kg of PhXA34 or
PhXA41 and no local ocular or systamic toxicity in rabbits dosesd ocularly with 1, 5, or 25 ug
of PhXA34 2x/day times 35 days. Results of testing PhXA34 or PhXA41 for mutagenicity in

four strains of Sgimonella typhimuyrium and two strains of Egcherichia coli were negative for
mutagenicity. .
The sponsor states that “in a 4 week ocular toxicity test in rabbits performed with PhXA41
with 3 maximum dose of 50 ug per eye/day no clinical abnormalities could be detected.” The
sponsor however neglected to submit this study to the IND for pharmacologyhoxicology
evaluation. The sponsor should be requested to submit this study 1o the IND for evaluation.

No preciinical reproductive toxicity data has been submitted to this IND. The sponsor should
be requested to perform segments 1, Il and NI reproduction studies and submit the results 10
the INC for evaluation. .
According to the sponsor. "PhXA34 has been tested clinically in Sweden, U.S.A. and Japan
in a tota! of 86 persons {0.3-10 ug/application] without side eHects related to the drug other
than mild or moderate conjunctival hyperemia depending on the dose (10 ug). The sponsor also
states “a comparison of the intraocular pressure lowering effect of 3 different doses aof
PhXA41 with that of 3 doses of PhXA34 in healthy human volunteers is in progress in
Sweden.® Final resuts of these studies have not been submitted to the IND for evaiuation.

Recommendation:

Al

Non-initiation of clinical trials until the sponsor submits the following and the results are found
to support safety of use of PhXA41 upon qcular application.

1 the four week rabbit ocular toxicity study using PhXA41 up to a maximum dase of S0
ug per eye/day.

or
2) the results of clinical studies using doses esqual or greater than those proposed for use

in the currently proposed clinical trials.
' . /‘, ) L I
Zén/y, ot J’ Bipeadis

Norma J. Browder, Ph.D.
Pharmacologist, DAIDPMED-520
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DRUG: PhXA41 Eye Drop Solution |

CATEGORY: Anti-Glaucoma

SPONSOR:

NUMBER OF VOLUMES: 8

DATE OF SUBMISSION: October 5, 1992

¢ ———
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DATE ASSIGNED: May 4, 1994

DATE REVIEW STARTED: October 20, 1994
DATE FIRST DRAFT COMPLETED: December 22, 1994

. - o
DATE REVIEW ACCEPTED BY SUPERVISOR.‘##M? fs/ 1995

EVALUATION OVERVIEW

PhXA41 is a synthetic prostaglandin F-2-alpha analogue isopropyl
ester which has been reported to reduce the intraocular pressure in
both monkeys and humans. The compound can exist as two epimers
(15R and 155), and the equimolar mixture of both epimers is known
as PhXA34. PhXA41l, the active epimer, is an esterified prodrug
which is hydrolyzed to the biologically active_form in the cornea.
PhXA41 Eye Drop Solution is manufactured by
The formulation contains 50 mcg/ml
of ‘PhXA41 in
PhXA41 has been tested in clinical
trials in England, Japan, Sweden, and the United States. The
purpose of this submission is to justify Phase III clinical trials
with this formulation in glaucoma patients.
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PRECLINICAL S8TUDIES

The GLP studies described below were conducted according the GLp
guidelines. Dosing solutjons were analyzed for potency, animals
were housed under the appropriate environmental conditions, etc.
In some studies, no signs of toxicity -were seen, but solubility
limitations precluded the use of any higher doses.

1. Acute Intravenous Toxicity Btudy in Mice

This was a GLP study conducted by from

October 22, 1990 to January 17, 1991 (protocol signing to final
report). '

A single dose of the compound was administered intravenously at a
dose of 2 my/kg (50 ml/kg) to 6 male and 6 -female OF1 mice. The
vehicle was not descrihed. The mice were observed daily for 14

days and were then sacrificed with carbon dioxide, anad subjected to
A gross necropsy.

There were no deaths and no clinical signs of toxicity in this
study.

2. Acute Intravenous Toxicity in Rats

This was a GLP study conducted by from
October 22, 1990 to January 23, 1991.

A single dose of the compound was administered intravenously at a
dose of 2 mg/kg (50 ml/kg) to 6 male and 6 femzle Sprague-Dawley
rats. The vehicle was not described. The rats were observed daily

for 14 days and were then sacrificed with carbon dioxide, and
subjected to a gross necropsy.

There were no deaths and no clinical signs of toxicity.
3. Acute Oral Toxicity in Mice
This was a GLP study conducted by

A single dose of the compound was administered orally to Charles-
River alpino mice {3/sex/group) in doses of 0.1, 1, 10, or 50
mg/kg. The vehicle for the test substance was Neutralclja TG8/10;
the volume administered was 4.4 mi/kg for the high-dose group and
4 ml/kg for all of the other groups. There was no control group in
this strdy. The animals were observed for 14 days and were then
sacvificed by pentobarbital and exsanguination.

There were no deaths in this study. Wetness around the urogenital
area and soft or loose feces were observed, but since there was no
control group, it was not possible to determine if the effects were

2




due to the test substance or to the vehicle. (The chemical nature
of the vehicle was not described, but it is thought to be an oil).

4. Acute Oral Toxicity in Rats

This was a GLP study conducted by . The
study was conducted in Charles-River (Sprague-bDawley) rats, but at
one point in the summary, the report incorrectly refers to mice.

A single dose of the compound was administered orally to rats
(3/sex/group) in doses of 0.1, 1, 10, or 50 mg/kg. The same
vehicle (Neutralolja) was used as in the previous study, and again

the volume was 4.4 ml/kg for the high-dose group and 4 ml/kg for
the other groups. :

There were no deaths or clinical signs of toxicity in chis study.
5. Four Week Intravenous Study in Rats

This was a GLP study conducted by from May 14,
1991 to June 17, 1992.

PhXA41l was administered intravenously to Sprague-Dawley rats
(5/sex/group) at doses of 0, 1, 10, 100, or 340 mcg/kg/day for 28
days. The vehicle was saline for injection and the volumes
administered ranged from 1.0-7.1 ml/kg due to solubility
limitations. Evaluations for treatment-related effects wei~ based
on observations, body weights, f%od consumption, hematology, serum
chemistry, gross pathology, organ weights, and microscopic
histopathologic examination. "

No changes occurred in this study that could be related to
treatment.

6. Four Week Intravenocus Etudy in Dogs
This was a GLP study 'conducted L.

PhXA41 was administered intravenously to Beagle dogs {one male, one
female per group) in doses of 0, 1, 10, 100, or 340 mcg/kg/day for
28 days. The compound was administered in saline for injection in
volumes ranging from 1.0-7.1 ml/kg. The effects ~f the coanou

were evaluated based on the same parameters as i: the ra! stuc.,
(#5) above.

There were no deaths in the study. Animals in the 100 and 340
mcg/kg groups developed miosis, salivation, vomiting, diarrhea, and
increases in alanine aminotransferase.

7. Four Week Oral (Saline) Study in Mice

This was a GLP study conducted by

)



PhXA41 dissolved in sterile physiological saline was administered
by gavage to albino mice (6/sex/group) at doses of 0, 2, 20, or 200
mcg/kg/day for 28 days in » volume of % ml/kg. Evaluations for
treatment-related effects were based on observations, body weights,
food consumption, gross pathology, and the weight of the stomach.
No clinical chemistries ¢r microscopic examinations were performed.

Thére were Iive deaths in the study, but the deaths were not
related to treatment. TIour of the five mortalities occurred in the
low-dose group, and were attributed to dosing accidents. There
vere no treatment-related changes in any of the parameters measured
in this study.

8. Four Week Oral (Saline) study in Rats
This was a GLP study conducted by

PhXA41 dissolved in sterile physiological salinz was administered
by gavage to Sprague-Dawley rats (5/sex/group) at doses of 0, 2,
20, or 200 mcg/kg/day for 28 days in a volume of S ml/kg.
Evaluations for treatment-related effects were based on
observations, body weights, food consunption, gross pathology, and
the weight of the stomach. No clinical chemistries or microscopic
examinations were performed.

There were no deatihs and no treatment-related changes in this
study.

9. Four Week Oral (0il) Study in H}ce

-

This was a GLP study conducted by

PhXA41 was administered by gavage to albino mice (6/sex/group) in
doses of 0, 0.01, 0.1, 1, or 10 mg/kg/day for 28 days. The vehicle
was Neutraloja TG8/10 (which permitted the higher doses). The
volume administered was 4 ml/kg in all groups. The effects
produced by the compound were evaluated based on the same
parameters as described in studies 7 and 8 above.

There were nine deaths in this study, all of which were attributed
to dosing accidents. {The distribution of mortalities across
groups sunports this conclusion). Treatment-related occurrences of
anogenital/urogenital staining were seen in the high-dose group.
There were no other treatment-related changes.

10. Four Week Oral (0il) Study in Rats

This was a GLP study conducted by

PhXA41 was administered vy Jjavage to Sprague-Dawley rats
{5/sex/group) in doses of 0, 0.¢i, 0.1, 1, or 10 mg/kg/day for 28
days. The vehicle was Neu:raloja TG8/10, and all doses were

4



administered in a constant volume which was alternately reported to
be either 4 or 5 ml/kg. The effects produced by the compound were
evaluated based on the same parameters as described in studies 7,
8, and 9.

There were three deaths in the study, one of which occurred in the
high-dose group. All three deaths were attributed to dosing
accidents. No treatment-related effects were seen in any of the
parameters investigated.

11. Four Week Ocuvlar Study in Rabbits
This was a GLP study conducted by

NOTE: Pages 6 through 11 of this report have not been submitted to
the FDA. These six pages contain key information on the
test article, the test system, and the dosing procedure
(according to the table of contents).

From tne report summary and the remainder of the report it was
possible to determine that the compound was instilled into the
right eye of pigmented rabbits twice daily for four weeks. The
left (untreated) eye was used for comparison. There were four
groups of animals, each containing 5 males and 5 females. Each
application consisted of approximately 30 microliters containing
dcses of ¢ (placebo), 1, 5, or 25 micrograms, so that the total
daily doses were 0, 2, 10, or 50.mcg/day.

Ophthalmological examinations were conducted kefore the start of
the study, and after four weeks of treatment. Effects on the eyes
were evaiuated using a slit lamp and indirect ophthalmoscopy, with
a mydriatic agent being used during examination of the fundus and
posterior segments. Ophthalmic pachvmetry (corneal thickness) and
tonometry (intraocular pressure) were measured under anesthesia.

The amount of ocular irritation occurring in the cornea, iris, and
conjunctivz was evaluated weekly using a grading system that scored
opacity, ulceration, granulation, congestion, chemosis, discharge,
enanthema, and photomotor (pupillary) reflex.

Possible systemic effects were evaluated based on observations,
body weights, hematology including coagulation, clinical chemistry,
gross macroscopic pathclogy, and histologic microscopic examination
of selected tissues.

There was one death in the study, but it was a resul: of the
bleeding procedure (blood clots were found at necropsy in the neck
tissue surrounding the jugnular vein in this animal).

Ophthalmological examinations and ocular irritation evaluations
revealed no differences between control and treated groups. No



treatment-related effects occurred in any of the parameters used to
evaluate systemic toxicity.

12. One Year Ocular Study in Rabbits

This was a GLP study conducted by . This study

used PhXA34, an epimeric mixture containing S50% PhXaal. {The
previous 11 studies used PhXA41).

An eyedrop formulatiorn of PhXA34 was instilled into the
conjunctival sac of the right eye of Dutch belted rabbits
(15/sex/group) in doses of 0, 10, 25, or 50 micrograms twice
daily, for total doses of 0, 20, 50, or 100 mcg/day. The placebo
and high-dose formulations were administered as two drops
(approximately 30 microliters each) twice daily, while the low and
mid-dose groups were given one drop twice daily. Five animals of
each sex from each group were sacrificed after six 'months of
dosing, while the remaining rabbits were dosed for one year.

Ophthalmic examinations were conducted using a direct
ophthalmoscope and included examination of the vitreous humor,
lens, optic disc, and fundus. Tonowmetry and pachymetry were also
performed. Ocular irritation was graded using the standard Draize
scoring system. Potential systemic toxicity was evaluated based on
observations, body weights, food consumption, hematology, clinical
chemistry, gross macroscopic pathology, organ weights, and
microscopic histopatholegic examination.

There were five deaths in the study, but none of the deaths were
treatment-relatt .. The deaths were distributed across groups, and
four of the five mortalities were due to technical difficulties
encountered during blood collection. Slight decreases in food
consumption were seen in some high-dose animals, but body weights
were not affected. Increases in serum creatinine and hlood urea
nitrogen occurred in high-dose females, but not in males.

One control animal and three high-dose animals developed small lens
opacities or focal cataracts. The sponsors ophthalmologist
goncluded that these were of no toxicologic significance.
Tonometry measurements indicated that the intraocular pressures
were generally slightly higher in the treated (right) eyes than in
the untreated eyes. There appeared to be slight inc.-eases in the
corneal thickness among the treated groups of animals as compared
to the control group, however the interpretation of this data was
complicated because of conziderable variation in the predose
values. Paradoxically, a comparison of the left (untreated) eye
and the right (treated) eye, revealed that the left cornea was
slightly thicker than the right in all groupu including the control
group. Some minor irritation in the form of a redness and a clear

discharge, was seen around the eyelids and conjunctiva in some
treated animals.



THERE WAS NO STUDY 13 IN THIS SUBMISSION

At this point in the sponsors summary, a description of a one year
ocular study in monkeys was presented. Eyedrops containing PhXA41
vwere applied to one eye of cynomolgus monkeys (5/sex/group) twice
daily for one year. Each group of animals received the vehicle in
one eye. The other eye received either no treatment (control
group) or PhXA41l in total doses of 20, 50, or 100 mcg/day.

Increases in the pigmentation of the iris occurred in about one-
half of the animals treated with PhXA41l. The iris in the treated
eye became somewhat darker than the jiris in the contralateral
control eye. The pigmentation changes were accompanied by an
increase in the palpebral fissure, i.e. the eyelids appearec to be
more open in the treated eye than in the control eye.

14. Intravenous Reproductive Fertility Study in Male Rats
This was a GLP study conducted by

PrXA41 was administered inéravenously to male Sprague-Dawley rats
(6/group) at doses of 0 (saline), 5, 50, or 300 mcg/kg/day for 71
days before mating and then up until necropsy.

NOTE: The sponsors summary report erroneously states that a dose of

l mcg/kg was also used in this study, which in fict, was not
the case. v

Male rats were mated with untreated females. After the matirg
period, the males were sacrificed and the weights of the testes and
epididymides were recorded. The females were sacrificed on day 20
of gestation, and the ovaries and uterus were removed. Ovarian
weights were recorded, as were the numbers of live and dead
fetuses, resorption sites, and corpora lutea. Fetuses received an
external examination.

Analyses of the dosing solutions gave recoveries of approximately
73-84% of the labeled claim.

No treatment-related effects were seen in this study.
15. Intravenous Reproductive Fertility Study in Female Rats

This was a GLP study conducted by

PhXA41 was administered intravenously to female Sprague-Dawvley rats
(6/group) in doses of 0 (saline), 5, 50, or 300 mcg/kg/day.

NOTE: The sponsors submission describes two different cdosing
regimens for this study, only one of which, can be correct.
The protocol and the summary of the report, give the duration
of dosing as 15 days before mating, throughout mating, and
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until day 7 of gestation. However, in the body of the
report, the duration of dosing is given as days 6-15 of
gestation.

Female rats were mated with untreated males. The females were
sacrificed on day 20 of gestation, and the ovaries and uterus were
removed. Ovarian weights were recorded, as were the numbers of
live and dead fetuses, resorption sites, and corpora lutea.
Fetuses received an external examiration.

As had been the case in the preceding study, the potency of the
dosing sclutions was only about 80% of label claim. Two of the
high-dose animals died. No clinical signs were seen in these two
animals, but the deaths were probably related to treatment. In the
surviving animals, there were no treatment-related effects on any
of the reproductive parameters evaluated.

16. Intravenous Reproductive Range Finding Study in Prc&nant Rats

This was a GLP study conducted by

PhXA41 was administered intravenously to pregnant Sprague-Dawley
rats (6/group) in doses of 0 (saline), 0.1, 1.0, 5, 50, or 300
mcg/kg/day during days 6-15 of gestation. On day 20 of gestation,
the animals were sacrificed, and the uterus and ovaries were
removed and exarined. The number of corpora lutea were recorded,
as were the number of embryonigffetal deaths, and the number of

live fetuses. Fetuses were weighed, sexed, and examined externally
for abnormalities.

Potency analyses were again only about 80% of claim. There were no
effects in either the dams or the offspring that were considered to
be treatment-related. One fetus with a cleft palate was observed
in the 1 mecg/kg group, but this was thought to be an incidental
finding. An increased incidence of early resorptions occurred in
most treated groups, - '~ not the high-dose group.

17. Intravenous Rany ading Study in Pregnant Rabbits
This was a GLP study conducted by

PhXA41 was administered intravenously to pregnant New Zeazland
albino rabbits (6/qroup) in doses of © {saline), 0.1, 1.0, 5, SO,
or 300 mcg/kg/day during days 6-18 of gestation. oOn day 29 of
gestation, the animals were sacrificed, and the uterus and ovaries

were removed and examined. The number of corpora lutea were
recorded, as were the number of embryonic/fetal deaths, and the
number of 1live fetuses. Fetuses were weighed, and examined

externally for abnormalities.

The dosing solutions assayed at about 80%Y of label claim. There
were no maternal deaths, but increased respiration, muscular
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tremors, and motor incoordination were observed in dams from the
high-dose group. Multiple ovarian cysts were found in two dams
from the 50 mcg/kg group, and in four animals from the 300 mcg/kg
group. All animals in the 50 and 300 mcg/kg groups underwent total
litter resorption early in gestation. In the group that received
5 mcg/kg, there was an increase in the number of resorptions, and
one animal in the group, aborted on day 19 of gestation There
vere no fetal abnormalities in the 0.1, 1.0, or 5 mug/kg vaups.

THERE WAS NO STUDY 18 IN THIS SUBMISSION

At this point in the sponsors summary, a description of a range-
finding prenatal/postnatal (Segment XIX) study in rats was
presented. PhXA41 was administerec intravenously in doses of 0, 1,
3, 10, or 100 wmcg/kg/day to mated female Sprague-Dawley rats
(8/group) from day 15 of gestation until weaning of the offspring.

One dam in the high-dose grsup delivered only stillborn pups, and
three other live litters in this group, died durirg the first week
postpartum. Two litters from the 10 mcg/kg group, and one litter
from the 3 mcqg/kg group aiso died. 1In addition, some of the mated
females were found to be not pregnant.

19. Bactorial Mutation (Ames) Assay
This was a GLP study conducted by
4

PhXA41 was tested in four strains of Salmonella typhimurium (TA98,
TAl100, TA1535, and TA1537) and in two_strains of Escherichia coli
(WP2 pKM101 and WP2 uvrA- pKM10l} for its ability to induce reverse
mutations. A nmetabolic activation system (S5~9) was prepared
containing cofactors and the 9000 x g supernate of a liver

homogenate obtained from rats that had been treated with Arochlor
1254.

In the range finding ‘portion of the study, PhXA4l was tested in
amounts ranging from 8-5000 mcg/plate. Cytotoxicity (thinning of
the background bacterial lawn) was seen at the higher amounts. 1In
the definitive portion of the study, amounts of 1.28-800 acg/plate
were testad both in the absence and in the presence of $-9. The
solvent (DMSO} was used as the negative control and five different
positive controls were also used.

PhXA41 did not induce mutations in this assay, either with or
without $-9. Tne positive controls were mutagenic.

20. Mous¢ Lymphoma Assay

This was a GLP study conducted by .

Cultures of wild type mouse lymphoma L5178Y cells were plated in
growth medium to confirm cell viability, and were then incubated
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with varicus concentrations of test compound, negative control, or
pesitive control, either with or without S$-9. PhXA41 was added to
make final concentrations ranging from 1-250 mcg/ml with 5-9, and
1-200 wmcg/ml without s-9. The solvent (DMS0O) was used as the
negative control. The positive controls were benzo(a)pyrene with
5~9, and 4-nitroquinolone-l1-oxide without $-9. Solutions of 6-
thioguanine were added and the cell cultures were incubated for

seven days to allow expression of mutation at the HGPRT locus, i.e.
resistance to 6-thioguanine.

Concentrations of PhXA41 greater than 100 mcg/ml resulted in poor
cell survival, but PhXA4l was not mutagenic at any of the

concentratjons tested. The positive controls were mutagenic in
this assay.

21. 1In Vivo Mouse Micronuclsus Test
This was a GLP study conducted by

PhXA41 was suspended in water with the aid of Tween B0 and
carboxymethylcellulose, and administered intraperitoneally (25
nl/kg) to groups of male and female albino mice (15/sex/group). A
range-finding study, done prior to the defin'iive study, indicated
that mortalities occurred at doses of 1000 mg/kg and above. The
doses used in the main portion of the study were 200, 400, and 800
mg/kg. The negative control group received the vehicle, while the
positive control group received cyclophosphamide. Five animals per
seX per group were sacrificed at 24, 48, and 72 hours after
treatment. Femurs were removed, and._bone marrow was aspirated,
mixed with a small amount of fetal bovine serum, and centrifuged.
Slides were prepared and stained for microscopic reading of the
proportion of polychromatic erythrocytes and the number of
micronuclei,

PhXA41 did not produce an increase in the incidence of
micronucleated polychromatic erythrocytes, while the positive
control  produced statistically significant increases in
micronuclei. Treatment with PhXA41 resulted in a decrease in the

ratio of polychromatic to normochromatic erythrocytes, indicating
possible bone marrow toxicity.

22. In Vitro Human Cytogenetics Aasay

This was a GLP study conducted by

Blood samples were obtained from a male and a female volunteer, and
each specimen was subdivided and cultured in a buffered medium.
Phytohemaagglutinin was added to stimulate lymphocyte division.
PhXA41 was added in a range of concentrations, either with or
without S-9. The solvent (DMS0) was used as the negative control.
Cyclophosphamide with 5-9, and methyl methanesulfonate without $-9,
were used as positive controls. The treatment pericds were 20
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hours in the absence of 5-9, three hours in presence of S-9
followed by 17 hours of recovery, or three hours in the presence of
S-9 followed by 41 hours of recovery. Colchicine was added to
arrest dividing cells in metaphase. The lymphocytes were

harvested, fixed, and stained with Giemsa stain for microscopic
chromosomal evaluation.

In the absence of S-9, PhXA41 was associated with a significant
increase:h1chromosoma1 structurail aberrations, including chromatid
exchanges. 1In the presence of s-9, the frequency of aberrant cells
increased in one experiment, but not in asother. Both positive
controls also produced increases in the Proportion of cells with
chromosomal aberrations. ’

IN ADDITION TO THE TOXICOLOGY STUDIES DESCRIBED ABOVE, Two
CARCINOGENICITY STUDIES (ONE IN MICE AND ONE IN RATS) HAVE BEEN
CONDUCTED BY THE SPONSOR. THE REPORTS OF THESE STUDIES WERE NOT
INCLUDED IN THIS SUBMISSION.

PHARMACODYNAMIC STUDIES

.l
The following efficacy and pharmacology information was obtained
from one study conducted at the Huntingdon Research Center in
England, and from a series of studies conducted at the Glaucoma
Research Unit of Kabi Pharmacia in Sweden.

l. In New Zealand albino rabbits, PhXA41 in doses up to 1 mcg/eye
resulted in moderate conjunctival hyperemia. When PhXA41 was given
in combination with either Pilocarpine or dipivefrin, the
hyperemia was somewhat less. No significant effects on
intraocular pressure (IOP) were produced by PhXA41, either alone or
in combination with either of the other glaucoma drugs.

2. Topical formulations of PhXA41 in buffered saline were applied
to one eye of either female cats or cynomolgus monkeys (drop size
10-20 microliters). The effects on the diameter of the pupil, and
on IOP were measured, with oxibuprocain being used for Jocal
anesthesia. The contralateral eye served as a control. In cats,
PhXA41 (0.3-3 mcqg), caused Pupillary constriction and no effect on

IOP. 1In monkeys, PhXA41 (1-9.5 mcg) caused pupillary dilation and
a decrease in 10P.

3. The effects of PhXA41 on the integrity of retinal blood vessels
was studied in cynomolgus monkeys. The animals were anesthetized,
and the extracapsular crystalline lens was extracted from the right
eye by irrigation/aspiration. Antibiotics were applied to the eye
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o prevent infection, and the animals were allowed to recover ror
three months. After the recovery period, treatment with PhXA4l was
started. PhXA4l, in & dose of 10 mcg/day, was administered
topically to both eyes once daily for six months. At various times
during the six month treatment period, the monkeys were
anesthetized for eye examinations and fluoresceip angiography. The
pupils were dilated with a mydriatic agent, and the eyes were
examined using a slit lamp microscope. Fluorescein was injected
into a hind leq, and angiograms were taken using a fundic camera.

The clinical eye examinations detected a slight fibrinoid reaction
in the lens capsule of some of the aphakic eyes. HXo clinical
disturbances in the fundus were seen. Reading of the angiograms
showed that there was no leakage of fluorescein from the retinal
blood vessels including the perifoveal capillary network, in any of

the phakic or aphakic eyes. There was no evidence of macular
edema.
4. Cynomolgqus monkeys were also used to evaluate the effects of

PhXA41 on regional blood flow, capillary permeability, and aqueous
humor dynamics in the eye. 1In an experiment in which erythrogytes
were labeled with Cr51, PhXA41 (6 mcg) was associated with
increased blood flow to ti,e anterior and posterior sclera, but the
other vascular cffects in the eye were relatively minor. In
another experiment in which albumin was labeled with radiocactive
jodinre, PhXA41l was associated with increased uveoscleral outflow,
but the effects on trabecular outflow were relatively minor.

S. The effects produced by PhXA4l on- certain cardiovascular and
pulmonary parameters were also studied. In one experiment, four
cynomolgus monkeys were trained, during a period of acclimation, to

accept chair restraint. The experimental setup allowed for
intravenous infusion, and for recording of rescpiration rate, heart
rate, blood pressure, and electrocardiogram. After an

equilibration period, intravenous infusions of either vehicle or
PhXA41 (1, 10, 100, and 500 mcg/kg) were made. Slight increases in
heart rate and respiration rate, and some minor changes in the EXG
occurred after PhXa4dl. There were essentially no effects on
systolic, diastolic, or mean blood pressures.

In another experiment, the effects on regional blood flow and
airway resistance were studied. Cyromolgus monkeys were
anesthetized and a catheter was inserted into the left ventricle of
the heart via the brachial artery. Regional blood flow was
estimated using radiocactively labeled microspheres which were
injected into the laft ventricle at various times before and after
the intravenocus administration of PhXAdl. Changes in airway
resistance were estimated from the intrathoracic inspiration-
expiration pressure difference and the respiration rate, PhXA4dl
(6 mcg/kg) was associated with an increased respiration rate, and
N increase in the inspiration-expiration pressure difference,
suggesting an increase in airway resistance. cChanges in regional
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blood flow were variable and relatively minor.

PHARMACOKINETIC STUDIES

The following pharmacokinetic information was obtained from one
ADME study conducted by . and from

a series of PK studies conducted at the Glaucoma Research Unit of

1. Ir. vitro corneal preparations were used to evaluate the
penetration and metabolism of PhXA4l in the eye. Porcine eves were
obtained from a slaughter house, kept on ice, and quickly
dissected. Corneas with a small amount of sclera were mounted in
incubation chambers containing buffered nutrient media.  Tritiated
PhXA41 was added to the incubation compartment on the epithelia:
side of the cornea, and samples were withdrawn from the other
compartment (endothelial side) at various time intervals up to four
hours. :

Approximately 10% of the labeled PhXA41 passed across the cornea in
four hours. On the epithelial side of the cornea, PhXA4l existed
as the isopropyl ester. On the endothelial side, it existed as the

free acid, indicating that the cornea was capable of hydrolyzing
PhXA41.

‘I

2. In another experiment, the ability of various portions of the
porcine eye to hydrolyze PhXA41l was studied. Sufficient esterase
activity was found in cornea, conjuntiva, iris, retina, and lens to
hydrolyze tritiated PhXA4l to the corresponding free acid. No
further metabolism of the free acid occurred in these tissues.

J. When tritiated PhXA4l was incubated with human plasma in vitro,

the ester was completely hydrolyzed to the free acid within one
hour. ’

4. Whole body autoradiography was used to examine tissue
distribution of PhXa4l. Tritiated PhXA41, in an eyedrop
formulation; was applied to both eyes of two cynomolgus monkeys.
Radiocactivity was detected in the cornea, sclera, anterior chamber,
iris, ciliary muscle, eyelid, and lacrimal duct, Some
radiocactivity was also found in the gastrointestinal tract, liver,
kidneys, and urinary bladder.

5. In another study, tritiated PhXA41 was administered to
cynomolgus monkeys by three different routes (intravenous, oral,

ocular), to evaluate the absorption, distribution, and excretion of
the compound.

P@XA41 was rapidly absorbed after oral and ocular administration,
with peak Llood levels occurring within one hour of dosing. After
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intravenous administration, plasma radioactivity declined rapidly
with a half-life of approximately 30 wminutes. PhXA41 was
distributed into kidney, liver, gastrointestinal tract, prostate,
seminal vesicles, eye structures, and many other tissues. After
ocular dosing, the compound distributed to the cornea, retina,
choroid, conjunctiva, and eyelid. PhXA4l1 was bound to plasma
proteins and to erythrocytes. PhXA4l was eliminated in urine and
feces after all three routes of administration.

CONCLUSIONS/RECOMMENDATIONS TO SPONSOR

The use of prostaglandins represents a novel approach to the
treatment of glaucoma, but the instillation of prostaglandin
analogues into the eye is not without some risk. Mild to moderate
conjunctival hyperemia occurred following the ocular administration
of PhXA41 in both albino and pigmented rabbits. This formulation
was also assoclated with some conjunctival hyperemia in the
previous clinical trials in humans. In a one year ocular study in
cynemeolgus monkeys, changes occurred in pigmentation of the iris.
In the one year rabbit ocular study, "small lens opacities or focal
cataracts" were seen in one control animal and in three high-cdose
animals. Also, measurement of intraocular pressures in the one
year rabbit study, indicated that the pressures were usually
slightly higher in the treated e as compared to the untreated
eye, (which would be an undesirable effect in glaucoma patients).

In the ocular safety studies reported in this submission, PhXaa1 or
PhXA34 was administered to Dutch belted (pigmented) rabbits in
doses of up to 50 or 100 mcg/day for one month or one year.
However the only data reported for albino rabbits, was from a
short-term, pharmacodynamic evaluation in which the highest dose
was only 1 mcg/eye. It is suggested that some additional ocular
safety data be developed in albino rabbits using doses comparable
to those that will be used in humans, i.e. at least $0 micrograms.

It is requested that the pages missing from the four week rabbit
ocular study (Study 11, pages 6-11) be submitted to this IND. It
is also requested that a written statement be submitted to the IND
to reconcile the contradictory descriptions of the dosing regimen
given in the rat reproductive fertility report (Study 15).

Full reports should be submitted to the FDA of any other animal
studies that have been completed with PhXa4l, and not vYet reported.
These include, at least, the monkey one year ocular study, the rat
Segment III range-finding study, the mouse carcinogenicity study,
and the rat carcinogenicity study.

The Phase IIX clinical trials should be delayed until after the
above requested data has been reviawed.
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If and when the Phase III trials with PhXaA41l are conducted, they
should exclude pregnant women, because of the potential
abortifacient properties of prostaglandin F-2-alpha analogues. If
nonpregnant women of childbearing potential are to be included in
the clinical trial, then additional teratogenicity and reproductive

toxicology studies should be conducted according to the latest ICH
guidelines.

Because of the ocular effects seen in the animal studies with the
compound (conjunctival hyperemia, lens opacities, pigmentation
changes, variable responses on intraocular pressure), the subjects
in any clinical trials with PhXA41, must receive frequent and
comprehensive eye exams by a qualified ophthalmologist. The
intraocular pressure must be monitored regularly because the risks
associated with the compound will be outweighed only if the

intraocular pressure is effectively lowered and the glaucoma is
brought under control.

Konmett Seettatsn

Kenneth Seethaler, Ph.D., D.A.B.T.
Pharmagologist, HFD-520

cc: Originmal IND Concurrence Only:

HFD-340 HFD~520/DD/L.Gavrilovich
HFD-529 HFD-520/SPharm/R.Osterberg
HFD-520/Pharm/K.Seethaler

HFD-520/Chem/B. Shetty

HFD"54O . /
HFD-540/DD/J.Wilkin e 2
HID-540/SPharm/S.Alam }

HFD-540/M0/J.Bull
HFD-S40/CSO/K.Chapman
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DIVISION OI' DERMATOLOGICAL AND OPHTEALMIC DRUG PRODUC
Review of Cheémistry, Manufacturing, and Controls

NDA #: 20-597 CHEM.REVIEW #: 1 REVIEW DATE: 11/3/95
Updated 2/6/96

SUBMISSION/TYPE DQCUMENT DATE CDER DATE ASSIGNED DATE
ORIGINAL 6/14/95 6/16/95 6/23/95
AMENDMENT 7/6/95 7/13/95 7/20/95
AMENDMENT 7/21/95 7/24/95 8/3/95
AMENDMENT 8/18/95 8/23/95 9/1/95
AMENDMENT 8/25/95 8/28/95 5/1/9%
AMENDMENT 10/27/9% 10/30/95 12/7/95
AMENDMENT 12/22/95 12/26/95 1/8/96
AMENDMENT 1,/23/96 1/24/95 ---

NAME & ADDRESS OF APPLICANT: Pharmacia, Inc.
7001 Post Road
Dublin, OH 43017
DRUG PRCDUCT NAME

Proprietary: Xalatan
Nonproprietary/USAN: Latanoprost
Code Nameg/#'s;: PHXA41, XA4d1l
Chemical Type/ 1-P

Therapeytic Class: prostaglandin

ANDA Suitability Petition/pDESI/Patent Status:

The applicant is the exclusive licensee or the assignee ot
the following patents:

US 4,599,353, expires 7/8/03, method and composition
US 5,296,504, expires 13/22/11, method and composition
US 5,422,368, expires 3/24/11, composition and use

PHARMACOLOGICAL CATEGORY/INDICATION:

Prostaglandin, anti-hypertensive/glaucoma

DOSAGE FORM: Sterile solution

TRENGTHS: 0.005% or 50 ug/mL
OUTE OF ADMINISTRATION: Toplcal/Ocular

DIS SED: Rx oTC
CHEMICAL NAME, S FO MOLEC FO
MOL .WT:

Chemical Name:

Ilopre LZ)>-T(( IR. ?-R. SR. SS) 3,5-dihydroxy-2-{(3R)}-3-hydroxy-5-phanyl-1-
Ragistry numbcr 130209-82—4




NDA 20"597 page 2
Pharmacia Inc.
Xalatan (latanoprost), 0.005%

POR' G 3
IND Pharmacia Inc., PHXA Eye Drop Solution
DMF _# IYPE SPONSQR LETTER
RELATED DO icable) :
IND
Phone/fax:
CONSULTS :

Environmental Assessment consulted to HFD-004 on 6/28/95.
Trade Name consult, 7/24/95
Compliance statement, 10/17/95

R c H

Latanoprost is a prostaglandin F,a analogue, a
selective prostancid FP receptor agonist which reduces the
intraocular pressure by increasing the outflow of aqueous
humor. Latanoprost is an isopropyl ester pro-drug which has
to be hydrolyzed to the acid form to become biologically
active,

Latanoprost is a new molecular entity. Xalatan
(latanoprost} Ophthalmic Solution, 0.005% has not been
commercially marketed in any country. It is a new class of
antiglaucoma agent.

CONC T H

The application is approvable for manufacturing and
controls under section 505 of the Act. All manufacturing
facilities are in GMP compliance as of 10/7/95. Method
validation submitted on 1/29/95. However a signed FONS1 has
not been received from HFD-004.



NDA 20-597 page 3
Pharmacia, Inc.
Xalatan (latancprost), 0.005%

However, the sponsor should be notified of the following
minor deficiencies, which may be satisfied by post-approval
commitments or in the final labeling:

1.

cC:

The product should be shipped under refrigeration. The
drug product should protected from exposure to 40°C at
any length of time during transportation.

Initiate a label extraction study as soon as possible
and submitt the results in an amendment.

Provide updated stability data for the production
batches (9502R01A, 500 L; 9502R02A, 1000 L; and
9502R03A, 500 L) as soon as possible.

For light protection, it is recommended to add caution
statement such as "keep container in carton after each
use" (in the package insert, on the bottle, and on the
carton) .

Add controls for 15-(S)-latancprost and
5,6-trans-latanoprost in the release and stability
specifications, and report the results in the stability
studies.

Add the resolution between latanoprost and
5,6-trans-latanoprost in the system suitability
specification for

.-
fn”

Su C. Tso, Ph.D.
Review Chemist

e

Orig. NDA 20-597

HFD-540/Division File

HFD-540/Ts0

HFD-540/Carreras

HFD-540/Shriver

HFD-160/Cooney

HFD-540/Chapman }it /
HFD-540/WHDeCamp 'h‘ib
HFD-540/Sheinin [
A&%-syw//A4~4w€4 -




DIVISION OF ANTI-INFLAMMATORY, ANALGESIC SRR

AND OPHTEALMIC DRUG PRODUCTS e
Review of Chemistry, Manufacturing, and Controls (157:)
NDA #: 20-597 CHEM.REVIEW #: 2 REVIFW DATE: 3/26/96
SUBM 10 DOCUMENT DATE CDER DATE ASSIGNED DATE
AMENDMENT 2/14/%6 2/15/96
AMENDMENT 2/19/98 2/20/%6
AMENDMENT 2/21/96 2/23/96
AMENDMENT 2/22/96 2/23/96
AMENDMENT 3/7/96 3/8/96
NAME & ADDRESS OF APPLICANT: Pharmacia, Inc.

7001 Post Road
Dublin, OH 43017
DRUG PRODUCT NAME

Proprietary: Xalatan
Nonproprietary/USAN: Latanoprost
Code Names/#'s: PHXA41l, XA41l
Chemical Type/ 1-P

Thera i ass: prostaglandin

ANDA_ Suitability Petition/DESI/Patent Statusg:

The applicant is the exclusive licensee or the assignee of the
following patents:

US 4,599,353, expires 7/8/03, method and composition
Us 5,296,504, expires 3/22/11, method and composition
US 5,422,368, expires 3/24/11, composition and use

PHARMACOT. i
Prostaglandin, anti-hypertensive/glaucoma

DOSAGE FORM: Sterile solution
STRENGTHS: 0.005% or 50 ug/mL
W Topical/Ocular

OoTC




New Drug Application Review NDA 20-597 Page 2
Pharmacia, Inc.

RELATED DOCUMENTS (if applicable):

Phone/fax:

COMMENTS

Environmental Assessment consulced to HFD-004 on 6/28/95 for
review. Deficiencies were found and communicated to the sponsor.
Amendment date 2/22/96 covers the response to the EA deficiencies.
This amendment is consulted to HFD-004 for reviewed on 31/6/96.
Final EA revier and FONSI are 3igned.

Trade Name acceptable.
Compliance status acceptakle as of 10/17/95

Method wvalidation s=nt to Chicago District and Division of Drug
Analysis on 1/. /96

Amendment 2/14/96: Nine months stability for three production
batches to support the proposed expiry,

Amendment 2/19/96: Rerresantative . chromatograms for asséy of
latanoprost ‘ee production
batches on stability,

Amendment 2/21/96: Light stability of the drug product packaced in
the proposed labeled container closure system,

Amendment 2/22/96: Response to the EA deficiencies.

Amendment 3/7/96: Result of 8 weeks consumption test.

CONCLUSIONS & RECOMMENDATIONS:

The application is APPROVABLE for manufacturing and controls
under sectior. 505 of the Act. The application may be approved for
an expiry of 18 month.

However minor deficiencies remain from the chemist review #1 dated
11/3/95 revised on 2/6/96.

-

i. Provide label extraction as soon as possgible.

2. Provide updated starility data for the production batches
(9502R01A, SO0 L; 9502R02A, 1000 L; and 9SO02R03A, 500 L) as
soon as possible.



New Drug Application Review NDA 20-597 Page 3
Pharmacia, Inc.

3.

cC:

Add controls for 15-(S) -latanoprost and 5,6-trans-latanoprost
in the release and stability specifications, and report the
results in the stability studies.

Add the resoluticn between latanoprost and
5,6-trans-latanoproat in the system suitability specification

for o

Su C. Tso, Ph.D. /
Review Chemist

Orig. NDA 20-597

HFD-550/Division File

HFD-550/Tso

HFD-550/Carreras

HFD-550/Shriver

HFD-160/Cooney

HFD-550/Holmes .
HFD-550/Yaciw Lo n— 11170




ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT

FOR

NDA 20-597

XALATAN™
(latanoprost)
STERILE OPHTHALMIC SOLUTION

50 ug/mL

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTI-INFLAMMATORY, ANALGESIC
AND OPHTHALMIC DRUG PRODUCTS (HFD-550)



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-597
XALATAN™
{latanoprost)

STERILE OPHTHALMIC SOLUTION

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully congidered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the huwnan environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for XALATAN™, Pharmacia,
Inc. has prepared an abbreviated environmental assessment in
accordance with 21 CFR 25.31a(b) {3) (attached) which evaluates
the potential environmental impacts of the manufacture, use and
disposal of the product.

Latanoprost is a synthetic drug which will be administered
topically for the treatment of glaucoma and ocuiar rypertension.
The drug substance will be manufactured

oot ” and the drug
product will be manufactured at Automatic Liquid Packaging Inc.,
Woodstock, IL. The finished drug product will be used in
hospitals, clinics and homes.

Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Information regarding
disposal of production waste and returned goods 1is included in

1
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environmental assessment. At U.S. hospitals and clinics, empty
or partially empty packages will be disposed according to
hospital/clinic procedures. From home use, empty or partially
empty containers will typically be disposed of by a community's
solid waste management system which may include landfills,
incineration and recycling, while minimal guantities of unused
drug may be disposed of in the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National
Register of Historic Places.

LS I
ATE PREPAKED &)
Nancy B. Sager
Acting Supervisor
Environmental Assessment Team
Center for Drug Evaluation and Research

ls/7 ?JE"M Yy

Roger L. Williams, M.D.
Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Research

Attachment: Environmental Assessment



DIVISION OF ANTI-INFLAMMATORY, ANALGESIC
AND OPHTHALMIC DRUG PRODUCTS

Review of Chemistry, Manufacturing, and Controls

NDA #: 20-597 CHEM.REVIEW #: 3 REVIEW DATE: 4/22/96
SUBMISSI TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
AMENDMENT 3/19/96

AMENDMENT 4/1/96 4/2/96 4/10/96
AMENDMENT 4/3/96 4/4/96 4/10/96
AMENDMENT 4/15/96 4/16/96 4/19/9¢

NAME & ADDRESS OF APPLICANT: Pharmacia Inc.

7001 Post Road
Dublin, OH 43017
DRUG PRODUCT NAME

Proprietary: Xalatan

N oprieta USAN: Latancprost
Code Names/#'s: PHXA41l, XA41
Chemjcal Type/ 1P
Therapeutic Clasg: prostaglandin

ANDA Suitability Petition/DESI/Patent Status:

The applicant is the exclusive licensee or the assignee of
the following patents:

US 4,599,353, expired 7/8/03, method and composition
US 5,296,504, expired 3/22/11, method and composition
US 5,422,368. expired 3/24/11, composition and use

PHARMACOLOGT CA' Y/IND TION:
Prostagladin, Anti-hypertensive/glaucoma

DOSAGE FQRM: Sterile solution
STRENGTHS: 0.005% or 50 ug/mL

ROUTE QF ADMINISTRATION: Topical/Qcular
DISPENSED: X Rx oTC

HEMICAL
MOL.WT:

Chemical Name:

eeadindh



NDA 20-597 page 2
Pharmacia ~“nc.
Xalatan (latanoprost), 0.5%

R DO

Chemist’'s review #1 dated 2/6/96
Chemist’'s review #2, dated 3/26/96

REMARKS /COMMENTS :

Amendment dated 4/1/95 is a response to the impurities
specifications requirement for impurity 15(S)-isomer and
5,6-trans isomer. In this amendment the label extraction
study report is also included. Amendment dated 3/19/96 is
the revised bottle ard carton labels, Amendment 4/3/96 and
4/15/96 are a copy of the revised draft package insert.

CONCLUSIONS & REC ONS ;

The application remains approvable for manufacturing
and controls under section S05 of the Act. However, the
sponsor should be notified to continue monitoring the 5,6-
trans isomer and 15(S) epimer in the stability study for the
three validation batches (9502R01A, 9502R02A, and 9502R03A)
and submitting the result in the Annual Report. The
application may be approved for 18 months expiry.

o ;’O

Su C. TSo, Ph.D
Review Chemist

cc: Orig. NDA 20-597
HFD-550/Division File
HFD-550/Tso
HFD-550/Carraras
HFD-540/Shriver
HFD-160/Cooney y
HFD-550/Holmes _ _24-9
HFD-550/Patel U indd G

a)



Consulc #4€8 (HFD-540)

XALATAN Latanoprost Ophthalmic Solution 0.005 %
A review revealed several names which sound like or look like the
proposed name: Zilantel, Zileuton, Salantel, Salatar, Salagen,
Xylophan. Due to differences in dosage form, marketing status
(RX vs OTC), or usage, the Committee does not belijieve there is a
significant potential for confusion involving any of these names
and the proposed name.

The Committee has no reason to find the proposed name
unacceptable.

CDER Labeling and Nomenclature Committee

/Zéf@ Bl Z2efl | chair /755

NOTE : The Committee believes the established name for this
product is -

Latanoprost Ophthalmic Solution

(Delece "Stcerile"]

@@mmm@



**x* SENSITIVE* **
REVIEW
OF
ENVIRONMENTAL ASSESSMENT
FOR

NDA 20-597

XALATAN™
(latanoprost)
Eye Drops
50 ug/mL
DIVISION OF ANTI-INFLAMMATORY, ANALGESIC
AND OPHTHALMIC DRUG PRODUCTS (HFD-550)

CENTER FOR DRUG EVALUATION AND RESEARCH

DATE COMPLETED: March 14, 1996



EA Review %2, NDA 20-597 Page 2
SUMMARY :
A FONSI is recommended.

Latanoprost is a synthetic drug which will be administered
topically for the treatment of glaucoma and ocular hypertension.
An abbreviated EA was submitted pursuant to 21 CFR §

25.31a(b) {3). There is no evidence that extraordinary
¢ircumstances exist that would require the submission of
additional environmental information. It is estimated thar 1.25
kg of active moiety will ke used in the U.S per year.

Precautions taken at the sites of manufacture and the methods of
disposal are expected to minimize occupational exposures and
environmental release.



EA Review #2, NDA 20-597 Page 1

ENVIRONMENTAL ASSESSMENT

Date:
EA dated: 04/07/1995
Consult #1: 06/28/1995
Review #1: 01/25/199¢
EA dated: 02/15/1999[sic])
Consult #2: 02/06/19%6

Contact: Joanne Holmes
Name of applicant/petitioner:
Pharmacia Inc.
Address:

P.0O. Box 16525
Columbus Ohioc 43216-6529

RESPONSE TO DEFICIENCIES IDENTIFIED IN REVIEW #1:

General Issues:

Since this is an ophthalmic product an abbreviated EA
pursuant to 25.3la(b)} (3) may be submitted. You have the
option of converting this to an abbreviated EA. If you
convert this to an abbreviated EA you do not have to respond
to the deficiencies for those sections of the EA not
required in an abbreviated EA. 1If you retain the EA format
you have to address all deficiencies. The deficiencies that
you would be able to delete if the abbreviated format is
used are identified.

To convert your document to an abbreviated format you should
delete all information in format item 5 after the molecular
weight for latanoprost (much of this information is fate and




EA Review #2, NDA 20-587 Page 2

effect information), identify the drug product exipients in
format item 6, including CAS registration numbers and delete
information from format items 7-11 and 15. For format items
7-11 and 15, a reference to abbreviated format 21 CFR §
25.31a(b) (3) should be provided. Appendix I should not be
deleted from the EA.

Guidance for Industry for the Submigsion of an Environmental
Assessment in Human Drug Applications and Supplements is
available from the Consumer Affairs Branch, HFD-210, Center
for Drug Evaluation and Research, 7500 Standish Place,
Rockville, MD 20855, 301-594-1012; FAX on Demand, 1-800-342-
2722, Document # 0803; or via Internet by connecting to the
CDER file transfer protocol (FTP) server
(CDVS2.CDER.VDA.GOV) .

RESPONSE: An abbreviated EA in an acceptable format has been

submitted. ADEQUATE

Format item 2: Please confirm that the applicant is still
Pharmacia Inc. or make appropriate revisions.

RESPONSE: They confirmed Pharmacia is the applicant. ADEQUATE

3.

Format item 4: There is no indication as to whether
proprietary intermediates are used in the process. If no
proprietary intermediated are used this should be stated.

If proprietary intermediates are used, information regarding
the manufacturing site must be provided. If the proprietary
intermediates are manufactured at sites other than those
currently identified in the EA, information regarding the
manufacturing site should be included in format item 6.

RESPONSE: No proprietary intermediates are purchased for use in

the synthesis of the drug substance. ADEQUATE

Format item S: Ary drug substance impurities that are found
at environmentally relevant levels should be identified. If
there are no such impurities this should be stated. An MSDS
for the drug substance should be included in the non-
confidential EA.



EA Review #2, NDA 20-597 Page 3

RESPONSE:

Impurity information has been provided in a
confidential appendix. The levels do not raise any
environmental concerns. ADEQUATE

S. Format item 6:

a.

It is stated in section C that returned goods will be
incinerated. The EA should also include the license or
permit number, the issuing authority, the EPA or
issuing authority's identification number, and if any,
the license or permit expiration dates of the currently
used disposal contractors/facilities.

RESPONSE: The requested information has been provided.

b.

ADEQUATE

No statement regarding the effect of approval on
compliance with current emission requirement:= could be
located for the U.S. facility.

RESPONSE: A statement has been provided. ADEQUATE

C.

RESPONSE:

No calculated estimate of quantities of latanoprost
that are expected to enter the environment is provided

although on page 17 it is indicated that /year
of latanoprost will be used per year and on page 8 the
annual production is estimated as per year.

Please clarify the marketing projections and provide an
estimate of the environmental concentration [see
Industry Guidance]. If you provide an abbreviated EA
you do not have to provide a calculated estimate but
you still must clarify the marketing projections since
an estimate of the maximum yearly market volume is
required for an abbreviate EA under 25.31a(b) {3).

The estimates have been clarified. A maximum ot
/year is expected to be used, which is equivalent to
These quantities/concentrations do not
raise any environmentzl concerns. ADEQUATE



EA Review #2, NDA 20-597 Page 4

6. Format item 7:

No information detailing the methods used to determine the
following physical/chemical propercties or information to
support the general statements made about these properties
were provided: solubility, octancl/water partition
coefficient, abiotic degradation, soil adsorption/mobility
and sediment/soil concentrations. The information to
support the claims should be provided {e.g.., test reports).
Alternatively you may convert this EA to an abbreviated
format which is allowed under 25.31a(b) (3) as irdicated in
deficiency 1. If you cheoose to resubmit as an abbreviated
EA, you do not have to address this deficiency.

RESPONSE: These deficiencies were not addressed since they
converted to an abbreviated format. ADEQUATE



EA Review #2, NDA 20-597 Page 5

Endorsements:

HFD-357/NBSagerfY13"f‘—$qu,
HFD-003 /RLWilliams m.}//c‘ Py

CC: Original NDA 20-597/JHolmes copy to NDA/HFD-550

EA File 20597

File: 20597e02.rns



ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT

FOR

NDA 20-597

XALATAN™
(latanoprost)
STERILE OPHTHALMIC SOLUTION

50 pg/mL

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTI-INFLAMMATORY, ANALGESIC
AND OPHTHALMIC DRUG PRODUCTS (HFD-550)



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-597
XALATAN™
(latanoprost)

STERILE OPHTHALMIC SOLUTION

The National Environmental Policy 2ct of 1969 (NEPA) requires all
Federal agenc.es to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Adminigtration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for XALATAN™, Pharmacia,
Inc. has prepared an abbreviated environmental assessment in
accordance with 21 CFR 25.3la(b) {3) (attached) which evaluates
the potential environwental impacts of the manufacture, use and
disposal of the product.

Latanoprost is a synthetic drug which will be administered
topically for the treatment of glaucoma and ocular hypertension.
The drug substance will be manufactured

and the drug
product will be manufactured at Automatic Liquid Packaging Inc.,
Woodstock, IL. The finished drug product will be used in
hospitals, clinics and homes.

Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Information regarding
disposal of production waste and returned goods is included in

1




environmental assessment. At U.S. hospitals and clinics, empty
or partially empty packages will be disposed according to
hospital/clinic procedures. From home use, empty or partially
empty containers will typically be disposed of by a community's
solid waste management system which may include landfills,
incineration and recycling, while minimal quantities of unused
drug may be disposed of in the sewer system.

Pracautions taken at the sites of mainufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endanjered or threatened species or upon
property listed in or ‘ligible for listing in the National
Register of Historic Places.

308 fﬁﬁzu@écg%h__
ATE PKEPARED

Nancy B. Sager

Acting Supervisor

Environmental Assesament Team

Center for Drug Evaluation and Research

2/15/9( gﬁéwm@

DAT

Roger L. Williams, M.D.
Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Research

Attachment: Environmental Assessment
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Document: 9600064

LATANOPROST TOXICOLOGY Feb 15, 1996
KP0411
Environmental Assessment
for Xalatan™ Eye Drops 50 ug/ml
Pharmacia AB Author:
Uppsala - SWEDEN Brorson, T.
Corporate R&D

Pharmaceuticals



Pharmacia Inc.
Abbreviated Environunental Assessment
XALATAN™ (latanoprost) Eye Drops 50 pg/mL
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ABBREVIATED ENVIRONMENTAIL ASSESSMENT
XALATAN" Eye Drops 50 ug/mL

1. DATE

February 15, [9Q/w

2. NAME OF APPLICANT

Pharmacia Inc.

3. ADDRESS OF APPLICANT

P.O. Box 16529
Columbus, Ohio 43216-6529

4.1

4.2

DESCRIPTION OF PROPOSED ACTION

Request for Approval - Need for Action

This Abbreviaied Environmental Assessment is being submitted in support of
NDA 20-557 in the U.S. for XALATAN" Eye Drops 50 ug/mL in accordance
with 21 CFR § 25.31a(L)(3).

The aciive component of XALATAN is latanoprost. Latanoprost is a new
synthetic prostaglandin F,, analogue intended for treatment of gilaucoma patients
and patients with ocular hypertension. Latanoprost reduces the intraocular
pressure and is well tolerated by patients.

The product will be prescribed by doctors and is intended for outpatient treatment.
An estimated 2 x 10°to 3 x 10¢ patients in the U.S. require treatments for
glaucoma (Hoskins Jr. and Kass, 1989).

Locations where the new drug substance and drug producs will be produced and
the type of environment present and adjacent tc manufaciuring locations



4. DESCRIPTION GF PROPOSED ACTION (continued)

4.2 a.

{continued)

w o

b) Pharmaceutical production in the U.S.

XALATAN will be formulated, filled, packaged and labeled by ALP
(Automatic Liquid Packaging Inc., 2200 W. Lake Shore Drive, Woodstock,
IL 60098). The ALP facilities are situated in the Rolling Hills Industrial Park
in Woodstock. The plant includes one building (350,000 sq. ft.) containing
areas for production, storage (raw materials, finished products), R & D, water
purification, control laboratories, administration, etc. The total area of the
site is 22 acres. The surroundings of the plant are rural, Tae location is,
however, intended for industrial purposes. The climate is seasonal.

The ALP piant does not fall under the U.S. Environmental Protection Act.
The wastewater discharges are in accordance with the “Ordinance Enacting A
General Pretreatment Program, Regulating Use of Sewers and Providing
Penalties for Violations Thereof in the City of Woodstock™ (Ordinance No.
2299; approved 06-18-91). Hazardous waste is handled in accordance with the
Unifer Hazardous Waste Manifest (20-FS-C6). hazardous waste ILD
984778613, State of Illinois Environmental Protection Agency. The
manufacture of XALATAN at ALP will have no effect on their compliance
with their current emissions requirements (see Attachment 2).

No protected or sensitive environments, endangered or exotic species, or
historic archaeclogical areas are considered to be impacted by the
pharmaceutical production of XALATAN in the U.S.

Storage and distribution in the U.S.

XALATAN will be sold to physicians, hospitals, pharmacies and drug
wholesalers by Pharmacia Inc., Dublin, Ohio. Storage and distribution wili be
either from their facility located at Pharmacia Inc., P.O. Box 597, 8484 US
70 West, Clayton, NC 27520-0597, or from the Upjohn facility, 7000 Portage
Road, Kalamazoo, MI 49001.




5. IDENTIFICATION OF CHEMICAL SUBSTANCES

b) Impurities

¢}

d)

Information concerning possible impurities in latanoprost is provided in Confidential
Appendix 1.

Pharmaceutical production in the U.S.

The chemical substances used in the manufacture of XALATAN are the active
ingredient, latanoprost,

Materials for assembling of the XALATAN product

Materials for assembling of the XALATAN
an”

¥y~
W T
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LATANOPROST

SUBSTANCE IDENTIFICATION, CHEMICAL AND PHYSICAL PROPERTIES

Chemical Name: Isopropyl<Z)-7[(IR, 2R,3R,58)3,5-dihydroxy-2-[(3R)
-3-hydroxy-5-phenylpentyl]cyclo-pentyl]-5-heptenoate

Generic Name: Latanoprost

Structure:

OH

\\\W
' — COOCH(CH,),

OH OH

CAS Registry Number:  130209-82-4

Molecular Formula: CsHoO;
Appearance: a colorless to slightly yeliow, odorless oil
Boiling Point: no evidence of boiling or decomposition was observed at

up to the maximum temperature of the apparatus, 280°C
Melting Point: not applicable.
Molecular Weight: 432.58

Log Octanol/Water 4.35 (pH 7.4) - latanoprost
Partition Coefficient: 0.52 (pH 7.4) - acid of latanoprost

Water Solubility: practically insoluble; approx. 50 mg/L.
Solubility in Organic freely soluble in octanol, ethanol, methanol,

Solvents: isopropanol, ethylacetate, dichloromethane, chloroform,
and acetone; very soluble in acetonitrile.



II. BENZALKONIUM CHLORIDE SOLUTION NF (50%)
SUBSTANCE IDENTIFICATION, CHEMICAL AND PHYSICAL PROPERTIES
Chemical Name: Alkyl dimethy! benzyl ammonium chloride

Synonyms: Benzaikonium chloride (BKC) is a trivial name for a series of
quarternary ammonium salts containing one or two alkyl
groups ranging from C, to C,,. Synonyms are, for example:
Alkyl dimethylbenzyl ammeonium chloride; Ammonyx; Bionol;
Bio-Quat; BTC; Germinol; Paralkan, and Triton K-60.

Compeosition: Benzalkonium chloride solution NF (50%) consists of Dodecyl
dimethyl benzyl ammonium chloride (approx. 65%) and
Tetradecyl dimethyl benzyl ammonium chloride (approx.
35%).

CAS Registry Number:  8001-54-5

Molecular Formula: CH,NCIR  (R= C,;H, or C,;H,)

Appearance: clear and colorless to slightly yellow, viscous soluticn
Density: approx. 0.98 g/mL (20°C)

Molecular Weight: 283 - 424

Solubility: Benzalkonium chioride solution NF (50%) is miscible with

water or lower alcohols, such as methanol, ethanol and
propanol at all ratios. The compound is neither miscible with
benzene nor ether.






6.

INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT
Th= imroduction of substances into the environment has been subdivided into three areas:

A. Introduction of substances into the environment by the manufacture, stotage and
transportation of the product.

1. Buik production
II. Pharmaceutical production in the U.S.
B. Introduction of substances into the environment by the use of the product.

C. Introduction of substances into the environment by disposal of the product.

A. Introduction of substances into the environment by the manufacture, storage and
transportation of the product

I. Bulk production

a) Air Emissions

Air emissions during the different synthesis steps at include solvents

b) Wastewater Discharges

Discharge to effluent wastewater streams during the synthesis of latanoprost
and its intermediates includes mother liquors, washing water, and aqueous
phases of extraction. The process wasiewater normally contains inorganic
salts, dissolved organic material and non-miscible solvents.

Wastewater is pre-treated on-site (pH adjustment and sedimentation) and then
treated at the municipal wastewater treatment plant. The wastewater license
includes limits for 31 different parameters (heavy metals, cyanide, ammonia,
COD, pH, oil, salts etc). Wastewater is sampled after pre-treatment and
analyzed at the on-site environmental laboratory. COD, oil and total Ni are
analyzed once a day; total sait, SO,*, CN, N-NH,*, N-NH, and phenol are
anaiyzed three times per day; non-miscible solvents and pH are analyzed
twelve times per day.

Sludge from the balancing is dewatered and incinerated at a permitted
waste incinerator. '



A. (continued)

Bulk production in

c)

d)

il ntrol Procedur

Solvents are stored, transferred (closed vessel), and mixed in rooms equipped
with explosion-proof wiring and ventilation at required rates,

All empioyees working with latanoprost are trained in the precedures for
handling a spill. A supply of containment drums ang adsorbent materials are
kept in the storage area.

Hazardous and Non-_H_azardp_tg Wastea Emisgigp_g

There are four categories of waste generated during the manufacturing and
cteaning processes: solid hazardous waste, liquid hazardous waste, solid
non-hazardous waste and liquid non-hazardous waste.

1. Solid Hazardous Waste

All solid materials (hilter residues, by-products, packagine materials,
clothing and gloves et2) that are potentially contaminated by latanoprost,
or its intermediates, are sent off for incineration.

2. Liquid Hazardous Waste

Liquid hazardous waste (e.8. solvent mixtures that cannot be regenerated,
chlorinated compounds, certain mother liquors) is sent for incineration.

All handling of hazardous waste is in accordance with applicable
regulatory requirements. Shipments are properly manifested and reported
as required by the regulating agencies. The final destruction of the
hazardous waste by incineration is carried out by

3. Solid Non-Hazardoys Waste

Non-hazardous waste is collected in containers at the plant and
then processed at the municipal incineration plant.

4. Liquid Non-Hazardoyus Waste
Some mother liquors and cleaning waters are released into the waste water

System as described above. The effluent waste water is not expected to
have any impact on the processes in the municipal sewage plant.



A. {(continued)

1. Pharmaceutical production in the U.S,

a)

b)

c)

d)

Air Emissions

The pharmaceutical production at the ALP plant will not generate any solvent
or dust emissions.

Indet air will be HEPA filtrated. The Pharmacia suite has a designated
(separated from the rest of the plant) ventilation system. H,0, will be used, in
a closed chamber, for sterilization purposes. The finished product wiil be
stored at about 5°C. A CFC (R 22) will be used as cooling media.

Water Discharges

The manufacture of XALATAN will, in principie, not generate any process
water. A purge volume (saturation of sterile product filter) of about

30 L/batch (one batch/week; 1.5 g latanoprost/week) will be discharged to
wastewater. Only cleaning of equipment and the working rooms will result in
discharges to wastewater. Conventional cleaning agents will be usea

Discharges of latanoprost and benzalkonium chloride solution NF (50%) are

considered insignificant. A closed-loop system will be used for cooling water.

The effluent wastewater is monitored once per year by city officials.
Parameters include heavy metals, oils, pH, phenols, etc. The wastewater is
treated 2t the Woodstock Wastewater Works (activated sludge process). The
receiving water is the Fox River.

Spill Control Procedures

No hazardous solvents or other chemicals will be used in the Pharmacia suite
at ALP. The worst case scenario includes release of one batch of finished
product to the sewer '

o It is very
unlik=ly that such a discharge will cause any environmenta! impact.

There are three categories of waste generated during the manufacturing and
cleaning processes: solid non-hazardous waste, liquid hazardous waste and
liquid non-hazardous waste.



A. (continued)

II.

d) (continued)

1.

L]

Solid Non-Hazardous Waste

Solid non-hazardous waste includes packaging materials and plastic scrap.
All cardboard is recycled. The plastic scrap (mainly polyethylene; about
1.5 tons/week) is processed on site and sold for secondary use.

2. Liguid Hazardous Waste

3.

The manufacture of XALATAN at ALP will, in principle, not generate
any liquid hazardous waste. However, the laboratory activities and other
supporting activities will result in some hazardous waste (discarded
chemicals, oils etc). All handling of hazardous waste is in accordance with
applicable regulatory requirements. Shipments are properly manifested and
reported as required by the regulating agencies (e.g. carrier, container,
date, location, and method for destruction is documented),

Liquid Non-Hazardous Waste

Waier from cleaning of equipment and working rooms will be discharged
into the wastewater system. Discarded finished products will be processed
on site and the XALATAN solution will be discharged into the wastewater
systeni.

B. Introduction of substances into the environment by the use of the product

Latanoprost is biotransformed in the liver to inactive metabolites. Introduction of its
metabolites into waste water will occur via urinary excretion by patients using
XALATAN. However, the amounts are very small (<3 ug/day) and are noi expected
to have any environmental impact.

C. Introduction of substances into the environment by disposal of the nroduct

The used products and its packaging components will be disposed of by the patient, or
by personnel at the hospitai

materials (cardboard) will be disposed of as household solid waste by the patient or at
the hospital. Non-used or expired products will be returned to the prescribing
physician, the pharmacy or the manufacturer. The products will be destroyed by
incineration.

Products returned to Pharmacia at Clayton will be sent to Advanced Environmeatal
Technical Services, 2176 Will Suit Road, Creedmoor, NC 27522 where they will be
incinerated under a permit issued by the state of North Carolina (Department of
Environmert, Health and Natural Resources). The EPA permit number is NCD
986166338, expiring on June 30, 2000.

*

10



C. (continued)

Alternatively products returned to the

incinerated on-site. An on-site approved incinerator is being operated as a Resource
Conservation and Recovery Act (RCRA) interim status treatinent storage and disposal
facility under No. MID 000820381 in compliance with 40 CFR 264, Subpart O
requirements. Additionally, 40 CFR 265.1(b) and Section 3005(e) of RCRA provide
for the continued operation of an existing facility that meets certain conditions, until
final administrative disposition of the owner’s and operator’s permit application is
made.

D. Compliance with emission standards
I. Bulk production

The ‘s in compliance with applicable national, regional
and local environmental and occupational health statutes and emission standards.
holds licenses for chemical and pharmaceutical production according to
Environmental Protection Act (License:
The latanoprost production technology is
covered by a specific statement (s

Air emissions, wastewater discharges and waste processing is in accordance with
the Hungarian legi*' ..ive framework.

Il. Pharmaceutical production in the United States

The ALP plant in the United States is in compliance with applicable national,
regional and Jocal environmental and occupational health stamites and emission
staniards.

The wastewater discharges are in accordance with the "Ordinance Enacting A
Genenal Pretreatment Program, Regulating Use of Sewers and Providing Penalties
for Violations Thereof in the City of Woodstock” (Ordinance No. 2299; approved
06-18-91). Hazardous waste is handled in accordance with the Unifer Hazardous
Waste Manifest (20-FS-C6), hazardous waste ILD 984778613, State of [llinois
Environmental Protection Agency.

E. Expected Introduction Concentrations
Information concerning estimates of annual production and the calculation of the
Estimated Introduction Concentrations (EIC) is provided in Confidential
Appendix 2. The EIC is calculated to be much less than 1 ppb.
7 - 11 and 15.

In accordance with 21 CFR 25.31a(b)(3). information for items 7-11 and !5 are
not normally required for abbreviated assessments.



12. LIST OF PREPARERS

Torbjérm Brorson
Environmental Manager; Pharmacia, Sweden

Education: B.Sc., Chemistry and Biology; M.Sc., Occupationa! Hygiene;
Dr. Med. Sc., Occupational and Environmental Medicine,
Lund University, Sweden.

Experience: 16 years experience in occupational and environmental
issues, 6 years in the pharmaceutical industry.

Eskil Hansson
President, Prosalfe International AB, Gdteborg, Sweden

Education: Degree of Veterinary Medicine at the Royal Veterinary College,
Stockholm; Vet. Med. Dr. at the Royal Veterinary College,
Stockholm (Ph.D. in Fharmacology)

Experience:  about 40 years of experience in pharmaceutical research and
development (e.g., Director of the Toxicological Laboratory, AB
Astra, Sweden; Research Director, AB Draco, Sweden; Head of
Toxicology, AB Hissle, Sweden)

Frank Leo
Vice President New Products/R&D, Automatic Liquid Packaging,
Inc., US.A.

Education: Loyola University of Chicago, Biology and Chemistry.
Experience: 17 years in industry; 10 years at Automatic Liquid Packaging, Inc.

(1984 - 1987 as Head of Research and Development; 1987 - present as
Vice President New Products/R&D).

. Ln.‘
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Edward L. Samp
Facility Engineer, Automatic Liquid Packaging Inc., U.S.A.

Experience: 26 years in industry: 14 years at Automatic: Liquid Packaging, Inc.
(1988 - present as Plant Manager; 1981 - 1988 as Plant Engineer).

Birgitta Sjoquist
Head of Pharmacokinetics, Glaucoma Research, Pharmacia
Pharmaceuticals, Uppsala, Sweden.

Education: Ph.D. in Organic Chemistry; Ph.D. in Pharmacology; Associate
Professor in Chemical Pharmacology. Karolinska Institutet,
Stockholm, Sweden.

Experience: 30 years in research positions; 1985 - present at Pharmacia.

13. CERTIFICATION

The undersigned official certifies that the information presented in the Environmental
Assessment s true, accurate, and complete to the best knowiedge of the firm.

G U A~

Torbjérn Brorson, Dr.
Environmental Manager
Pharmacia Environment & Risk Management
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$«
Pharmacia SAFETY DATA SHEET

Pharmaceuticals Uppsala

1. PRODUCT AND COMPANY IDENTIFICATION
LATANOPROST ( GENERIC NAME )
Pharmacia AB
$-751 82 UPPSALA, SWEDEN
Telephone:  +46 18 16 30 00
Telefax: +46 18 12 60 77
2. COMPOSITION/INFORMATION ON INGREDIENTS

Chemical name:

Isopropyl-(Z)-7{ (1R,2R,3R,55)3,5-dihydroxy-2-[(3R)-hydroxy-5
-phenyl-1-pentyljcyclopentyl}-5-heptenoate.

CAS NO.: 130209-82-4
3. HAZARD IDENTIFICATION
Inhalation: Not applicable :
Skin contact: [rritating to skin. Absorbed chrough intact skin.
Eye conract: [rritating to skin. Absorbed through mucous membranes.

Ingestion: May cause nausea and diarrhoea.

Large quantities ( > 10 g ) should not be handled by pregnant women ( Directive
92/85 EEC)) or persons with bronchial asthma.

4. FIRST-AID MEASURES

Inhalation: Fresh air.

Skin contact: Remove contaminated clothing. Wash thoroughly with soap
and water. Seek medical advise.

Eye contact: Immediately rinse with large quantities of water (Keep
eyelids apart } Seek medical advise.

Ingestion: Give water to drink and induce vomiting. Seek

medical attention.
5.  FIRE-FIGHTING MEASURES

Carbon dioxide, dry chemical powder, appropriate foam or water spray.
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Pharmacia

Pharmaceuticals Uppsala

6.

10.

11.

ACCIDENTAL RELEASE MEASURES
Use personal protective equipment stated below.
Sweep up and remove. Flush spillage area with water.

Place waste in an appropriate container.
Local laws and regulations shall be observed.

HANDLING AND STORAGE

Avoid exposion; special instructions should be available. Should only be handled by
trained personal.

Store in airtight glass bottles at 2 - 8 °C, protected from light.
EXPOSURE CONTROLS/PERSONAL PROTECTION
Wear suitable gloves (resistant against fat soluble materials). Safery goggles.

PHYSICAL AND CHEMICAL PROPERT.ES

Appearance: A colourless to slightly yellow, highly viszous
odouriess oil.
Boiling point: Above 280 °C
Flash point: -
Ignition temperature: -
Flammability: -
Auto flammability: -
Vapour pressure: - At 30°C: 2,6 x 107 Pa
Estimated at 20 °C: € 1,26 x 107 Pa
Solubility:
.n water:  Slightly 40 - 50 ug/ml
in solvent: Soluble in ethanol, methanol and ethyl acetate
Log Octanol/Water

Partition Coefficient: 435(pH 74 )
STABILITY AND REACTIVITY

Stable at roomn temperature.
TOXICOLOGICAL INFORMATION

LDsg ( otl -rat): - approx. 2000 mg/kg
LDsg (iva - rat ): > 2 mgkg

Rar and mouse: No carcinogenic effect observed in tests.

e
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Pharmacia
Pharmaceuticals Uppsala
12, ECOTOXICOLOGICAL INFORMATION
Latanoprost is expected to be biodegradable. It is not expected to bioaccumulate.
Detailed information about -he environmental fate of latanoprost is available
from Pharmacia AB, Uppsala, Sweden.
13. DISPOSAL CONSIDERATIONS
Local laws and regulations shall be observed.
14. TRANSPORT INFORMATION
Latanoprost is not classified as dangerous goods.
15. REGULATORY INFORMATION
According to Directive 67/S48 EEC:  Symbol: T
R-phrase: R 61
S-phrase:  § 53
16. OTHER INFORMATION

R 61 = May cause harm to the unborn child.

S 53 = Avoid exposure - obrain special instructions before use.

The information is given in good faith, being based on the latest knowledge available to
Pharmacia A8. Pharmacia AB disclaims any express or implied warranty as to the accuracy
of the above information and shall not be held liable for any incidental or consequential
damage resulting from reliance on the information given above.



Attachment 3

Autamatic Liguid Packaging, Inc.

6 February 1996

Martin J. Williamson, Ph.D.
PHARMACIA INC.

P.0. Box 16529

Columbus, Ohio 43216-6529

RE: Environmenta) Assessment for Latanoprost in the Xalatan NDA.

Dear Dr. Williamson:

As per your letter of February 2, 1996 the following is the signed statement you
requested indicating the status for the Environmental Assessment for Latanoprost at

Autornatic Liquid Packaging, Inc.

The manufacture of Xalatan at Automatic Liquid Packaging, Inc. will have no effect
on our ability to comply with current emission requirements.

Please contact me if you require any additional information.

Date: __é/é( ﬁ

Signature:

Jo
gulatory Affairs/Compliance Mgr.

Sincerely,
AUTOMATIC LIQUID PACKAGING, INC.

jZ -

John Brda
Regulatory Affairs/Compliance Mgr.

2200 W. Lake Shore Drive, Woodstock, illinois 60098-7498
Phone: 815/338-9500



REVIEW FOR HFD-550 1-1'0] e
OFFICE OF NEW DRUG CHEMISTRY ’ﬁ
MICROBIOLOGY STAFF CT)L
MICROBIOLOGIST'S REVIEW #2 OF NDA 20-597 y
9 May 1996
A. 1. NDA 20-597
APPLICANT: Pharmacia/Upjohn Inc.
P.O. Box 16529
Columbus, CH 43216-6529
2. PRODUCT NAMES: Xalantan® (Latanoprost) Sterile Ophthalmic
Solutien 0.005% (50 ug/mL)
3. DOSAGE FORM AND ROUTE OF ADMINISTRATICN:
The product is a sterile solution for installation into the
eye (eye drop).
4. METHODS OF STERILIZATION:
The drug product is aseptically filled and preserved with
0.02% benzalkonium chloride.
S. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The product, a prostaglandin F,x analogue, 1is a selective
prostancid FP receptor agonist which reduces the
intraccular pressure by increasing the ocutflow of aqueocus
humor. It is used in treatment of elevated intraocular
pressure associated with glaucoma and ocular hypertension.
B. 1. DATE OF INITIAL SUBMISSION: 14 June 1995
2. DATE OF AMENDMENT: 24 April 1996
3. RELATED DOCUMENTS:
Table 1: Documents referenced in NDA 20-597.
DMF/INC # Subiect Holder




Pharmacia, NDA 20-537; XALATAN®, Microblologist's Review #2

c.

cC:

REMARKS : The Application provides for manufacture, filling,
labeling, and packaging of the drug product at:
’
Automatic Liquid Packaging, Inc.
2200 West Lake Shore Drive
Woodstock, IL 60098-7498

Each container has a nominal £ill volume of 2.5 mL
and delivers a drop size of approximately 30 uL.

CONCLUSIONS: The application is approvable upon the resolution
of microbiclogy concerns.

"Microbiologist’s Draft of Letter tc Applicant".

Original NDA 20-587
HFD-550/J. Holmes
HFD-805/Consult File/Stinavage

Drafted by: P. Stinavage, 9 May 1996
R/D initialed by P. Cooney, 9 May 1996
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REVIEW FOR HFD-520

OFFICE OF NEW DRUG CHEMISTRY ocT 23 1995
MICROBIOLOGY STAFF

Microbiologist’s Review #1 of NDA 20-597
19 October 1995

A. 1. NDA 20-597
APPLICANT: Pharmacia/Upjohn Inc.
P.O. Box 16529
Columbus, OH 43216-6529

2. PRODUCT NAMES: Xalantan® (Latanoprost) Sterile Ophthalmic
Solution 0.005% (50 pug/mL)

3. DOSAGE FORM AND ROUTE OF ADMINISTRATION:
The product is a sterile solution for installation into the
eye (eye drop).

4. METHCDS OF STERILIZATION:
The drug product is aseptically filled and preserved with
0.02¥% benzalkecnium chloride.

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The product, a prostaglandin F,¢ analogue, is a selective
prostanoid FP receptor agonist which reduces the
intraocular pressure by increasing the outflow of agqueous
humor. It is used in trezatment of elevated intraocular
pressure associated with glaucoma and ocular hypertension.

B. 1. DATE OF INITIAL SUBMISSION: 14 June 1995
2. DATE OF AMENDMENT: (hone)

3. RELATED DOCUMENTS:
Table 1: Documents referenced in NDA 20-597.

DMF/IND # Subject Holder




Pharmacia/Upjohn, NDA 20-597; XALATAN ™aanoprost) Sterile Ophthalmic Solurion 0.005%, Microbiologist’s Review #}

4. ASSIGNED FOR REVIEW: 25 September 1995

C. REMARKS: The Application provides for manufacture, filling,
labeling, and packaging of the drug product at:

Automatic Liquid Packaging, Inc.
2200 West Lake Shore Drive
Woodstock, IL 60028-7498

Each container has a nominal fill volume of 2.5 mL
and delivers a drop size of approximately 30 uL.

D. CONCLUSIONS: The application is approvable upon the resolution
of microbiology concerns.

"Microbiologist's Draft of Letter to Aprplicant".

M/ 19 Ockober (954

Paul Stlpaﬁage

sl
ce: Original NDA 20-597 \ /:;RAEL

HFD-520/K. Chapman ‘

HFD-805/Consult File/Stinavage

Drafted by: P. Stinavage, 19 October 1995
R/D initialed by P. Cocney, 19 October 1995
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END

J HM. Research & Development, Inc., 5776 Second Street, N E.| Washington, D.C. 2001}
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