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24-Hour Evaluation of the Ocular Distribution of
14C-Labeled Bromfenac Following Topical Instillation
into the Eyes of New Zealand White Rabbits

George A. Bakiayan, Hal M. Patterson, Clara K. Song, James A, Gow, and Timothy R. McNamara

Abstract

Purpose: The aim of this study was to determine the distribution and concentrations of bromfenac ophthalmic
solution in ocular tissues following topical instillation in New Zealand White (NZW) rabbits.

Design: Two animal studies were conducted.

Methods: A single 50-ul. MC-bromfenac ophthalmic solution (20-25 pCi or 0.09%) was administered into the
right eves of 14-18 randomly assigned NZW rabbits. At various Hime points, ocular tissues were collected and
analyzed for ¥C-bromfenac contents. Ocular tissues were combusted and the amount of radicactivity was de-
termined by liquid scintillation counting (LSC). Aqueous-humor samples were directly transferved to LSC vials.
Results: Peak concenirations of “C-bromfenac were observed in the aqueous humor and most ocular tissues
at or before 2-hours. The highest concentrations were in the cornea, conjunctiva, and sclera. Similar amounts
were detected in the aqueous hmmor, iris-ciliary body, choroid, and, to a slightly lesser degree, in the refina.
Measurable amounts of bromfenac were detected in all samples at the 24-hours time point (20.001 pg equiv-
alent/g).

Conclusions: Significant penetration and measurable amounts of MC-bromfenac were detected in all ocular tis-
sues over 24 h, inchuding the sclera, choroid, and retina. These results strongly suggest the utility of bromfenac
ophthalmic solution 0.09% in treating inflarmation of both the anterior and posterior ocular segments.

Introduction ministration {FIXA) expanded the indication of bromfenac
0.09% to inciude the reduction of pain following cataract sur-
gery.

For a topical drug to be effective, in addition to potency,

ROMFENAC OPHTHALMIC sOLUTION (0.09% (Xibrom™:; ISTA
Pharmaceuticals® Tnc., Irvine, CA) is a topical non-

steroidal anti-inflammatory drug (NSAID) for the treatment
of postoperative inflammiation and the reduction of ocular
pain in patierts who have undergone a cataract extraction.”
Bromfenac sodium ophthalmic solution 0.1% was first ap-
proved in Japan in 2000 as Bronuck® (Senju Pharmaceutical
Company Lid., Osaka, fapan) for the freatment of postoper-
ative inflammation, blepharitis, conjunctivitis, and scleritis.’
In 2005, the same formulation was approved in the United
States as bromfenac sodium ophthalmic solution 0.09% (Xi-
brom} for the treatment of postoperative inflammation fol-
lowing cataract surgery. In 2006, the Food and Drug Ad-

the drug should penetrate the affected tissue(s). For example,
an ophthalmic topical NSATD would be effective in the pre-
vention or treatment of cystoid macular edema (CME) if it
penetrates the ocular tissues to reach the retina. Ocular instil-
lation of vatious topical NSAIDs provides ocular tissues and
acueous humor with levels adequate to inhibit prostaglandin
synthesis and, thus, the anti-inflammatory role. However, the
penetration of the various NSAIDs varies considerably among
agents, as does the drug potency and efficacy.

In recent years, there have been various models proposed
deseribing the binding of NSAIDs to the cyclo-oxygenase en-
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OCULAR DISTRIBUTION OF "C-LABELED BROMFENAC

zyme, their role in the inhibition of the enzyme, and, conse-
quently, their potency as anti-inflammatory agents. These
pharmacokinetic properties are dependent, to a great degree,
on the structure of the molecule itself. Walsh et al.! studied
the physicochemical properties of amfenac and 19 other de-
rivatives and found that the addition of a substituent to the
molecule decreased the anti-inflammatory activity, whereas
the addition of a group to the aromatic ring had a pro-
nounced effect on enhancing the anti-inflammatory activity,
The researchers reported that the most potent compounds
were those with a halogen in the 4'-position (Br ~ 1 > (1 >
F > H). Bromfenac has a chemical structure very similar to
that of amfenac {the active form of the prodrug nepafenac),
except for the critical addition of a bromine atom in the 4-
position of the benzoy! ring (Figure 1A and 1B).! Preclinical
data demonstrated that this halogenation of the molecule not
only produced greater in vitro and in vive potency, > but also
enhanced bromfenac absorption across the cornea and pen-
etration in ccular tissues.®”

The octanol/water (O/W) partition coefficient (T, p) and
the quantitative structure-activity relationship ({J5AR) of a
drug is another factor that influences its penetration prop-
erties and, consequently, its potency. G, p estimates the wa-
ter solubility and the level of lipophilicity of a compound {a
key determinant of the pharmacokinetics parameter). It is
commonly used in drug-design studies, since this property
is related to drug absorption, bicavatlability, metabolism,
and toxicity. The higher the value, the better the penetration,
with a 1.0-unit difference in the coefficient representing a
tenfold difference in penetration. Ruiz et al.® reported that
the Ciog p of bromfenac (2.23) is higher than other NSAIDs,
such as amfenac {1.273) and ketorolac (1.88). This difference
in Cioy p explains the higher lipophilicity of bromfenac that
provides a more rapid saturation of the epithelium and a
minimal lag time before the drug crosses the comea and,
thus, the fast analgesic action.?

The aim of this preclinical investigation was to evaluate
the penetration of MC-bromfenac following a single ocular
instillation in New Zealand White (NZW) rabbit eyes.

Methads

Two animal studies were conducted at the Biclogical Test
Center (BYC, lrvine, CA) as per-study protocoks provided by

Amfenac

B
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FIG. 1,
drug nepafenac) and (B} bromfenac.
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ISTA Pharmaceuticals. The protocol, materials, methods, and
data analysis were identical for the two studies. The first
study had 14 NZW rabbits randomized into seven groups of
2 rabbits each. The second study had 18 NZW rabbits ran-
domized into six groups of 3 rabbits each. The studies com-
plied with the animal welfare policies of BTC and were ap-
proved by the Institutional Animal Care and Use Committee.
The first study was designed to ensure that enough mea-
surable radiolabeled bromfenac was available. The second
study tested commercial-strength bromfenac ophthalmic so-
tution 0.09%.

Tost article

The MC-bromfenac sodium {Datichi Pure Chemicals Co.,
Lit,, Tokyo, Japan) was analyzed to determine the radioactiv-
ity purity prior to its use in the study and was found to be 100%
pure (3.11 MBq/mg, 83.97 uCi/mg). Stability testing of the
product was not conducted in this study. Stability testing was
previously conducted by Senju Fharmaceutical Co., LTD.

Dosing-solution preparation and analysis

The dosing solution was prepared by adding either 14C-
bromfenac to bromfenac ophthalmic sclution 0.09% to
achieve a farget concentration of approximately 300
wCi/mL or to target a concentration of 0.09%. Three (3) ali-
quots {100 L) of the dosing solutions were weighed and
brought to a volume of 25 mL with saline. Duplicate ali-
quots (100 wL) of the diluted solutions were quantitated
for radioactivity by L5C. The dosing solution was prepaved
immediately prior to dosing; therefore, no refrigeration
was needed. After dosing and prior to high-performance
liquid chromatography (HPLC), the solution was refriger-
ated. The radiochemical purity of the dosing sclution was
tested again by HPLC foliowing dosing and was found to

be 100% pure.

Animals

Female WNZW rabbits were obtained from The Rabbit
Source {Ramona, CA) or Covance (Denver, PA). The animals
were at least 12 weeks old and weighed 2.18-3.32 kg at the
time of dosing. The animals were housed in individual cages
and were identified with ear tags and cage cards.

Bromfenac

e

Chemical structure of newer generation of nonsteraidal anti-inflammatory drugs. (A) amfenac (active form of pro-
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Tapen 1. Tap Tissug Sampims TovE AFTER INSTILLATION
AND THE AMOUNT BROMPENAC AND Ranio ACTIVITY
N Eacr TreatMent Grour

verage BF dose  Average RA dose

Group  Hours post-dose (mg) (CH
A 1h =3 min 0276 22.14
B 2h = 15 min 0.284 2281
C 4 h = 15 min 0253 2033
D Ah = 15 min 0.306 24.57
B 12 h = 15 min 1.236 1893
¥ 24h t1h 0.282 22.66

BF, bromfenac; RA, radioactivity.

Pratreatmient examination and dosing procedure

Prior to placement in the study, each animal underwent a
thorough pretreatment ophthalmic examination with slit
lamp. Acceptance criteria for placement in the study were
scores of =1 for conjunctival congestion and swelling and
scores of zero for all other observation variables. Prior to dos-
ing, animals were weighed and randomly assigned to six
study groups (groups A-F in Table 1) of 2 {study 1) or 3 rab-
bits each (study 2},

On day 1, 50 gL of the freshly prepared dosing solution
was adniinistered into the right eye of each animal, using a
calibrated pipette, and the time of dose administration was
recorded. The actual dose the animals received ranged from
13.3 to 24.6 ufCi {study 1) or 0.09% bromfenac (study 2). Ac-

BAKLAYAN ET AL.

Cocldatl (R. J. Harvey, Hillsdale, NJj in L5C vials, and the
amount of radioactivity was determined by L5C.
Approximately 25-ul. duplicate aliguots of each aqueous-
humor sample were transferred to L5C vials, using Insta-Gel
as scintillation fluid, and the amount of radioactivity was de-
termined by LSC. Each vitreous humor sample was homog-
enized, and duplicate aliquots (100 1L each) were transferred
to LSC vials, using Insta-Gel (Perkin Elmer Life and Ana-
Iytical Sciences, Inc., Waltham, MA) as the scintillation fluid,
and the amount of radioactiv ity was determined by LSC.

Radicactivity measurements

Radioactivity measurements were performed by using a
Beckman Liguid Scintiliation Spectrometer (Beckman Coul-
ter Inc., Fullerton, CA). Counting time was to a statistical ac-
curacy of ©2% or a maximum of 10 min, whichever came
first, Background noise, approximately 100 disintegrations
per miruite ( dpmj, was subtracted automatically. In addition,
the spectrometer was programmed to automatically convert
counts per minute (cpm) to dpm.

Calculations and statistical analysis

The following are the formulas used in this study. For the
specific activity {dpm/pg) of HC-bromfenac

Specific activity =
dpm/g of dosing solution
Concentration of dosing solution {mg/g) X

X 1000 pg/mg

For the ppm (2g/g) of dosed M¥C-bromfenac:

tual dosing values in mg and wCi were used in all subse-
quent calculations. Animals were observed for mortality

p . dpm/g of sample
and/or morbidity during the course of the study. t 3. 00 SATME

Specific activity of dos'mg solution
{dr ‘m/ g

ppm =
Samples processing

The animals were enthanized with an intravenous injec-
tion of euthanasia solution, and the ocular tissues were col-
lected from the dosed eve at 1-, 2, 4-, 8-, 12-, and 24-h time
points following dosing (Table 1). The 36-h timepoint, group
G in study 1, was rendered unusable due to contamination.

The conjunctiva, comea, lens, iris-ciliary body, sclera, cho-
roid, and retina were weighed into combustion cones and
combusted. Combusted samples were trapped in Carbon-14

For the percent of dose:

Radioactivity in sample (dpm)
Total radioactivity
administered (dpm)

% of dose = 100

When applicable, the mean and standard deviation were
used to characterize the data.

BC.BrROMPENAC RESIDUES 0 OCULAR TissUE AT DIFFERENT Tve-POINTS FoLL
SINGLE ToPICAL INSTILLATION INTO THE RicsT BEYE OF NEW ZEALAND

Tarie 2. OWING /

Group A (1 h) Group B {2 }) G oty O (4 Iy Grouwp D (8 1)  Growp E(12 k) Group F (24 h)
Sample megn ppm 7 SD mean ppm v SIY omesn ppm 2 S0 mean ppm t SO mean ppm 2 SD O mean ppm . SD
Conjunctiva 10,693 = 4.993 5632 + 0707  3.889 = 1.566 3024 = 3780 0.911 © 9.577 0.835 = 0.651
Cornea 9786 = 2029 11356 X 2180 8561 & 2327 3325 £ 0723 Lil4 = 0088 0.264 = 0138
Lens 0.005 = 0.001 0012+ 0002 0.027 = 0008 0022 = 0004 0016 = 0007 0012 =
tris-ciliary body 6441 £ 0123 0280 = 0026 0113 = 0025 0064 = 0002 0033 =
Aqueous humor 0495 £ 0291 0.311 = 0091 0.099 = 0016 0.039 = 0012 0.004 = 0.001
Choroid 0331 = 0094 0370 £ 0143 0272 = 0106 0131 £ 0.074 0074 = 0060 0.019 = 0.001
Vitreous humor  0.004 = 0.000  4.007 £ 0.608 0.002 = 0000 0001 = 0.000  0.004 = 0.005  0.000 = 0.000
Retina 0.081 = 0015 0118 £ 0072 009 = 0.044 0080 = 0082 0038 = 0028 0.009 = 0.003
Sclera 4511 + 0301 6.212 = 0.382 2500 = 1.037 1223 = 0421 1595 = 1316 0443 = 0095

ppm, parts per million; SD, standard deviation; Boldface, peak tissue concentration.
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TaBLE 3.

M BromrENac 0.09% Resioues N Ocurar Tissuss

395

AT DiFFERENT TIME-POINTS FOLLOWING A

SinGLe Topial INSTILLATION INTO THE RicHET five oF NZW Rassrrs

Group A (Lh)  Group B(2 W)

Group C

(4 1) Group D (. r"”) Group £ (12 1) Group F (24 b}

Sample mean ppin &SI mean ppm 2 SO mean ppm 2 SD © SI mean ppm v SIY wmean ppm s SD
Conjunctiva 0437 = 0.133 0.612 = 0.202 0.484 = D451 0.126 = 0.085 .226 = (.238 0.397 = 0.132
Cornea 1.069 = 0.0R3 0.715 = 0.207 0.887 = 0.102 0.269 = 0.076 0121 = 0057 0.046 = 0.042
Lens 0001 = 0.001 0.006 = 0.008 0.002 = 0.000 0.001 = 0.000 00071 = 06.000 0.002 = 4.002
Iris-ciliary body ~ 0.087 = 0.029 0.044 = 0.005 0.057 = 0.001 0.027 = 0.008 0.022 = 0.004 0.013 = 0.007
Agqueous humor 0030 *+ 0.008 0.026 = 0.007 0.039 = 0.012 0.010 = 0.005 0.008 = 0.007 0.003 = 0.003
Choroid 0.040 = 0.013 .039 = 0.003 0.048 = 0.018 0.013 = 0.002 0.005 = 0.002 3.003 = 0.005
Vitrecus humor  0.000 = 0.000 0.000 = 0.000 0.000 = 0.000 0.000 0000 = 8.000 0.000 = 0.000
Retina 0.008 = 0.003 0.011 = 0.005 0.007 + 8.005 = 0.001 0.001 = 0.001 0.003 = 0.003
Sclera 0.238 = 0.070 0.186 = 0.015 0.267 = 0.197 0.031 = 0.012 0.038 = 0.041 0.394 = 0.52¢
ppm, parts per million; SO, standard deviation.
Results Discussion

Dosing and sample handiing

The radioactivity present in the conjunctiva of 2 dosed
eyes in group G {first study} varied greatly, indicating a pos-
sible contamination. Consequently, the samples were ex-
cluded. Ex ve tearing ocoawrred in 1 animal in group B,
of the same study, following dosing. Excessive tearing was
absorbed with absorbent eye wipe(s). For each eye-wipe
samiple, the sample was placed in a vial, 15 mL of distilled
water was added to it, and each vial was put on a wrist-ac-
tion shaker for approximately 1 hour. Duplicate aliquots (25
L) of each sample were analyzed by LSC. The radicactiv-
ity present in each wipe was considered as radicactivity lost
during dosing, and actual administered doses were calcu-
lated accordingly.

Data analysis

After the administration of a single 50-i:1 dose of ¥C-brom-
fenac ophthalmic solution to achieve a target dose 0f 2025 p(i
into the right eye of randomly assigned NZW rabbits, mea-
surable amounts of radioactivity were detected in all tissues
but the vitreous humor. Peak concentrations of radiolabeled
bromfenac were observed in all ocular tissues in the first study
at 2 h, with the exception of the conjunctiva, which showed
peak tissue concentration at 1 h, and the lens, which showed
peak tissue concentration at 3 h (Table 2). In the second study,
peak concentrations of radiolabeled bromfenac were observed
in all ocular tissues at 12 h, with the exception of the lens and
vitreous humoer {Table 3). The bromfenac concenirations were
highest in the comea. Similar amounts of radiolabeled brom-
fenac were measured in the agaeous humor, iris-ciliary body,
choroid, and, to a slightly lesser degree, the retina. Pudhcr;,m
diolabeled bromfenac was deicgted in all samples 24 h fol-
lowing topical administration in the first and second studies,
with the exception of the vitrecus humor. Although the clini-
cal significance of these animal studies is unknown, the data
suggest that the extensive penetration profile and the sustained
ocular-tissue concentration of bromfenac in the anterior and
posterior segments of the eye may support the use of brom-
fenac in breating mﬂammatorv disorders in other ocular tis-
sues, such as CME (Fig. 2).
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In addition to petency, another important criterion of
topical anti-inflammatory drugs is the ability to penetrate
the tissues to reach their target(s) in a timely manner and
appropriate concentration. Thus, the ability to penetrate
ocular tissues is an important determinant of the safety and
efficacy of ophthalmic NSAIDs. The two animal studies
presented in this report demonstrate that a single topical
dose of commercial-strength bromfenac ophthalmm solu-
tion 0.09% rapidly, within 2 h, achieved measurable levels
in all ocular tissues and detectable levels were sustained
over 24 h. One unexpected finding revealed that, unlike
other ocular tissues, radiclabeled bromfenac was unde-
tectable in the vitreous humor after 1 h (=20.001 ug equiv-
alent/gm). This was most likely due to the enhanced
lipophilicity of bromfenac, which could impart a more

ornea
wiiselris-Cliary Body
R Agqueous Humor
wOBRRetina
agiChoroid

Concentration (ug equiv./g)

Time (h)

FIG. 2. Radicactive concentrations of *C-bromfenac in oo~
ular tissues following a single 0.09% topical dose of com-
maercial-strength bromfenac to the right eve of New Zealand
white rabbits. Detectable levels of various ocular tissues
were seen through 24 h and beyond.
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rapid drug-transit time through tissues and/or the
choroidal blood flow to posterior-segment tissues. A sep-
arate, but similar, penetration study of **C-nepatenac (pre-
cursor of amfenac), using three times the commercially
avatlable dose, found no significant levels of nepafenac/
amfenac in the aqueous humor and choroid after 12 h and
in the retina after 6 h following instillation.® However, the
cornea and iris-ciliary body showed detectable drug levels

{uman data

14C-Brorrfenac

FIG. 4. Comparison of the estimated aqueous-humor con-
centration after the instilation of Bronuck® (bromfenac so-
dium 0.1% ophthalmic solution; Senju Pharmaceutical Com-
pany, Ltd, Osaka, Japan) to the human eye with the 1Cx

¢
value of recombinant human cyclo-oxygenase-2.

@ Comea
001+~ lris-Cillary Body of nepafenac/amfenac at 24 h following the topical ad-
~de— Aqueous Humor 4 ministration of ¥C-nepafenac® (Fig. 3B).
~F Choroid The anti-inflammatory and analgesic effects of all NSAIDs
~¥— Retina are due to their in hlblt()l‘\/ activity on cyclo-oxygenase en-
) i r i N i r 7 T zymes, mainly cyclo-oxygenase-2 (C OX-2). However, the rel-
0 & . e 8 2 ative potency of NSAlDo against COX-2 varies among the
Time (h) different NSAID molecules. The unique chemical structure
A of bromfenac, with a bromine atom at the 4'-position of the
aromatic ring, has demonstrated its pronounced effects on
14C-Nepatenac bromfenac’s potency, absorption across the cornea, and pen-
etration into ocular tissues where it maintained detectable
Comea levels for up to 24 h following topical administration, mak-
iris-Ciliary Body ing it the most potent ophthalmic NSAID in inhibiting the
Aqueous Humor  COX-2 enzyre 10 Kida et al.® compared COX-2 inhibitory
Choroid activities of the four commercially available ophthalmic
Retina NSATIDs: amfenac {active met abohte of nepafenac), brom-
fenac, diclofenac, and ketcrolac. Bromfenac was approxi-
mately three to four times more potent than the other three
NSATD molecides in inhibiting the COX-2 enzyme. This po-
tency may explain why hmm{enm nphthmmu solution
s the first and only ophthalmic NSAID approved for
-daily dosage.! Furthm, Ogawa et al. evaluated the
phalmacoi\mcﬂc profile of bromfenac sodium 0.1% in 54
subjects undergoing cataract surgery. Cne (1) drop was ad-
ministered at various time points 30-345 min prior to sus-
gery. The concentration of bromfenac in a 100-uL sample of
the agueous humor was determined by using HPLC. The
J j J " peak agueous-humor concentration of bromfenz was
- achieved 2.5-3.0 h following topical instillation. Bromfenac
remained at a therapeutic concentration above the ICs, value
for COX-2 for 12 h. In addition, a computer simulation pro-
jected a measurable concentration at or beyond 24 h (Fig. 4).
Currently, the four principal roles ophthalmic NSAIDs

Concertration {ug equiv/y}

0.001

tHiee

.01

Concentration (pg equivig)
o

1E-3 .

B

FIG. 3. Comparison of ccular-tissue concentrations of 1%~
bromifenac (A} or 14C-zxepafenac (B) following the adminis-
tration of & single topical dose, three times the commercial ~ PIY I ophthalmic surgery are the prevention of miosis dur-

strength, to rabbits. (A} Detectable levels in all ocular tisspes 1N cataract surgery, management of postoperative pain and
through the 24-h time-point. {(B) Retina not detectable at 6 h inflammation following cataract and refractive surgery, and
and aqueous humor and choroid not detectable at 12 h. the prevention and treatment of CME after cataract sur-

Page S of 7

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




