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. ALLERGAN
2525 Dupont Drive, P.O. Box 19534, Irvine. Calitomia, USA 92623-9534 Telephone: (714; 246-4500 Wehsita: www.aIIergan.com
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1.6 DEBARMENT CERTIFICATION

Under the provisions of Section 306(k) of the Federal Food, Drug and Cosmetic Act,

Allergan, Inc. has made a diligent effort to insure that no individual, corporation,

partnership or association debarred under Section 306(a) or 306(b) of the Act, as

referenced above, has provided any services in connection with this application.

 éM&2
Peter Kresel, MS, MBA

Sr. Vice President. Global Regulatory Affairs

Allergan, Inc.
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ALLERCAN
2525 Dupont Drive, PO. Box 19534, lrvine. California‘ USA 92623-9534 Telephone: !71-‘) 246-4500 Website: www.aIIergan.com
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1.7 FIELD COPY CERTIFICATION

Allergan, Inc. hereby certifies that the Chemistry, Manufacturing and Control section of

this New Drug Application along with a copy of FDA Form 356h and the Summary

section have been submitted to the FDA Dallas District Office as required by 21 CFR

314.50(k)(3). We further certify that the field copy is an identical copy of the sections as

they ppear in the archival and review copy of the application.

Peter Kresel, MS, MBA

Sr. Vice President, Global Regulatory Affairs

Allergan, Inc.
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72176 Federal Register/Vol. 63, No. 251 /Thursday, December 31, 1998 /Rules and Regulations

DEPARTMENT or HEALTH AND HUMAN SERVICES Form Approved: oivle No. xxxx-xxxx
Public "°8'“' 58"/rcv Expiatlon om: xxrxxlxxFood and Drug Administration

CERTIFICATION: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

TO BE COMPIJTED BYAPPUCANT

lMth respect to all covered clinical studies (or specific clinical studies listed below (it appropriatell sub—
mitted In support of this application, I certify to one of the statements below as appropriate. I understand
that this certification is made in compliance with 21 CFR part 54 end that for the purposes of this
statement, a clinical investigator includes the spouse and each dependent child of the investigator as
defined in 21 CFR 54.2(di.

Please mark the applicable chtckbax.

w (1) As the sponsor of the submitted studies, I certify that I have not entered into any financial
arrangement with the listed clinical investigators (enter names of clinical investigators below or
attach list of names to this forml whereby the value of compensation to the investigator could be
affected by the outcome of the study as defined In 21 CFR 54.2(el. I also certify that each listed
clinical investigator required to disclose to the sponsor whether the investigator had a proprietary
interest in this product or a significant equity in the sponsor as defined in 21 CFR 54.2(bl did not
disclose any such interests. I further certify that no listed investigator was the recipient of
significant payments of other sorts as defined in 21 CFR 54.2(f).

List Attached

D (2) As the applicant who is submitting a study or studies sponsored by a firm or party other than the
applicant, I certify that based on information obtained from the sponsor or from participating
clinical investigators, the listed clinical Investigators (attach list of names to this forml did not
participate in any financial arrangement with the sponsor of a covered study whereby the value
of compensation to the investigator for conducting the study could be effected by the outcome
of the study (as defined in 21 CFR 54.2(ali; had no proprietary interest in this product or
significant equity interest in the sponsor of the covered study (as defined in 21 CFR 5-‘&.2(b)l: and
was not the recipient of significant payments of other sorts (as defined in 21 CFR 54.2(fll.

As the applicant who is submitting a study or studies sponsored by a firm or party other than the
applicant, I certify that I have acted with due diligence to obtain from the listed clinical
investigators (attach list of names) or from the sponsor the information required under 54.4 and
it was not possible to do so. The reason why this information could not be obtained is attached.

NAME TITLE

Francis R. Tunney, Jr. Acting Chief Financial OfficerFIRM /ORGANIZATION

Allergan, Inc.

Paper-Ivor - - ~ -
An maynoteonductor .ardIpr:1onianotreotiiradIorapondIo.ncolla:Iionel ‘
info:I:?n unless rx dlsplxys . ;::$y valid om mirror mum. nrmic reporting burden for this I-“'l"""“'“ °‘ """’,‘ 9"‘ "_“""" 5'"'°"
oolloclion of’ inforrnation is esurreua to rrv-rage I hour per respom. including time for reviewing 2'3 :“’:'“lS‘::"'::“"“"’°"
irrslmctinns, snrching existing data sources. gathering and rnainnlniru the necessity data. and an 20‘! _;°"'1‘c‘°3eompletuu an reviewing Ibo oouenron of information. Sad comments regarding rim burden "°“""' °- 5utirnncotllyviteraepectefdiiscelleuionofinfotrrationledieuddresslelhengtu: Plus: DO NOT REFURN this form lo lhis Ildless.

EF
FORM FDA 3464 noise) tnrulbrsladrausussr-ca-Nsbwuzrnliutuu

BILLING CODE -IIGD-01~C
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72178 Federal Register/Vol. 63. No. 251 /Thursday. December 31, 1998 / Rules and Regulations

DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. XXXX-XXXX
Hiblic Health Service Expgngon 3...; xx/xx/xxFood and Drug Administration

DISCLOSURE: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

10 BE COMPLETED BYAPPLICANT

Marvin Greenberg
uannyzinaau-v¢a’;aw

ticipated as a clinical investigator in the submitted study 192371-003

The following information concerning , who par-

Na-my

Cyclosporine Ophthalmic emulsion, is submitted in accordance with 21 CFR partelliniealndy

54. The named individual has participated in financial arrangements or holds financial interests
that are required to be disclosed as follows:

Please mark the applicable chcckbaxex.

C] any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical investigator for conducting the study could be influenced by
the outcome of the study;

any significant payments of other sorts made on or after February 2, 1999 from the spon-
ear of the covered study such as a grant to fund ongoing research, compensation in the
form of equipment, retainer for ongoing consultation. or honoraria:

any proprietary interest in the product tested in the covered study held by the clinical
investigator;

[3 any significant equity interest as defined in 21 CFR 54.2lb), held by the clinical investi-
gator in the sponsor of the covered study.

Details of the individual’s disclosable financial arrangements and interests are attached, along
with a description of steps taken to minimize the potential bias of clinical study results by any
of the disclosed arrangements or interests.

NAME TITLE

Francis K. Tunney, Jr. Acting Chief Financial Officer
FIRMIORGANIZATION

Allergan , Inc .
sncmrr E on:

a ,3 r
/

Paperwork Reduction Act Statement
Angengynnyineoridiotersponser.andspersonismtrequiledtorupollllo.:mlla:1iooofin£orrI:Iiounnles:itdisplIyxnounent!yv|li!OMB
wrlrnlllllnbu. hifliciwmircmmmlwmhodleabnofmmrnfimiudiuudnavungcbhmmpnreqaoue. ixhdintimeforreviewing
humane’in,|ar=hirIgexini|uaausmres.gIflIerigandnniux:inio;Iheneoanrydl:.|ndaompI:.ingIndr:vi:wirgm:ml|a:.imnHnfonnuioui.
Sendcommensngudingthiuhndainfinueumymherupeetolthisedlnnionofinfonmthnm

Depuunmiofl-lallhanduinnansen-vices
FoodIadDIu¢MminislntiaI
5600Fisl:nhne.Rooml4C-03
Rn:lrville.MD20!57

<—P|maDONUI'Il.E'I'URNtlIilfollIItnIN5addrKs.

FORM FDA 3455 (10/98) "an-null-an-to-—n|-v-innards mncans
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Financial Disclosure by Clinical Investigators
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72178 Federal Register/Vol. 63, No. Z51/Thursday. December 31, 1998 /Rules and Regulations

DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Applavod: OMB No. )O00(~XXXX
Nblic “B-lth SHNWI E:-plnaon om: xxnouxxFood and Drug Administration

DISCLOSURE: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

10 IE CDMPLHE BY APPLICANT

The following information concerning 0 - Dara Stevenson , who par-Nnrfcluimlin-ui'g¢ar

ticipated as a clinical investigator in the submitted study 192371‘002 --var

Cyclosporine °Phtha1miC emulsion , is submitted in accordance with 21 CFR partea-"am-ox

54. The named individual has participated in financial arrangements or holds financial interests
that are required to be disclosed as follows:

Plea: mark the applicable checkbaxcs.

D any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical investigator for conducting the study could be influenced by
the outcome of the study;

any significant payments of other sorts made on or after February 2, 1999 from the spon-
sor of the covered study such as a grant to fund ongoing research. compensation in the
form of equipment. retainer for ongoing consultation, or honoraria;

any proprietary interest in the product tested in the covered study held by the clinical
investigator;

H any significant equity interest as defined in 21 CFR 54.207), held by the clinical investi-
gator in the sponsor of the covered study.

Details of the individual’s disclosable financial arrangements and interests are attached, along
with a description of steps taken to minimize the potential bias of clinical study results by any
of the disclosed arrangements or interests.

NAME TITLE

Francis R. Tunney, Jr. Acting Chief Financial Officer
FlRM [ORGANIZATION

Allergan, Inc.SIGNAT H

%C_.._- M. 7‘
I’aperworItRz&txthnActSuIcnent

An.qsn=ynnynoIoonauc1orspormx.uI1apu:oaisnurequiedmrupmdm,Ii:ullmimntinfnmuitnnri|:siId.ispIay:nmnaIJyv:lid0MB
eoottolmniaa. Public rqamingh:dmfmmbmllu:ieno(hd'mnunmi1esfilIIandnwa1¢e4hnmper=q»u:.
inmuctiun.|nmhiuuh&n;danuuna.[IItuit§anduninainirudnrnouuqdm.ud<ouqpIaingnntrcviestixuthseellantioaofiafunnalion.
Sendmansnnreguuirgminhndentsdnueotmyuhanpectdlhisedlactitnafinfnrmnionm:

Depurtmemofl-lealihmdllumnservicex
FoudmdDrugAdutinixtnLion
5600 Fisher: Lane, Room l4C—03
Itockville. MD N837

<-PIaseDONUI’IlEl'UINlIIisI'mII|Inmis|tflr¢s:.

FORM FDA 3455 (10/98) 5’I:-Inn--‘gnu.-h-usnmtaa. muunm
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1.9 NOTES TO REVIEWER AND ERRATA

‘C
1.9.1 NOTES TO REVIEWER

Electronic Copy of the NDA

Included with this paper copy of this NDA are 4 CD Rom disks which contain an electronic

copy of the entire NDA. The files on the CDs were created by the CoreDossier® Publishing

System (version 3.1.2), and are in Adobe Portable Document Format (.pdf). The files can be

navigated by use of a large blue circular pointer on the first and last page of each electronic

volume. The files can also be navigated by viewing the volview.pdf or docview.pdf files in

the System Folder located on Disk 1. If more detailed information or instructions are

needed, please contact Allergan at (714) 246-4391.

Color Copies of Photographs

Color copies of photographs within the following studies will be found immediately after the

black and white version of the same page. The duplicate pages with the color photographs

are not paginated.

BIO—98-274 Topical ophthalmic evaluation of cyclosporine VOL 13 p_ 342
(0.05%,0.2% bid for 12 weeks) in dry eye dogs.

Allergan, 1998.

BIO—98-275 Evaluation of topical cyclosporine (0.2% bid for 12 VOL 13 p_ 355
weeks) in dry eye dogs. Effects on lymphocytic and

acinar epithelial cell apoptosis are evaluated. Allergan,
1998

Investigator Summary Report of Conjunctival Biopsy VOL 85 p_ 029
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1.9.2 ERRATA

. In some places in the NDA on Index entries, certain tabs and volume cover pages, the clinical
study reports are listed by the following numbers:

192_3_71-O02 or 192131-002 and 192fl1-003 or 1927_31—O03

A typographical error was made in some locations; the correct project number is 1923]].

Replacement Investigator

During the conduct of clincal study 192371-003, Allergan was informed by Dr. Robert

Laibovitz that he was unable to continue in the study. Allergan informed the Agency at that

time. The study patients were transferred to Dr. Thomas Walters in Austin, Texas.

Dr. Walters’ name and address information was inadvertently omitted from Section 8.2

Investigators, INDs and NDAs, Table 8.2.1 List of Investigators. This information is

included below. However, Dr. Walters’ Curriculum Vitae and Statement of Investigator Form

1572 are included in Section 8.11.3, Clinical Study Report 192371-003, Appendix 14.3,

Principal Investigator Curricula Vitae and Copies of Statement of Investigator Forms 1572.

[vol. 62 p.315]

Table 8.2.1 Investigator List (amendment)

Principal Investigator Investigator Number Study Identifier

Thomas R. Walters, M.D. 1634 192371-003

Texan Eye Care

1700 South Mopac

Austin, TX 78746
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Section 2 Vol. Page

0 Section 2 LABELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 159
2.1 ANNOTATED LABELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 159

2.2 DRAFT LABELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 175

1 153
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——_‘

. -E: Allergan, Inc.
RESTASISTM

(cyclosporine ophthalmic emulsion) 0.05%

Sterile, Preservative-Free

DESCRIPTION

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05% is an immunomodulator with anti-

inflammatory effects when used in patients with dry—eye disease. Cyc1osporine’s chemical name

is Cyclo[[(E)—(2S,3R,4R)-3—hydroxy—4—methyl—2—(methylamino)-6-octenoyl]-L-2-aminobutyryl-

N—methylglycyl-N-methyl—L—leucyl-L—valyl—N-methyl-L-leucyl-L-alanyl-D-alanyl-N-methyl-L-

]eucyl—N—methyl—L—leucyl-N-methyl-L-valyl] and it has the following structure:

Formula: C52H111N11O12 M01. Wt;

Cyclosporine is a fine white powder. RESTASISTM appears as a white opaque to slightly

translucent homogeneous emulsion. It has an Osmolality of 240 to 280 mOsmol/kg and a pH of

7.0-7.8.

Each mL of RESTASISTM contains: Active ingredient: cyclosporine 0.05%. Inactives: carbomer

1342; castor oil; glycerin; polysorbate 80; sodium hydroxide to adjust the pH; and purified

W3t6I'.
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CLINICAL PHARMACOLOGY

"O Mechanism of action:

In dry—eye disease, cyclosporine emulsion acts as a potent, but selective immunomodulator, an

anti-inflammatory agent, and a direct inhibitor of pathological epithelial apoptosis.

Immunomodulation:

Cyclosporine leaves critical functions of host immunity intact (Belin et al, 1990; Kahan, 1994;

Kahan et al, 1983). Only the early stages of T-cell activation (helper T-cells) and not the

lymphocytic effector stages responsible for elimination of intruder cells are suppressed (Borel et

al, 1996; Kahan, 1989).

Topical cyclosporine emulsion achieves its immunomodulatory activity by inhibiting the

activation of NF-KB, a nuclear factor involved in the regulation of immune and pro-

inflammatory cytokine response genes, such as TNF, IL-1, IL-2, and IL-8 (Meyer et al, 1997;

Boss et al, 1998).

Anti-inflammatory:

Helper T cells identified in the tissues of the ocular surface and lacrimal glands play an

important role not only in the immune response, but also in the inflammatory response through

cytokine synthesis. Cyclosporine prevents the synthesis and/or secretion of several pro-

inflammatory cytokines (Schliephake et al, 1997; Mitruka et al, 1998; Svecova et al, 1998; Pette

et al, 1997). It is also known to upregulate secretion of anti-inflammatory cytokines (van der

Pouw Kraan et al, 1996).

Inhibition of pathological apoptosis:

Inflammatory conditions can direct pathological apoptosis of secretory acinar epithelial cells and

facilitate accumulation of lymphocytic infiltrates within the lacrimal glands and conjunctival

epithelium. These events result in loss of normal glandular structure and it’s secretory function.

Cyclosporine has been reported to be a direct inhibitor of pathological apoptosis of acinar

epithelium cells (Scorrano et al, 1997) and has been shown to reverse pathological acinar

apoptosis and lymphocyte proliferation in dry eye dogs (Gao et al, 1998).
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Pharmacokinetics:

Blood cyclosporin A concentrations were measured using a specific high pressure liquid

chromatography—mass spectrometry assay. Blood concentrations of cyclosporine A, in all the

samples collected, after topical administration of RESTASISTM 0.05%, BID, in humans for up to

12 months, were below the quantitation limit of 0.1 ng/ml. (study reports PK—98—109, PK—98—

112). These levels are more than 6550 times lower than those measured during systemic

cyclosporine treatment for non—life-threatening indications. There was no detectable drug

accumulation in blood during 12 months of treatment with RESTASIS”. As a result of these

findings no renal or hepatic cytotoxicity would be expected to occur following the use of

RESTASISTM.

Maximal concentrations obtained from rabbit and dog studies indicate that the great majority of

drug contained in ocular tissues after ophthalmic administration resides in the outer layers of the

eye, and that little penetrates to the interior (study reports PK—95-010, PK—96-016, PK-96-017,

and PK—98—074). High concentrations and long half—lives in ocular surface tissues suggest that

these tissues act as a reservoir for cyclosporine, sequestering cyclosporine and releasing it slowly

over prolonged periods. Half-lives in conjunctiva, cornea and sclera after multiple ophthalmic

doses to albino rabbits ranged from 32 to 52 hours (study reports PK—95—OlO & PK—98—074).

Half-lives in beagle dogs after multiple ophthalmic doses were also longer than 24 hours (study

reports PK—96—016 & PK—96—017).

Cyclosporine is not metabolized by ocular tissues in albino rabbits.

Clinical Evaluations:

RESTASISTM achieved clinically and statistically significant results versus vehicle for the

individual parameters corneal staining, blurred vision, categorized Schirmer with anesthesia, and

reduction in artificial tear use. Improvement from baseline with RESTASISTM was seen in

virtually all efficacy parameters (study reports 192371-002 & 192371-003). In addition no

bacterial or fungal ocular infections were reported following administration of RESTASIS TM

(study reports 192371-001, 192371-002 & 192371-003).
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Results of additional tests performed in the clinical trial following 6 months of treatment

. showed that RESTASISTM reduces the inflammation, immune reactivity underlying KCS and
improves ocular surface health and tear film in dry—eye patients with and without Sj6gren’s

syndrome (tertiary reports: conjunctival biopsies, 1999; IL-6, 1999; goblet cell density, 1999).

Inflammatory cytokine IL-6 levels in the conjunctival epithelium showed a statistically

significant decrease from baseline (tertiary report IL-6, 1999). Conjunctival biopsies showed:

the immune activation marker HLA-DR decreased 34% compared to a 160% increase with

vehicle, the inflammation marker CD11a decreased 11% compared to a 104% increase with

vehicle, CD3 (total T cells) and CD8 (T suppressor cells) decreased compared to an increase

with vehicle, goblet cell density increased 191% compared to an increase of only 13% with

vehicle (tertiary reports: conjunctival biopsies, 1999; goblet cell density, 1999).

INDICATIONS AND USAGE

RESTASISTM is indicated for the treatment of moderate to severe keratoconjunctivitis sicca; it

restores and maintains normal tear secretion and ocular surface integrity while providing relief

of symptoms associated with dry—eye (NDA Section 8.6).

CONTRAINDICATIONS

RESTASISTM is contraindicated in patients with active, ocular infection and in patients with

previously demonstrated hypersensitivity to any of the ingredients in the formulation.

WARNING

RESTASISTM has not been studied in patients with a history of recurrent herpes keratitis.

PRECAUTIONS

Information for Patients:

To avoid contamination, do not touch the tip of the via] to the eye or any other surface. Use the

contents of the vial within 12 hours after opening and discard. RESTASISTM should not be

administered while wearing contact lenses. Patients should be advised not to discontinue

therapy prematurely. Also refer to attached patient information.
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. Drug Interactions:

There is little information regarding the interaction of ophthalmic drugs co-administered with

topical ophthalmic cyclosporine. Systemic exposure of cyclosporin A from RESTASISTM is

minimal. Therefore, no interaction of topically applied RESTASISTM with systemic drugs is

expected to occur.

Carcinogenesis, Mutagenesis, and Impairment of Fertility:

Systemic carcinogenicity studies were carried out in male and female mice and rats. In the 78-

week oral (diet) mouse study, at doses of 1, 4, and 16 mg/kg/day, evidence of a statistically

significant trend was found for lymphocytic lymphomas in females, and the incidence of

hepatocellular carcinomas in mid-dose males significantly exceeded the control value.

In the 24-month oral (diet) rat study, conducted at 0.5, 2, and 8 mg/kg/day, pancreatic islet cell

adenomas significantly exceeded the control rate in the low dose level. The hepatocellular

carcinomas and pancreatic islet cell adenomas were not dose related (PDR NEORAL®, 1998).

The low doses in mice and rats are approximately 1000 and 500 times greater, respectively, than

the daily human dose of one drop (35 uL) of RESTASISTM BID into each eye (0.001 mg/kg),

assuming that the entire dose is absorbed.

Cyclosporine has not been found mutagenic/genotoxic in the Ames Test, the V79-HGPRT Test,

the micronucleus test in mice and Chinese hamsters, the chromosome-aberration tests in Chinese

hamster bone—marrow, the mouse dominant lethal assay, and the DNA—repair test in sperm from

treated mice. A recent study analyzing sister chromatid exchange (SCE) induction by

Cyclosporine using human lymphocytes in vitro gave indication of a positive effect (i.e.,

induction of SCE), at high concentrations in this system (PDR NEORALQ, 1998).

No impairment in fertility was demonstrated in studies in male and female rats (PDR

NEORAL®, 1998).
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Pregnancy:

. Pregnancy Category: B

Teratogenic effects: Cyclosporine was found to be non—teratogenic in appropriate test systems.

Rats at up to 17 mg/kg/day and rabbits at up to 30 mg/kg/day, dosed with cyclosporine oral

solution, USP proved to be without any embryolethal or teratogenic effects (Sandoz NDA 50-

573 and 50-574).

These doses in rats and rabbits are approximately 17,000 and 30,000 times greater, respectively,

than the daily human dose of one drop (35 ul) RESTASISTM BID into each eye (0.001 mg/kg),

assuming that the entire dose is absorbed.

Non-Teratogenic effects: Adverse effects were seen in reproduction studies in rats only at dose

levels toxic to dams. At toxic doses (rats at 30 mg/kg/day and rabbits at 100 mg/kg/day),

cyclosporine oral solution, USP, was embryo— and fetotoxic as indicated by increased pre— and

postnatal mortality and reduced fetal weight together with related skeletal retardations (Sandoz

NDA 50-573 and 50-574). These doses are 30,000 times and 100,000 times greater, respectively

than the daily human dose of one-drop (35 ul) of RESTASISTM BID into each eye (0.001

mg/kg), assuming that the entire dose is absorbed.

There are no adequate and well-controlled studies of RESTASISTM in pregnant women.

RESTASISTM should be administered to a pregnant woman only if clearly needed.

Nursing Mothers:

Cyclosporine is known to be excreted in human milk following systemic administration but

excretion in human milk after topical treatment has not been investigated. Although blood

concentrations are undetectable after topical administration of RESTASISTM, caution should be

exercised when RESTASISTM is administered to a nursing woman.

Pediatric Use:

The safety and efficacy of RESTASISTM have not been established in pediatric patients.
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Geriatric Use:

. No overall difference in safety or effectiveness have been observed between elderly and younger
patients.

ADVERSE REACTIONS

The most common adverse event following the use of RESTASISTM was ocular burning (16%).

Other events reported in 1% to 3% of patients (in order of decreasing incidence) included ocular

stinging/irritation, discharge, foreign body sensation, pruritus, conjunctiva] hyperemia,

photophobia, visual disturbance (blurred Vision), headache, eyelid edema, and eye pain (NDA

Section 8.7).

DOSAGE AND ADMINISTRATION

The recommended dosage is one drop of RESTASISTM instilled twice a day in each eye

approximately 12 hours apart. RESTASISTM can be used concomitantly with artificial tears.

Invert the unit dose via] a few times to obtain a uniform, white, opaque emulsion before using.

RESTASISTM was investigated for up to 12 months during clinical trials for moderate to severe

keratoconjunctivitis sicca.

HOW SUPPLIED

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05% is available as a sterile preservative-

free emulsion supplied in vials as follows:

RESTASISTM 32 Vials 0.4 mL each—NDC XXXX—XXXX—XX

Store RESTASISTM at 25° C (77° F); excursions permitted to 15°—30° C (59°—86° F). Do not

freeze.

Rx Only

EALLERCAN

©1999 Allergan, Inc.

Irvine, CA 92612, U.S.A.
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PATIENT INFORMATION

. Pharmacist: Please cut or tear at dotted line and provide this patient package insert to
your customer.

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05%

Sterile, Preservative-Free

Please read this leaflet carefully before you start to use your medicine. If you have any

questions, or are not sure about anything, ask your doctor or pharmacist.

Introduction

You are one of millions of people who have a condition called “dry eye.” The medical term for

this is keratoconjunctivitis sicca, or KCS. Your doctor has prescribed RESTASISTM because it

has been proven to be an effective way to treat the combination of uncomfortable symptoms and

underlying inflammation, which characterize dry eye disease.

The following information will answer many of the questions you may have about your

condition or your medicine. It is important that you understand dry eye and the treatment your

doctor has prescribed.

What are tears?

There are two kinds of tears: those produced naturally to lubricate and nourish your eyes, and

those produced in response to irritation or emotions. Both are necessary for your eyes to

function properly.

Natural tears form a film over your eyes to protect them from irritation and keep them

moisturized and lubricated. This tear film also contains nutrients that help keep your eyes

healthy. Blinking helps spread the tear film over the entire surface of your eyes. Insufficient

tear production can lead to redness, pain, and even scaning of the cornea (the transparent part of

the eye that covers the pupil and iris.)
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What is dry eye?

. Dry eye is a reduction in your eyes’ ability to produce sufficient natural tears. It results from a
chronic underlying inflammatory condition, which affects the glands, and cells that produce

tears. Some of the symptoms of dry eye include a burning sensation in the eyes, a persistent

gritty feeling in the eyes, decreased tolerance to contact lenses, blurred vision, or sensitivity to

light.

Who has chronic dry eye?

It is estimated that about 12 million Americans suffer from chronic dry eye symptoms, including

75% of people over the age of 65. Dry eye can affect men and women, but most susceptible are

postmenopausal women and those with arthritis.

What causes dry eye?

As we age, our bodies experience a normal reduction in natural tear production. Additionally,

certain diseases and medical conditions, such as arthritis and menopause, can cause chronic dry

eye symptoms. Even though the cause of dry eye disease may vary from patient to patient, the

underlying inflammatory condition remains the same.

Some causes of dry eye are:

- Hormonal changes associated with aging.

- Arthritis and related conditions.

- Changes in tear composition or quantity due to age or disease.

- Blocked tear ducts.

- Sjogren’s Syndrome, an immune disorder characterized by dryness of the mouth, eyes, and

0tl'l6I' 1'l'lllCOllS l'I'lCII1bI‘E1IlCS .
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How is dry eye diagnosed?

0 Your eye care professional or eye doctor monitors your overall condition and can check your
eyes for signs and symptoms of dry eye disease. When making a diagnosis, he or she may use

several tests, the most common of which is called the Schirmer test. Another quick, painless

way to measure your tear production is an examination that uses a specially colored eye drop.

These tests can aid your doctor in confirming the diagnosis.

Why has my doctor prescribed RESTASIST“?

Your doctor has prescribed RESTASISTM to treat your dry eye disease. RESTASISTM relieves

your dry eye symptoms by restoring normal tear secretion. RESTASISTM is a prescription

medication and should be used only as directed by your doctor.

What is RESTASISTM?

RESTASISTM is a prescription medicine for use on the eye only. The active ingredient in

RESTASISTM, cyclosporine, is an immunomodulator agent with anti-inflammatory effects when

used in patients with dry—eye disease.

How do I take RESTASISTM?

You should use RESTASISTM twice a day, once in the morning and once at night, or as directed

by your doctor. Apply one drop to each eye in the morning and at night.

IMPORTANT: Always invert the unit dose via] a few times to obtain a uniform, white, opaque

emulsion before using. To avoid contamination, do not touch the tip of the vial to the eye or any

surface. Use within 12 hours after opening. It is normal for a small amount of product to

remain in the dropper tip. Discard container after use.

How long do I need to continue to use RESTASISTM?

RESTASISTM is a treatment for the underlying inflammatory mechanism, which may cause the

discomfort in chronic dry eye disease. Do not discontinue therapy prematurely. Always discuss

any change in your medication schedule with your physician.
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Can I continue to use over-the-counter lubricating eye drops while I am using

RESTASISTM ?

Yes, but you may find that you do not require drops as frequently. In fact, you may not need

them at all.

Can I use RESTASISTM while wearing my contact lenses?

Contact lenses should be removed from your eyes before applying RESTASISTM. For this

reason, it is recommended that RESTASISTM be applied in the morning (at least 10 minutes

before applying your contact lenses) and in the evening (after removing your contact lenses).

Will RESTASISTM interact with other systemic medications?

There is little information regarding the interaction of systemic drugs co—administered with

RESTASISW. Systemic exposure of cyclosporin A from RESTASISTM is minimal. Therefore,

no interaction of topically applied RESTASISTM with systemic drugs is expected to occur.

What are the most common side effects reported with RESTASISTM?

The most common side effect following the use of RESTASISTM was burning, which was

experienced by 16% of patients. Other side effects reported in 1% to 3% of patients (in order of

decreasing incidence) include: stinging/irritation, mucous discharge, foreign body sensation,

itching, eye redness, sensitivity to light, blurred vision, headache, eyelid swelling and eye pain.

Who should not use RESTASISTM?

As with any medication, you should not use RESTASISTM if you have a known history of

hypersensitivity to any of its components. You should also not use RESTASISTM if you have an

eye—infection or if you often suffer from an eye disease called herpes keratitis.
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Instruction for use and handling:

Always invert the unit dose vial a few times to obtain a uniform, white, opaque emulsion before

using. To avoid contamination, do not touch the tip of the vial to the eye or any surface. Use

within 12 hours after opening. It is normal for a small amount of product to remain in the

dropper tip. Discard container after use. RESTASISTM should be stored at 25° C (77° F); but

short term exposure to 15°—30° C (59°—86° F) is acceptable; do not freeze.

If you have questions about RESTASISTM: You may contact Allergan by calling 800-433-8871

Allergan, Irvine, California 92612, USA

February 1999
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-2* Allergan, Inc.

RESTASISTM

(cyclosporine ophthalmic emulsion) 0.05%

Sterile, Preservative-Free

DESCRIPTION

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05% is an immunomodulator with anti-

inflammatory effects when used in patients with dry—eye disease. Cyclospon'ne’s chemical name

is Cyclo[[(E)—(2S,3R,4R)-3—hydroxy-4-methyl—2-(methylamino)-6-octenoyl]—L—2—aminobutyryl-

N—methylglycy1—N—methy1—L—leucyl—L—valyl-N-methyl-L-leucyl—L—alanyl-D-alany1-N-methyl-L-

leucyl-N—methyl—L—leucyl—N—methyl—L—valyl] and it has the following structure:

cu ,c1-ucx-1 ,), CH3LL
0 nN

N CH ,cn(cn 3;;

CH,

Formula: C52H111N11O12 M01. WL: 1202.6

Cyclosporine is a fine white powder. RESTASISTM appears as a white opaque to slightly

translucent homogeneous emulsion. It has an Osmolality of 240 to 280 mOsmol/kg and a pH of

7.0-7.8.

Each mLof RESTASISTM contains: Active ingredient: cyclosporine 0.05%. Inactives: carbomer

1342; castor oil; glycerin; polysorbate 80; sodium hydroxide to adjust the pH; and purified

Water.
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CLINICAL PHARMACOLOGY

. Mechanism of action:

In dry-eye disease, cyclosporine emulsion acts as a potent, but selective imrnunomodulator, an

anti—inflammatory agent, and a direct inhibitor of pathological epithelial apoptosis.

Immunomodulation:

Cyclosporine leaves critical functions of host immunity intact. Only the early stages of T—cell

activation (helper T-cells) and not the lymphocytic effector stages responsible for elimination of

intruder cells are suppressed.

Topical cyclosporine emulsion achieves its immunomodulatory activity by inhibiting the

activation of NF-KB, a nuclear factor involved in the regulation of immune and pro-

inflammatory cytokine response genes, such as TNF, IL-1, IL-2, and IL-8.

Anti—inflammatory:

Helper T cells identified in the tissues of the ocular surface and lacrimal glands play an

important role not only in the immune response, but also in the inflammatory response through

cytokine synthesis. Cyclosporine prevents the synthesis and/or secretion of several pro-

inflammatory cytokines. It is also known to upregulate secretion of anti—inflammatory

cytokines.

Inhibition of pathological apoptosis:

Inflammatory conditions can direct pathological apoptosis of secretory acinar epithelial cells and

facilitate accumulation of lymphocytic infiltrates within the lacrimal glands and conjunctival

epithelium. These events result in loss of normal glandular structure and it’s secretory function.

Cyclosporine has been reported to be a direct inhibitor of pathological apoptosis of acinar

epithelium cells and has been shown to reverse pathological acinar apoptosis and lymphocyte

proliferation in dry eye dogs.
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Pharmacokinetics:

Blood cyclosporin A concentrations were measured using a specific high pressure liquid

chromatography-mass spectrometry assay. Blood concentrations of cyclosporine A, in all the

samples collected, after topical administration of RESTASISTM 0.05%, BID, in humans for up to

12 months, were below the quantitation limit of 0.1 ng/mL. These levels are more than 6550

times lower than those measured during systemic cyclosporine treatment for non—life—threatening

indications. There was no detectable drug accumulation in blood during 12 months of treatment

with RESTASISTM. As a result of these findings no renal or hepatic cytotoxicity would be

expected to occur following the use of RESTASISTM.

Maximal concentrations obtained from rabbit and dog studies indicate that the great majority of

drug contained in ocular tissues after ophthalmic administration resides in the outer layers of the

eye, and that little penetrates to the interior. High concentrations and long half—lives in ocular

surface tissues suggest that these tissues act as a reservoir for cyclosporine, sequestering

cyclosporine and releasing it slowly over prolonged periods. Half-lives in conjunctiva, cornea

and sclera after multiple ophthalmic doses to albino rabbits ranged from 32 to 52 hours. Half-

lives in beagle dogs after multiple ophthalmic doses were also longer than 24 hours.

Cyclosporine is not metabolized by ocular tissues in albino rabbits.

Clinical Evaluations:

RESTASISTM achieved clinically and statistically significant results versus vehicle for the

individual parameters corneal staining, blurred vision, categorized Schirmer with anesthesia, and

reduction in artificial tear use. Improvement from baseline with RESTASISTM was seen in

virtually all efficacy parameters. In addition no bacterial or fungal ocular infections were

reported following administration of RESTASISTM.

Results of additional tests performed in the clinical trial following 6 months of treatment

showed that RESTASISTM reduces the inflammation, immune reactivity underlying KCS and

improves ocular surface health and tear film in dry—eye patients with and without Sjogren’s

syndrome.
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Inflammatory cytokine IL-6 levels in the conjunctival epithelium showed a statistically

. significant decrease from baseline. Conjunctival biopsies showed: the immune activation
marker HLA—DR decreased 34% compared to a 160% increase with vehicle, the inflammation

marker CD11a decreased 11% compared to a 104% increase with vehicle, CD3 (total T cells)

and CD8 (T suppressor cells) decreased compared to an increase with vehicle, goblet cell

density increased 191% compared to an increase of only 13% with vehicle.

INDICATIONS AND USAGE

RESTASISTM is indicated for the treatment of moderate to severe keratoconjunctivitis sicca; it

restores and maintains normal tear secretion and ocular surface integrity while providing relief

of symptoms associated with dry—eye.

CONTRAINDICATIONS

RESTASISTM is contraindicated in patients with active, ocular infection and in patients with

previously demonstrated hypersensitivity to any of the ingredients in the formulation.

WARNING

RESTASISTM has not been studied in patients with a history of recurrent herpes keratitis.

PRECAUTIONS

Information for Patients:

To avoid contamination, do not touch the tip of the vial to the eye or any other surface. Use the

contents of the vial within 12 hours after opening and discard. RESTASISTM should not be

administered while wearing contact lenses. Patients should be advised not to discontinue

therapy prematurely. Also refer to attached patient information.
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Drug Interactions:

. There is little information regarding the interaction of ophthalmic drugs co-administered with
topical ophthalmic cyclosporine. Systemic exposure of cyclosporin A from RESTASISTM is

minimal. Therefore, no interaction of topically applied RESTASISTM with systemic drugs is

expected to occur.

Carcinogenesis, Mutagenesis, and Impairment of Fertility:

Systemic carcinogenicity studies were carried out in male and female mice and rats. In the 78-

week oral (diet) mouse study, at doses of l, 4, and 16 mg/kg/day, evidence of a statistically

significant trend was found for lymphocytic lymphomas in females, and the incidence of

hepatocellular carcinomas in mid—dose males significantly exceeded the control value.

In the 24-month oral (diet) rat study, conducted at 0.5, 2, and 8 mg/kg/day, pancreatic islet cell

adenomas significantly exceeded the control rate in the low dose level. The hepatocellular

carcinomas and pancreatic islet cell adenomas were not dose related. The low doses in mice and

rats are approximately 1000 and 500 times greater, respectively, than the daily human dose of

one drop (35 ;,LL) of RESTASISTM BlD into each eye (0.001 mg/kg), assuming that the entire

dose is absorbed.

Cyclosporine has not been found mutagenic/genotoxic in the Ames Test, the V79—HGPRT Test,

the micronucleus test in mice and Chinese hamsters, the chromosome-aberration tests in Chinese

hamster bone-marrow, the mouse dominant lethal assay, and the DNA—repair test in sperm from

treated mice. A recent study analyzing sister chromatid exchange (SCE) induction by

cyclosporine using human lymphocytes in vitro gave indication of a positive effect (i.e.,

induction of SCE), at high concentrations in this system.

No impairment in fertility was demonstrated in studies in male and female rats.
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Pregnancy:

. Pregnancy Category: B

Teratogenic effects: Cyclosporine was found to be non-teratogenic in appropriate test systems.

Rats at up to 17 mg/kg/day and rabbits at up to 30 mg/kg/day, dosed with cyclosporine oral

solution, USP proved to be without any embryolethal or teratogenic.

These doses in rats and rabbits are approximately 17,000 and 30,000 times greater, respectively,

than the daily human dose of one drop (35 ul) RESTASISTM BID into each eye (0.001 mg/kg),

assuming that the entire dose is absorbed.

Non—Teratogenic effects: Adverse effects were seen in reproduction studies in rats only at dose

levels toxic to dams. At toxic doses (rats at 30 mg/kg/day and rabbits at 100 mg/kg/day),

cyclosporine oral solution, USP, was embryo- and fetotoxic as indicated by increased pre- and

postnatal mortality and reduced fetal weight together with related skeletal retardations. These

doses are 30,000 times and 100,000 times greater, respectively than the daily human dose of

one—drop (35 ttl) of RESTASIST“ BID into each eye (0.001 mg/kg), assuming that the entire

dose is absorbed.

There are no adequate and we1l—controlled studies of RESTASISTM in pregnant women.

RESTASISTM should be administered to a pregnant woman only if clearly needed.

I Nursing Mothers:

Cyclosporine is known to be excreted in human milk following systemic administration but

excretion in human milk after topical treatment has not been investigated. Although blood

concentrations are undetectable after topical administration of RESTASISTM, caution should be

exercised when RESTASISTM is administered to a nursing woman.
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Pediatric Use:

. The safety and efficacy of RESTASISTM have not been established in pediatric patients.
Geriatric Use:

N0 overall difference in safety or effectiveness have been observed between elderly and younger

patients.

ADVERSE REACTIONS

The most common adverse event following the use of RESTASISTM was ocular burning (16%).

Other events reported in 1% to 3% of patients (in order of decreasing incidence) included ocular

stinging/irritation, discharge, foreign body sensation, pruritus, conjunctival hyperemia,

photophobia, visual disturbance (blurred vision), headache, eyelid edema, and eye pain.

DOSAGE AND ADMINISTRATION

The recommended dosage is one drop of RESTASISTM instilled twice a day in each eye

approximately 12 hours apart. RESTASIST“ can be used concomitantly with artificial tears.

Invert the unit dose vial a few times to obtain a uniform, white, opaque emulsion before using.

RESTASISTM was investigated for up to 12 months during clinical trials for moderate to severe

keratoconjunctivitis sicca.

HOW SUPPLIED

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05% is available as a sterile preservative-

free emulsion supplied in vials as follows:

RESTASISTM 32 Vials 0.4 mL each-NDC XXXX-XXXX—XX

Store RESTASISTM at 25° C (77° F); excursions permitted to 15°—30° C (59°-86° F). Do not

freeze.
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Rx Only

. %ALLERGAN

©1999 Allergan, Inc.

Irvine, CA 92612, U.S.A.

PATIENT INFORMATION

Pharmacist: Please cut or tear at dotted line and provide this patient package insert to

your customer.

RESTASISTM (cyclosporine ophthalmic emulsion) 0.05 %

Sterile, Preservative-Free

Please read this leaflet carefully before you start to use your medicine. If you have any

questions, or are not sure about anything, ask your doctor or pharmacist.

Introduction

You are one of millions of people who have a condition called “dry eye.” The medical term for

this is keratoconjunctivitis sicca, or KCS. Your doctor has prescribed RESTASISTM because it

has been proven to be an effective way to treat the combination of uncomfortable symptoms and

underlying inflammation, which characterize dry eye disease.

The following information will answer many of the questions you may have about your

condition or your medicine. It is important that you understand dry eye and the treatment your

doctor has prescribed.

What are tears?

There are two kinds of tears: those produced naturally to lubricate and nourish your eyes, and

those produced in response to irritation or emotions. Both are necessary for your eyes to

function properly.
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Natural tears form a film over your eyes to protect them from irritation and keep them

. moisturized and lubricated. This tear film also contains nutrients that help keep your eyes
healthy. Blinking helps spread the tear film over the entire surface of your eyes. Insufficient

tear production can lead to redness, pain, and even scarring of the cornea (the transparent part of

the eye that covers the pupil and iris.)

What is dry eye?

Dry eye is a reduction in your eyes’ ability to produce sufficient natural tears. It results from a

chronic underlying inflammatory condition, which affects the glands, and cells that produce

tears. Some of the symptoms of dry eye include a burning sensation in the eyes, a persistent

gritty feeling in the eyes, decreased tolerance to contact lenses, blurred vision, or sensitivity to

light.

Who has chronic dry eye?

It is estimated that about 12 million Americans suffer from chronic dry eye symptoms, including

75% of people over the age of 65. Dry eye can affect men and women, but most susceptible are

postmenopausal women and those with arthritis.

What causes dry eye?

As we age, our bodies experience a normal reduction in natural tear production. Additionally,

certain diseases and medical conditions, such as arthritis and menopause, can cause chronic dry

eye symptoms. Even though the cause of dry eye disease may vary from patient to patient, the

underlying inflammatory condition remains the same.

Some causes of dry eye are:

- Hormonal changes associated with aging.

- Arthritis and related conditions.

- Changes in tear composition or quantity due to age or disease.

- Blocked tear ducts.
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- Sj0gren’s Syndrome, an immune disorder characterized by dryness of the mouth, eyes, and

. other mucous membranes.

How is dry eye diagnosed?

Your eye care professional or eye doctor monitors your overall condition and can check your

eyes for signs and symptoms of dry eye disease. When making a diagnosis, he or she may use

several tests, the most common of which is called the Schirmer test. Another quick, painless

way to measure your tear production is an examination that uses a specially colored eye drop.

These tests can aid your doctor in confirming the diagnosis.

Why has my doctor prescribed RESTASISTM?

Your doctor has prescribed RESTASISTM to treat your dry eye disease. RESTASISTM relieves

your dry eye symptoms by restoring normal tear secretion. RESTASISTM is a prescription

medication and should be used only as directed by your doctor.

What is RESTASISTM?

RESTASISTM is a prescription medicine for use on the eye only. The active ingredient in

RESTASISTM, cyclosporine, is an immunomodulator agent with anti—inflammatory effects when

used in patients with dry—eye disease.

How do I take RESTASISTM?

You should use RESTASISTM twice a day, once in the morning and once at night, or as directed

by your doctor. Apply one drop to each eye in the morning and at night.

IMPORTANT: Always invert the unit dose vial a few times to obtain a uniform, white, opaque

emulsion before using. To avoid contamination, do not touch the tip of the vial to the eye or any

surface. Use within 12 hours after opening. It is normal for a small amount of product to

remain in the dropper tip. Discard container after use.
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How long do I need to continue to use RESTASISTM?

RESTASISTM is a treatment for the underlying inflammatory mechanism, which may cause the

discomfort in chronic dry eye disease. Do not discontinue therapy prematurely. Always discuss

any change in your medication schedule with your physician.

Can I continue to use over-the-counter lubricating eye drops while I am using

RESTASISTM ?

Yes, but you may find that you do not require drops as frequently. In fact, you may not need

them at all.

Can I use RESTASISTM while wearing my contact lenses?

Contact lenses should be removed from your eyes before applying RESTASISTM. For this

reason, it is recommended that RESTASISTM be applied in the morning (at least 10 minutes

before applying your contact lenses) and in the evening (after removing your contact lenses).

Will RESTASISTM interact with other systemic medications?

There is little information regarding the interaction of systemic drugs co—administered with

RESTASISW. Systemic exposure of cyclosporin A from RESTASISTM is minimal. Therefore,

no interaction of topically applied RESTASISTM with systemic drugs is expected to occur.

What are the most common side effects reported with RESTASISTM?

The most common side effect following the use of RESTASISTM was burning, which was

experienced by 16% of patients. Other side effects reported in 1% to 3% of patients (in order of

decreasing incidence) include: stinging/irritation, mucous discharge, foreign body sensation,

itching, eye redness, sensitivity to light, blurred vision, headache, eyelid swelling and eye pain.
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Who should not use RESTASISTM?

As with any medication, you should not use RESTASISTM if you have a known history of

hypersensitivity to any of its components. You should also not use RESTASISTM if you have an

eye-infection or if you often suffer from an eye disease called herpes keratitis.

Instruction for use and handling:

Always invert the unit dose vial a few times to obtain a uniform, white, opaque emulsion before

using. To avoid contamination, do not touch the tip of the vial to the eye or any surface. Use

within 12 hours after opening. It is normal for a small amount of product to remain in the

dropper tip. Discard container after use. RESTASISTM should be stored at 25° C (77° F); but

short term exposure to 15°—30° C (59°-86° F) is acceptable; do not freeze.

If you have questions about RESTASISTM: You may contact Allergan by calling 800-433-8871

Allergan, Irvine, California 92612, USA

February 1999
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Tray Label:

. RESTASISTM

(cyclosporine ophthalmic emulsion) 0.05%

Sterile, Preservative-Free

Each mL contains:

Active: cyclosporine 0.05%

Inactives: carbomer 1342; castor oil; glycerin; polysorbate 80; sodium hydroxide to adjust the

pH; and purified water.

Usual Dosage: Twice daily approximately 12 hours apart. Use vial within 12 hours of opening,

then discard.

32 Vials 0.4 mL each

NDC XXXX-XXXX-XX Bar Code

Note: Store at 25° C (77° F); excursions permitted to 15°-30° C (59°-86° F). Do not freeze.

Lot # & Exp. Date

RX Only

©Allergan

Irvine, CA 92612, U.S.A.
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3.1 PHARMACOLOGIC CLASS, SCIENTIFIC RATIONALE, INTENDED USE,

0 AND POTENTIAL CLINICAL BENEFITS
3.1.1 PHARMACOLOGIC CLASS

Cyclosporine emulsion for use in treating dry eye is an ophthalmic preparation that acts as an

immunomodulator and an anti—inflammatory agent. Systemic treatment of rheumatoid arthritis

and psoriasis patients with oral cyclosporine (2.5 to 5 mg/kg/day) produced blood concentrations

(mean i Standard deviation) that ranged from a trough of 74.9 i 46.7 ng/mL to a Cm,‘ of

655 i 186 to 728 ir 263 ng/mL (PDR — NEORAL®, 1998). In contrast, topical cyclosporine

emulsion (1 to 2 ug/kg/day) produced mean blood trough cyclosporin A concentrations and Cmax

values of less than 0.1 ng/mL (study reports PK—96—018, 1996; PK-98-109, 1998; PK—98—1 12,

1998). These concentrations are at least 749 to 6,550 times lower than the trough and Cm

values seen with systemic therapeutic use. In 98.2% (544/554) of the analyzed samples, blood

concentrations following topical ophthalmic administration of cyclosporine were below the

assay’s quantitation limit of 0.1 ng/mL. All 10 quantifiable samples were from patients receiving

0.1% cyclosporine emulsion; in no patient was the blood cyclosporin A concentration greater

than 0.299 ng/mL. Comparison of trough blood cyclosporin A concentrations during multiple

ocular dosing indicated no detectable accumulation (NDA Section 3.5).

After ocular administration, these low blood concentrations do not inhibit the body’s ability to

mount a T—cell mediated response against systemic exogenous antigens as evidenced by the lack

of opportunistic ocular infections found in animals (study reports 1793-2936-5, 1995; 1793-

2936-6, 1996; CHV—985—l26, 1997) and humans (Study reports 192371-001, 1997; 192371-002,

1999; 192371-003, 1999). Thus, topical cyclosporine emulsion is thought to exert its therapeutic

ophthalmic effect because of local rather than systemic immunosuppression, an action that is

termed immunomodulatory.

3.1.2 SCIENTIFIC RATIONALE

Cyclosporine ophthalmic emulsion therapy is directed at keratoconjunctivitis sicca (KCS)

patients, with or without Sjogren’s syndrome. The active component of the formulation,

cyclosporine, is expected to benefit patients through its ability to modulate both the immune

reactivity as well as the inflammatory processes.
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In the normal individual, tear secretion is controlled via a neural reflex. Stimulation of the ocular

surface induces afferent nerve traffic to the central nervous system where it is integrated, and

results in efferent nerve traffic to the lacrimal glands. In the lacrimal gland, neural stimulation

produces cellular water movement and tear secretion. The lacrimal glands are maintained in an

anti—inflammatory state by circulating steroid hormones (Sullivan, 1994). Under normal

conditions, trafficking immune cells (eg, T cells) migrate through the lacrimal glands and ocular

surface tissues in an inactivated state as part of the body’s routine immunovigilance. These

immunovigilant T cells undergo a normal apoptotic cell death as they exit the glands and travel

toward local lymph nodes (Gao et al, 1998). Under these conditions, the ocular apparatus is in a

state of immunoquiescence and homeostasis is maintained.

In individuals with low levels of circulating steroid hormones (eg, KCS patients), the normal

anti—inflammatory environment is compromised. The absence of these supportive hormones

allows local autoimmunity to develop and a chronic disease state occurs within the eye. This

results in a repetitive cycle of inflammation and immune reactivity. Chronic nerve traffic to the

lacrimal glands is now theorized to initiate a neurogenic inflammation within the gland.

Migrating T cells are activated, and do not undergo normal apoptosis (Gao et al, 1998). Along

with acinar epithelial cells, they secrete pro—inflammatory cytokines, leading to inflammation of

the lacrimal gland and ocular surface. This inflammation and T—cell infiltration result in

glandular dysfunction and dry eye.

Cyclosporine, as an immunomodulating agent, has been shown to break the cycle of the immune

reactivity underlying the disease both in dry—eye dogs (Kaswan et al, 1989; Stern et al, 1998) and

in dry—eye patients (Power et al, 1993). Cyclosporine reduces lacrimal gland lymphocytic

infiltrates and improves tear production in KCS dogs (Kaswan et al, 1989; Kaswan and

Salisbury, 1990; Morgan and Abrams, 1991; Olivero et al, 1991) and in KCS patients with or

without Sj6gren’s syndrome (study report 192371-001, 1997; Drosos et al, 1986; Laibovitz et al,

1993; Power et al, 1993; Stem et al, 1998). Power et al demonstrated that patients with

secondary Sj6gren’s disease are undergoing continued immune reactivity, indicated by the

presence of significantly more CD4 (T-helper) cells than age/sex—matched controls. Following

treatment with topical cyclosporine, there was a significant reduction in the number of CD4 cells

in both the conjunctival epithelium and substantia propria, indicating immunopathological

improvement.
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Through dual activities as an anti—inflammatory agent and immunomodulator, cyclosporine

. reduces ocular surface inflammation and facilitates restoration of the tear—secreting reflex.
Cyclosporine acts by blocking the production of interleukin-2 (IL-2), a key cytokine needed for

the regulation and amplification of an immune event. Through a decrease in IL-2 and other

cytokines, cyclosporine prevents the recruitment of additional T cells and activation of vigilant

T cells within the ocular tissue. Thus, the lacrimal gland in tear-deficient dry eye, no longer

under attack by immune processes, can begin to repair and function again in tear production. The

inflamed ocular surface tissue can return to a more healthy, non—irritated state.

Cyclosporine emulsion is thought to be effective because of its local immunomodulatory effect

rather than effects resulting from systemic absorption (Power et al, 1993). Blood concentrations

following topical ophthalmic administration are far below levels required for systemic

immunosuppression (study reports PK-96-018, 1996; PK-98-109, 1998; PK-98-112, 1998).

3.1.3 INTENDED USE

The intended use for cyclosporine ophthalmic emulsion is treatment for moderate to severe KCS

patients, with or without Sj<'5gren’s syndrome. KCS, commonly referred to as dry eye, affects the

ocular surface, the tear film, and related ocular tissues and organs.

Demographic studies indicate that KCS affects millions of people worldwide; up to 11% of

people aged 30 to 60 years (Bjerrum, 1997) and up to 14.6% of people aged 65 years and older

(Schein et al, 1997). Patients with dry—eye disease typically complain of symptoms of ocular

discomfort, including a dry, gritty feeling, that is often accompanied by foreign body sensation.

Burning and irritation, photophobia, blurred vision, and gradual contact lens intolerance can

occur, and some patients are unable to cry imitative or emotional tears (Lubniewski and Nelson,

1990). Depending on the duration and severity of disease, damage to the ocular surface may be

present and those with chronic, uncontrolled disease have an increased risk of ocular infections

(Lemp and Chacko, 1997; Lubniewski and Nelson, 1990).

Dry—eye disease can be a severe, debilitating, and sight-threatening disease. Patients with

moderate to severe dry eyes wake up every morning with the feeling of sand and grit in their

eyes; during their day every blink and every bright light causes pain. Their quality of life is

greatly diminished because their eyes are frequently sore and irritated. They are unable to

tolerate dry climates and air conditioning and are embarrassed if they need to wear unsightly
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goggles. They are further frustrated, along with their physicians, with the hopelessness that there

. is no satisfactory treatment available.

According to the National Eye Institute (NEI)/Industry Workshop on Clinical Trials in Dry Eyes,

dry eye may be classified into 2 types—evaporative and tear-deficient or, more precisely,

aque0us—deficient (Lemp, 1995). In dry eye characterized by excessive tear evaporation, the

quantity of aqueous fluid from the lacrimal glands is normal and the tear abnormality is due to

increased tear evaporation. Evaporative dry eye may be associated with other periocular diseases

and disorders including blepharitis, meibomian gland disease, ocular mucin deficiencies,

blinking disorders, proptosis associated with thyroid disease, and structural abnormalities of the

lids and eye causing exposure of the ocular surface.

Dry eye characterized by aqueous deficiency is further divided into patients with Sj6gren’s

syndrome (a systemic autoimmune disease) and patients without related systemic disease

(non-Sj6gren’s KCS). Both result in immune—based inflammation of the ocular surface (Power et

al, 1993; Stem et al, 1998). The histopathological changes of the lacrimal gland in the patients

with Sj6gren’s syndrome consist of lymphocytic infiltration leading to atrophy and destruction of

glandular function (Sanders and Graham, 1986). Most cases of lacrimal gland insufficiency,

however, cannot be attributed to Sj‘cigren’s syndrome.

Williamson et al (1973) and Damato et al (1984) have described the presence of a lymphocytic

infiltrate in the lacrimal glands of non—Sj6gren's KCS patients. This suggests that the atrophy of

the lacrimal gland that occurs in such patients represents a chronic, progressive inflammatory

process. A proposed mechanism for this inflammatory process in non—Sj6gren's patients is

alterations in membrane trafficking of acinar cells leading to the expression of MHC H (major

histocompatibility complex class II) molecules capable of triggering a localized autoimmune

response (Mircheff et al, 1994). Additionally, lacrimal gland functional alterations and neural

feedback loop changes may develop from chronic ocular surface inflammation.

3.1.4 POTENTIAL CLINICAL BENEFITS

Although KCS can be a severe and debilitating disease, current treatment options are palliative,

and provide symptomatic relief only without addressing the underlying mechanisms of the

disease. In contrast, cyclosporine ophthalmic emulsion improves the signs and symptoms of

KCS, and reduces the ocular inflammation and immune reactivity associated with the disease,
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thereby providing therapeutic benefit. Systemic exposure from topical administration is minimal,

and cyclosporine emulsion is well tolerated without significant local or systemic effects.

1 196

245
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emulsions used twice daily for up to one year in

patients with moderate to severe keratoconjunctivitis
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3.2 FOREIGN MARKETING HISTORY

1‘
3.2.1 COUNTRIES WHERE THE DRUG HAS BEEN MARKETED

To date, cyclosporine ophthalmic emulsion has not been marketed in any country.

3.2.2 COUNTRIES WHERE THE DRUG HAS BEEN WITHDRAWN FROM

MARKETING

To date, cyclosporine ophthalmic emulsion has not been withdrawn from marketing in any

country.

3.2.3 COUNTRIES WHERE MARKETING APPLICATIONS ARE PENDING

To date, there are no marketing applications pending for cyclosporine ophthalmic emulsion.
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3.3 CHEMISTRY, MANUFACTURING AND CONTROLS SUMMARY

The product proposed in this New Drug Application (NDA) is cyclosporine ophthalmic

emulsion. The proposed clinical indication is for the treatment of moderate to severe

keratoconjunctivitis sicca (KCS) with or without Sj6gren’s Syndrome.

The drug product is a sterile, droppable emulsion, packaged in low density polyethylene

(LDPE) unit dose vials (0.4 mL fill volume in 0.9 mL fill capacity). It is an oil-in—water

emulsion containing either 0.05% or 0.1% w/w cyclosporine USP. The inactive ingredients

are castor oil PhEur, polysorbate 80 NF, carbomer 1342 NF, glycerin USP, sodium hydroxide

USP, and purified water USP. The formulation is preservative-free and has a target pH of

7.4. Allergan has assigned formula numbers 9054X and 8735X to the 0.05% and 0.1%

cyclosporine ophthalmic emulsions, respectively.

Cyclosporine USP is manufactured by Novartis, formerly known as Sandoz. The stability,

method of manufacture and the packaging of cyclosporine are described in Novartis NDAs

50-573 and 50-574.

Cyclosporine ophthalmic emulsion is manufactured at the Allergan Waco facility, Waco

Texas. The drug product is manufactured with a commercial batch size of 600 kg from four

in-process parts designated Parts 1-4. Part 1 is the oil phase and contains cyclosporine

dissolved in castor oil. Part 2 is the aqueous phase and contains purified water, polysorbate

80 and glycerin. Part 3 is the carbomer dispersion and contains purified water and carbomer

1342. Part 4 is the neutralizer phase and is comprised of IN sodium hydroxide. Each in-

process part is manufactured and sterilized separately then combined aseptically under

controlled conditions and sequence to form the sterile bulk product.

A sample of the bulk emulsion is taken for pH and physical appearance testing from the

transfer line between the main batch vessel and the holding vessel. Allergan will not

reprocess the bulk or finished drug product. Any drug product batch failing to meet

specifications will be discarded.

The container is a unit dose vial manufactured of Chevron low density polyethylene resin.

This resin has been submitted and approved under NDA 20-811 ACULAR PF (ketorolac

trometharnine ophthalmic solution) 0.5%. There are no colorants in the resin of the vial and
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no additives used in the vial manufacturing process. Both the virgin resin and the formed,

molded unit dose vials have been tested to USP <661> CONTAINERS FOR

OPHTHALMICS—PLASTICS, and shown be suitable for ophthalmic pharmaceutical use.

A printed pressure sensitive adhesive label is affixed to the tab of each unit dose vial. The

secondary package consists of a white thermoformed tray designed to hold thirty—two (32)

unit dose vials, sealed with peelable aluminum foil lidding material, and protected with a

reclosable overcap. An insert printed with approved text is placed between the overcap and

the lidding material. A pressure sensitive label printed with approved text is attached to the

top of the overcap.

The requirements with respect to product stability are satisfied by six registration batches of

cyclosporine ophthalmic emulsion 0.1% and three registration batches of cyclosporine

ophthalmic emulsion 0.05%. Based on the data reported in this application, Allergan

proposes a 24-month expiration dating for cyclosporine ophthalmic emulsion 0.1%, and

cyclosporine ophthalmic emulsion 0.05%, in the proposed market configuration when the

product is stored at USP controlled room temperature. For Professional samples, Allergan

proposes an 18-month expiration dating because the product is packaged without a secondary

container that minimizes water loss.

3.3 .1 ACTIVE PHARMCEUTICAL INGREDIENT

Cyclosporine USP is manufactured by Novartis, formerly known as Sandoz. The stability,

method of manufacture and the packaging of cyclosporine are described in Novartis NDAS

50-573 and 50-574.

3.3.2 DRUG PRODUCT

3.3.2.1 Quantitative Composition

The final composition of the drug product and the batch composition of a production scale

(600 kg) batch are shown below for each of the two concentrations.



256

Allergan Confidential Original NDA 21-023 ;
Cyclosporine ophthalmic emulsion Section 3 9

Table 3.3.2.1-1 Quantitative Composition of Cyclosporine Ophthalmic
Emulsion 0.05% (formula 9054X)

(% W/W) (mg/g) 600-kg batch (kg)

1:

Table 3.3.2.1-2 Quantitative Composition of Cyclosporine Ophthalmic
Emulsion 0.1 % (formula 8735X)

Ingredient Concentration Concentration Amount for a

(% w/w) (mg/g) 600-kg batch (kg)

Cy°1°sv°rineUSP T

> 22

3.3.2.2 Container-Closure System

Cyclosporine ophthalmic emulsion is packaged in a container—closure system consisting of a

unit dose vial manufactured from low density polyethylene and filled to a volume of 0.4 mL.

The unit dose vial is then labeled for identification. The unit dose vials are packaged into a

therrnoforrned tray manufactured from polypropylene sheeting. The thermoformed tray is

heat sealed with aluminum foil peelable lidding. After the polypropylene tray is heat sealed,

an insert is placed on the peelable lidding and a reclosable polystyrene overcap is snapped in
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place onto the tray. The overcap is then labeled for identification. Refer to

Figure 4A.3.5.2-2.

33.2.2.1 Schematic

Figure 3.3.2.2-1 Schematic Diagram of Primary Packaging Containers

0.125 REF: 0.0313

0.500 REF: 0.0313

2.562 REFi 0.0313

0.9063 REF. i0.0313LABELAREA ENGHAVING DIRECTION

0.4688 REF. i0.0313

BACK
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Figure 3.3.2.2-2 Schematic Diagram of Secondary Packaging — Commercial

OVERCAP LABEL

OVERCAP

PEELABLE LIDDING

VIAL LABEL
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3.3.2.2.1 Qualification of Container and Closures

A summary of the tests performed to meet USP XXlI / NF XVII requirements for plastic

containers follows. The list contains tests performed on a representative lot of empty vials

made from Chevron LDPE 4538A by the same forrn—fil1-seal process used for the product.

These tests demonstrate that the manufacturing process produced a container that is suitable

for ophthalmic use. All testing meets the requirements for USP XXII / NF XVII and

USP 23 / NF 18 for sections <87>, <88>, and <661>.

Table 3.3.2.2-1 Low Density Polyethylene Resin Qualification Test Results

Test Specification Method

Physicochemical Heavy MetalsTests Plastics

Buffcringcavaciw
Non—volatile Residue
Residue on Ignition

Biological Tests — Elution Meets test requirements USP <87>
Plastic and other

Polymers

Systemic Injection USP <88>
Eyelrritation USP<88>

Container Extractables

Container extractables have been investigated by a 2-phase approach. Phase I testing

consisted of an extraction procedure based upon the USP <661> procedure for ophthalmic

containers whereupon the container was incubated with extraction medium at 2 70°C for a

minimum period of 48 hours. Control samples of extraction medium were stored in glass in

an identical manner to the test articles. Phase I testing incorporated both water and

isopropanol as extraction media. Analyses of extracts for container extractables utilized

specific gas chromatographic (GC) and high—performance liquid chromatographic (HPLC)

assays designed to detect common plastic additives, antioxidants, residual solvents, and other

unknown analytes. Both tests utilized on—line mass spectrometric (MS) detection in order to

detect, quantitate and identify container—closure extractable compounds where possible.



260

Allergan Confidential Original NDA 2l—023
Cyclosporine ophthalmic emulsion 3609011 3

The results of initial Phase I testing indicated that no toxicologically significant compounds

. were detected in the resin used to manufacture the unit dose vials. After Phase I extractables
testing was performed, additional extractable investigations were performed in stability

studies of the cyclosporine ophthalmic emulsion utilizing both the unit dose vial as well as

glass ampules (this is defined as Phase II extractables testing). This is performed during

registration stability studies.

Phase II extractables testing is described in detail in Stability Section 4A.3.7.1 (Container-

Closure Extractable Studies). These studies revealed that two low level extractables were

detected. However, the very low calculated daily dose a patient would receive indicates that

these extractables are not present at levels of toxicological significance. The conclusion of

the Phase I and II extractables studies is that the container-closure system for cyclosporine

ophthalmic emulsion is safe and suitable for its intended use.
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3.3.2.3 Product Tests, Specifications, and Analytical Methods

. Table 3.3.2.3-1 Product Tests, Specifications, and Analytical Methods for
Cyclosporin Ophthalic Emulsion 0.1%

Test Release Specification Regulatory Method

Specification

Cyclosporine 95 — 105% of label 90 - 110% of label AP-L280—5

strength (0.095—0.105 % strength (0.090—0.110 %

w/w CSA) w/w CSA)

Cyclospoiine Rf value comparable to Not Applicable AP—lD088—1
Identification reference standard

Microscopic Oil globules uniformly Oil globules uniformly AP—M0O3—1

Appearance dispersed in the aqueous dispersed in the aqueous

phase phase

Globule Size:

Optical Sensing NLT 97% of oil volume Not Applicable

in globules smaller than

1.2 pm

Turbidity A 125 dilution has a A 1:5 dilution has a AP—Z004—l

turbidity of NMT 2500 turbidity of NMT 2500
NTU NTU

5 — 150 cps NMT 150 cps AP—VO08—2
Osmolality 240 - 280 mOsm/kg 230 - 320 mOsm/kg USP <785>

Physical Appearance White, opaque to slightly White, opaque to slightly AP-MS005 2
translucent, translucent,

homogeneous emulsion homogeneous emulsion

7.0 — 7.8 6.5 — 8.0 AP—MSOO5—2
Current USP
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Table 3.3.2.3-2 Product Tests, Specifications, and Analytical Methods for

Cyclosporin Ophthalmic Emulsion 0.05%

Test Release Specification Regulatory Method
Specification

Cyclosporine 95 - 105% of label 90 - 110% of label AP-L280-5

strength (0.0475% — strength (0.0450—0.0550

0.0525 % w/w CSA) % w/w CSA)

Cyclosporine Rf value comparable to Not Applicable AP-ID088-1
Identification reference standard

Microscopic Oil globules uniformly Oil globules uniformly AP-M003—l

Appearance dispersed in the aqueous dispersed in the aqueous

phase phase

Globule Size:

Optical Sensing NLT 97% of oil volume Not Applicable AP—Z002—5

in globules smaller than

1.2 pm

Turbidity A 1:5 dilution has a A 1:5 dilution has a AP-Z004-1

turbidity of NMT 2500 turbidity of NMT 2500
NTU NTU

5 - 150 cps NMT 150 cps AP—V008—2
Osmolality 240 — 280 mOsm/kg 230 — 320 mOsm/kg USP <785>

Physical Appearance White, opaque to slightly White, opaque to slightly AP-MS005—2
translucent, translucent,

homogeneous emulsion homogeneous emulsion

7.0 — 7.8 6.5 — 8.0 AP-MS005—2

3.3.23.1 Rationale for Drug Product Specifications:

Active Ingredient Concentration

The specifications on the active ensure appropriate dosing levels.

Microscopic Appearance

This specification ensures uniform eyedrop content throughout the product shelf-life.

Globule Size

Particle size distribution is one of the most important physical properties of an emulsion

system. It is indicative of the manufacturing consistency. Any change in the particle size
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distribution during storage usually correlates with the degree of emulsion stability. The

physical stability of the cyclosporine ophthalmic emulsion is monitored in part by measuring

the oil globule size distribution using the single particle optical sensing technique and also by

measuring turbidity. The results from these two analytical methods are well correlated.

Viscosity

The viscosity of a concentrated oil—in-water emulsion in some cases can be substantially

higher than that of water as a result of the orderly packing of the oil droplets that form the

internal phase. This is not the case with the cyclosporine ophthalmic emulsion because of its

low oil content. The moderate viscosity of the drug product is achieved by the presence of

Carbomer 1342, which forms a gel—like network around the oil globules and is essential to

the emulsion stability. This specification ensures the physical consistency of the drug

product as well as the presence of the Carbomer 1342.

Osmolality and pH

These specifications ensure manufacturing consistency and that the drug product does not

cause unnecessary ocular irritation.

Physical Appearance

This specification ensures that there is no apparent phase separation of the cyclosporine

ophthalmic emulsion that may impact the content uniformity of the product.

Sterility

All ophthalmic products need to be sterile.

Water Loss

The effect of water loss on the drug product is monitored by the cyclosporine concentration

and osmolality. Therefore water loss is not a separate product specification.

3.3.2.3.2 Rationale for Analytical Tests for Drug Product:

The standard tests generally performed to control the quality of ophthalmic solutions are

active ingredient concentration, viscosity, osmolality, physical appearance, pH and sterility.

Since this cyclosporine dosage form is an emulsion, additional microscopic appearance,

optical sensing, and turbidity analytical methods were developed and validated to
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characterize oil globule size. These tests characterize the emulsion stability. The

manufacturing process produces very small oil globules; not less than 97% of the oil volume

is smaller than 1.2 microns in size. Stability studies have shown the oil globule size to

remain stable over time, therefore once the emulsion has been shown to be manufactured

properly, the oil globule size does not change significantly over time. For this reason it is

necessary to test the emulsion using optical sensing only at the time of finished product

release testing. Since the optical sensing data for the cyclosporine ophthalmic emulsion have

been shown to correlate with turbidity measurements, only turbidity is monitored during

subsequent stability studies.

A summary of each method is presented below:

Cyclosporine [Method AP-L280—5 1

Cyclosporin A (CSA) in the ophthalmic emulsion is quantitated by high performance liquid

chromatography (HPLC). The sample is analyzed by direct injection of the emulsion onto a

Ultrasphere Cg column and analytes are eluted with a mobile phase consisting of 40/60

(tetrahydrofuran/water, v/V) containing 0.03M phosphoric acid. Detection is by UV

absorbance at 210 nm. The method is linear from 40% to 120% of CSA label claim for both

the 0.05% and 0.1% CSA formulations with a correlation coefficient (R) of 0.9999 using

peak areas. Recovery values for CSA obtained from spiked placebo emulsions at 80%,

100%, and 120% of label claim yielded 99.7%, 99.5%, and 99.1%, respectively, indicating

the method is highly accurate. Precision values for different operators on different days were

within 2% relative standard deviation (RSD). This method resolves the active drug from the

CSA related substances isocyclosporin H, isocyclosporin A, cyclosporin B, cyclosporin D,

cyclosporin G, and cyclosporin H. In addition, this method separates CSA from all

degradation products generated by intentional thermal and chemical degradation of the

ophthalmic emulsion (including placebo degradation products). These data indicate that the

method is stability indicating.

Related Substances

N0 related substance specification is proposed for cyclosporine ophthalmic emulsion because

no increase in CSA related substances have been detected during stability studies. This is

discussed in detail in the Stability Section.
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Qvcgporine Identification (Appendix 4A5.5.3,Method AP-ID—O88-1)

The identification of CSA in 0.1% and 0.05% cyclosporine ophthalmic emulsions (8735X

and 9054X) is performed by thin layer chromatography (TLC). The method was adapted

from the USP method for cyclosporine concentrate for injection. The emulsions and the

CSA standard solution are spotted onto a silica gel thin layer chromatography plate. The

plate is developed in ethyl ether, dried and then developed a second time in a mixture of

ethyl acetate, methyl ethyl ketone, water and formic acid (60:40:2:1). The solvent front is

allowed to move 15 cm during the development process. After drying the developed plate,

the spots are visualized using Dragendorff’s reagent. A positive identification for CSA is the

presence of a spot with the same Rf value as the CSA standard. The method is specific

because it separates cyclosporine from any placebo interferences.

Microscopic Appearance §Method AP-M003-1 1

The microscopic appearance of the CSA ophthalmic emulsion is determined by optical

microscopy. A CSA sample is placed onto a microscope slide and observed under a

magnification of 400X. Samples are visually evaluated for conformance to the microscopic

appearance specification of oil globules uniformly dispersed in the aqueous phase. In

addition, samples are also evaluated for the presence of any agglomerated oil globules.

Black and white Polaroid photographs are taken of each sample to document the microscopic

appearance.

Globule Size: Single Particle Qptical Sensing (Method AP—Z0O2-5)

Single particle optical sensing (SPOS) has proven to be a valuable technique in the analysis

of particle size distributions. Typically, the particles in a sample are individually sized using

light obscuration particle sensing and a histogram showing the number of particles of a given

size is generated. Because the instrument (an Accusizer) measures the size of each particle

individually (using SPOS), it can construct non-uniform particle size distributions. This is

advantageous in manufacturing process development since inhomogeneity in the particle size

distribution of the sample can be identified. Additionally, since the Accusizer is a gravity

feed instrument, it can be used on samples such as oil-in-water emulsions where the size

distribution of the emulsion droplets could be altered by more commonly used sampling

techniques.
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Globule Size: Turbidity (Method AP-ZO04—1 1

. Turbidity is a consequence of intense light scattering, which is sensitive to the size,
concentration, and refractive index of particles suspended in the sample. The method is

simple, rapid, and reproducible. For cyclosporine ophthalmic emulsions, the turbidity has

been shown to increase with decreasing % oil volume of globules < 1.2 pm. The turbidity of

a 1 to 5 dilution of cyclosporine ophthalmic emulsion is determined using a Hach Model

210OAN Digital Turbidimeter.

Viscosity 1 Method AP-VOO8—2[

The viscosity of cyclosporine ophthalmic emulsion is determined by rotational viscometry

using a Brookfield LVTDV—lI viscometer at a controlled temperature of 25.0 1 0.5°C.

Osmolality

Osmolality is determined per USP <785> using a calibrated freezing-point depression

0SI'l'10I’1'1CtC1'.

Physical Appearance and pH (Method AP-MS005-21

Physical Appearance is determined by visual examination of the unit dose vial as well as

cyclosporine ophthalmic emulsion contents. The emulsion is inspected for color and general

appearance against a white background. In addition, the emulsion is examined to see

whether it has remained uniform and that no separation of the two phases has occurred.

Direct pH measurement is performed using a calibrated potentiometric pH meter according

to USP <791>.

Sterility ( SOP RSD.0091

The sterility of the cyclosporine ophthalmic emulsion within the unit dose vials is confirmed

by performing the USP 23 direct transfer method sterility test <7l>. The test employs the

direct transfer of the entire contents of 20 unit dose vials into 400 mL of sterile culture

medium. Two culture media are employed, casein soybean digest broth incubated at 20-

25°C, and fluid thioglycollate medium to be incubated at 30—35°C. After 3 to 7 days of

incubation, each primary sterility test culture is aseptically sub—cu1tured (5 mL volume) into

100 mL of fresh medium. The sub-cultures are then incubated along with the primary

cultures for the remaining time of the 14-day primary culture incubation. This sterility test
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has been validated by USP bacteriostasis/fungistasis testing on three batches of final product.

0 The validation report for this method is given in Appendix 4A.5.5.9.

Stability Testing

Manufacturing standard operating procedure WQC—O2O (Appendix 4A.5.5.l2, Production

QA Stability Program) provides for finished product lots to be placed on stability in

accordance with the current Stability Protocol for that product (Appendix 4A.5.3.l). The

number of units to be sampled is specified in the Stability Protocol. The Stability Protocol

also specifies that units are sampled randomly throughout the lot.

3.3.23.3 Stability

Based on the evaluation of up to twelve months of stability data, Allergan proposes a 24-

month expiration dating for cyclosporine ophthalmic emulsion 0.1%, and cyclosporine

ophthalmic emulsion 0.05%, in the proposed market configuration when the product is

stored at USP controlled room temperature. Allergan proposes an 18-month expiration

dating when the product is packaged without a secondary container that minimizes water

loss. The drug product has a secondary packaging system consisting of a white,

thermoformed polypropylene tray. There are 32 unit dose vials in each tray. This secondary

packaging system has been shown to prolong the shelf—life of the drug product by reducing

water loss.

All registration stability batches have been tested for cyclosporine concentration,

cyclosporine related substances, microscopic appearance, oil globule size (by both single

particle optical sensing and turbidity), osmolality, pH, viscosity, physical appearance and

sterility. The product was also tested using a cyclosporine content uniformity method and a

water loss method as measured by the weight loss of the sample. All results of these tests are

within the proposed specifications and are reported in the stability report.

3.3.6 CORRELATION OF DRUG SUBSTANCE LOTS USED IN CLINICAL,

TOXICOLOGY, AND PRODUCT STABILITY LOTS

The following table correlates the lots of active pharmaceutical ingredient used in the

manufacture of cyclosporine ophthalmic emulsion used in all clinical and non—clinical

studies.
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Table 3.3.6-2 Formulations Used in Non-Clinical Studies

Formulations X-Number

Ingredient, Grade 8736X 8735X 8734X 8733X 8747X 8746X

(% w/w)

@@

Sodium Hydroxide, NF Adjust Adjust Adjust Adjust Adjust Adjust

pH to pH to pH to pH to pH to pH to
7.4 7.4 7.4 7.4 7.4 7.4

£E@fl@@
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3.4 NONCLINICAL DATA SUMMARY

3.4.1 PHARMACOLOGY

Topical cyclosporine emulsion appears to be therapeutic through 3 concurrent

mechanisms. It is an immunomodulatory agent, an anti—inflammatory agent, and an

anti—apoptotic. Through these 3 activities, immune—based inflammation of the ocular

surface is suppressed, allowing for the secretion of more normal ocular surface supportive

tears and a more stable tear film.

Topical use of cyclosporine exerts a local effect only, an action termed

immunomodulatory, rather than any systemic immunosuppressive effect. Topical

administration of 0.05% or 0.1% cyclosporine emulsion results in suppression of T-cell

activation at an early stage and inhibition of pro-inflammatory cytokine secretion within

ocular surface tissues. These concentrations are high enough to be effective without

apparent local toxicity, and do not inhibit the body’ s ability to respond to immune

challenges via T-cell proliferation/activation. Challenges to the ocular surface can still be

met with T cells as well as B cells, phagocytes and other immune-responsive cells.

Although cyclosporin A is not a classical anti—inflammatory agent and has not been

demonstrated to inhibit cyclo-oxygenase, it does inhibit inflammation in other ways.

Cyclosporine prevents the synthesis and/or secretion of several TH1 pro-inflammatory

cytokines, and is also known to upregulate secretion of TH2-type anti—inflammatory

cytokines. Additionally, cyclosporine has been shown to regulate immune—based

inflammation within ocular surface tissues by inhibiting intercellular adhesion molecule—1

(ICAM—l).

In the dry—eye dog model after treatment with 0.2% cyclosporine emulsion, lacrimal-

accessory—gland acinar apoptosis was undetectable and the number of lymphocytes was

vastly reduced in both tissues. The data suggest this restores a more normal functionality

to the lacrimal gland. Cyclosporine has been shown to act as a direct inhibitor of

apoptosis of acinar epithelium cells.
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0 3.4.2 TOXICOLOGY
Preclinical safety studies of cyclosporine ophthalmic emulsion in albino rabbits and

beagle dogs have shown that:

Topically, 0.05%, 0.1%, 0.2% or 0.4% cyclosporine emulsion administered for 6

months in rabbits and 1 year in dogs produced no local or systemic effects.

Systemic drug exposure was minimal even though: (a) the animals were treated

with exaggerated dosing regimens of up to 0.4% cyclosporine emulsion

administered as one ~40 uL drop in one eye up to 6 times daily, compared to the

intended human dosage of 0.05% or 0.1% cyclosporine emulsion administered as

one -28.5 uL drop in both eyes 2 times daily, and (b) the animals were

approximately 7 to 20 times smaller in body weight compared to humans.

The majority of individual blood drug concentrations were less than 1 ng/mL in

animals administered cyclosporine ophthalmic emulsion, compared to mean blood

drug concentrations that were below the limit of quantitation of 0.1 ng/mL in

humans after topical administration of 0.05% or 0.1% cyclosporine emulsion for

up to 1 year. The blood cyclosporine concentrations from topical dosing in

animals and humans are many hundred fold below those concentrations of 74.9 to

728 ng/mL observed in rheumatoid arthritis and psoriatic patients treated with oral

NEORAL® (PDR ~ NEORAL®, 1998).

There were no changes in the kidney, which is the target organ of systemic

toxicity with cyclosporine at high doses, nor were there any liver changes.

No changes were observed in any organ or tissue including the organs related to

the immune system (spleen, thymus, lymph nodes).

No changes in the peripheral blood (white blood cells and lymphocytes) were

noted which suggests no impact on the systemic immune system.

No neurotoxicity was observed.
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All ocular tissues were normal and no ocular infections were observed, indicating

intact local immunity in the chronically treated animals.

3.4.3 PHARMACOKINETICS

Nonclinical pharrnacokinetic studies of cyclosporine ophthalmic emulsions have

demonstrated 2 key points:

Cyclosporine ophthalmic emulsions in rabbits and dogs produce and maintain

high, dose-dependent concentrations in cornea and conjunctiva, the ocular surface

tissues associated with cyclosporine treatment of dry eye. Calculable elimination

half-lives in these tissues after multiple ophthalmic administration ranged from

25.1 to 52.0 hours. Ocular surface tissue concentrations in beagle dogs were

comparable to those in albino rabbits.

Blood concentrations of cyclosporin A in rabbits, dogs, and humans were very

low during ophthalmic treatment with cyclosporine emulsions, even during the

exaggerated dosing regimens used in toxicological studies. Blood Cum in rabbits

and dogs were at least 14 and 7 times higher, respectively, than the blood Cm in

humans during ophthalmic treatment with cyclosporine emulsions. However,

concentrations in these animals were still more than 440 times lower than the

mean blood Cm,‘ produced by approved oral treatment with cyclosporine for

systemic indications.

Considered in their entirety, the pharmacokinetic data included in this application indicate

consistently that cyclosporine concentrations during ophthalmic treatment with 0.05%

and 0.1% cyclosporine emulsions are high in ocular target tissues and extremely low in

blood. This pharmacokinetic behavior is consistent with ocular efficacy and indicative of

systemic safety.
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3.5 CLINICAL PHARMACOKINETICS SUMMARY

3.5.1 SYSTEMIC EXPOSURE AFTER OPHTHALMIC ADMINISTRATION

Blood concentrations of cyclosporin A following ophthalmic administration of cyclosporine

ophthalmic emulsions were measured in human blood using a sensitive liquid

chromatography/mass spectrometry—mass spectrometry assay specific for cyclosporin A. The

lower limit of quantitation was 0.1 ng/mL.

Blood cyclosporin A concentrations in samples collected during Phase 2 and Phase 3 studies of

cyclosporine ophthalmic emulsions were barely detectable:

In a clinical Phase 2 study of 0.05% to 0.4% cyclosporine emulsions, mean blood

cyclosporin A concentrations were below the quantitation limit of 0.1 ng/mL in all

0.05% and 0.1% cyclosporine emulsion-treated patients at all sampling times. The

highest blood concentration measured in any patient taking 0.05 or 0.1% cyclosporine

emulsion BID in both eyes was 0.102 ng/mL. The highest blood concentration measured

in any individual patient in any treatment group was 0.158 ng/mL, and was from a

patient treated BID in both eyes with 0.4% cyclosporine emulsion.

In a clinical Phase 3 study of 0.05% and 0.1% cyclosporine emulsions, mean blood

cyclosporin A concentrations were below the quantitation limit of 0.1 ng/mL in both

treatment groups at all sampling times. Out of 140 trough blood samples collected from

cyclosporine emulsion-treated patients at months 1 or 6, and 208 serial blood samples

collected from 26 cyclosporine emulsion-treated patients over one dosing interval at

months 9 through 12, only 9 samples contained quantifiable cyclosporin A. All 9 of

these samples were from 0.1% cyclosporine emulsion-treated patients, and the highest of

them contained 0.299 ng/mL. The other 339 samples, which included all samples from

patients treated with 0.05% cyclosporine emulsion, were below the quantitation limit of

0.1 ng/mL.

The NEORAL® labeling indicates that systemic treatment of rheumatoid arthritis and

psoriasis with NEORAL® produced blood concentrations (mean 1 SD) that ranged from

a trough of 74.9 t 46.7 ng/mL to a Cm, of 655 i 186 ng/mL to 728 i 263 ng/mL (PDR-

NEORAL®, 1998).
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Based on blood concentrations reported during NEORAL® treatment compared to those

. measured during ophthalmic treatment with cyclosporine emulsions, the margins shown in Table
3.5.1—1 indicate that blood concentrations produced by ophthalmic treatment with cyclosporine

emulsions are at least several orders of magnitude below those produced by systemic

cyclosporine treatments already approved for non-life—threatening conditions.

Table 3.5.1-1. Comparison of dose and subsequent mean blood Cnmxs Cavefage, Cnfiny
and AUCo_1; between systemic therapeutic use of NEORAL® and
topical use of 0.05 % and 0.1 % cyclosporine emulsions.

Mean parameter NEORAL®" Cyclosporine NEORAL®Iophthalmic
ophthalmic emulsionsb emulsion ratio

Starting dose 150 0.114 (0.1%) 1,320 (0.1%)

(“W60 k3’daY) 0.0570 (0.05%) 2,630 (0.05%)

blood cyclosporine concentrations measured during oral treatment of rheumatoid arthritis or psoriasis with NEORAL°

blood cyclosporin A concentrations measured during ophthalmic treatment with cyclosporine emulsions

from PDR-NEORAL”, 1998 (for NEORAL°) and study report PK-98-I 12 (for cyclosporine emulsions)

calculated as AUCo_1z (ngohr/ml)+l2 hr

from PDR-NEORAL°, 1998 (for NEORAL°) and PK—98—lO9 (for cyclosporine emulsions)

3.5.2 OCULAR PHARMACOKINETICS AFTER OPHTHALMIC ADMINISTRATION

The ocular pharmacokinetics of cyclosporine after topical administration have not been

investigated in humans. The concentration—time profile of cyclosporin A in tears over the course

of one 12 hour dosing interval is being assessed as part of a Phase 3 clinical protocol and will be

reported later.



281

mc2__s>m<



282

Allergan Confidential Original NDA 21-023
Cyclosporinc ophthalmic emulsion 5603011 3

3.6 MICROBIOLOGY SUMMARY

Anti—infective drugs only; not applicable.
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3.7 CLINICAL SUMMARYv

9
3.7.1 CLINICAL PHARMACOLOGY AND PHARMACOKINETICS

3.7.1.1 Background

The immune—based inflammation of both the ocular surface and the lacrimal glands, and the

subsequent effects on the entire ocular system suggest a new perspective on the etiologies and

pathophysiology of KCS. New therapeutic agents for the treatment of ocular surface disorders

can thus target the specific pathology of this syndrome. Autoimmunity, by definition, is an

inappropriate activation of T-cells in response to a class [1 (self) antigen. Some forms of dry—eye

disease are secondary to systemic autoimmune diseases, eg, rheumatoid arthritis and systemic

lupus erythematosus (SLE). Recent data however show that systemic autoimmunity is not

required for a local autoimmune event to occur within the ocular tissue. Current therapy for

autoimmune diseases is based on systemic immunosuppression of the patient. Topical

cyclosporine ophthalmic emulsion however exerts only a local effect, an action termed

immunomodulatory.

3.7.1.2 Assessment of Immune Activation and Inflammatory Response

With local stresses or injuries to the ocular surface, normal tear secretion is altered.

Pro-inflammatory tears are secreted, and cytokines are synthesized and secreted by the epithelial

cells of the conjunctiva and cornea (Jones et al, 1994). In susceptible patients, such

inflammatory changes are the basis of dry eye in the absence of frank autoimmunity. The

inflammatory response within the ocular surface tissues is the source of the patient’s disease

symptoms. Classical clinical evaluations, such as the Schirmer tear test and fluorescein staining,

do not correlate well with the patient’s perception of disease severity and discomfort. It is the

inflammation of the ocular surface that may correlate more specifically with the clinical

symptoms and reflect disease severity. Therefore research endpoints (tertiary tests) were added

to evaluate markers of immune activation and inflammation.

Biological tissues were collected from subsets of patients in the Phase 3 studies. Conjunctival

biopsy specimens were examined using histochernical antibody staining. Specific markers

included the infiltrating lymphocytic cells CD3 (total T cells), CD4 (T—helper cells), and CD8
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(T—suppressor cells); an immune—reactivity marker HLA—DR; and an inflammation marker

CD11a (receptor for intracellular adhesion molecule [ICAM]). The biopsies were also evaluated
histologically for the density of goblet cells which are the ocular surface source of mucin, a key

component of the tear film. Superficial conjunctival specimens using impression cytology were

collected and used as a source of messenger RNA (mRNA) for interleukin-6 (IL-6), an important

cytokine associated with inflammation.

3.7.1.3 Ocular Surface Inflammation

Increased levels of inflammatory cytokines such as interleukin—1[3 (IL-IB), IL-6, and

interleukin-8 (IL-8) have been found in patients with Sj6gren’s syndrome (Pflugfelder et al,

1996; Raphael et al, 1988). These patients also show expression of the immune activation

marker HLA-DR and ICAM-1 in the conjunctival epithelium (Jones et al, 1994). Epithelial cells

in the lacrimal and salivary tissues have the potential to be antigen—presenting cells. In vivo,

acinar cells in both the salivary and lacrimal glands of patients strongly express class II antigens

(Fox et al, 1986; Jabs and Prendergast, 1988; Jones et al, 1994).

A recent study showed that infiltrating T cells in both lacrimal and salivary glands recognize the

shared epitopes (eg, the biochemical structures or parts on the antigen that bind or interact with

the T cell) on autoantigens. This suggests the importance of autoantigens with similar epitopes

in the initiation of Sj6gren’s syndrome (Matsumoto et al, 1996). Epithelial cells in inflamed

lacrimal or salivary tissues may be able to present autoantigens to the cell surface receptors.

This mode of T-cell activation can occur locally in the absence of systemic autoimmunity.

There appear to be 2 distinct mechanisms which can trigger dry-eye disease. First, a localized

autoimmune event occurs in the ocular tissues against a purported backdrop of genetic/hormonal

predisposition. The loss of normal hormonal support to the lacrimal tissues results in a local

environment that facilitates or permits initiation of inflammatory processes. Neurogenic

stimulation is thought to play a role in upregulating inflammation in this first mechanism.

Second, chronic physical irritation to the ocular surface occurs, such as with contact lens wear,

wind, low humidity, or increased abrasive forces from blinking over an ocular surface with an

inadequate tear film. Inflammation from chronic physical irritation develops without
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predisposing immunoreactivity. Either etiology results in a common immune-based

. inflammation of the lacrimal glands and ocular surface.

Ocular irritation, inflammation, and the resultant abnormal tear film all interact to create the

signs and symptoms of dry—eye disease. Palliative treatments such as artificial tears reduce the

increased shear forces which arise from blinking over a non—lubricated ocular surface. They

often will provide symptomatic relief to patients, and temporarily may improve fluorescein

staining of the ocular surface. Palliative treatments may also decrease the acute im'tative—based

reactivity and inflammation by reducing the physical irritation which can directly trigger

epithelial release of pro—inflammatory cytokines. However chronic palliative treatment alone is

inadequate to address, long term, the inflammation of the disease. This is demonstrated by the

persistent complaints of patients with dry eye using currently available therapies.

3.7.1.4 Pharmacologic Activity

Within the ocular surface, cyclosporine ophthalmic emulsion acts as an immunomodulator, an

anti—inflarnmatory agent, and a direct inhibitor of pathological epithelial apoptosis.

Immunomodulation

The immunomodulatory activity of cyclosporine ophthalmic emulsion is achieved by its

selective inhibition of inflammatory cytokines. Interleukin-2 (IL-2) is known to promote and

enhance the immune response. Inhibition of the secretion of such cytokines therefore prevents

the amplification of immune reactivity, and indirectly the resultant inflammation.

Cyclosporine binds to cyclophilin, which in turn binds to the calcineurin complex and prevents

the dephosphorylation of nuclear factor NF—ATc. The nuclear translocation and thus the

promoter binding is prevented, and the T cell is unable to be activated. Cyclosporine does not

deactivate previously activated T cells, but prevents new T—cell activation. It has also been

demonstrated that cyclosporine inhibits activation of nuclear factor NF—KB, which is involved in

the regulation of immune and pro—inflammatory cytokine response genes (Meyer et al, 1997;

Boss et al, 1998).
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Anti—Inflammatory Activity

Cyclosporine has been shown to regulate inflammation within the tissues of the ocular surface

by inhibiting ICAM-l expression on endothelial cells (Oran et al, 1997). Expression of this

protein is critical to allow migration of lymphocytes and other inflammatory cells through the

vessel wall and into the substantia propria and conjunctival epithelium.

In addition to the indirect effect on inflammation, a direct anti—inflammatory action of

cyclosporine ophthalmic emulsion is likely mediated by its inhibition of phosphatases.

Phosphatases are a ubiquitous class of enzymes involved in a wide range of metabolic processes

such as cell proliferation. Cyclosporin A inhibits the serine/threonine phophatase, calcineurin

(Florio et al, 1996). Thus the proliferation of inflammatory cells and subsequent inflammation

within the ocular surface and lacrimal glands are prohibited. Cyclosporine’s modulation of

phosphatase activity is important in maintaining growth factors and other supportive proteins

within the ocular surface.

Chronic inflammation in the form of progressive lymphocytic infiltrations in the lacrimal gland

and ocular surface is frequently found in dry-eye patients, with or without systemic autoimmune

disease. Immunohistochemical studies demonstrated that these infiltrating lymphocytes

primarily consist of CD4 (T-helper) cells (Pflugfelder et al, 1986; Pepose et al, 1990). T-helper

cells play an important role in the immune response, and also in the inflammatory response

through cytokine synthesis. Cyclosporine is known to specifically affect T-helper cells by

inhibiting their activation and ability to recruit additional T cells to an immune—active site.

Modulation of Pathological Apoptosis

Pathological changes seen in autoimmunity can be related to pathological alterations in the

apoptotic state of the tissues. The stability of secretory acinar epithelial cells in normal lacrimal

glands is ensured by factors such as Bcl—2 anti-apoptotic cell survival factor, RB—protein

(dephosphorylated, maintains terminal differentiation), and circulating androgens (inhibition of

inflammation). As inflammatory induction of acinar cell death progresses, the secretory capacity

of the glands is compromised. The effects of “downstream” secretion of inflammatory tears to

the ocular surface are amplified.
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In biopsy tissues from spontaneous, chronic idiopathic dry-eye dogs, pathological changes in

apoptosis of lacrimal acinar and conjunctival epithelial cells were observed (Gao et al, 1998). In

conjunctival biopsies from KCS patients, alteration of apoptosis was found in the infiltrating

lymphocytes (Smith et al, 1999). Flow cytometry is currently being used to evaluate the effect

of cyclosporine emulsion on the apoptotic status of epithelial cells from patients enrolled in a

large European multicenter trial (Study 192371-501, NDA Section 8.8). Pretreatment data at

baseline demonstrate alterations of epithelial apoptosis in patients with dry-eye disease

(NDA Section 8.11.5).

3.7.1.5 Conclusions

Cyclosporine ophthalmic emulsion acts concurrently as an immunomodulating agent, an

anti-inflammatory agent, and an agent that normalizes the apoptotic status of the ocular surface

and lacrimal glands. Evaluation of inflammatory cells subtypes, cytokine expression, and

apoptotic markers will help to further describe the pathophysiology of dry-eye disease, and

provide a new basis for potential therapeutic agents. Such tests are currently considered basic

research measures, but represent important new endpoints for inclusion in future studies of

dry-eye disease.
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3.7.2 OVERVIEW OF CLINICAL STUDIES

0 3.7.2.1 Introduction

The Sponsor has conducted 3 double—masked, randomized, vehicle-controlled clinical trials that

demonstrate the safety and efficacy of cyclosporine ophthalmic emulsion for the treatment of

moderate to severe keratoconjunctivitis sicca (KCS) with or without Sj 6gren’s syndrome. The

initial study was a Phase 2 trial that assessed the efficacy, tolerability, and safety of

4 concentrations of cyclosporine ophthalmic emulsion (0.05%, 0.1%, 0.2%, and 0.4%). Based on

the results of that study, the 2 subsequent Phase 3 studies evaluated the safety and efficacy of

cyclosporine 0.05% and 0.1% ophthalmic emulsions. The Phase 3 trials had an identical study

design except that only one trial included pharmacokinetic parameters.

3.7.2.2 Design of the Phase 3 Clinical Trials

Systemically administered SANDIMMUNE® was approved for use in organ transplants in 1983,

and since that time extensive data have accumulated on the clinical pharmacology and potential

uses of cyclosporine for a variety of systemic and ocular conditions. When the Sponsor began

designing clinical studies for a new topical preparation, it had a solid base of clinical

pharmacology data from the systemic drug literature. Additionally, extensive use of topical

ophthalmic cyclosporine for a broad variety of human ocular conditions, as well as the

development of topical ophthalmic cyclosporine for the treatment of chronic, idiopathic KCS in

the dry-eye dog, were used as starting points for study design.

Dosage

Based on pharmacokinetic and other nonclinical studies, clinical studies by Sandoz

Pharmaceuticals Corporation (now Novartis Pharmaceuticals Corporation) with

SANDlMMUNE® ophthalmic ointment 0.5% to 2.0%, and other published studies in humans,

the cyclosporine concentrations selected for the Phase 2 study were 0.05%, 0.1%, 0.2%, and

0.4%. Analysis of that study found that response seemed to plateau at the 3 higher

concentrations (0.1%, 0.2%, and 0.4%; study report 192371-001, 1997). Therefore, 0.05% and

0.1% were selected for study in the Phase 3 clinical trials.

Following previous clinical studies with SANDIMMUNE®, twice-daily treatment was chosen as

the dosage regimen. Ocular pharmacokinetic studies in rabbits after a single drop of 0.2%

cyclosporine indicate a 26 to 44-hour half—life in most ocular tissues (study report PK-95-010,
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1995), suggesting the possibility of once—daily dosing. However, the twice—daily regimen

minimizes differences between peak and trough drug levels and was chosen to provide a more

constant drug exposure to ocular tissues over the entire dosing interval.

Patient Selection Criteria

A set of required subjective symptoms and predefined objective KCS findings were used to

select a population of patients with moderate to severe KCS with or without Sj6gren’s syndrome.

Exclusion criteria included end-stage lacrimal disease; patients using medications, devices, or

undergoing procedures known to effect a dry-eye condition; and patients whose dry eye was

secondary to a primary disease condition other than secondary Sj6gren’s syndrome. These

exclusions were made not because of safety concerns, but because it was thought that such

conditions might confound interpretation of study results.

Duration of Studies

Building on the results of the Phase 2 study that included 12 weeks of treatment with study

medication (study report 192371-001, 1997), treatment duration was extended in the Phase 3

studies to evaluate efficacy at the end of a 6-month treatment period. A variety of tertiary tests

were included in the Phase 3 studies to directly evaluate measures of the underlying

pathophysiology of dry-eye disease, the target of topical cyclosporine emulsion therapy. A

6-month treatment period allowed sufficient time to observe these immune and inflammatory

endpoints. To support the long-term safety of this formulation, the studies will continue for an

additional 6 months, for a total of 12 months of study treatment.

Timing of Visits

In previous studies with topical ophthalmic cyclosporine, it was noted that the effect of

cyclosporine was first apparent after approximately 1 month of treatment. Therefore, in

designing the clinical studies, it was decided to schedule the first return visit for efficacy

assessment 1 month after initiating treatment. Subsequent visits were at 3, 4, 6, and 12 months.

Number of Patients

The number of patients enrolled in each of the Phase 3 studies was based on statistical power

calculations for 2 efficacy variables, ocular staining and the Ocular Surface Disease Index©

(OSDI©) scores. For each study, 100 evaluable patients in each treatment group would give

adequate power to detect a significant treatment effect. Overall, the Phase 2 and Phase 3 studies
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provided a safety database of 1039 patients with KCS, including 714 patients who were exposed

to any concentration of cyclosporine ophthalmic emulsion.

Choice of Control

The studies were vehicle-controlled, using the same castor-oi1—based topical emulsion vehicle as

the active study drug. The vehicle was formulated to enhance palliative benefits and to optimize

drug delivery of cyclosporine. Thus, it was expected that the vehicle would have a significant

beneficial effect.

Efficacy Endpoints in the Phase 3 Studies

Assessments of objective signs and subjective symptoms have been considered the mainstay of

dry—eye disease diagnosis and evaluation (Lemp, 1995; Lemp and Chacko, 1997). Objective

signs used by the Sponsor in Phase 3 studies included ocular surface staining, Schirmer tear test,

and tear break—up time. Subjective symptoms included blurred vision, ocular dryness, burning

and stinging, sandy or gritty feeling, and photophobia. The desire to evaluate the subjective

components of the disease in an expanded way prompted the use of the OSDI©, the Facial

Expression Subjective Rating Scale, and the use of REFRESH® artificial tears. In addition to

these standard objective and subjective assessments, several tertiary tests were used to

objectively measure the effect of cyclosporine on the immune and inflammatory mechanisms

underlying the disease.

Staining: To assess damage to the ocular surface, staining techniques are used to evaluate both

the cornea and the conjunctiva. In progressive dry—eye disease, the absence of ocular lubrication

results in increased abrasive forces affecting the ocular surface, particularly the cornea. Because

of the comea’s role in vision, evaluation of corneal pathology due to dry—eye disease is a

particularly important assessment. Corneal staining may be performed with fluorescein (Lemp,

1995; Lemp and Chacko, 1997), which stains areas of denuded epithelium and compromised

epithelial junctions (punctate staining). Historically (and in the Phase 2 study), conjunctival

staining has been performed using rose bengal. However, quantities of rose bengal stain, large

enough for clinical trial use, were not available. Lissarnine green was used to assess conjunctival

pathology in the Phase 3 studies because it functions similarly to rose bengal but causes less

patient discomfort (Lemp, 1995; Nom, 1973).
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Schirmer Tear Test: This test without anesthesia measures both normal aqueous secretion and

. stimulated aqueous secretion; the test with anesthesia blocks stimulated secretion and measures
only the normal flow. The studies included both tests. Wetting of less than 5 mm of the

Schirrner strip after 5 minutes (less than 3 mm when anesthesia is used) is considered to suggest

an aqueous tear deficiency (Lemp and Chacko, 1997).

Tear Break—up Time: This measures the time to appearance of dry spots on the ocular surface

following a blink and is a rough estimate of a compromised or abnormal tear film. A break—up

time less than 10 seconds is generally considered abnormal and suggests an unstable tear film

(Lemp and Chacko, 1997).

Ocular Surface Disease Index© (0SDI@): This validated (OSDI© Validation Final Report, 1998)

l2—item questionnaire includes questions on ocular symptoms, ocular sensitivity to

environmental insult, and the effect of eye problems on the ability to perform routine tasks

(vision-related function).

Facial Expression Subjective Rating Scale: This instrument consisted of 9 expressive faces,

ranging from the happiest to the unhappiest face, categorized into 5 grades. Patients chose the

face that reflected how their eyes felt over the past week.

Symptom Questionnaire: Patients evaluated the dry-eye symptoms of blurred vision, dryness,

sandy or gritty feeling, buming/stinging, pain, itching, and sensitivity to light on a 5-point scale

(0 = none to 4 = very severe). In addition, individual symptoms were summed to construct a

composite score to generally reflect the basis of discomfort associated with KCS.

REFRESH® Use: Because of the severity of KCS, patients in all study groups were allowed to

instill the artificial tear REFRESH® during the study. A decrease in the amount of REFRESH®

used over the course of the study would indicate that patients were benefiting from their study

treatment and were relying less on the use of artificial tears to relieve their dry-eye symptoms.

Tertiary Tests: These included histological evaluation of conjunctival biopsies using standard

light microscopy as well as immunohistochemical evaluation of monoclonal antibodies for cell

surface markers to determine the presence and activation of T cells and other immune-related

endpoints; collection of superficial conjunctival epithelium (impression cytology) to evaluate

messenger RNA (mRNA) expression for interleukin-6 (IL-6), a cytokine known to be actively

involved in the inflammatory processes; collection of conjunctival impressions, as an additional
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method to evaluate the density of goblet cells, which are responsible for the production of the

. mucin layer of the tear film; and tear osmolality, which is increased in the presence of aqueous
tear deficiency.

Pharmacokinetics

To evaluate the amount of cyclosporine absorbed into blood and present in tears after topical

ocular administration, pharmacokinetic variables were evaluated in the Phase 2 study and one of

the Phase 3 studies (192371-002). In the former, blood samples were taken after 1, 4, and

12 weeks of treatment; trough and peak (Cm) cyclosporin A blood concentrations were

evaluated. In the latter, blood cyclosporin A trough concentration was evaluated at baseline and

after 1 and 6 months, and blood cyclosporin A area under the curve (AUC) was evaluated after

9 to 12 months in a subset of patients. The 12-month tear cyclosporin A AUC data will be

submitted to the Investigational New Dmg Application (IND) at a later date.

Laboratog Testing

Autoantibody tests performed to facilitate an objective diagnosis of Sjogren’s syndrome (SS)

were antinuclear antibody (ANA), rheumatoid factor (RF), and Sj6gren’s syndrome antibodies

class SS—A (R0) and class SS—B (La).

Safety Testing

In addition to adverse event reporting, several routine ophthalmic safety tests were conducted

including visual acuity measurements, measurement of intraocular pressure (IOP), and

biomicroscopy. Additionally, in the Phase 2 study (l9237l—0O1), blood chemistry and

hematology were evaluated for all patients. Conjunctival swabs were also obtained from a subset

of patients in this study to evaluate any qualitative changes in ocular microflora. Since no

changes from baseline were observed in any blood chemistry and hematology endpoints, and no

ocular infections occurred during the Phase 2 trial, the Sponsor and FDA concurred at a post-

Phase 2 meeting that these endpoints did not need to be included for further evaluation in the

Phase 3 program.

3.7.2.3 FDA/Sponsor Discussions

The design and analysis of the clinical studies were discussed between the Sponsor and the FDA

at 2 end of Phase 2 meetings, in other meetings, and in telephone conversations.
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Major agreements included:

. There were no safety concerns with any of the drug concentrations being studied.

The Sponsor should show efficacy in at least 1 objective sign and 1 subjective endpoint.

The Sponsor should show a clinically relevant improvement from baseline in ocular surface

staining of at least one grade (0 to 5 scale).

Use of the OSDI© was acceptable; the OSDI© must be validated.

The Sponsor should conduct Phase 3 trials with both 0.05% and 0.1% cyclosporine

concentrations to ensure the lowest effective dose is identified.

No ocular microbiological data would be required from the Phase 3 trials.

The NDA could be filed based on results from the first 6 months of masked treatment.

The Facial Expression Subjective Rating Scale could be used instead of the OSDI© as the key

subjective efficacy variable.

The use of ocular surface staining was preferred over Schirmer as the primary objective

endpoint and was recommended by the FDA.

The primary statistical analysis would be intent-to-treat with last observation carried forward.
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3.7.2.5 References

. Stud Re on References
STUDY NUMBER STUDY TITLE VOLUME PAGE

192371-001 A dose—ranging study evaluating the safety, VOL 27 p. 002

tolerability, and efficacy of cyclosporine (0.05, 0.1,

0.2, 0.4%) and vehicle ophthalmic emulsions in the

treatment of moderate to severe keratoconjunctivitis

sicca. Allergan, 1997.

OSD1‘° Validation Validity and reliability of the ocular surface disease VOL 85 p_ 109

Fina] Report index questionnaire in patients with dry eye.

Allergan, 1998.
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298

Allergan Confidential Original NDA 21-O23
Cyclosporine ophthalmic emulsion Section 3

3.7.3 CONTROLLED CLINICAL STUDIES

3.7.3.1 Introduction

Three controlled studies are presented in this NDA to support approval of 0.05% cyclosporine

ophthalmic emulsion for the treatment of moderate to severe keratoconjunctivitis sicca (KCS).

Study 192371-001 (study report, 1997) was a Phase 2, vehicle-controlled dose-response study

that assessed the efficacy, tolerability, and safety of 4 concentrations of cyclosporine ophthalmic

emulsion (0.05%, 0.1%, 0.2%, and 0.4%). Based on the results of that study, the Phase 3

vehicle—controlled studies 192371-002 and 192371-003 (hereafter referred to as studies 002 and

003, respectively; study reports, 1999) evaluated the safety and efficacy of cyclosporine 0.05%

and 0.1% ophthalmic emulsions.

Although KCS can be a severe and debilitating disease, current treatment options are palliative,

providing symptomatic relief without addressing the underlying mechanisms of the disease. In

contrast, as shown in these studies, cyclosporine ophthalmic emulsion improves the signs and

symptoms of KCS and reduces the ocular inflammation and immune reactivity associated with

the disease, thus providing therapeutic benefit.

1 Five controlled clinical trials in KCS patients have been conducted previously (not by the

Sponsor) with ophthalmic administration of cyclosporine. Those studies are not included here

because they used a com-oil based ointment formulation and an emulsion in olive oil, different

formulations than the oil emulsion formulation that is the subject of this NDA.

In this section, the Phase 2 study is summarized first, reflecting the chronological sequence of

studies rather than the priority of their efficacy results for the NDA. Because both Phase 3

studies had the same study design, they are presented together in a side—by—side fashion. The

summary of efficacy from the Phase 3 studies primarily focuses on the objective efficacy

parameters corneal staining and Schirmer tear test with anesthesia, and the subjective endpoints

blurred vision and REFR.ESH® use.

3.7.3.2 Tabular Presentation of Studies

The following tables summarize the study design and demographic information for the

3 controlled clinical studies.
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3.7.3.3 Phase 2 Dose-Response Study

Objective

To evaluate the safety, tolerability, and efficacy of 0.05%, 0.1%, 0.2%, and 0.4% cyclosporine

ophthalmic emulsions compared with the vehicle of 0.2% cyclosporine in patients with

moderate to severe KCS with or without Sj6gren’s syndrome.

Design

The study was doub1e—masked, randomized, multicenter, and parallel—group in design. After a

2-week washout phase (when patients instilled REFRESH® artificial tears in each eye between 4

and 8 times daily), patients were randomized to a treatment group and instilled the study drug in

each eye twice daily (BID) for 12 weeks. Patients also used REFRESH® as needed up to 8 times

daily. The treatment phase was followed by a 4-week post—treatment phase. The results for the

treatment phase are reported here.

Study Population

Key inclusion criteria were Schirrner (without anesthesia) S 7 mm/5 minutes in at least 1 eye (if

Schirmer was 0 mm, Schirrner with nasal stimulation 2 3 mm/5 minutes in at least 1 eye), an

average superficial punctate keratitis (SPK) score of +1 in either eye, and at least 1 subjective

symptom of ocular discomfort with a score of +2 in either eye. Key exclusion criteria were

Schirrner < 3 mm/5 minutes in both eyes after nasal stimulation, frank ocular infection or non-

KCS ocular inflammation, corneal disorder or abnormality affecting corneal sensitivity or

normal spreading of the tear film (except SPK), occlusion of the lacrimal puncta within

3 months prior to study entry, and neurotrophic corneas or history of anterior segment surgery or

trauma that could affect corneal sensitivity.

Evaluation Criteria

Objective efficacy endpoints were corneal staining (referred to in the study report as

superficial punctate keratitis, SPK), the Schirrner tear test without anesthesia, and

conjunctival staining using rose bengal. Subjective endpoints were symptoms of dry eye,

the Ocular Surface Disease Index© (OSDI©), investigator’s evaluation of global response

to treatment, and REFRESH® use. Tear film debris, tear break-up time, brush cytology,

tear meniscus height, meibomian gland health, and tear proteins also were evaluated.

Safety measures were adverse events, formulation tolerability, conjunctival microbiology,
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biomicroscopy, intraocular pressure (IOP), vital signs (pulse and blood pressure), visual

. acuity (by Regan Letter Acuity Chart), blood chemistry and hematology. In addition,
whole blood cyclospoiin A levels were determined.

Statistical Methods

The efficacy analyses used data from all patients/visits that satisfied criteria detailed in the

protocol. The safety analysis included data from all patients. Categorical variables (eg, corneal

staining, Schirmer tests, and symptoms) were summarized by descriptive statistics.

Comparisons across treatment groups were analyzed by the Kruskal—Wallis test. Comparisons

between groups were analyzed by the Wilcoxon rank sum test. Comparisons for continuous

variables (eg, REFRESH® use, IOP, and laboratory variables) were analyzed by analysis of

variance. Adverse event data were summarized by frequency tables. Two-sided tests with

P values S 0.05 were considered statistically significant for testing of all main effects.

The heterogeneity of the enrolled patients was greater than expected resulting from the protocol-

specified entry criteria for signs and symptoms of KCS. The planned analyses were to be done

on intent-to-treat (ITT) and preferred populations (the latter defined as evaluable patients with

efficacy data from at least 1 follow—up visit at week 4 or later). Because of the heterogeneity,

the overall preferred population was retrospectively divided into subpopulations based upon the

severity of dry eye for statistical analyses. This subpopulation, referred to as the preferred-

Phase 3 target subpopulation, included patients who met the criteria for the preferred population,

had at least 1 eye with a Schirmer = 5 mm at baseline (week 0), and had SPK = 1.5 averaged

over both eyes. Results for this subpopulation, which included 54% (88/162) of the patients

enrolled in the study, are presented here because it represented the population of interest for

subsequent studies. Results of all efficacy analyses (ITT, preferred, preferred-Phase 3 target

subpopulation, preferred—reflex tear responder subpopulation, and preferred— Sjogren’s

subpopulation) are included in the clinical study report in NDA Section 8.11.1.

Patient Di_sposition and DemQg_r_aphics

Nine US sites enrolled 162 patients, 129 in cyclosporine groups and 33 in the vehicle group.

Most patients (92.6%, 150/169) completed the study; 7.4% (12/169) were discontinued. Of the

12 discontinuations, 4 were due to adverse events and 8 were for other reasons. No patient

discontinued due to lack of efficacy.

Patient demographics for the ITT population are summarized in Table 3.7.3.3. There were no

statistically significant differences among the treatment groups for any of the demographic

variables (NDA Section 8.11.1, Attachment 9, Table 7).
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Table 3.7.3.3 Phase 2 Study: Summary of Demographics (I'I'I‘ Population)

. —
Vehicle 0-05% W

31 32 34 32Age, N 33 162
Mean (SD), years 61.2 58.5 56.5 58.0 58.9 58.6
Range 37.7 - 87.7 35.7 - 80.0 39.5 — 75.9 31.4 - 75.1 33.0 - 82.4 31.4 — 87.7

Race, N (%)
White 28 (84.8) 28 (90.3) 27 (84.4) 33 (97.1) 29 (90.6) 145 (89.5)
Black 3( 9.1) 3( 9.7) 3( 9.4) 1 ( 2.9) 2( 6.3) 12( 7.4)
Asian 1 ( 3.0) 0( 0.0) 0( 0.0) O( 0.0) O( 0.0) 1( 0.6)
Hispanic 1 ( 3.0) 0( 0.0) 2( 6.3) 0( 0.0) 1 ( 3.1) 4( 2.5)

5 (15.2) 4 (12.9) 3 ( 9.4) 5 (14.7) 9 (28.1) 26 (16.0)
28 (84.8) 27 (87.1) 29 (90.6) 29 (85.3) 23 (71.9) 136 (84.0)

Iris Color, N (%)
Blue 10 (30.3) 9 (29.0) 9 (28.1) 12 (35.3) 11 (34.4) 51 (31.5)
Brown 13 (39.4) 12 (38.7) 17 (53.1) 12 (35.3) 11 (34.4) 65 (40.1)
Green 6(18.2) 3( 9.7) 0( 0.0) 3( 8.8) 5 (15.6) 17(10.5)
Black 0( 0.0) 1( 3.2) 0( 0.0) 0( 0.0) 0( 0.0) 1( 0.6)
Hazel 4 (12.1) 6 (19.4) 6 (18.8) 7 (20.6) 4 (12.5) 27 (16.7)
Other 0( 0.0) 0( 0.0) 0( 0.0) 0( 0.0) 1 ( 3.1) 1( 0.6)

Note: SD = standard deviation

Objective Efficacy Measures

Corneal Staining: Statistically significant within-group decreases (P S 0.004) from baseline for

corneal staining occurred in the cyclosporine 0.1%, 0.2%, and 0.4% groups at all time points

during the 12-week treatment period. Mean improvement from baseline was greatest

(approximately 1.3 grades on a 4—grade scale) in the 0.1% cyclosporine group at all treatment

visits, although there were no statistically significant differences among the treatment groups.

Schirmer Tear Test without Anesthesia: The most consistent increase from baseline in Schirmer

values during the treatment period occurred within the cyclosporine 0.1% group. The increase

ranged from 4.3 mm/5 min at week 8 to 2.8 mm/5 min at week 12, although within-group

changes from baseline were not statistically significant. There were no statistically significant

among—group differences during the treatment period.

Conjunctival Staining with Rose Bengal: Statistically significant within-group from baseline for

nasal interpalpebral conjunctiva] staining occurred within the 0.05%, 0.1%, and 0.2%

cyclosporine groups at all treatment weeks, with the greatest magnitude of improvement in the
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0.1% cyclosporine group (approximately 0.9 grade on a 4-grade scale). Statistically significant

. improvement from baseline also occurred for temporal interpalpebral conjunctiva] staining at all
treatment visits in the 0.1% cyclosporine group (approximately 1.1 grades).

Subjective Efficacy Measures

Symptoms: Information on symptoms was collected from queries at scheduled visits that were

conducted by a health professional and recorded on the case report forms (CRFs) and from self-

administered patient diaries. Baseline results suggested that patients may have consistently

underreponed symptom severity when responding to the CRF queries compared to when they

were using diaries. Therefore, results are presented from dairies. Six symptoms (dryness, sandy

or gritty feeling, buming/stinging, pain, itching, and sensitivity to light) were each rated on a

5-grade scale (from no discomfort to discomfort that interferes with normal daily activity).

Improvement for sandy or gritty feeling was statistically significantly greater (P = 0.01) in all

4 cyclosporine treatment groups (approximately 0.3 to 1.0 grade) compared to a worsening in

the vehicle group at treatment week 12.

Facial Expression Rating Scale: This scale consisted of 9 expressive faces, ranging from the

happiest (picture 1) to the unhappiest face (picture 9). Responses were categorized into

5 grades. There were no statistically significant changes from baseline at any treatment visit,

and no statistically significant differences among the treatment groups.

Ocular Surface Disease Index@: The OSDI© is a validated 12-item questionnaire designed to

provide a rapid assessment of the symptoms of ocular irritation consistent with dry—eye disease

and their impact on vision—related functioning. An overall OSDI© score between 0 and l was

calculated as the sum of the responses for all questions answered (each rated from 0 = none of

the time to 4 = all of the time) divided by the total possible score. Statistically significant

decreases from baseline (improvement) occurred at the end of the 12-week treatment period in

the 0.1% and 0.2% cyclosporine groups, with the greatest magnitude of improvement in the

0.1% cyclosporine group at the end of the 12-week treatment period (0.15 grade). Among—group

differences favoring 0.1% cyclosporine were statistically significant (P = 0.038) at the end of the

12-week treatment period. Improvement from baseline in the 0.1% cyclosporine group was

greater than improvement in the 0.05% and 0.2% cyclosporine groups.
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REFRESH® Use: This information could not be collected using an inventory approach because

. patients did not return all REFRESHQ supplies. Therefore, use reported by patients was
analyzed. The need for concomitant use of REFRESH® was greater in the vehicle group than in

the 0.05%, 0.2%, and 0.4% cyclosporine groups by treatment week 12, although these

differences were not statistically significant. The fewest average unit doses of REFRESH® used

per day was 3.3 units for the vehicle group and, among the cyclosporine groups, 2.4 units per

day in the 0.05% cyclosporine group.

Investigat0r’s Evaluation of Global Response: This evaluation used a 7-point scale, from

condition worsened to condition improved approximately 100% (completely cleared). Some

investigators rated global response based on their objective clinical evaluations of the patients

while others queried the patients directly. The percentages of patients at treatment week 12

evaluated as having a moderate response, marked response, almost cleared, or completely

cleared were 36%, 18%, 29%, 36%, and 18% with 0.05%, 0.1%, 0.2%, and 0.4% cyclosporine

emulsion and vehicle, respectively.

Other Measures

Statistically significant improvement in tear film debris occurred in the 0.1% cyclosporine group

at treatment weeks 8 and 12. There were no statistically significant differences among the

treatment groups at any treatment visit. For tear break-up time, brush cytology, tear meniscus

height, meibomian gland health, and tear proteins, statistically significant differences that

occurred within and among the treatment groups were few and usually limited to a single time

point.

Extent of Exposure

The maximum duration of treatment was 12 weeks. In each of the treatment groups, 90% or

more of the patients had at least 8 weeks of treatment exposure.

Safety

The incidences of patients with one or more any adverse events regardless of causality were

9.7% (3/31), 12.5% (4/32), 17.6% (6/34), 21.9% (7/32), and 30.3% (10/33) with cyclosporine

0.05%, 0.1%, 0.2%, and 0.4%, and vehicle, respectively. The most frequently reported adverse

events regardless of causality in all treatment groups were ocular burning and SPK, reported by

5 patients each across all treatment groups.
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Two patients experienced serious adverse events (SAEs) during the study. One patient treated

. with vehicle had depression requiring hospitalization, and one patient treated with 0.4%
cyclosporine had an acute anterior myocardial infarction. Neither event was considered

treatment-related. Four patients discontinued the study due to adverse events, 1 patient in the

cyclosporine 0.2% group (ocular burning and hyperemia), 1 patient in the 0.4% cyclosporine

group (myocardial infarction), and 2 patients in the vehicle group (one due to ocular burning and

visual disturbance and one due to conjunctivitis and contact dermatitis).

The cyclosporine groups generally had fewer ocular microorganisms than the vehicle group, and

no significant changes in the microbial ocular flora were observed following cyclosporine

treatment. No ocular infections were reported in any of the cyclosporine treatment groups.

There were no notable differences between vehicle and cyclosporine treatment groups for

biomicroscopy, intraocular pressure, pulse, blood pressure, visual acuity, or laboratory data.

Comparison of trough whole blood concentrations of cyclosporin A suggested no substantial

accumulation following multiple ocular doses for 12 weeks. The average maximum whole

blood concentrations of cyclosporin A (Cmax) were less than 0.2 ng/mL.

Conclusions

Cyclosporine ophthalmic emulsion in concentrations of 0.05%, 0.1%, 0.2%, and 0.4% applied

twice daily was found to be effective, safety, and well tolerated for the treatment of moderate to

severe dry eyes with or without Sj6gren’s syndrome. Efficacy was not dose—re1ated, suggesting

that a plateau response was achieved at the lower concentrations tested. While 0.1%

cyclosporine ophthalmic emulsion produced the most consistent improvement overall for

objective and subjective endpoints, 0.05% cyclosporine ophthalmic emulsion was effective in

improving subjective patient symptoms. No additional efficacy benefit was evident with the

higher concentrations, 0.2% and 0.4%. Consequently, 0.05% and 0.1% cyclosporine ophthalmic

emulsions were selected for the subsequent Phase 3 clinical trials.

3.7.3.4 Phase 3 Study Design

Phase 3 studies 002 and 003 had an identical study design except for the inclusion of

pharmacokinetic evaluations in study 002.
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Objective

I. To evaluate the safety and efficacy of cyclosporine 0.05% and 0.1% ophthalmic emulsions
compared with vehicle in patients with moderate to severe KCS.

Design

These were multicenter, double—masked, randomized, vehicle-controlled, parallel—group studies.

During the 2-week Run—in Phase, patients instilled REFRESH® artificial tears daily as needed.

Patients were randomized and, during the 6-month Vehicle-Controlled Masked Treatment

Phase, instilled one drop of cyclosporine emulsion 0.05%, 0.1%, or vehicle into each eye BID,

and also used REFRESH® as needed until month 4, when they were encouraged to use

REFRESH® less than 8 times daily until month 12. During the ongoing 6-month Cyclosporine

Treatment Extension Phase, patients who received 0.05% or 0.1% cyclosporine continue on the

same regimen, while vehicle—treated patients are switched to 0.1% cyclosporine. Visits were at

screening, day 0 (baseline), and months 1, 3, 4, 6, and 12. Results for the 6-month Vehicle-

Controlled Masked Treatment Phase are presented in this NDA.

Study Population

Key inclusion criteria were Schirmer (without anesthesia) S 5 mm/5 min in at least one eye; if

0 mm/5 min, then Schirmer with nasal stimulation 2 3 mm/5 min in the same eye AND sum of

corneal and interpalpebral conjunctival staining 2 +5 in the same eye where corneal staining

2 +2 AND at least 9 responses on the OSDI© questionnaire other than “not applicable” and

responses were in a combination to achieve the minimum required entry score AND Facial

Expression Subjective Rating Scale 2 3. Key exclusion criteria were uncontrolled systemic

disease or any significant illness; active ocular disease, corneal disorder or abnormality; active

ocular infection or non-KCS inflammation; ophthalmic surgery or trauma; occlusion of the

lacrimal puncta; and use of topical or systemic cyclosporine.

Evaluation Criteria A

Objective efficacy endpoints were corneal and interpalpebral conjunctival staining, Schirmer

tear test with and without anesthesia, and tear break-up time. Subjective efficacy endpoints

were OSDI© score, Facial Expression Subjective Rating Scale, symptoms of dry eye,

investigator’s evaluation of global response to treatment, and treatment success. In addition, a
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responder analysis used 4 of these efficacy parameters. Tertiary ophthalmic tests (results

reported separately from the study reports) included mRNA levels for inflammatory cytokine

interleukin—6 (IL-6), conjunctival biopsy to evaluate lymphocytic infiltrates, conjunctival goblet

cell density, and tear osmolality. In study 002 only, pharrnacokinetic measures were blood

cyclosporin A trough concentrations, and blood and tear cyclosporin A area under the curve

(AUC) evaluations only after 9 to 12 months during the Cyclosporine Treatment Extension

Phase. Safety measures were adverse events, visual acuity (by the Early Treatment of Diabetic

Retinopatliy Study chart), IOP, and biomicroscopy. Because no changes from baseline were

observed in any blood chemistry or hematology parameters and no ocular infections occurred in

the Phase 2 study, the Sponsor and Food and Drug Administration (FDA) concurred that these

endpoints did not need to be included in the Phase 3 studies.

Statistical Methods

Data from all patients receiving study medication were included in the ITT analyses for safety

and efficacy. Missing efficacy values were imputed using the last observation carried forward.

Continuous variables, such as all staining scores and the OSDl© score, were analyzed by 2-way

analysis of variance. Categorical variables, such as the Facial Expression Subjective Rating

Scale, categorized Schirmer values, and symptoms of dry eye, were analyzed by the Cochran-

Mantel-Haenszel test with modified ridits, stratified by investigator. Adverse event data were

summarized by frequency tables. Two—sided tests with P values S 0.05 were considered

statistically significant for all analyses.

3.7.3.5 Phase 3 Patient Disposition and Demographics

In study 002, 14 US sites enrolled 405 patients, 135 in the 0.05% cyclosporine group, 134 in the

0.1% cyclosporine group, and 136 in the vehicle group. The majority of patients (75.6%,

306/405) completed the 6-month Vehicle—Controlled Masked Treatment Phase. Among the

24.4% (99/405) of patients who discontinued the study prematurely, 0.5% (2/405) did so due to

lack of efficacy, 7.4% (30/405) due to adverse events, and 16.5% (67/405) for other reasons.

In study 003, 24 US sites enrolled 472 patients, 158 in the 0.05% cyclosporine group, 158 in the

0.1% cyclosporine group, and 156 in the vehicle group. The majority of patients (77.3%,

365/472) completed the 6-month Vehicle—Controlled Masked Treatment Phase. Among the
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22.7% (107/472) of patients who discontinued the study prematurely, 1.1% (5/472) did so due to

lack of efficacy, 6.6% (31/472) due to adverse events, and 15.0% (71/472) for other reasons.

Patient demographics for each of the Phase 3 studies are summarized in Table 3.7.3.5. There

were no statistically significant differences among the treatment groups in either study for these

parameters (NDA Sections 8.11.1 and 8.11.2, Attachment 13.1, Tables 4 and 5).

Table 3.7.3.5 Phase 3 Studies: Summary of Demographics (ITT Population)

Study 192371-002 Study 192371-003

Parameter CsA 0.05 % CsA 0.1 % Vehicle CsA 0.05 % CsA 0.1 % Vehicle

Age, N 135 134 136 158 158 156
Mean (SD), years 58.3 59.2 60.5 59.1 60.8 59.3
Range 22.8 - 90.3 21.6 — 86.7 24.7 — 88.8 24.0 - 86.5 28.1 — 89.0 27.5 — 90.3

Race, N (%)
Caucasian 107 (79.3) 103 (76.9) 102 (75.0) 146 (92.4) 140 (88.6) 142 (91.0)
Black
Asian

Hispanic
Other

4( 3.0)
5( 3.7)

18 ( 13.3)
1( 0.7)

21 (15.6)

7( 5.2)
5( 3.7)

19( 14.2)
0( 0.0)

31 (23.1)

9( 6.6)
6( 4.4)

18(13.2)
1( 0.7)

35 (25.7)

4( 2.5)
3( 1.9)
5( 3.2)
0( 0.0)

28 (17.7)

9( 5.7)
1( 0.6)
7( 4.4)
1( 0.6)

23 (14.6)

6( 3.8)
o( 0.0)
s( 5.1)
0( 0.0)

24 (15.4)
114 (84.4) 103 (76.9) 101 (74.3) 130 (82.3) 135 (85.4) 132 (84.6)

Iris Color, N (%)
Blue
Brown
Green
Hazel

41 (30.4)
65 (48.1)

7 ( 5.2)
22 (16.3)

37 (27.6)
64 (47.8)
14 (10.4)
18 (13.4)

45 (33.1)
66 (48.5)

3 (2.2)
22 (16.2)

56 (35.4)
61 (38.6)
13( 8.2)
26(16.5)

Black 0( 0.0) 0( 0.0) 0( 0.0) o( 0.0)
‘ Other 0( 0.0) 1( 0.7) 0( 0.0) 2( 1.3)

jogren’s patient‘ 28.1% 29.1% 27.2% 36.7%
(38/135) (39/134) (37/136) (58/158)

S

Note: CsA = cyclosporine ophthalmic emulsion, SD = standard deviation
a Percentage (number) of patients with a positive response for ocular symptoms, oral symptoms, and Schirrner, and a

positive response for at least one of the autoantibodies (ANA, RF, Sjogren A, Sjogren B).

58 (36.7)
63 (39.9)
12( 7.6)
20 (12.7)
2( 1.3)
3( 1.9)

27.8%

(44/158)

64 (41.0)
50 (32.1)
15 ( 9.6)
24 (15.4)

0 ( 0.0)
3 ( 1.9)

34.6%

(54/156)

3.7.3.6 Phase 3 Intent-to-Treat Analysis of Efficacy Results

In the ITT analysis, all patients who received at least 1 dose of study medication were counted in

the treatment group to which they were randomized. For all efficacy variables collected on both

eyes, only the worse eye was analyzed, defined as the eye having the worse Schirmer (without

anesthesia) and sum of corneal and interpalpebral conjunctiva] staining at baseline. If there was

no visit within the per-protocol visit window, then the last available observation was carried
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forward and used in the analysis. Day 0 data (ie, baseline data prior to study medication) were

not carried forward. All month 6 data were used, even if the visit occurred outside the visit

window.

The primary focus of this summary of the efficacy results is the objective parameters corneal

staining and Schirmer tear test with anesthesia, and the subjective endpoints blurred vision and

REFRESH® use.

Objective Efficacy Measures

Corneal Staining: Ocular staining was evaluated using the Oxford 6-point severity scale, which

uses diagrams illustrating increasing severity (grades 0 to 5) to assist in standardizing grading by

investigators. Staining was analyzed as change from baseline for the worse eye, with a negative

change indicating improvement.

Corneal staining is summarized for each of the Phase 3 studies in Table 3.7.3.6-1

(NDA Sections 8.11.2 and 8.11.3, Attachment 13.1, Table 12.1).

Table 3.7.3.6-1 Corneal Fluorescein Staining in Phase 3 Studies (Intent-to-Treat

Population)

Study 192371-002 Study 192371-003

CsA 0.05% CsA 0.1% Vehicle P CsA 0.05% CsA 0.1% Vehicle P

N=l35" N=134“ N=136' value" N=158" N=158" N=156" valueb

2.84 .4: 0.74 2.73 i- 0.82 2.72 i 0.74 0.732 2.72 1- 0.85 2.70 1- 0.82 2.52 1- 0.73 0035d
Change from baseline“:

-0.53 i 0.91 -0.41 i 0.92 -0.34 i 0.91 -0.71 1' 0.84 -0.80 i 0.85 -0.68 1- 0.84 0.397
-0Month 3 .56 1 0.93 -0.39 1- 1.04 -0.29 1 0.88 0.152 -0.66 -_L 0.87 -0.79 1 0.92 -0.62 1 0.93 0.243

Month 4 -0.62 i 0.97 -0.55 1- 1.05 -0.38 i 0.94 0.136 41.72 1 0.92 -0.87 : 1.01 -0.63 1- 1.01

Month 6 -0.94 1 1.01 -0.73 : 1.08 -0.51 : 1.03 0.008” -0.84 1 0.97 -0.93 i 1.00 -0.78 : 1.02 0.394

CsA = cyclosporine ophthalmic emulsion. Values shown are mean 1' standard deviation. Based on a 6-point severity
scale (grades 0 to 5) using the worse eye. A negative change indicates improvement.
The number of patients at day 0; sample sizes decreased at subsequent visits.
Among—group P values from analysis of variance.
Within—group P values (from paired t-test) for change from baseline were significant (P < 0.001) for all treatment
groups at all visits in both studies.
Pairwise comparisons (from analysis of variance) showed higher baseline values for 0.05% and 0.1% CsA vs vehicle.
Pairwise comparisons (from analysis of variance) favored 0.05% CsA vs vchicle.
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There were statistically significant improvements from baseline in each treatment group at each

i . visit in each study. Within each study, the improvement with either concentration of
cyclosporine emulsion was greater than that with vehicle at all time points.

In study 002, improvement was consistently greatest with 0.05% cyclosporine emulsion, and the

among—group difference at month 6 was statistically significant, favoring 0.05% cyclosporine

emulsion vs vehicle.

In study 003, improvement was consistently greatest with 0.1% cyclosporine emulsion. The

vehicle group had significantly lower (milder) corneal staining at baseline and improvement

with vehicle was notable as early as month 1.

Schirmer Tear Test with Anesthesia: This test was performed at baseline, month 3 and month 6

only. The Food and Drug Administration (FDA) requested that Schirmer values be evaluated by

category. Accordingly, the Sponsor categorized Schirmer values from grade 1 (< 3 mm/5 min)

to grade 5 (2 15 mm/5 min) for analysis. A positive change from baseline indicated

improvement. Results of the Schirmer tear test with anesthesia are summarized for each of the

Phase 3 studies in Table 3.7.3.6—2 (NDA Sections 8.11.2 and 8.11.3, Attachment 13.1,

Table 16.2).

Table 3.7.3.6-2 Categorized Schirmer Values With Anesthesia in Phase 3 Studies

(Intent-to-Treat Population)

Study 192371-002 Study 192371-003

CsA 0.05% CsA 0.1% Vehicle P CsA 0.05% CsA 0.1% Vehicle P

N=135" N=134" N=136“ value“ N=158“ N=158" N=156” value”

2.10 1 0.94 2.26 1 1.06 2.23 1 1.07 0.463 1.81 1 0.95 1.90 1 0.87 2.00 11.03 0.221
Change from baseline:

0.07 i 1.37 -0.17 i 1.53 -0.26 i 1.53 0.100 0.08 i 1.33 -0.04 i 1.31 -0.20 i 1.26 0.237
0.41 i 1.42° 0.21 :1: 1.36 0.02 i 1.43 0-055 0.36 1- 1.42” 0.31 1- 126° -0.18 i1.06° <0.001d

CsA = cyclosporine ophthalmic emulsion. Values shown are mean i standard deviation. Schirmer values categorized
as 1 (< 3 rnm/S min), 2 (3 to 6 mm/5 min), 3 (7 to 10 mm/5 min), 4 (11 to 14 mm/5 min), and 5(>14 mm/5 min)
using the worse eye. A positive change indicates improvement.
The number of patients at day 0; sample sizes decreased at subsequent visits.
Among-group P values from Cochran-Mantel-1-laenszel test.
Significant within-group P values (from Wi1coxon’s signed-rank test) for change from baseline (P S 0.048).
Pairwise comparisons (from Cochran-Mantel-I-Iaenszel test) favored 0.05% and 0.1% CsA vs vehicle.
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In study 002 at month 6, there was statistically significant improvement from baseline with

0.05% cyclosporine emulsion. The among-group difference approached statistical significance

at month 6 with the greatest improvement shown in the 0.05% group in contrast to almost no

change with vehicle.

In study 003 at month 6, there were statistically significant improvements with either

concentration of cyclosporine emulsion in contrast to a significant worsening with vehicle; the

among-group difference was statistically significant in favor of cyclosporine emulsion over

vehicle.

In both studies, improvement at month 6 was greatest with 0.05% cyclosporine emulsion.

Other Objective Parameters: Statistically significant improvement from baseline was generally

seen in each study within each of the 3 treatment groups at every visit. In each study, no

statistically significant among—group differences were found for temporal interpalpebral

conjunctiva] staining, nasal interpalpebral conjunctival staining, the sum of temporal and nasal

interpalpebral conjunctiva] staining, the sum of corneal and conjunctival staining, and Schirmer

values without anesthesia.

Subjective Efficacy Measures

Blurred Vision: In the Phase 3 studies, patients evaluated 7 specific dry—eye symptoms by

completing a questionnaire at the study site and grading each symptom from 0 (do not have this

symptom) to 4 (always notice this symptom). A negative change from baseline indicated

improvement. Results for the symptom blurred vision are summarized for each of the Phase 3

studies in Table 3.7.3.6-3 (NDA Sections 8.11.2 and 8.11.3, Attachment 13.1, Table 15.8).
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Table 3.7.3.6-3 Blurred Vision in Phase 3 Studies (Intent-to-Treat Population)

Study 192371-002 Study 192371-003

CsA 0.05% CsA 0.1% Vehicle P CsA 0.05% CsA 0.1% Vehicle P

N=135‘ N=134“ N=136' value” N=158“ N=158" N=156' Vallleb

2.221130 1.95+1.27 1.s5+1.22 l89+132 l.85+l28 1.s1+135 0852
Change from baseline:

Month 1 -0.33 1 -0.18 1 -0.02 1 0.071 -0.31 1 -0.17 1 -0.12 1 0.210
0.98‘ 1.03 0.94 1.05‘ 1.11 1.26

Month 3 -0.55 1 -0.16 1 0.03 1 <0.001° -0.34 1 -0.22 1 -0.22 1 0.568
1.13‘ 1.10 1.05 118° 118° 1.41

Month 4 -0.57 1 -0.18 1 -0.08 1 0.003” -0.24 1 -0.19 1 -0.09 1 0-887
1.28‘ 1.10 1.09 1.15“ 1.20‘ 1.43

Month 6 -0.55 1 -0.39 1 -0.22 1 0.127 -0.41 1 -0.38 1 -0.08 1 0.263
137° 1.18‘ 1.08“ 1.19‘ 1.27“ 1.46

Note: CsA = cyclosporine ophthalmic emulsion. Values shown are mean i standard dexdation. Graded on a scale from
0 (do not have symptom) to 4 (always notice symptom). A negative change indicates improvement.
The number of patients at day 0; sample sizes decreased at subsequent visits.
Among-group P values from Cochran-Mantel-Haenszel test.
Significant within-group P values (from Wilcoxon’s signed-rank test) for change from baseline (P 5 0.042).
Pairwise comparisons (from Cochran-Mantel-Haenszel test) showed higher baseline values for 0.05% CsA vs vehicle.
Pairwise comparisons (from Cochran-Mantel-Haenszel test) favored 0.05% vs 0.1% CsA and vehicle.

In study 002, there were statistically significant improvements from baseline in blurred vision

with 0.05% cyclosporine emulsion at each visit. Improvement was greater with either

concentration of cyclosporine emulsion than with vehicle at each visit (consistently greatest with

0.05%), with statistically significant among—group differences favoring 0.05% cyclosporine vs

vehicle at months 3 and 4.

In study 003, statistically significant improvement from baseline was seen with both

concentrations of cyclosporine emulsion (consistently greatest with 0.05% cyclosporine

emulsion) but not with vehicle.

REFRESH® Use: This is considered a subjective variable because it was reported by the

patients. Mean daily REFRESH® use during the previous week is summarized for each of the

Phase 3 studies in Table 3.7.3.6-4 (NDA Sections 8.11.2 and 8.11.3, Attachment 13.1,

Table 20).
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Table 3.7.3.6-4 Daily REFRESH® Use During the Previous Week in Phase 3 Studies
(Intent-to-Treat Population)

Study 192371-002 Study 192371-003

CSA 0.05 % CsA 0.1 % Vehicle P CSA 0.05 % CsA 0.1 % Vehicle P

N=135“ N=134" N=136“ value” N=158" N=158" N=156“ value”

5.74 1 8.33 5.03 1 3.60 4.54 i 2.76 0.315 6.69 i 6.69 6.02 1- 4.63 5.14 : 3.96 0-019’
Change from baseline:

Month 1 -1.07 J_r -0.58 1 0.39 4; 0.141 -0.24 : -0.37 : -0.75 i 0-750
5.27“ 2.85“ 5.06 8.49 4.99 4.11“

Month 3 -1.94 i -0.64 i 0.25 J_r 0.028‘ -0.85 1 -1.11 : -0.94 : 0-927
6.86‘ 4.21 5.11 7.22 5.09“ 4.37‘

Month 4“ -2.96 i -1.78 i -1.41 i 0.099 -2.05 1 -2.01 i -1.89 1 0.923
612° 423° 3.94‘ 7.13‘ 5.11‘ 6.66‘

CsA = cyclosporine ophthalmic emulsion. Values shown are mean i standard deviation. Based on patient-estimated
times per day that REFRESH” was used during the previous week. A negative change indicates improvement.
Number of patients at day 0; sample sizes decreased at subsequent visits.
Among-group P values from analysis of variance.
Significant within-group P values (from paired t-test) for change from baseline (P S 0.040).

Patients were asked to cease using REFRESI-I°during the previous week.
Pairwise comparisons (by analysis of variance) favored 0.05% CsA vs vehicle.
Pairwise comparisons (by analysis of variance) showed higher baseline value for 0.05 % CsA vs vehicle.

In both studies, baseline REFRESH® use was higher in the cyclosporine emulsion groups than in

the vehicle group. For the week prior to the month 4 visit, patients were instructed to stop using

REFRESH®, which is reflected in the greater changes from baseline reported at that visit. The

greatest decrease in REFRESH® use at month 6 was seen with 0.05% cyclosporine emulsion in

both studies.

In study 002, the decrease in REFRESH® use was greater with either concentration of

cyclosporine emulsion than with vehicle at each visit (consistently greater with 0.05%).

Among-group differences favoring 0.05% cyclosporine emulsion vs vehicle were statistically

significant at month 3 and approached significance at month 4.

In study 003, there was a notable decrease in REFRESHG’ use with vehicle as early as month 1.

By month 4, however, the decrease in REFRESH‘? use was greater with either concentration of

cyclosporine emulsion than with vehicle. At month 6, the among—group difference approached

statistical significance.
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Other Subjective Parameters: In each study, statistically significant improvement from baseline

. was generally seen within each of the 3 treatment groups at every visit. In study 002, there were
statistically significant among—group differences favoring at least one concentration of

cyclosporine emulsion over vehicle for blurred vision at months 3 and 4; sensitivity to light at

months 4 and 6; itching at months 3, 4, and 6; composite symptom severity score at months 3

and 6; OSDI@ at months 3 and 4; and Facial Expression Subjective Rating Scale at months 3 and

6. In study 003, among—gr0up'differences for other subjective parameters were not statistically

significant.

Responder Analysis

An analysis of responders was performed on the ITT population. Responders were defined

based on a score comprising results for corneal staining, Schirmer with anesthesia, blurred

vision, and REFRESH® use. Since Schirmer with anesthesia was only measured at baseline and

months 3 and 6, the responder analysis only could be performed for months 3 and 6. The

specific definition of a responder is provided in the study reports, and the results of the

responder analysis are shown in Table 3.7.3.6.—5 (NDA Sections 8.11.2 and 8.11.3, report

section 4.13.3.6 and Attachment 13.1, Table 25).

Table 3.7.3.6-5 Number (%) of Responders in Phase 3 Studies (Intent-to-Treat

Population)

Study 192371-002 Study 192371-003

Month 3 35% 33% 29% 0.707 40% 34% 28% 0.207
(31/89) (28/85) (25/86) (41/103) (37195) (26/94)

Month 6 50% 44% 31% 0.014” 43% 46% 29% 0.012‘
(58/116) (50/113) (34/109) (58/136) (60/ 130) (38/130)

Note: CsA = cyclosporine ophthalmic emulsion. The numerator is the number of responders and the denominator is the
number of patients.
Among—group P values from Fishcr’s exact test.
Pairwise comparisons (from Fisher’s exact test) favored 0.05% vs vehicle and approached significance for 0.1% CsA
vs vehicle (P = 0.053).
Pairwise comparisons (from Fisher’s exact test) favored 0.05% and 0.1% vs vehicle.

In each study, close to 50% of cyclosporine patients were classified as responders compared to

only 30% of vehicle patients, a statistically significant difference. In study 002, there was a

significantly greater proportion of responders with 0.05% cyclosporine than with vehicle and the
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difference between 0.1% cyclosporine and vehicle approached statistical significance

(P = 0.053). In study 003, there was a significantly greater proportion of responders with both

concentrations of cyclosporine emulsion than with vehicle.

Meta—Analysis

A meta-analysis of the ITT population in studies 002 and 003 was performed to confirm that

statistically and clinically relevant improvement in signs and symptoms with cyclosporine

ophthalmic emulsion would be apparent in the enrolled patient population overall. The meta-

analysis was performed by combining all ITT data from both Phase 3 studies, and pooling

investigators by geographic region within each of the Phase 3 studies.

The statistically significant among-group differences in the meta-analysis are summarized in

Table 3.7.3.6—6 (Tables 1 to 9, NDA Section 8.6.13).

Table 3.7.3.6-6 Statistically Significant Among-Group Differences in the Meta-

Analysis of Phase 3 Studies (Intent-to-Treat Population)

Statistically Significant Statistically Significant Pairwise
Parameter Among-Group Differences“ Comparisons Favored:

Corneal staining Month 4 (P = 0.043) 0.05% and 0.1% CsA vs vehicle
Month 6 (P = 0.023) 0.05% CsA vs vehicle

Categorized Schinner with Month 3 (P = 0.030) 0.05% CsA vs vehicle
anesthesia Month 6 (P < 0.001) 0.05% and 0.1% CsA vs vehicle

Blurred vision Month 1 (P = 0,018) 0.05% CsA vs vehicle
Month 3 (P = 0.002) 0.05% CsA vs vehicle
Month 4 (P = 0.028) 0.05% CsA vs vehicle
Month 6 (P = 0.044) 0.05% CsA vs vehicle

REFRESH” use Day 0 (P = 0.008) 0.05% and 0.1% CsA higher than vehicle
Month 6 (P = 0.013) 0.05% CsA vs vehicle

Global response to treatment” Month 3 (P = 0.018) 0.1% CsA vs 0.05% CsA & vehicle
Month 4 (P = 0.021) 0.1% CsA vs vehicle

Burning/Stinging Day 0 (P = 0.018) 0.05% and 0.1% CsA higher than vehicle

Month 6 (P = 0.041) 0.05% CsA vs 0.1% CsA & vehicle
Note: CsA = cyclosporine ophthalmic emulsion.

a Among-group P values from analysis of variance (for staining and REFRESH” use) and Cochran-Mantel-1-laenszel
test (for Schirmer test, symptoms, and global response), and Fisher’s exact test (for treatment success).

b Investigator’s evaluation of global response to treatment was classified on a 7-point scale, from condition worsened to
condition improved approximately 100% (completely cleared).

c The number of patients who had a global response of almost cleared or completely cleared.
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The meta—analysis found statistically significant among-group differences in favor of 0.05%

cyclosporine emulsion in the key efficacy parameters of corneal staining, categorized Schirmer

with anesthesia, blurred vision, and REFRESH” use. Within—group differences with either

concentration of cyclosporine emulsion were statistically significant for most efficacy

parameters (except for buming/stinging, pain, Schirmer at month 3 and REFRESH® use at

month 1). Thus, the meta—analysis confirmed that the statistically and clinically relevant

improvement from baseline in signs and symptoms seen in the individual studies were apparent

in the Phase 3 patient population overall.

Subgroup Analyses

To further confirm the efficacy of cyclosporine emulsion as seen in the ITT analysis, subgroup

analyses were performed in patients with severe disease, in the per—protocol subgroup, in

patients with Sj6gren’s syndrome, by age category, by race category, by sex, and by iris color.

In each study there were general similarities between the ITT and the subgroup analyses. In the

per—protocol analysis in study 002, a more defined dose-response pattern for most variables

developed by month 6 than in the ITT analysis. In the severe subgroup in study 003, there were

statistically significant among-group differences favoring cyclosporine over vehicle for corneal

staining at months 4 and 6, and the difference approached statistical significance at month 6 for

blurred vision. Results from these analyses established that the efficacy of cyclosporine

emulsion is not limited to a specific subgroup.

3.7.3.7 Results of Phase 3 Tertiary Ophthalmic Tests

Procedures for all tertiary tests were conducted in the worse eye, identified by the investigator at

the qualification examination based upon results of the Schirmer test without anesthesia and

cornea] and interpalpebral conjunctival staining. Further details on these tests, particularly

regarding the methods, are provided in the individual reports (Tertiary Reports, 1999; NDA

Sections 8.11.6 to 8.11.9).

Inflarnmatog Cytokine IL-6 Levels

The presence of proinflammatory cytokines on the ocular surface of dry-eye patients is a direct

indicator of disease. The proinflamrnatory cytokine IL-6 was measured by mRNA expression in

superficial conjunctiva] epithelium in study 003. It was hypothesized that treatment of KCS

with cyclosporine ophthalmic emulsion would decrease the level of IL-6 in dry-eye patients
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relative to the level of G3PDH, a housekeeping gene that is expressed at the same relative level

in all cells and that served as a positive control.

The principal outcome variable was the G3PDH—norrnalized level of IL-6 and results are

presented in Table 3.7.3.7—l (Tertiary report: Pflugfelder, 1999; NDA Section 8.11.6).

Table 3.7.3.7-1 Normalized IL-6: Baseline Data and Change from Baseline at
Months 3 and 6

GSA"-05% CSAO-1%

Change from baseline:

Month 3 0.036 i 0.643 (N = 10) -0.095 1 1.430 (N = 10)
P value” P = 0.862 P = 0.839

Month 6 -0.626 t 1.025 (N = 13) -0.384 t 1.243 (N = 3) -0.460: 0.749 (N = 10) 0.853
P value” P = 0.043 P = 0.413 P = 0.034

CsA = cyclosporine ophthalmic emulsion, N 2 number of patients. Values shown are mean i standard
deviation for mimic corrected ratios of 11-6 to G3PDH. A negative value indicates a decrease from baseline.
Among-group P values from one-way analysis of variance.
Within-group P values from paired—t-test.

IL-6 was found in conjunctival epithelial samples from patients in all 3 treatment groups at

baseline. At month 6, this small cohort showed a statistically significant decrease in normalized

IL-6 in the conjunctival epithelium of KCS patients treated with 0.05% cyclosporine emulsion.

This finding suggests an anti—inflammatory action of 0.05% cyclosporine emulsion in KCS

patients.

Lymphocytic and Immune Activation Markers from Conjunctival Biopsies

Conjunctival biopsies were taken from a subset of patients in studies 002 and 003 for

histological evaluation and immunohistochemical evaluation of monoclonal antibodies for cell

surface markers to determine the presence and activation of T cells (CD3, CD4, and CD8), the

receptor for ICAM—l (CD1 la), and the immune activation marker HLA—DR. It was

hypothesized that treatment with cyclosporine emulsion would reduce inflammation in the

conjunctiva, as shown by a decrease in the numbers of lymphocytes and immune activation

markers.
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Data were available from 32 patients, most of whom (30/32) were from the 2 sites in study 003.

Baseline data and the percent change at month 6 for lymphocytic and immune activation

markers are presented in Table 3.7.3.7—2 (Tertiary report: Gipson, 1999; NDA Section 8.11.7).

Table 3.7.3.7-2

E

Day 0
Month 6 (% change)
Within—group P value!’

1

Day 0
Month 6 (% change)
Within-group P valueb

1
Day 0
Month 6 (% change)
Within—group P valueb

CD1 1 a

Day 0
Month 6 (% change)

Within—group P valueb

HLA—DR

Day 0
Month 6 (% change)
Within-group P value”

Lymphocytic and Immune-Activation Markers: Baseline Data and

Percent Change at Month 6

2291.2 i 2393.5
-20.7 i 94.5

P = 0.444

1252.5 i 1449.5
28.5 1 231.6

P = 0.665

1126.8 : 1142.3

-7.8 i 94.0
P = 0.770

2520.1 .+. 2770.9

-11.2 i 86.1
P = 0.646

2001.2 1: 2495.0

-34.0 i 53.0
P = 0.039

1298.5 i 782.3
-37.7 i 59.9

P = 0.184

558.2 i 372.]

-17.3 i 87.3
P = 0.647

990.2 i 358.6

-5.9 i77.2
P = 0.858

1184.0 i 325.5

-44.2 i 52.7
P = 0.095

414.5 i 516.0

-68.4 i 54.2
P = 0.086

1573.5 i 1300.8
52.1 i 216.0

P = 0.401

1195.1 i 1097.3

85.7 i 266.5
P = 0.269

1093.1 i 852.7

11.4 i 117.7
P = 0.732

1763.6: 1301.3

103.7 i 184.9
P = 0.066

1166.0 ‘_|' 1372.6

160.1 i 264.4
P = 0.060

Parameter CsA 0.05 % CsA 0.1 % Vehicle P value“
Time N=13 N=6 N=13

CsA = cyclosporine ophthalmic emulsion. Values shown are mean 1 standard deviation for cells/mmz on
day 0 and % change from baseline at month 6. A negative value indicates a decrease from baseline.
Among-group P values from one-way analysis of variance.
Within-group P value from paired t-test.
Pairwise comparisons (from one-way analysis of variance) were not statistically significant; P = 0.053 for
0.05% CsA vs vehicle and P = 0.075 for 0.1% CsA vs vehicle.

Pairwise comparisons (from one-way analysis of variance) favored 0.05% CsA vs vehicle.

The lymphocytic markers CD3, CD4, and CD8 tended to decrease after 6-month treatment with

cyclosporine emulsion (except for CD4 with 0.05% cyclosporine emulsion) compared to

increases with vehicle. CD11a and HLA—DR decreased after 6-month treatment with 0.05% and

0.1% cyclosporine emulsion, reaching statistical significance for HLA—DR with 0.05%

cyclosporine emulsion, compared to marked increases with vehicle. Among-group differences
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were statistically significant for both parameters, favoring 0.05% cyclosporine emulsion vs

. vehicle.

These data suggest that treatment of KCS patients with cyclosporine emulsion decreases the

inflammatory response and immune reactivity.

Goblet Cell Densityfiom Cogjunctival Biopsies

In severe KCS, the conjunctival epithelium shows characteristic changes, including a reduction

in goblet cell numbers (Ralph, 1975; Gilbard, 1986; Pflugfelder et al, 1997). It was

hypothesized that treatment of KCS with cyclosporine ophthalmic emulsion could restore the

density of goblet cells.

Baseline data and the percent change at month 6 are presented in Table 3.7.3.7—3 (Tertiary

report: Gipson, 1999; NDA Section 8.11.7).

Table 3.7.3.7-3 PAS/Goblet Cell Density from Conjunctival Biopsy: Baseline Data

and Percent Change at Month 6

— Cm-05% Cm-1%
114.2i 104.2 (N: 12) 127.5 i 28 5 (N 4) 124.9 i 155.1 (N: 12)

Month 6 (% change) 191.1 i 2133 (N =11) -22.4 + 36.9 (N = 4) 13.3: 30.1 (N =12) 0.013‘
P value” P = 0.014 P = 0.312 P = 0.576

Note: PAS = periodic acid—Schiff staining, CsA = cyclosporine ophthalmic emulsion. Values shown are

mean : standard deviation. Day 0 values are cells/0.1 mm2 of epithelium. A negative value indicates a
decrease from baseline.

Among—group P values from one—way analysis of variance.
Within-group P value from paired~t—test.
Pairwise comparisons (from one-way analysis of variance) favored 0.05% CsA vs vehicle.

At month 6, there was a statistically significant 191% increase (P = 0.014) with 0.05%

cyclosporine emulsion compared to a 13% increase with vehicle and a 22% decrease with 0.1%

cyclosporine emulsion. The different response with the 0.1% cyclosporine concentration could

be due to the small number of samples (N = 4). The among—group difference was statistically

significant at month 6, favoring 0.05% cyclosporine emulsion vs vehicle. This is a clinically

relevant finding that reflects improvement of the ocular surface, and supports the hypothesis that

the effect of cyclosporine on the underlying mechanisms of dry-eye disease results in

improvement of the ocular surface.
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3.7.3.8 Phase 3 Pharmacokinetics Results

. In study 002, trough blood concentrations of cyclosporin A were below the limit of quantitation
of 0.1 ng/mL at all visits for all patients in the vehicle group (112 samples) and for all patients in

the 0.05% cyclosporine group (113 samples). Trough blood concentrations of cyclosporin A

were quantifiable in only 6 of 113 samples from 6 different patients in the 0.1% cyclosporine

group; the highest concentration reported was 0.299 ng/mL.

3.7.3.9 Phase 3 Safety Results

Extent of Exposure

At the end of the 6-month Vehicle-Control Masked Treatment Phase, the median duration of

exposure to study medication in study 002 was 177 days, with 93.8% (380/405) of the patients

exposed for at least 28 days and 73.3% (297/405) for at least 168 days. The median duration of

exposure study 003 was 181 days, with 96.2% (454/472) of the patients exposed for at least

28 days and 75.4% (356/472) for at least 168 days.

Adverse Events

In each treatment group in each study, approximately 60% of patients experienced one or more

adverse events, regardless of causality. The incidence of adverse events by body system is

summarized in Table 3.7.3.9-1 (192371-002 and 192371-003 clinical study reports, Table 29).
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Table 3.7.3.9-1 Number (%) of Patients in the Phase 3 Studies with Adverse Events

. Overall and by Body System (Intent-to-Treat Population)
Study 192371-002 Study 192371-003

COSTART body CsA 0.05% CsA 0.1 % Vehicle Vehiclesystem N=13S N=134 N=136 N=l58 N=l58 N=156

Hernic and 4( 3.0) 2( 1.5) 0( 0.0) 1( 0.6) 1( 0.6) l( 06)
lymphatic

Metabolic and 6( 4.4) 4( 3.0) 2( 1.5) 1 ( 0.6) 4( 2.5) 2( 13)
nutritional

Ur

Note: CsA = cyclosporine ophthalmic cmulsion. Special senses includes ocular adverse events.

The body systems most often affected were special senses, which includes ocular events, body

as a whole, and respiratory. Ocular adverse events reported by 3% or more of patients in any

treatment group in a study are summarized in Table 3.7.3.9—2 (listed alphabetically) (192371-

002 and 192371-003 clinical study reports, Table 29).
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Table 3.7.3.9-2 Number (%) of Patients in the Phase 3 Studies with Ocular Adverse

. Events Reported by 2 3% of Patients in a Treatment Group (Intent-to-Treat Population)

Study 192371-002 Study 192371-003

COSTART body cs». 0.05% CsA 0.1 % Vehicle CsA 0.05% CsA 0.1% Vehicle
system N=135 N=l34 N=136 N=158 N=158 N=156

Burning eye 23 (17.0) 29 (21.6) 12 ( 8.8) 24 (15.2) 22 (13.9) 9 ( 5.8)

5< 3-7)
1( 0.7) 2( 1.3) 3( 1.9) 4( 2.6)

7( 5.2) 4( 2.5) 5( 3.2) 4( 2.6)

3< 2-7)
1< 0-7)
7< 1-5)
5< 3-7)
5< 3-7)
5< 3-7)

Note: CsA = cyclosporine ophthalmic emulsion.

Conjunctival
hyperemia

Discharge eye

Epiphora

Foreign body
sensation

Irritation eye

Pain eye

Photophobia

Pruritus eye

Stinging eye

Visual disturbance

The most common ocular adverse event was burning, which was reported by between 14% and

22% of patients in each cyclosporine treatment group compared to between 6% and 9% in the

vehicle groups. The majority of ocular adverse events were considered to be treatment—re1ated.

In each study, an ocular infection was reported for only 1 patient, who was in the vehicle group

in each case. There was thus no indication of local immunosuppression during treatment with

cyclosporine ophthalmic emulsion.

The most common systemic adverse events were infection (colds and upper respiratory

infections), flu syndrome, headache, sinus infection, hypertension, and bronchitis. There were

no clinically relevant differences among treatment groups, and few systemic effects were

considered to be treatment-related.

Serious adverse events (SAES) were reported in study 002 for 5.9% (8/135) of patients in the

0.05% cyclosporine group, 9.0% (12/134) of those in the 0.1% cyclosporine group, and 8.1%

(1 1/136) of those in the vehicle group. The corresponding percentages in study 003 were 5.7%
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(9/158), 5.1% (8/158), and 1.9% (3/156). The investigators considered each of the SAEs to have

. either no relationship to study medication or unlikely to be related to study medication.

Among the SAEs, there were 5 deaths during the studies, which were considered to have either

no relationship to study medication or unlikely to be related to study medication. In study 002,

1 patient treated with 0.1% cyclosporine died due to hepatic failure/renal failure/cholestiasis and

1 patient treated with vehicle due to sepsis/respiratory failure/cardiac arrest. In study 003,

1 patient treated with 0.05% cyclosporine died following a sudden cardiac event, 1 patient

treated with 0.01% cyclosporine due to cardiac arrest, and another patient treated with 0.1%

cyclosporine due to pneumonia/toxic shock.

Adverse events were the reason for discontinuation of the Vehicle-Controlled Masked

Treatment Phase in study 002 for 6.7% (9/135) of patients in the 0.05% cyclosporine group,

11.2% (15/134) of those in the 0.1% cyclosporine group, and 4.4% (6/136) of those in the

vehicle group. The corresponding percentages in study 003 were 6.3% (10/158), 8.9% (14/158),

and 4.5% (7/156).

Other Safety Parameters

In each study, there were no clinically significant among-group differences in visual acuity,

intraocular pressure, or biomicroscopy.

3.7.3.10 Dose and Regimen Rationale

The 0.05% concentration of cyclosporine ophthalmic emulsion, which has proven benefit, was

at least as effective in the Sponsor’s clinical studies as the 0.1% concentration, and was safe and

well tolerated, is proposed for marketing.

The recommended dosage of cyclosporine ophthalmic emulsion for patients with moderate to

severe KCS, with or without Sj6gren’s syndrome, is topical application to each eye twice daily.

Following the direction of previous clinical studies with SANDIMMUNEG’ ophthalmic

ointment, twice—daily treatment was chosen as the dosage regimen. Ocular pharmacokinetic

studies in rabbits after a single drop of 0.2% cyclosporine indicate a 26 to 44-hour ha1f—life in

most ocular tissues (study report PK—95—0l0, 1995), suggesting the possibility of once—daily

dosing. However, the twice—daily regimen minimizes differences between peak and trough drug
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levels and was chosen to provide a more constant drug exposure to ocular tissues over the entire

dosing interval. In addition, it is a wel1—accepted regimen with respect to patient compliance.

3.7.3.11 Discussion

Efficacy

Using traditional clinical methods to assess improvement in objective and subjective measures

of dry—eye disease, the Phase 3 studies demonstrated the efficacy of 0.05% and 0.1%

cyclosporine ophthalmic emulsion. Supporting the approval of cyclosporine emulsion,

statistically and clinically significant among—group differences favoring at least one of the

cyclosporine concentrations vs vehicle were found for 4 key efficacy parameters: the objective

signs of corneal staining and the categorized Schirrner tear test with anesthesia, and the

subjective endpoints of blurred vision and REFRESH® use. Specifically, the following among-

group differences favored cyclosporine emulsion over vehicle:

I Corneal staining in study 002 (ITT analysis at month 6), study 003 (severe subgroup

at months 4 and 6), and the ITT meta—analysis (at months 4 and 6)

Categorized Schirmer with anesthesia in study 002 (ITT analysis approached

statistical significance at month 6), study 003 (ITT analysis at month 6), and the ITT

meta-analysis (at months 3 and 6)

0 Blurred vision in study 002 (ITT analysis at months 3 and 4), study 003 (severe

subgroup approached statistical significance at month 6), and the ITT meta—analysis

(at months 1, 3, 4, and 6)

0 REFRESH® use in study 002 (ITT analysis at month 3), study 003 (severe subgroup

at month 6), and the ITT meta—analysis (at month 6)

Combining these 4 parameters into a single measure of efficacy, the percentage of responders at

month 6 was statistically significantly greater with both the 0.05% and 0.1% cyclosporine

emulsion than with vehicle in each of the Phase 3 studies.

Improvement in each of the 4 key efficacy parameters with 0.05% cyclosporine was clinically

relevant as well as statistically significant. Decreases in corneal staining indicate improved

corneal health with a smoother refractive surface and reduced risk for infection and ocular
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discomfort. Corneal staining improved from baseline by approximately 1 grade with 0.05%

cyclosporine emulsion in both Phase 3 studies. The improvement in corneal staining can have a

beneficial effect on vision. Subjectively, patients experienced decreased blurred vision with

0.05% cyclosporine emulsion. In both studies, blurred vision improved by approximately

0.5 grade after 6 months of treatment with 0.05% cyclosporine emulsion.

Patients had low baseline Schirmer scores with anesthesia (4 to 6 mm/5 minutes) in both studies,

indicating moderate to severe dry eyes. These values increased approximately 70% in study 002

and 55% in study 003 after 6 months of treatment with 0.05% cyclosporine emulsion. Such

increases in tear production are substantial and clinically important. Another related indicator of

disease severity is the frequency of daily artificial tear use. After treatment with 0.05%

cyclosporine emulsion for 6 months, REFRESH® use decreased significantly, suggesting that

patients’ eyes felt better and that the need for frequent use was reduced.

In each of the Phase 3 studies, improvement from baseline was generally seen with each

concentration of cyclosporine emulsion at each follow-up visit. The major difference between

the studies was an enhanced vehicle response in study 003. It appeared that patients in the

vehicle group in study 003 had milder disease than those in the cyclosporine emulsion groups.

For example, in the ITT population at baseline there was statistically significantly lower

REFRESH® use as well as statistically significantly less corneal staining with vehicle. Also,

there was a lower proportion of patients in the severe disease subgroup in the vehicle treatment

group compared to each of the cyclosporine emulsion groups, and a higher goblet cell density in

the vehicle group compared to the 0.05% cyclosporine emulsion group. Therefore,

improvement may have been more easily demonstrated in patients who received vehicle in

study 003. The 3 key efficacy parameters that did not have statistically significant among-group

differences in the ITT analysis of study 003 reached or approached statistical significance in the

more homogeneous subpopulation of patients with severe disease.

In addition to the ITT population and the subpopulation of patients with severe dry—eye disease,

the traditional clinical parameters also showed efficacy in the subgroup of patients with

Sjogren’s syndrome. The finding that efficacy was not just limited to patients with Sj 6gren’s

syndrome, who have frank systemic autoimmune disease, supports the hypothesis that the

etiology of KCS is localized immunoreactivity and inflammation of the ocular surface and

lacrimal tissues with or without systemic autoimmune disease.
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Because KCS is a disease of inflammation and altered immunity, a number of tertiary tests were

performed to measure the effects of cyclosporine ophthalmic emulsion on these parameters. In

normal eyes there is low expression of the immune activation marker HLA—DR, the

inflammation marker CD11a (ICAM-1 receptor), and the inflammatory cytokine IL-6 (Jones et

al, 1994; Baudouin et al, 1997). Baseline data in KCS patients with and without Sjogren’s

syndrome showed the presence of immune activation markers (HLA-DR and HLA—DQ),

inflammation markers (CD3, CD4, CD8, and CD11a), and the inflammatory cytokine IL-6

(Tertiary Reports: Baudouin and Baudouin, 1999; Pflugfelder, 1999; Smith et al, 1999).

Tertiary test results following 6 months of treatment with 0.05% cyclosporine emulsion showed

a reduction in both inflammation and immune reactivity within the ocular surface in KCS

patients with and without Sj6gren’s syndrome:

Inflammatory cytokine IL-6 levels in the conjunctival epithelium showed a statistically

significant decrease from baseline.

Using conjunctival biopsies, inflammatory and immune activation markers decreased:

0 The immune activation marker HLA-DR decreased 34% compared to a 160%

increase with vehicle. The within and among—group differences were

statistically significant.

The inflammation marker CD11a decreased 11% compared to a 104%

increase with vehicle. The among—group difference was statistically

significant.

0 CD3 (total T cells) and CD8 (T suppressor cells) decreased compared to an

increase with vehicle.

Improvement of the ocular surface health on a cellular level was measured by the increased

density of goblet cells in the conjunctiva] biopsy samples. Goblet cell density increased 191% in

the 0.05% cyclosporine group compared to an increase of only 13% with vehicle. Since goblet

cells are thought to be the primary source for the synthesis and secretion of mucin, the innermost

layer of the tear film (Tseng, 1986), this increase in density represents a clinically relevant

improvement of the ocular surface health.
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Cyclosporine ophthalmic emulsion positively influences the underlying mechanisms of dry-eye

disease, thus providing therapeutic benefit. These effects were shown in both Phase 3 studies

and confirmed in the tertiary test results.

S afety

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4% for

up to 3 months, and 0.05% and 0.1% for up to 6 months, was well tolerated locally and

systemically in patients with moderate to severe KCS. Ocular adverse events were not

unexpected with an ophthalmic disease and a topical study medication. The most common

ocular adverse event was burning, which was more frequent with cyclosporine emulsion than

vehicle in the Phase 3 studies. No bacterial or fungal ocular infections were reported in patients

treated with cyclosporine ophthalmic emulsion, and overall, there was no sign of harmful local

immunosuppression.

There were no clinically significant differences among cyclosporine emulsion and vehicle-

treated patients in visual acuity, intraocular pressure, or biomicroscopy throughout the Phase 2

and Phase 3 studies.

Ocular microbial analyses of conjunctival bacterial isolates were performed in the Phase 2 study

to address concerns that daily use of a topical ophthalmic immunosuppressive agent could

predispose patients to ocular infections. In fact, cyclosporine emulsion treatment was associated

with a decrease from baseline in the presence of abnormal organisms. Similar significant

reductions of pathogenic organisms have been seen in dry-eye patients after punctal occlusion,

suggesting that adequate tear production plays a role in the maintenance of normal ocular flora

(Castillo et al, 1994). Thus cyclosporine emulsion may improve the ocular microbiology of

KCS patients through its beneficial effects on the underlying dry-eye condition.

Clinically important adverse events that have been associated with oral cyclosporine include

nephrotoxicity, hepatotoxicity, neurotoxicity, and malignant lymphomas. Such treatment-related

toxicities were neither expected nor seen with the topical usage of the cyclosporine emulsion.

There were no notable differences between the vehicle and cyclosporine emulsion groups in any

blood chemistry or hematology findings, including renal and hepatic function tests.

Systemic treatment of rheumatoid arthritis and psoriasis patients with oral cyclosporine

(2.5 to 5 mg/kg/day) produced blood concentrations (mean i standard deviation) that ranged
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from a trough of 74.9 i 46.7 ng/mL to a Cm of 655 1- 186 to 728 i 263 ng/mL (PDR —

. NEORAL®, 1998). In contrast, topical cyclosporine emulsion (1 to 2 ttg/kg/day) produced mean
blood trough cyclosporin A concentrations and CW values of less than 0.1 ng/mL (study reports

PK-96-018, 1996; PK—98-109, 1998; PK-98-112, 1998). These concentrations are at least 749 to

6,550 times lower than the trough and Cm,‘ values seen with systemic therapeutic use. In 98.2%

(544/554) of the analyzed samples, blood concentrations following topical ophthalmic

administration of cyclosporine were below the assay’s quantitation limit of 0.1 ng/mL. All

10 quantifiable samples were from patients receiving 0.1% cyclosporine emulsion; in no patient

was the blood cyclosporin A concentration greater than 0.299 ng/mL. Comparison of trough

blood cyclosporin A concentrations during multiple ocular dosing indicated no detectable

accumulation.

3.7.3.12 Conclusions

In summary, 0.05% cyclosporine emulsion is proposed for approval for the treatment of

moderate to severe KCS, because it has proven benefits, is at least as effective as 0.1%

cyclosporine emulsion, and is safe and well tolerated.

0 Clinically and statistically significant effects in favor of both concentrations of cyclosporine

emulsion in a number of important parameters in the ITT population in each of the Phase 3

studies, as well as in a confirmatory meta-analysis of the ITT population. Notably, the

cyclosporine formulations achieved clinically and statistically significant results versus

vehicle for the individual parameters corneal staining, blurred vision, categorized Schirmer

with anesthesia, and reduction in REFRESH® use, as well as in the responder analysis using

all 4 parameters. In addition, improvement with the cyclosporine formulations was seen in

virtually all efficacy parameters in the within—group analyses.

Efficacy data for the traditional dry-eye study parameters in the ITT population are supported

by results of the tertiary tests that showed reductions with 0.05% cyclosporine emulsion in

the inflammation and immune reactivity underlying KCS. Notably, IL-6, CD11a, and

I-ILA-DR were reduced. In addition, goblet cell density in conjunctiva] biopsies was

elevated by the 0.05% cyclosporine emulsion.
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Analysis of a number of subpopulations from the clinical program supports the efficacy seen

in the ITT population.

Although the vehicle delivered a significant beneficial effect to patients, as expected with a

formulation designed for the dry—eye population, all statistically significant results in the ITT

among-group analyses favored cyclosporine over vehicle. This finding is particularly

important when it is recalled that the use of REFRESH® tears was permitted as needed

during the clinical studies.

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4%

for up to 3 months, and 0.05% and 0.1% for up to 6 months, was well tolerated locally

without significant systemic effects in patients with moderate to severe KCS, with or

without Sj6gren’s syndrome. Topical cyclosporine ophthalmic emulsion produced minimal

systemic exposure, which correlated with the lack of local and systemic toxicity found in

these studies.
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3.7.3.13 References

Study Report References

STUDY NUMBER STUDY TITLE VOLUME PAGE

192371-001 A dose-ranging study evaluating the safety, VOL 27 p_ oog

I tolerability, and efficacy of cyclosporine (0.05, 0.1,

0.2, 0.4%) and vehicle ophthalmic emulsions in the

treatment of moderate to severe keratoconjunctivitis

sicca. Allergan, 1997.

192371-002 A multicenter, double-masked, randomized, vehicle— VOL 40 p_ 001

controlled, parallel-group study of the safety and

efficacy of cyclosporine 0.05% and 0.1% ophthalmic

emulsions used twice daily for up to one year in

patients with moderate to severe keratoconjunctivitis

sicca. Allergan, 1999.

192371-003 A multicenter, double-masked, randomized, vehicle— VOL 60 p_ 001

controlled, paralle1—group study of the safety and

efficacy of cyclosporine 0.05% and 0.1% ophthalmic

emulsions used twice daily for up to one year in

patients with moderate to severe keratoconjunctivitis

sicca. Allergan, 1999.

PK-95-010 Ocular pharmacokinetics of cyclosporine after a VOL 13 p_ 257

single eye—drop instillation of 0.2% 3H-cyclosporine

ophthalmic emulsion into albino rabbit eyes.

Allergan, 1995.



333

Allergan Confidential Original NDA 21-023
Cyclosporine ophthalmic emulsion Section 3

STUDY NUMBER STUDY TITLE VOLUME PAGE

. PK—96—018 Pharrnacokinetic analysis of cyclosporin A in human VOL 19 p. 234
blood for clinical study entitled “A dose—ranging

study evaluating the safety, tolerability, and efficacy

of cyclosporine (0.05, 0.1, 0.2, 0.4%) and vehicle

ophthalmic emulsions in the treatment of moderate

to severe keratoconjunctivitis sicca”. Allergan,

1996.

PK-98-109 Six month interim pharmacokinetic analysis of VOL 19 p_ 357

plasma concentrations for study 192371-002 titled,

“A multicenter, double-masked, randomized,

vehic1e—cont:rolled, parallel-group study of the safety

and efficacy of cyclosporine 0.05% and 0.1%

ophthalmic emulsions used twice daily for up to one

year in patients with moderate to severe

keratoconjunctivitis sicca”. Allergan, 1998.

PK-98-112 Interim report of blood cyclosporin A concentrations VOL 19 p‘ 371

during one dosing interval for study 192371-002

titled, “A multicenter, double-masked, randomized,

vehicle-controlled, parallel-group study of the safety

and efficacy of cyclosporine 0.05% and 0.1%

ophthalmic emulsions used twice daily for up to one

year in patients with moderate to severe

keratoconjunctivitis sicca”. Allergan, 1998.

Tertiary Report: Investigator Summary Report of Baseline Data for VOL 85 p. 001

Conjunctival Conjunctival Biopsies (Protocol NEI 98—El -0032).

Biopsies (NEI) JA Smith (NEI), SM Whitcup (NEI), and ME Stem

(Allergan), 1999.
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STUDY NUMBER STUDY TITLE VOLUME PAGE

Tertiary Report: Investigator Summary Report of Baseline Data for VOL 85 p_ 008

Flow Cytometry Flow Cytometry (Protocol 192371-501).

C Baudouin and F Baudouin (Ambroise Paré

Hospital), 1999.

Tertiary Report: Investigator Summary Report of Tertiary Tests of

IL-6 Inflammatory Cytokine Interleukin-6 (Protocol

192371-003). S Pflugfelder (University of Miami),

1999.

Tertiary Report: Investigator Summary Report of Tertiary Tests of VOL 85 p_ 029

Conjunctival Conjunctival Biopsies (Protocols 192371-002 and

Biopsies 192371-003). IK Gipson (Schepens Eye Research

Institute), 1999.
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3.7.4 OTHER STUDIES AND INFORMATION

. The Sponsor has 4 clinical studies that are ongoing with cyclosporine ophthalmic emulsion in
patients with KCS; 2 of these studies are controlled and 2 are open-label. No efficacy or safety

data from these studies are included in this submission. Brief descriptions of the studies follow.

Study NEI 98-El-0032 is a single-center, double—masked, randomized, vehicle—controlled,

parallel—group pilot study of 0.1% cyclosporine ophthalmic emulsion used 4 times daily for

2 months in patients with moderate to severe KCS. The study began in December 1997;

enrollment of 30 patients is planned. Observations from baseline conjunctival biopsies are

discussed in NDA Section 8.6, Integrated Summary of Efficacy.

Study 192371-501 is a multicenter, double-masked, randomized, vehicle—controlled, parallel-

group study of 0.05% and 0.1% cyclosporine ophthalmic emulsions used twice daily for up to

1 year in patients with moderate to severe KCS. The study began in September 1997;

enrollment of 420 patients is planned. This study, conducted in Europe, follows an identical

protocol for safety and efficacy evaluations as the Phase 3 trials conducted in the United States

(192371-002 and 192371-003). Observations from baseline flow cytometry are discussed in

NDA Section 8.6, Integrated Summary of Efficacy.

Study 192371-004 is a multicenter, open—label extension of the Phase 2 study 192371-001 to

evaluate the safety of 0.1% cyclosporine ophthalmic emulsion used twice daily for up to 1 year

in patients with moderate to severe KCS. The study began in January 1998; enrollment can

include a maximum of the 150 patients who completed the original study.

Study 192371-005 is a multicenter, open-label extension of the Phase 3 studies 192371-002 and

192371-003 to evaluate the safety of 0.1% cyclosporine ophthalmic emulsion used twice daily

for 1 additional year in patients with moderate to severe KCS previously dosed for 6 to

12 months with 0.05% or 0.1% cyclosporine. The study began in July 1998; enrollment can

include a maximum of 877 patients enrolled in the original studies.
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3.7.5 SAFETY SUMMARY — GENERAL SAFETY CONCLUSIONS

The primary sources of safety data for this submission are the Phase 3 studies, 192371-002 and

192371-003 (hereafter referred to as 002 and 003, respectively; study reports 192371-002, 1999

and 192371-003, 1999). These studies were both multicenter, double—masked, randomized,

vehicle-controlled, parallel-group studies of the safety and efficacy of 0.05% and 0.1%

cyclosporine ophthalmic emulsions used twice daily (BID) in patients with moderate to severe

keratoconjunctivitis sicca (KCS) with or without Sjogren’s syndrome. Because these studies had

the same design, their safety data were pooled. The safety data reported here are from the initial

6-month Vehicle-Controlled Masked Treatment Phase. Following completion of the ongoing

6-month Cyclosporine Treatment Extension Phase, additional data will be submitted to provide

further support for long—terrn usage. Safety data are presented separately from the Phase 2 dose-

response study, 192371-001 (study report 192371-001, 1997). This study evaluated 0.05%,

0.1%, 0.2%, and 0.4% cyclosporine and vehicle ophthalmic emulsions instilled BID for

3 months.

3.7.5.1 Extent of Exposure

Overall, the Phase 2 and Phase 3 studies provided a safety database of 1039 patients with KCS,

including 714 patients who were exposed to any concentration of cyclosporine ophthalmic

emulsion. In the Phase 3 studies, 293 patients received 0.05% cyclosporine emulsion,

292 patients received 0.1% cyclosporine emulsion, and 292 patients received vehicle. Note that

one drop in each eye BID of 0.05% cyclosporine emulsion delivers approximately 0.057 mg of

cyclosporine per day, given a drop size of approximately 28.5 }.LL, or less than 1 pg/kg/day for a

60 kg patient. The median duration of treatment exposure at the end of the Vehicle—Control1ed

Masked Treatment Phase was 180 days (NDA Section 8.7.16, Table 1), with a range from 1 to

352 days. Approximately 77% of patients in each treatment group completed the 6-month

Vehicle—Control1ed Masked Treatment Phase (NDA Section 8.7.16, Table 3).

Systemic exposure was minimal. Blood samples from subsets of patients in the Phase 3

study 002 were assayed using liquid chromatography/mass spectroscopy-mass spectroscopy

(LC/MS—MS) with a quantitation limit of 0.1 ng/mL in human blood (study reports PK—98-109,

1998; PK—98-112, 1998). During the Vehicle—Controlled Masked Treatment Phase, trough blood

concentrations of cyclosporin A were below the limit of quantitation (BLQ) at all visits for all
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patients in the 0.05% cyclosporine emulsion group (113 samples). Trough blood concentrations

of cyclosporin A were quantifiable in only 6 of 70 samples at months 1 or 6 from patients in the

0.1% cyclosporine emulsion group. The highest concentration reported was 0.299 ng/mL.

Comparison of the trough blood concentrations after 1 and 6 months of treatment indicated no

detectable accumulation during multiple ocular dosing.

During the Cyclosporine Treatment Extension Phase of study 002, blood samples were collected

at 1, 2, 3, 4, 6, 8, 10, and 12 hours after the morning dose following 9 to 12 months of treatment.

Blood concentrations of cyclosporin A were BLQ at all timepoints for all patients receiving

0.05% cyclosporine emulsion (64 samples). Blood concentrations of cyclosporin A were

quantifiable in only 3 of 144 samples from patients receiving 0.1% cyclosporine emulsion. The

highest concentration reported was 0.105 ng/mL.

In the Phase 2 study, 31 patients received 0.05% cyclosporine emulsion, 32 patients received

0.1% cyclosporine emulsion, 34 patients received 0.2% cyclosporine emulsion, 32 patients

received 0.4% cyclosporine emulsion, and 33 patients received vehicle. Approximately 90% of

patients in each treatment group completed the 3-month study period (NDA Section 8.11.1,

Attachment 9.1, Table 1).

Blood samples were collected from approximately 30 patients in each treatment group in the

Phase 2 study (study report PK—96—018, 1996). Trough blood concentrations of cyclosporin A

were quantifiable in only 5 of 369 samples. The highest trough concentration reported was

0.157 ng/mL in a patient receiving 0.4% cyclosporine emulsion. Comparison of the trough blood

concentrations after 1, 4, and 12 weeks of treatment indicated no detectable accumulation during

multiple ocular dosing.

Blood samples also were collected from an additional 3 to 5 patients in each treatment group at 1,

2, and 4 hours after the last dose of the 3-month treatment period. The maximum blood

concentrations (Cmax) of cyclosporin A were less than 0.1 ng/mL in all samples for patients

receiving 0.05% and 0.1% cyclosporine emulsion. The highest Cm reported was 0.158 ng/mL

in a patient receiving 0.4% cyclosporine emulsion.
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3.7.5.2 Demographics and Other Patient Characteristics

. The Phase 3 studies enrolled 877 patients with moderate to severe KCS with or without
Sjogren’s syndrome. Age ranged from 21.6 to 90.3 years with a mean i standard deviation (SD)

of 59.6 i 13.9 years (NDA Section 8.7.16, Table 4). The study population was primarily

Caucasian (84.4%, 740/877), and there were more women (81.5%, 715/877) than men (18.5%,

162/877). This is consistent with the preponderance of dry—eye disease reported by

postmenopausal women (McCarty et al, 1998).

Criteria for the classification of Sj6gren’s syndrome included ocular symptoms, oral symptoms,

ocular signs, and systemic autoantibodies (Vitali et al, 1993). Overall, 30.8% (270/877) of

patients in the Phase 3 studies were classified as having Sj6gren’s syndrome

(NDA Section 8.7.16, Table 5). This represents 37.6% (270/718) of the patients who had

autoantibody tests; such tests were not performed for 159 patients.

The most frequently cited disorders in patients’ medical histories were musculoskeletal (48.5%,

425/877), gynecological (48.4%, 346/715 females), and cardiovascular conditions (38.0%,

333/877; NDA Section 8.7.16, Table 6). Patients’ ophthalmic histories included eye

surgery/trauma (17.4%, 153/877), corneal disease other than KCS (8.8%, 77/877), and vitreal or

retinal disease (8.1%, 71/877; NDA Section 8.7.16, Table 7).

The Phase 2 study enrolled 162 patients with moderate to severe KCS. Age ranged from 31 to

88 years with a mean i SD of 58.6 i 12.0 years (NDA Section 8.11.1, Attachment 9.1, Table 7).

There were more women (84%, 136/162) than men (16%, 26/162) and the study population was

primarily Caucasian (90%, 145/162). Medical history included surgery (75%, 121/162), allergies

(54%, 88/162), and general systemic conditions (22%, 35/162; NDA Section 8.11.1,

Attachment 9.1, Table 10). Ophthalmic history included eye surgery (15%, 24/162), corneal

disease other than KCS (6%, 9/162), and glaucoma (4%, 6/162).

3.7.5.3 Adverse Events

Adverse Events Regardless of Causality

During the Vehicle—Controlled Masked Treatment Phase of the Phase 3 studies, 56.7% (166/293)

of the patients treated with 0.05% Cyclosporine emulsion, 63.0% (184/292) of those treated with

0.1% Cyclosporine emulsion, and 57.9% (169/292) of those treated with vehicle experienced one
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or more adverse events, regardless of causality (NDA Section 8.7.16, Tables 9-12). The numbers

of patients with adverse events by relationship to study medication and severity are summarized

in Table 3.7.5.3—1.

Number (%) of Patients in the Phase 3 Studies with Adverse Events

by Relationship to Study Medication and Severity

Table 3.7.5.3-1

0.05% Cyclosporine 0.1% Cyclosporine Vehicle

166 (56.7) 184 (63.0) 169 (57.9)
Relationship:

None

Unlikely
Possible

Probable

Definite

51 (17.4)

41 (14.0)

42 (14.3)

24( 8.2)

8( 2.7)

51 (17.5)

48 (16.4)

38 (13.0)

35 (12.0)

12( 4.1)

56 (19.2)

56 (19.2)

36 (12.3)

13( 4.5)

8( 2.7)

Severity:
Mild

Moderate

Severe

Not available

66 (22.5)

73 (24.9)

26( 8.9)

1 ( 0.3)

62 (21.2)

88 (30.1)

32 (11.0)

2( 0.7)

63 (21.6)

83 (28.4)

23 ( 7.9)

0( 0.0)

The types of adverse events and incidences were generally similar among the 3 treatment groups.

The body systems most commonly affected were special senses, which includes ocular adverse

events (35.8%), body as a whole (19.3%), and respiratory (11.4%, NDA Section 8.7.16,

Table 11). Adverse events in each of the other body systems were reported by fewer than 9% of

patients in any treatment group.
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Events reported by at least 3% of patients (9 patients) in either of the Cyclosporine emulsion

groups are listed by body system in Table 3.7.5.3-2.

Table 3.7.5.3-2 Number (%) of Patients in the Phase 3 Studies with Adverse Events

Reported by 2 3% of Patients in Either Cyclosporine Group,

Regardless of Causality

COSTART body system/ 0.05% Cyclosporine 0.1% Cyclosporine Vehicle
Preferred term N=293 N=292 N=292

Body as a whole

Infection 18( 6.1) 23( 7.9) 29( 9.9)

Flu syndrome 13 ( 4.4) 6( 2.1) 13 ( 4.5)

Headache 11 ( 3.8) 11 ( 3.8) 7( 2.4)

Cardiovascular

Hypertension 10( 3.4) 4( 1.4) 7 ( 2.4)

Respiratory

Infection sinus 9 ( 3.1) 7 ( 2.4) 13 ( 4.5)

Special senses

21< 72>
8< 27>
8< 17>
2< 07>
5< 17>
5< 17>

W 62>
10< 34>
3< 10>
8< 27>

Systemic infections (primarily colds and upper respiratory infections), flu syndrome, headache,

hypertension, and sinus infection were reported at similar or higher rates in the vehicle group

than in the Cyclosporine emulsion groups. In all treatment groups, isolated abnormal laboratory

test results were reported as adverse events; however, none was thought to be related to the study

medication.
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Ocular burning was reported more frequently in the 0.05% and 0.1% cyclosporine emulsion

. groups (by 16.0% and 17.5% of patients, respectively) than in the vehicle group (7.2%).
Conjunctival hyperemia and stinging eye showed a similar pattern but were reported by fewer

patients overall than ocular burning. Other ocular adverse events showed no notable differences

among the treatment groups.

Ocular infections were reported for 2 patients in the Phase 3 studies, both of whom were in the

vehicle treatment group. There was no indication of harmful local immunosuppression during

treatment with cyclosporine ophthalmic emulsion.

Nephrotoxicity and hepatotoxicity were not seen in these studies. Liver cirrhosis was reported

for 1 patient in the 0.05% cyclosporine emulsion group, but was considered unlikely to be related

to the study medication as the patient had a long history of abnormal liver function.

Three patients were diagnosed with a lymphoma, each considered unlikely to be related to study

medication. Two patients had received 0.1% cyclosporine emulsion for approximately 5 weeks

and 1 patient had received 0.1% cyclosporine emulsion for approximately 12 weeks. One patient

had a history of Sj6gren’s syndrome; the other 2 patients had received long-terrn treatment of

rheumatoid arthritis with methotrexate. Both factors are associated with an increased risk of

lymphoma.

Seven other cancers were reported during the Phase 3 studies, none of which was considered to

be related to the study medication. In the 0.05% cyclosporine emulsion group, 1 patient was

diagnosed with skin cancer on the face and another with squamous cell cancer of the esophagus.

In the 0.1% cyclosporine emulsion group, 1 patient was diagnosed with a right frontal

glioblastoma brain tumor, and 2 patients were diagnosed with basal cell carcinomas of the skin.

In the vehicle group, 1 patient was diagnosed with a basal cell carcinoma of the right upper cheek

and another was diagnosed with breast cancer.

In the Phase 2 study, cyclosporine emulsion in concentrations of 0.05%, 0.1%, 0.2%, and 0.4%,

1 drop instilled to each eye BID for 12 weeks, was found to be safe and well tolerated. The

incidence of patients with any adverse event regardless of causality, any ocular adverse event, or

any severe adverse event was greater in the vehicle group than in any of the cyclosporine

emulsion groups (NDA Section 8.11.1, Attachment 9.1, Tables 49 and 50). There was no
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apparent relationship between the incidence of adverse events regardless of causality and the

. dose of the cyclosporine emulsion (Table 3.7.5.3—3).

Table 3.7.5.3-3 Number (%) of Patients in Phase 2 Study with Adverse Events,

Regardless of Causality

Cyclosporine

Adverse events VehicleRegardless of causality N=31 N=32 N=34 N=32 N=33

1060-3>
5<152>
6<18-2>
505-9

The most frequently encountered ocular adverse events regardless of causality were burning and

superficial punctate keratitis, with 5 reports each. These events were distributed among all

treatment groups. No ocular infections occurred during the treatment or post-treatment periods.

Systemic events likewise were distributed among all treatment groups. No single systemic event

was reported for more than 1 patient per treatment group.

Serious Adverse Events

In the Phase 3 studies, serious adverse events (SAES) were reported for 5.8% (51/877) of

patients: 5.8% (17/293) of patients in the 0.05% cyclosporine emulsion group, 6.8% (20/292) of

those in the 0.1% cyclosporine emulsion group, and 4.8% (14/292) of those in the vehicle group

(NDA Section 8.7.16, Tables 17 and 18). The investigators considered each of the SAES to have

either no relationship to study medication or unlikely to be related to study medication.

Among the SAEs, there were 5 deaths during the Phase 3 studies (NDA Sections 8.11.2 and

8.11.3, Attachment 13.3). In the 0.05% cyclosporine emulsion group, 1 patient died following a

sudden cardiac event. In the 0.1% cyclosporine emulsion group, 1 patient died due to a cardiac

arrest, 1 following hospitalization with lobar pneumonia and probable toxic shock syndrome, and

1 due to hepatic failure with acute renal failure and cholestiasis. In the vehicle group, 1 patient

died following an episode of sepsis, respiratory failure, and cardiac arrest. In addition, 1 patient
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who withdrew from the study prematurely, due to lymphoma as previously noted, died

approximately 3 months after termination.

There were no deaths during the Phase 2 study. Two patients experienced SAES, neither of

which was considered to be related to treatment (NDA Section 8.11.1, Attachment 9.1,

Table 57). One vehicle patient experienced severe depression, and 1 patient receiving 0.4%

cyclosporine emulsion had an acute anterior myocardial infarction (MI).

Discontinuations Due to Adverse Events

In the Phase 3 studies, adverse events were the reason for discontinuation from the Vehicle-

Controlled Masked Treatment Phase for 6.5% (19/293) of patients in the 0.05% cyclosporine

emulsion group, 9.9%% (29/292) of those in the 0.1% cyclosporine emulsion group, and 4.5%

(13/292) of those in the vehicle group (NDA Section 8.7.16, Table 3). Among the patients who

discontinued due to adverse events, ocular events were reported for 68% (13/19) of those in the

0.05% cyclosporine emulsion group, 79% (23/29) of those in the 0.1% cyclosporine emulsion

group, and 62% (8/13) of those in the vehicle group (NDA Sections 8.11.2 and 8.11.3,

Attachment 13.1, Table 3).

In the Phase 2 study, 4 patients discontinued due to adverse events: 1 patient receiving 0.2%

cyclosporine emulsion (burning and hyperemia), 1 patient receiving 0.4% cyclosporine emulsion

(MI), and 2 vehicle—treated patients (visual disturbance and burning; conjunctivitis and Contact

dermatitis) (NDA Section 8.11.1, Attachment 9.1, Table 2).

Adverse Events by Subgroup

For the Phase 3 studies, adverse events were examined for the following subgroups: age

(< 40 years, 40 to 64 years, and > 64 years), sex, race (Caucasian including Hispanic and

non-Caucasian), diagnosis (Sjogren’s syndrome and non-Sj6gren’s), and iris color (dark and

light). Although some differences among some of the subgroups were noted, there were no

apparent patterns by treatment group (NDA Section 8.7.16, Tables 23 to 33). Overall, adverse

events were reported for a higher proportion of females (60.8%, 435/715) than males (51.9%,

84/162), and a higher proportion of patients with Sj6gren’s syndrome (66.7%, 180/270) than

non-Sj6gren’s patients (55.8%, 339/607).
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3.7.5.4 Laboratory Data

In the Phase 2 study, no significant changes from baseline were observed in any blood chemistry

or hematology parameters, and the ocular microbiology findings were not remarkable. There

' were no ocular infections in the cyclosporine—treated patients. Therefore, the Sponsor and the

Food and Drug Administration (FDA) concurred at an end of Phase 2 meeting that these

endpoints did not need to be included in the Phase 3 program.

Blood Chemistry and Hematology

Blood chemistry and hematology were evaluated in the Phase 2 study at baseline (week 0),

during treatment (week 4), and at the end of treatment (week 12). The majority of patients in the

cyclosporine emulsion and vehicle groups had normal values at all visits. Changes from baseline

occurred in only small numbers of patients, were in both directions, and were considered to be

neither clinically significant nor related to study medication (NDA Section 8.11.1,

Attachment 9.1, Table 79). Differences among the treatment groups were generally not

statistically significant (NDA Section 8.11.], Appendix 10.9.2 K and L). No patients

experienced laboratory adverse events related to blood chemistry or hematology parameters.

Ocular Microbiology

The conjunctivas from the lower lids of a subset of patients in the Phase 2 study were cultured at

baseline (week 0), end of treatment (week 12), and 4 weeks post-treatment (week 16). The most

frequently cultured organisms were Staphylococcus epidermidis, Staphylococcus aureus, and

Enterococcusfaecalis (NDA Section 8.11.1, Attachment 9.1, Tables 63 and 64; and

Appendix 10.9.2 M, Tables 5 and 6).
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In the cyclosporine emulsion groups, there was a trend toward fewer bacterial species and fewer

total strains of organisms at the end of treatment and post-treatment compared to baseline

(Table 3.7.5.4). Conversely, in the vehicle group, there was a trend toward an increased number

of organisms at week 12, with a return to baseline levels post-treatment at week 16.

Table 3.7.5.4 Number (%) of Patients in Phase 2 Study with Organisms Isolated

Cyclosporine all concentrations Vehicle
N=48 N=11

Parameter Week 12“ Week 12 Post”
7 <64>
4

10Total No. Microorganisms
3. N = 47 at Week 12
b Post = Post-treatment Week 16

Although there were variations in the microbial flora over the course of the study, these were

comparable among the treatment groups (NDA Section 8.11.1, Attachment 9.1, Table 65 and

Appendix 10.9.2 M, Table 4). There were no ocular infections in the cyclosporine emulsion

groups, and there did not appear to be an overgrowth of ocular microorganisms.

3.7.5.5 Other Safety Assessments

Visual Acuity

In the Phase 3 studies, approximately one-half of the patients in each treatment group showed no

change in the best—corrected visual acuity (VA) at any follow—up visit (NDA Section 8.7.16,

Tables 19 and 20). An improvement from baseline VA was seen at month 6 for approximately

30% of eyes in each treatment group; approximately 20% of eyes had worsened. These changes

were generally small (S 2 lines) and not clinically relevant.

In the Phase 2 study, generally one-half of the patients in each treatment group showed no change

from baseline VA (NDA Section 8.11.1, Attachment 9.1, Table 77). Of the remainder, there

were similar numbers of increases and decreases in all treatment groups. These changes were

generally small (S 2 lines) and not remarkable (NDA Section 8.11.1, Attachment 9.1, Table 78).
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Intraocular Pressure

. In the Phase 3 studies, intraocular pressure (IOP) was measured in millimeters of mercury
(mm Hg) using Goldmann applanation tonometry and averaged over both eyes. There were

statistically significant (P 5 0.042) increases in IOP from baseline to month 6 with cyclosporine

emulsion (NDA Section 8.7.16, Table 21). However, the mean increases were less

than 1 mm Hg and not clinically relevant. The among—group differences were not statistically

significant at either baseline or month 6.

In the Phase 2 study, there likewise were no statistically significant differences among the

cyclosporine emulsion and vehicle groups in the change from baseline IOP (NDA Section 8.11.1,

Attachment 9.1, Tables 71 and 72).

Biomicroscopy

In the Phase 3 studies, biornicroscopy examination included evaluations of lid and lid margin

erythema and swelling, conjunctiva erythema/hyperernia and chemosis, tear film debris, cornea

endothelial condition, anterior chamber cells, and flare. Changes in biomicroscopic findings

from baseline were similar across the 3 treatment groups (NDA Section 8.7.16, Tables 22.1 —

22.8). The majority of the patients in each treatment group showed no change in any parameter

at any follow-up visit. Increases (worsening) 2 2 grades in any parameter were reported for

S 3.3% of eyes at month 6.

In the Phase 2 study, there were no statistically significant differences among the treatment

groups at any visit for lid erythema, lid edema, conjunctiva] erythema/hyperernia, conjunctiva]

edema, or corneal endothelial condition (NDA Section 8.11.1, Attachment 9.1, Tables 66 - 70).

No clinically or statistically significant changes from baseline were seen in any of the

4 cyclosporine emulsion groups.

3.7.5.6 Drug-Drug Interactions

No formal drug interaction studies with cyclosporine ophthalmic emulsion were conducted.

Systemic exposure in humans from topical cyclosporine emulsion is minimal, and thus no

significant interactions with systemic drugs are expected. There is no information regarding

potential interactions of topical ophthalmic drugs coadministered with cyclosporine emulsion as

such drugs were prohibited during the Phase 2 and Phase 3 studies.
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3.7.5.7 Drug Abuse and Overdosage

. There is no experience with overdosage in humans using topical cyclosporine ophthalmic
emulsion. Excessive topical use of cyclosporine ophthalmic emulsion would not be expected to

contribute to any ocular toxicity. Due to low systemic concentrations of cyclosporine after

topical treatment with the ophthalmic emulsion, the likelihood of systemic intoxication from

topical overdose is remote.

A single unit-dose vial of 0.05% cyclosporine ophthalmic emulsion contains 0.2 mg of

cyclosporine. The recommended weight—norrna1ized starting dose of systemically administered

cyclosporine for rheumatoid arthritis and psoriasis is 2.5 mg/kg/day (PDR—NEORAL®, 1998).

Therefore, the dose ingested by a child weighing 14 kg drinking the contents of an entire vial

would be 175 times lower than the recommended starting dose of NEORALQ.

3.7.5.8 Safety Information from Other Sources

Previous Studies of Other Formulations of Topical Ophthalmic Cyclosporine in

Keratoconjunctivitis Sicca

One unpublished and 5 published studies not conducted by the Sponsor reported on the use of

non—emu1sion formulations of topical ophthalmic cyclosporine in patients with KCS (study report

K201, 1994; Foulks et al, 1996 [study report K206, 1994]; Giindiiz and Ozdemir, 1994; Helms et

al, 1996 [study report K203, 1995]; Laibovitz et al, 1993; Power et al, 1993). Four of these

studies used SAND1MMUNE® ophthalmic ointment (a com-oil based formulation) with

cyclosporine concentrations ranging from 0.5% to 2.0%. The 2 other studies used

2% cyclosporine in olive oil. These 6 studies enrolled 364 patients with KCS. The most

frequently reported adverse events were burning and discomfort; there were no serious adverse

events. Blood cyclosporine concentrations, where measured, were below the quantitation limit in

all patients.

Previous Studies of Other Formulations of Topical Ophthalmic Cyclospuorine in Other Indications

Literature published since 1985 includes the following reports on topical cyclosporine use in

indications other than KCS: vernal keratoconjunctivitis (BenEzra et a1, 1988; Bleik and Tabbara,

1991; Secchi et al, 1990 and 1997); corneal transplants (Belin et al, 1989; Goichot—Bonnat and

Pouliquen, 1988; Hoffmann and Wiederholt, 1985; Zhao and Jin, 1995); corneal ulcers (Kervick
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et al, 1992; Wiebking and Mehlfeld, 1986; Zhao and Jin, 1993; Zierhut et al, 1989); herpetic

stromal keratitis (Giindiiz and Ozdemir, 1997); necrotizing scleritis (Hoffmann and Wiederholt,

1985/1986); multiple indications (Giindfiz and Ozdemir, 1993; Holland et al, 1993); and healthy

volunteers (Solch et al, 1991). In these studies, topical cyclosporine was administered from 1 to

5 times daily, in concentrations of 2% or less. Adverse events were minimal and consisted of

transient burning, punctate epitheliopathy or keratitis. There were no serious adverse events, and

only 6 patients were discontinued due to adverse events. No abnormal clinical laboratory data

were reported in patients. Following topical administration, cyclosporine was generally not

detected in blood or serum; however, low levels of cyclosporine have been reported.

In—House Animal Studies

The 3-month and 6-month studies in rabbits and the 1-year study in dogs evaluated cyclosporine

ophthalmic emulsions at concentrations up to 0.4%, 1 drop in 1 eye, up to 6 times daily (study

reports 1793—2936—5, 1995; 1793—2936—6, 1996; CHV—985-126, 1997). There was no evidence of

local or systemic toxicity, and there were no histologic compound-related changes in the eye or

any other organs or tissues. The only treatment—related effects were transient slight ocular

discomfort and conjunctival hyperemia in the rabbit studies.

Blood concentrations of cyclosporin A in the topically—dosed animals were consistently low, even

during the exaggerated dosing regimens. The majority of the individual blood concentrations

were less than 1.0 ng/mL, which correlates with the lack of toxicity observed. The margin of

safety for humans based on systemic drug exposure in animals is at least 740—fold.

3.7.5.9 Discussion

Ocular Safety

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4% for

up to 3 months, and 0.05% and 0.1% for up to 6 months, was well tolerated locally in patients

with moderate to severe KCS. Ocular adverse events were not unexpected with an ophthalmic

disease and a topical study medication. The most common ocular adverse event was burning,

which was more frequent with cyclosporine emulsion than vehicle in the Phase 3 studies. Other

ocular adverse events reported by 3% to 6% of patients in either of the cyclosporine emulsion

groups in the Phase 3 studies were stinging, visual disturbance (most often blurred vision),



350

Allergan Confidential Original NDA 21-023
Cyclosporine ophthalmic emulsion Section 3

conjunctival hyperemia, eye pain, discharge, pruritus, foreign body sensation, photophobia, and

. irritation.
There were no clinically significant differences among cyclosporine emulsion and vehicle-treated

patients in visual acuity, intraocular pressure, or biomicroscopy throughout the Phase 2 and

Phase 3 studies. Likewise, in the animal safety studies, there was no evidence of ocular toxicity

in any of the parameters monitored, and there were no histologic compound-related changes in

the eye during treatment 6 times daily for up to 1 year with cyclosporine emulsion in

concentrations up to 0.4%.

Ocular microbial analyses of conjunctival bacterial isolates were performed in the Phase 2 study

to address concerns that daily use of a topical ophthalmic immunosuppressive agent could

predispose patients to ocular infections (study report 192371-001, 1997). In fact, cyclosporine

emulsion treatment was associated with a decrease from baseline in the presence of abnormal

organisms. Similar significant reductions of pathogenic organisms have been seen in dry—eye

patients after punctal occlusion, suggesting that adequate tear production plays a role in the

maintenance of normal ocular flora (Castillo et al, 1994). Thus cyclosporine emulsion may

improve the ocular microbiology of KCS patients through its beneficial effects on the underlying

dry—eye condition.

No bacterial or fungal ocular infections were reported in patients treated with cyclosporine

ophthalmic emulsion. The reduction in the types of organisms cultured and the absence of ocular

infections seen in these human studies are supported by a previous study in dogs with dry eyes

treated with 2% cyclosporine in corn oil (Salisbury et al, 1995). Likewise, in the 6-month rabbit

and 1-year dog studies, there were no opportunistic ocular infections. Thus overall there was no

sign of harmful local immunosuppression during treatment with cyclosporine ophthalmic

emulsion.

Systemic Safety

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4% for

up to 3 months, and 0.05% and 0.1% for up to 6 months, was well tolerated without significant

systemic effects in patients with moderate to severe KCS. Systemic adverse events were reported

at similar rates in the cyclosporine emulsion and vehicle groups. Overall, 5.8% (51/877) of the

patients in the Phase 3 studies experienced a serious adverse event (SAE). The investigators
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considered each of the SAEs to have either no relationship to study medication or unlikely to be

. related to study medication.

Clinically important adverse events that have been associated with oral cyclosporine include

nephrotoxicity, hepatotoxicity, neurotoxicity, and malignant lymphomas (PDR-NEORALG’, 1998;

PDR—SANDIlV[MUNE®, 1998). Such treatment—related toxicities were neither expected nor seen

with the topical usage of the cyclosporine emulsion. There were no notable differences between

the vehicle and cyclosporine emulsion groups in any blood chemistry or hematology findings,

including renal and hepatic function tests. Those adverse events categorized as “visual

disturbance” were most often described in terms of blurred vision. These were ocular in origin

rather than a syndrome of central nervous system toxicity and cortical blindness as reported with

systemic cyclosporine use (Ghalie et al, 1990; Memon et al, 1995; Nussbaum et al, 1995).

Three patients were diagnosed with a lymphoma, each considered unlikely to be related to study

medication. The patients had received 0.1% cyclosporine emulsion for 5 to 12 weeks. One

patient had a history of Sjogren’s syndrome; such patients have a substantially increased risk of

lymphoma (Vitali et al, 1993). The other 2 patients had received long—term treatment of

rheumatoid arthritis with methotrexate, which is known to be associated with malignant

lymphomas (PDR - methotrexate, 1998).

Likewise, in the animal safety studies there was no evidence of systemic toxicity in any of the

parameters monitored, and there were no histologic compound—related changes in any organs or

tissues during treatment 6 times daily for up to 1 year with cyclosporine emulsion in

concentrations up to 0.4%. Blood concentrations of cyclosporin A in the topically dosed animals

were consistently low, even during the exaggerated dosing regimens. The margin of safety for

humans based on systemic drug exposure in animals is at least 740—fold.

Systemic treatment of rheumatoid arthritis and psoriasis patients with oral cyclosporine

(2.5 to 5 mg/kg/day) produced blood concentrations (mean i SD) that ranged from a trough of

74.9 i 46.7 ng/mL to a Cm of 655 i 186 to 728 i 263 ng/mL (PDR - NEORAL®, 1998). In

contrast, topical cyclosporine emulsion (1 to 2 pg/kg/day) produced mean blood trough

cyclosporin A concentrations and CW values of less than 0.1 ng/mL (study reports PK-96-018,

1996; PK—98—l09, 1998; PK—98—1 12, 1998). These concentrations are at least 749 to 6,550 times
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lower than the trough and Cw values seen with systemic therapeutic use. In 98.2% (544/554) of

. the analyzed samples, blood concentrations following topical ophthalmic administration of
cyclosporine were below the assay’s quantitation limit of 0.1 ng/mL. All 10 quantifiable samples

were from patients receiving 0.1% cyclosporine emulsion; in no patient was the blood

cyclosporine A concentration greater than 0.299 ng/mL. Comparison of trough blood

cyclosporin A concentrations during multiple ocular dosing indicated no detectable

accumulation.

3.7.5.10 Conclusions

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4% for

up to 3 months, and 0.05% and 0.1% for up‘ to 6 months, was well tolerated locally without

significant systemic effects in patients with moderate to severe KCS, with or without Sj6gren’s

syndrome. Topical cyclosporine ophthalmic emulsion produced minimal systemic exposure,

which correlated with the lack of local and systemic toxicity found in these studies.
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3.7.5.1 1 References

Stud Re ort References

STUDY NO. STUDY TITLE VOLUME PAGE

1793-2936-5 AGN 192371 — cyclosporine ophthalmic emulsion: VOL 14 p_ 001

a three-month ocular and systemic toxicity study

with a one—month recovery period in New Zealand

white rabbits. Allergan, 1995.

1793-2936-6 AGN 192371 — cyclosporine ophthalmic emulsion: VOL 15 p_ 001

a six-month ocular and systemic toxicity study with

a two—month recovery period in New Zealand white

rabbits. Allergan, 1996.

192371-001 A dose-ranging study evaluating the safety, VOL 27 p_ 002

tolerability, and efficacy of cyclosporine (0.05, 0.1,

0.2, 0.4%) and vehicle ophthalmic emulsions in the

treatment of moderate to severe keratoconjunctivitis

sicca. Allergan, 1997.

192371-002 A multicenter, doub1e—masked, randomized, VOL 40 p_ 001

vehicle-controlled, parallel-group study of the

safety and efficacy of cyclosporine 0.05% and 0.1%

ophthalmic emulsions used twice daily for up to

one year in patients with moderate to severe

keratoconjunctivitis sicca. Allergan, 1999.

192371-003 A multicenter, doub1e—masked, randomized, VOL 60 p_ 001

vehicle-controlled, parallel—group study of the

safety and efficacy of cyclosporine 0.05% and 0.1%

ophthalmic emulsions used twice daily for up to

one year in patients with moderate to severe

keratoconjunctivitis sicca. Allergan, 1999.
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STUDY NO STUDY TITLE VOLUME PAGE

. CHV—985—l26 52-week ocular and systemic study of cyclosporine VOL 17 p_ 001
in dogs with an 8-week recovery period. Coming

Hazleton Incorporated, 1997.

Study Report Synopsis (A single-center, d0uble— VOL 85 p_ 265

masked clinical trial to assess safety, ocular

tolerability, and initial efficacy of three doses of

Sandimmune® ophthalmic ointment in the

treatment of vernal keratoconjunctivitis and

keratoconjunctivitis sicca). Sandoz 1994

Interoffice memorandum summarizing the data for VOL 85 p_ 257

Sandoz clinical study K-203. Allergan, 1995.

Interoffice memorandum summarizing the data for VOL 85 p_ 302

Sandoz clinical study K—206. Allergan, 1994.

PK-96-018 Pharmacokinetic analysis of cyclosporin A in VOL 19 p_ 284

human blood for clinical study entitled “A dose-

ranging study evaluating the safety, tolerability, and

efficacy of cyclosporine (0.05, 0.1, 0.2, 0.4%) and

vehicle ophthalmic emulsions in the treatment of

moderate to severe keratoconjunctivitis sicca”.

Allergan, 1996.
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PK-98-109 Six month interim pharmacokinetic analysis of VOL 19 p_ 357

. plasma concentrations for study 192371-002 titled,
“A multicenter, doub1e—masked, randomized,

vehicle-controlled, parallel—group study of the

safety and efficacy of cyclosporine 0.05% and 0.1%

ophthalmic emulsions used twice daily for up to

one year in patients with moderate to severe

keratoconjunctivitis sicca”. Allergan, 1998.

STUDY N0 STUDY TITLE VOLUME PAGE

PK—98—l 12 Interim report of blood cyclosporin A VOL 19 p_ 371

concentrations during one dosing interval for study

192371-002 titled, “A multicenter, double-masked,

randomized, vehicle-controlled, parallel-group

study of the safety and efficacy of cyclosporine

0.05% and 0.1% ophthalmic emulsions used twice

daily for up to one year in patients with moderate to

severe keratoconjunctivitis sicca”. Allergan, 1998.
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3.8 DISCUSSION OF THE BENEFIT/RISK RELATIONSHIP AND PROPOSED

0 ADDITIONAL STUDIES
3.8.1 BENEFIT/RISK ASSESSMENT OF CYCLOSPORINE OPHTHALMIC

EMULSION IN THE TREATMENT OF DRY EYE

Demographic studies indicate that KCS affects millions of people worldwide; up to 11% of

people aged 30 to 60 years (Bjerrum, 1997) and up to 14.6% of people aged 65 years and older

(Schein et al, 1997). Patients with dry-eye disease typically complain of symptoms of ocular

discomfort, including a dry, gritty feeling, that is often accompanied by foreign body sensation.

Burning and irritation, photophobia, blurred vision, and gradual contact lens intolerance can

occur, and some patients are unable to cry irritative or emotional tears (Lubniewski and Nelson,

1990). Depending on the duration and severity of disease, damage to the ocular surface may be

present and those with chronic, uncontrolled disease have an increased risk of ocular infections

(Lemp and Chacko, 1997; Lubniewski and Nelson, 1990).

Dry-eye disease can be a severe, debilitating, and sight-threatening disease. Patients with

moderate to severe dry eyes wake up every morning with the feeling of sand and grit in their

eyes; during their day every blink and every bright light causes pain. Their quality of life is

greatly diminished because their eyes are frequently sore and irritated. They are unable to

tolerate dry climates and air conditioning and are embarrassed if they need to wear unsightly

goggles. They are further frustrated, along with their physicians, with the hopelessness that

there is no satisfactory treatment available.

Current treatment options for KCS are palliative, providing symptomatic relief without

addressing the underlying mechanisms of the disease. In contrast, cyclosporine ophthalmic

emulsion improves the signs and symptoms of KCS and reduces the ocular inflammation and

immune reactivity associated with the disease, thereby providing therapeutic benefit. Systemic

exposure from topical administration is minimal, and both concentrations of cyclosporine

emulsion were well tolerated locally without significant systemic adverse effects.

3.8.1 .1 Benefits

Using traditional clinical methods to assess improvement in objective and subjective measures

of dry-eye disease, the Phase 3 studies demonstrated the efficacy of 0.05% and 0.1%

cyclosporine ophthalmic emulsion (study reports 192371-002, 1999 and 192371-003, 1999).
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Within each study, statistically significant improvements were seen with each concentration of

. cyclosporinc emulsion beginning at month 1. After 6 months of treatment, 14 of the
15 objective signs and subjective symptoms evaluated showed significant improvement from

baseline for each cyclosporinc concentration in each Phase 3 study.

Statistically significant among—group differences favoring at least one of the cyclosporinc

concentrations vs vehicle were found for 4 key efficacy parameters: the objective signs of

corneal staining and the categorized Schirmer tear test with anesthesia, and the subjective

endpoints of blurred vision and REFRESH® use. Combining these 4 parameters into a single

measure of efficacy, the percentage of responders at month 6 was statistically significantly

greater with cyclosporinc emulsion than with vehicle in each of the Phase 3 studies (50%, 44%,

and 31% in study 002, and 43%, 46%, and 29% in study 003 for 0.05% cyclosporinc, 0.1%

cyclosporinc, and vehicle, respectively). The benefits seen with cyclosporinc emulsion are

particularly important considering that the use of REFRESH® tears was permitted during the

studies.

Improvements in the key efficacy parameters with cyclosporinc emulsion were clinically

relevant as well as statistically significant. Decreases in corneal staining indicate improved

corneal health, with a smoother refractive surface and a reduced risk of infection and ocular

discomfort. The improvement in corneal staining can have a beneficial effect on vision as well,

and subjectively, patients experienced less blurred vision. Substantial and clinically important

increases in tear production were seen in both studies after 6 months of treatment with 0.05%

cyclosporinc emulsion. Another indicator of disease severity is the frequency of artificial tear

use. After treatment with 0.05% cyclosporinc emulsion for 6 months, average REFRESHG’ use

decreased. This suggests that patients’ eyes felt better and that the need for frequent use was

reduced.

Pretreatment (baseline) evaluations from the tertiary tests in the Phase 3 studies have confirmed

the underlying immune—based inflammatory component of KCS. Patients with and without

Sji)'gren’s syndrome showed the presence of immune activation markers (HLA—DR and

HLA—DQ), inflammation marker CD11a, and the inflammatory cytokine interleukin-6 (IL-6)

(Tertiary Reports: Baudouin and Baudouin, 1999; Pflugfelder, 1999; Smith et al, 1999). These

findings are in contrast to the low expression of IL-6, CDl1a, and HLA-DR seen in normal eyes

(Baudouin et al, 1997; Jones et al, 1994).



362

Allergan Confidential Original NDA 21-023
Cyclosporine ophthalmic emulsion Section 3

Cyclosporine emulsion reduced both inflammation and immune reactivity within the ocular

surface of KCS patients with and without Sjogren’s syndrome. After 6 months of treatment with

0.05% Cyclosporine emulsion, statistically significant decreases were seen for IL-6, HLA—DR,

and CD11a. CD3 and CD8 (total T cells and T-suppressor cells) also were decreased (Tertiary

Reports: Gipson, 1999; Pflugfelder, 1999). Improvement of the ocular surface on a cellular

level was demonstrated by an increased density of goblet cells in conjunctival biopsy samples

(Tertiary Report: Gipson, 1999).

Cyclosporine emulsion also may benefit patients by improving the ocular microbiology of KCS

through its effects on the underlying dry-eye condition. Ocular microbial analyses of

conjunctival bacterial isolates were performed in the Phase 2 study to address concerns that daily

use of a topical ophthalmic immunosuppressive agent could predispose patients to ocular

infections (study report 192371-001, 1997). In fact, Cyclosporine emulsion treatment was

associated with a decrease from baseline in the presence of abnormal organisms. Similar

significant reductions of pathogenic organisms have been seen in dry-eye patients after punctal

occlusion, suggesting that adequate tear production plays a role in the maintenance of normal

ocular flora (Castillo et al, 1994).

Cyclosporine ophthalmic emulsion positively influences the underlying mechanisms of dry-eye

disease, thus providing therapeutic benefit. These effects were shown in both Phase 3 studies

and confirmed in the tertiary test results.

3.8.1.2 ‘Risks

Overall, the Phase 2 and Phase 3 studies provided a safety database of 1039 patients with KCS,

including 714 patients who were exposed to any concentration of Cyclosporine ophthalmic

emulsion. Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05%

to 0.4% for up to 3 months, and 0.05% and 0.1% for up to 6 months was well tolerated locally

without significant systemic effects in patients with moderate to severe KCS. Note that one

drop in each eye BID of 0.05% Cyclosporine emulsion delivers approximately 0.057 mg of

cyclosporine per day, given a drop size of approximately 28.5 uL, or less than 1 pg/kg/day for a

60 kg patient.

Ocular adverse events were not unexpected with an ophthalmic disease and a topical study

medication. The most common ocular adverse event was burning, which was more frequent
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with cyclosporine emulsion than vehicle in the Phase 3 studies. Other ocular adverse events

. reported by 3% to 6% of patients receiving cyclosporine emulsion in the Phase 3 studies were
stinging, visual disturbance, conjunctival hyperernia, eye pain, discharge, pruritus, foreign body

sensation, photophobia, and irritation. No bacterial or fungal ocular infections were reported in

patients treated with cyclosporine ophthalmic emulsion, and overall, there was no sign of

harmful local immunosuppression.

There were no clinically significant differences among cyclosporine emulsion and vehicle-

treated patients in visual acuity, intraocular pressure, or biomicroscopy throughout the Phase 2

and Phase 3 studies. Likewise, in the animal safety studies, there was no evidence of ocular

toxicity in any of the parameters monitored, and there were no histologic compound—related

changes in the eye during treatment 6 times daily for up to 1 year with cyclosporine emulsion in

concentrations up to 0.4%.

Systemic adverse events were reported at similar rates with cyclosporine ophthalmic emulsion

and vehicle. Clinically important adverse events that have been associated with oral

cyclosporine include nephrotoxicity, hepatotoxicity, neurotoxicity, and malignant lymphomas.

Such treatment—related toxicities were neither expected nor seen with topical usage of

cyclosporine emulsion. There were no notable differences between the vehicle and cyclosporine

emulsion groups in any blood chemistry or hematology findings, including renal and hepatic

function tests.

Likewise, in the animal safety studies, there was no evidence of systemic toxicity in any of the

parameters monitored, and there were no histologic compound—related changes in any organs or

tissues during treatment 6 times daily for up to 1 year with cyclosporine emulsion in

concentrations up to 0.4%. Blood concentrations of cyclosporin A in the topically dosed

animals were consistently low, even during the exaggerated dosing regimens. The margin of

safety for humans based on systemic drug exposure in animals is at least 740-fold.

Systemic treatment of rheumatoid arthritis and psoriasis patients with oral cyclosporine

(2.5 to 5 mg/kg/day) produced blood concentrations (mean 1- standard deviation) that ranged

from a trough of 74.9 i 467 ng/mL to a Cm of 655 i 186 to 728 1- 263 ng/mL (PDR —

NEORAL®, 1998). In contrast, topical cyclosporine emulsion (l to 2 pg/kg/day) produced mean

blood trough cyclosporin A concentrations and CW values of less than 0.1 ng/mL (study reports
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PK—96-018, 1996; PK—98—lO9, 1998; PK—98—1 12, 1998). These concentrations are at least 749 to

6,550 times lower than the trough and Cmax values seen with systemic therapeutic use. In 98.2%

(544/554) of the analyzed samples, blood concentrations following topical ophthalmic

administration of cyclosporine were below the assay’s quantitation limit of 0.1 ng/mL. All

10 quantifiable samples were from patients receiving 0.1% cyclosporine emulsion; in no patient

was the blood cyclosporin A concentration greater than 0.299 ng/mL. Comparison of trough

blood cyclosporin A concentrations during multiple ocular dosing indicated no detectable

accumulation.

3.8.1 .3 Conclusions

In summary, 0.05% cyclosporine ophthalmic emulsion is proposed for approval for the treatment

of moderate to severe KCS because it has proven benefits, is at least as effective as 0.1%

cyclosporine emulsion, and is safe and well tolerated. This proposal is supported by the efficacy

and safety of 0.05% and 0.1% cyclosporine emulsions demonstrated in a substantial clinical

program:

0 0 Clinically and statistically significant effects in favor of both concentrations of cyclosporine
emulsion in a number of important parameters in the ITT population in each of the Phase 3

studies, as well as in a confirmatory meta—analysis of the ITT population. Notably, the

cyclosporine formulations achieved clinically and statistically significant results versus

vehicle for the individual parameters corneal staining, blurred vision, categorized Schirmer

with anesthesia, and reduction in REFRESH® use, as well as in the responder analysis using

all 4 parameters. In addition, improvement with the cyclosporine formulations was seen in

virtually all efficacy parameters in the within—group analyses.

lifficacy data for the traditional dry-eye study parameters in the ITT population are supported

by results of the tertiary tests that showed reductions with 0.05% cyclosporine emulsion in

the inflammation and immune reactivity underlying KCS. Notably, IL-6, CDl1a, and

HLA—DR were reduced. In addition, goblet cell density in conjunctival biopsies was

elevated by the 0.05% cyclosporine emulsion.

Analysis of a number of subpopulations from the clinical program supports the efficacy seen

in the ITT population.
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0 Although the vehicle delivered a significant beneficial effect to patients, as expected with a

formulation designed for the dry-eye population, all statistically significant results in the ITT

among-group analyses favored cyclosporine over vehicle. This finding is particularly

important when it is recalled that the use of REFRESH® tears was permitted as needed

during the clinical studies.

Cyclosporine ophthalmic emulsion administered BID in concentrations from 0.05% to 0.4%

for up to 3 months, and 0.05% and O.l% for up to 6 months, was well tolerated locally

without significant systemic effects. Topical administration produced minimal systemic

exposure, which correlated with the lack of systemic toxicity found in these studies.

Thus the benefits of improvement in signs and symptoms of dry eye and reduction in ocular

surface inflammation seen with cyclosporine ophthalmic emulsion far outweigh the minimal

risks associated with this treatment.

3.8.2 PROPOSED POST-MARKETING CLINICAL STUDIES OR SURVEILLANCE

The Integrated Summary of Safety is based on the safety data from the initial 6-month Vehicle-

Controlled Masked Treatment portion of the Phase 3 studies 192371-002 and 192371-003

(NDA Section 8.7). No significant safety issues were identified in that review. Additional

safety information obtained since datalock of these studies has not altered the original findings

and conclusions (NDA Section 9). Patients who completed the Vehicle—Controlled Masked

Treatment Phase are continuing in the 6-month Cyclosporine Treatment Extension Phase to

provide further support for long-terrn usage.

Two open-label extension studies also are ongoing in patients with moderate to severe KCS who

were previously dosed in the Phase 2 and Phase 3 studies (NDA Section 3.7.4). One additional

study evaluating the safety and efficacy of 0.05% cyclosporine ophthalmic emulsion for up to

6 months in patients with mild to moderate KCS is currently under review (192371-006). No

additional post-marketing or surveillance studies are ongoing.
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3.8 .3 REFERENCES

3.8.3.1 Study Report References
STUDY NO. STUDY TITLE VOLUME PAGE

192371-001 A dose-ranging study evaluating the safety, VOL 27 O 002

tolerability, and efficacy of cyclosporine (0.05, 0.1,

0.2, 0.4%) and vehicle ophthalmic emulsions in

the treatment of moderate to severe
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192371-002 A multicenter, double—masked, randomized, VOL 40 O 001

vehicle—contro1led, parallel-group study of the

safety and efficacy of cyclosporine 0.05% and

0.1% ophthalmic emulsions used twice daily for
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safety and efficacy of cyclosporine 0.05% and
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PK-96-018 Pharmacokinetic analysis of cyclosporin A in VOL 19 O 284
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Allergan, 1996.
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“A multicenter, double—masked, randomized,
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