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A3 A composition is disclosed herein comprising from about 0.001% to about 0.4%
cyclosporin A, castor oil, and a surfactant selected from the group
consisting of alc. ethoxylated, alcs., alkyl glycosides, alkyl
po’yg’ycosides, alkylphenol ethoxylates, amine oxides, block polymers,
carboxylated alc. or a’ky’phenol ethoxylates, carboxylic adds/fatty acids,
ce’lu’ose derivs., ethoxylated alcs., ethoxylated alkylphenols,
ethoxylated aryl phenols, ethoxylated fatty acids, ethoxylated fatty
acids, ethoxylated fatty esters and oils, fatty alcs., fatty esters,
glycol esters, lanolin—based derivs., lecithin and lecithin derivs.,
lignin and lignin derivs., Me esters, monoglycerides and derivs.,
phospholipids, polyacrylic acids, polyethylene glycols, polyethylene
oxide—polypropylene oxide copolymers, polyethylene oxides, polymeric
surfactants, polypropylene oxides, propoxylated alcs., propoxylated alkyl
phenols, propoxylated fatty acids, protein—based surfactants, sarcosine
derivs., silicone—based surfactants, sorbitan derivs., stearates, sucrose

and glucose esters and derivs., and combinations thereof. For example,
emulsion was prepared containing cyclosporin A 0.1%, castor oil 1%, clove
oil 0. %, Polysorbate—80 1%, diglycerol 0.7%, glycerin 2%,
CM—cellulose 0.5%, sodium hydroxide to adjust OH (7.2) and wa:er as
needed.
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to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
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referenced by either a published application, an application open to public inspections or an issued patent.
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Acheampong, et al. Examiner: Marcela M Cordero Garcia

Serial No.: 13/967,163 Group Art Unit: 1658

Filed: August 14, 2013 Confirmation No. 4274

For: METHODS OF PROVIDING Customer No.: 51957

THERAPEUTIC EFFECTS USING

CYCLOSPORIN COMPONENTS

RESPONSE TO NON FINAL OFFICE ACTION DATED OCTOBER 17, 2013

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

These papers are filed in reply to the Office Action mailed October 17, 2013

Amendments to the Claims begin at page 2;

Summary of the Interview begins at page 6;

Remarks follow on page 7.
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AMENDMENTS TO THE CLAIMS

The following claims replace all prior versions of claims submitted in this application.

Only those claims being amended herein show their changes in highlighted form, where

insertions appear as underlined text (e.g., insertions) while deletions appear as strikethrough or

surrounded by double brackets (e.g. deletions or [[deletions]]).

1- 36. (Canceled)

37. (Currently Amended) A topical ophthalmic emulsion for treating an eye of a human

 omprising cyclosporin A in an

amount of about 0.05% by weight, polysorbate 80, Pemulen acgv_late/C10-30 alkyl acgv_late

cross-polymer, water, and castor oil in an amount of about 1.25% by weight;—and

 

38. (Previously Presented) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion further comprises a tonicity agent or a demulcent component.

39. (Previously Presented) The topical ophthalmic emulsion of Claim 38, wherein the tonicity

agent or the demulcent component is glycerine.

40. (Previously Presented) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion further comprises a buffer.

41. (Previously Presented) The topical ophthalmic emulsion of Claim 40, wherein the buffer is

sodium hydroxide.

42. (Previously Presented) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion further comprises glycerine and a buffer.
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43. (Previously Presented) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion comprises polysorbate 80 in an amount of about 1.0% by weight.

44. (Currently Amended) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion comprises Pemulen acgv_late/C10-30 alkyl acgv_late cross-polymer in an

amount of about 0.05% by weight.

45. (Previously Presented) The topical ophthalmic emulsion of Claim 37, wherein the topical

ophthalmic emulsion further comprises glycerine in an amount of about 2.2% by weight, water,

and a buffer.

46. (Previously Presented) The topical ophthalmic emulsion of Claim 45, wherein the buffer is

sodium hydroxide.

47.

topical ophthalmic emulsion is administered to an eye of ahuman 

 ,the blood of the human has substantially no detectable concentration of

(Currently Amended) The topical ophthalmic emulsion of Claim 37, wherein, when the

cyclosporin A.

48. (Previously Presented) The topical ophthalmic emulsion of Claim 42, wherein the topical

ophthalmic emulsion has a pH in the range of about 7.2 to about 7.6.

49- 53. (Canceled)

54. (Currently Amended) A topical ophthalmic emulsion for treating an eye of a human,

 

wherein the topical ophthalmic emulsion comprises:

cyclosporin A in an amount of about 0.05% by weight;

castor oil in an amount of about l.25% by weight;

polysorbate 80 in an amount of about 1.0% by weight;
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Pemulen acpv_late/C10-30 alkyl acpv_late cross-polymer in an amount of about 0.05% by

weight;

a tonicity component or a demulcent component in an amount of about 2.2% by weight;

a buffer; and

water;

wherein the topical ophthalmic emulsion has a pH in the range of about 7.2 to about 7.6.

55. (Previously Presented) The topical ophthalmic emulsion of Claim 54, wherein the buffer is

sodium hydroxide.

56. (Previously Presented) The topical ophthalmic emulsion of Claim 54, wherein the tonicity

component or the demulcent component is glycerine.

57. (Currently Amended) The topical ophthalmic emulsion of Claim 54, wherein, when the

topical ophthalmic emulsion is administered to an eye of ahuman 

 ,the blood of the human has substantially no detectable concentration of

the cyclosporin A.

58. (Canceled)

59. (Currently Amended) The topical ophthalmic emulsion of Claim 54, wherein the topical

ophthalmic emulsion is effective in treating keratoconjunctivitis siccaKGS.

60. (Currently Amended) A topical ophthalmic emulsion for treating an eye of a human, the

topical ophthalmic emulsion comprising:

cyclosporin A in an amount of about 0.05% by weight;

castor oil in an amount of about 1.25% by weight;

polysorbate 80 in an amount of about 1.0% by weight;

Pemu-len-acpv_late/Cl0-30 alkyl acpv_late cross-polymer in an amount of about 0.05% by

weight;

glycerine in an amount of about 2.2% by weight;
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sodium hydroxide; and

water;

I . I I. . a . . . E5’

61. (Previously Presented) The topical ophthalmic emulsion of Claim 60, wherein the topical

ophthalmic emulsion has a pH in the range of about 7.2 to about 7.6.

62. (New) The topical ophthalmic emulsion of Claim 37, wherein the topical ophthalmic

emulsion is therapeutically effective in treating dry eye.

63. (New) The topical ophthalmic emulsion of Claim 37, wherein the topical ophthalmic

emulsion is therapeutically effective in treating keratoconjunctivitis sicca.

64. (New) The topical ophthalmic emulsion of Claim 37, wherein the topical ophthalmic

emulsion is therapeutically effective in increasing tear production.

65. (New) The topical ophthalmic emulsion of Claim 54, wherein the topical ophthalmic

emulsion is therapeutically effective in treating dry eye.

66. (New) The topical ophthalmic emulsion of Claim 54, wherein the topical ophthalmic

emulsion is therapeutically effective in increasing tear production.

67. (New) The topical ophthalmic emulsion of Claim 60, wherein the topical ophthalmic

emulsion is therapeutically effective in treating dry eye.

68. (New) The topical ophthalmic emulsion of Claim 60, wherein the topical ophthalmic

emulsion is therapeutically effective in treating keratoconjunctivitis sicca.

69. (New) The topical ophthalmic emulsion of Claim 60, wherein the topical ophthalmic

emulsion is therapeutically effective in increasing tear production.
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SUMMARY OF INTERVIEW

Attendees, Date and Type of Interview

An in-person interview was conducted on October 3, 2013 at the USPTO and was

attended by Examiner Cordero Garcia, Laura L. Wine, Dr. Rhett Schiffman, Dr. Mayssa Attar,

and Debra Condino.

Exhibits and/or Demonstrations

Data demonstrating unexpected results and commercial success of the claimed

formulation were presented. Data and information regarding the claimed forrnulation’s

satisfaction of a long felt need were also presented.

Identification of Claims Discussed

The Claims were discussed, focusing on Claims 37 and 54.

Identification of Prior Art Discussed

The prior art of record was discussed, focusing on Ding (U.S. Patent No. 5,474,979).

Proposed Amendments

It was proposed to amend Claims 54 to recite a range of pH of the claimed formulation.

Principal Arguments and Other Matters

The Applicants presented data demonstrating unexpected results, commercial success,

and satisfaction of a long felt need of the claimed formulation. While the Applicants do not

acquiesce to any prima facie case of obviousness, the evidence of non-obviousness presented at

the interview overcomes the primafacie obviousness rejection.

Results of Interview

It was agreed that the evidence of non-obviousness presented rendered the claims

allowable and overcame the prior art of record. It was agreed that the Applicants would file a

response, presenting arguments and data discussed at the interview.
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REMARKS

This Reply responds to the Office Action sent October 17, 2013 , in which the Office

Action rejected Claims 37-6l. Claims 49-53 and 58 are newly cancelled. Claims 37, 44, 47, 54,

57, and 59-60 have been amended. Claims 62-69 are new. Thus, Claims 37-48, 54-57 and 59-69

are currently pending. No new matter has been added by this amendment, and all amendments to

the claims are fully supported by the originally filed application. The Applicants respectfully

submit that the claims are in condition for allowance.

Claim Rejections

35 US. C. § 112, secondparagraph

Claims 37-61 were rejected under 35 U.S.C. § ll2, second paragraph as being indefinite

for failing to particularly point out and distinctly claim the subject matter which Applicants

regard as the invention. The Applicants submit that the amendments to the claims submitted

herewith render the rejection under 35 U.S.C. § ll2, second paragraph moot. Thus, the

Applicants respectfully request that the claim rejections under 35 U.S.C. § ll2, second

paragraph be withdrawn.

35 U.S.C. l03(a)

The Office Action rejected Claims 37-6l under 35 U.S.C. l03(a) as being unpatentable as

obvious in view of U.S. Patent No. 5,474,979 to Ding et al. (“Ding”).

The Applicants submit that the prima facie case of obviousness has not been properly

established against the pending claims. However, the Applicants submit that the unexpected

results, commercial success, and satisfaction of long felt need obtained with the claimed

formulations and failure of others overcome the primafacie obviousness rejection asserted in the

Office Action.

The Federal Circuit has held that objective evidence of nonobviousness must always be

taken into account before a conclusion on obviousness is reached. Similarly, M.P.E.P. 7l6.0l(a)

states that “[a]ff1davits or declarations, when timely presented, containing evidence of criticality

or unexpected results, commercial success, long-left but unsolved needs, failure of others,

skepticism of experts, etc., must be considered by the Patent Office in determining the issue of

obviousness of claims for patentability under 35 U.S.C. 103.” Thus, the Graham factors,
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including the use of objective evidence of secondary considerations to rebut a primafacie case of

obviousness, remains the framework to be followed for a determination of obviousness. The

Federal Circuit has even stated that “evidence of secondary considerations may often be the most

probative and cogent evidence in the record. It may often establish that an invention appearing

to have been obvious in light of the prior art was not.” See, Stratoflex Inc. v. Aeroquzp Corp.,

713 F.2d 1530, 1538 (Fed. Cir. 1983).

The Claimed Formulations Provide Surprising and Unexpected Results

As discussed in the interview with the Examiner, the claimed formulations provide

surprising and unexpected results in view of the prior art (e.g. Ding). According to MPEP §

2144.05 (111), the Applicants can rebut a presumption of obviousness based on a claimed

invention that falls within a prior art range by showing “(1) [t]hat the prior art taught away from

the claimed invention...or (2) that there are new and unexpected results relative to the prior

a_I't.” Iron Grip Barbell Co., Inc. v. USA Sports, Inc., 392 F.3d 1317, 1322, 73 USPQ2d 1225,

1228 (Fed. Cir. 2004).

In support of this position, the Applicants submit herewith as Exhibit 1 a Declaration of

Dr. Rhett M. Schiffman under 37 C.F.R. § 1.132 (hereinafter, “Schiffman Declaration 1”), Chief

Medical Officer at Neurotech, with over 12 years of experience as a clinician in the eye care

field. The Applicants also submit herewith as Exhibit 2, a Declaration of Dr. Mayssa Attar under

37 C.F.R. § 1.132 (hereinafter, “Attar Declaration”), Research Investigator at Allergan, Inc., the

assignee of record of the present application, with about 15 years of experience in the

pharmacokinetics field.

As described by Dr. Schiffman and Dr. Attar in their respective declarations, supported by

examples and experiments, the claimed formulations provided unexpected results compared to

the prior art with regards to two key objective testing parameters for dry eye or

keratoconjunctivis sicca: Schirrner Tear Testing and decrease in corneal staining, and with

regards to reduction in blurred vision and decreased use of artificial tears. Specifically, the

claimed formulations provided unexpected results compared to formulations 1E and 1D

disclosed in Ding, which included 0.05% by weight cyclosporin A and 0.625% by weight castor

oil and 0.10% by weight cyclosporin A and 1.25% by weight castor oil, respectively. See Ding,

col. 4, lines 34-43.
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As described by Dr. Schiffman in paragraphs 17-20 of Schiffman Declaration l and as

seen in Exhibits E and F to Schiffman Declaration l, surprisingly, the claimed formulation

demonstrated an §—_@l increase in relative efficacy for the Schirrner Tear Test score in the first

study of Allergan’s Phase 3 trials compared to the relative efficacy for the 0.05% by weight

cyclosporin A/0.625% by weight castor oil formulation disclosed in Example lE of Ding, tested

in Phase 2 trials. The data presented herewith represents the subpopulation of Phase 2 patients

with the same reductions in tear production (55 mn1/5 min) as those enrolled in the Phase 3

studies. Schiffrnan Declaration l at 1] 8. Exhibits E and F also illustrate that the claimed

formulations also demonstrated a 4_—_@l improvement in the relative efficacy for the Schirrner

Tear Test score for the second study of Phase 3 and a fifll increase in relative efficacy for

decrease in corneal staining score in both of the Phase 3 studies compared to the 0.05% by

weight cyclosporin A/0.625% by weight castor oil formulation tested in Phase 2 and disclosed in

Ding (Ding 1E). This was clearly a very surprising and unexpected result.

Exhibit E of Schiffman Declaration 1

3..

:~j:«t§~—F~‘t:=¥::i §R“e§.='{3\*:‘$':‘§'3*.é3'f‘s3.’*§ {z1.~§<3§:§ §mp—rv.3wsmzmti'“§

 
‘Clo-h3§:ar‘-:2<i to ihs: G.{§:3% tTix:A“{.3,.:S233E%*é {Ii} Films: .3 §:3t‘:m:E:xt.§:m {{§§5{‘.¥£3S{¥£‘l in filing}

\
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Exhibit F of Schiffman Declaration 1

  
. \ C$.*\ l:‘1 §.25‘-"3 {K} v.

\ A. -\.~ bi ft°('.'\‘:'.\.\ .>.\.':3 i. 

 
This dramatic increase in relative efficacy between the claimed formulation and the

formulation disclosed in Examples 1E and ID of Ding was especially unexpected in View of

pharmacokinetic data. As described by Dr. Attar in paragraph 7 of the Attar Declaration,

pharmacokinetic studies were performed on animal eyes, which compared the pharmacokinetic

properties of several cyclosporin A-containing formulations, including formulations containing

0.05% by weight cyclosporin A and 0.625% by weight castor oil, formulations containing 0.05%

by weight cyclosporin A and 1.25% by weight castor oil, and formulations containing 0.1% by

weight cyclosporin A and 1.25% by weight castor oil. This data was compiled and organized in

Exhibit B to the Attar Declaration, reproduced below:

10
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Exhibit B to Attar Declaration

0.05% CSA: 0.625% CO

0.05% CSA: 125% CO

0.1% (ISA: 1.25% CO

RelativeAUCto0.2%CsA:3.25%C0 
ConjuctivaCornea

As described in paragraph 7 of the Attar Declaration, this chart shows that the amount of

cyclosporin A that reaches the cornea and conjunctiva, ocular tissues that are highly relevant for

the treatment of dry eye or keratoconjunctivis sicca, is mghifor the formulation containing

0.05% by weight cyclosporin A and 0.625% by weight castor oil (Ding 1E) than the formulation

containing 0.05% by weight cyclosporin A and 1.25% by weight castor oil (the claimed

forrnulation) relative to the formulation containing 0.1% by weight cyclosporin A and 1.25% by

weight castor oil (Ding lD). According to Dr. Attar, this data teaches that the formulation

containing 0.05% by weight cyclosporin A and 1.25% by weight castor oil would be lei

therapeutically effective than the formulation containing 0.05% by weight cyclosporin A and

0.625% by weight castor oil or the formulation containing 0.10% by weight cyclosporin A and

1.25% by weight castor oil. Attar Declaration at 1] 8. Similarly, according to Dr. Schiffrnan, this

data shows that, since lower levels of cyclosporin A were reaching the ocular tissues relevant for

the treatment of dry eye, one of skill in the art would have expected patients receiving the

claimed formulation to exhibit a lesser decrease from baseline in corneal staining score and a

lesser increase from baseline in Schirrner Score relative to the corneal staining scores and

Schirrner Scores of the patients receiving the 0.05% by weight cyclosporin A / 0.625% by weight

ll
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castor oil formulation (Ding 1E) in the Phase 2 trials, as illustrated in Schiffman Declaration 1,

Exhibit B. See Schiffman Declaration 1 at 1] 13.

As described by Dr. Schiffman in paragraphs 14-15 of Schiffman Declaration 1,

surprisingly, the claimed formulation was equally or more therapeutically effective for the

treatment of dry eye or keratoconjunctivitis sicca than the formulation containing 0.10% by

weight cyclosporin A and 1.25% by weight castor oil (Ding 1D) according to corneal staining

score, Schirrner Score, an improvement in the common dry eye/keratoconjunctivitis sicca

symptom of blurred vision and a greater decrease in the number of artificial tears used by

patients.

Taking the results of the studies and data presented in the Attar and Schiffman 1

Declarations together, it is clear that the specific combination of 0.05% by weight cyclosporin A

with 1.25% by weight castor oil is surprisingly critical for therapeutic effectiveness in the

treatment of dry eye or keratoconjunctivitis sicca.

Accordingly, the Applicants submit that the Declarations of Drs. Rhett M. Schiffman

(Schiffman Declaration 1) and Attar, together with the data presented in those declarations,

provide clear and convincing objective evidence that establishes that the claimed formulations,

including 0.05% by weight cyclosporin A and 1.25% by weight castor oil, demonstrate

surprising and unexpected results, including improved Schirrner Tear Test scores and corneal

staining scores (key objective measures of efficacy for dry eye or keratoconjunctivitis sicca) and

improved visual blurring and reduced artificial tear use as compared to the prior art, for example,

emulsion formulations disclosed in Ding, including formulations with 0.05% by weight

cyclosporin A and 0.625% by weight castor oil (Ding 1E) and formulations with 0.10% by

weight cyclosporin A and 1.25% by weight castor oil (Ding 1D).

The Claimed Formulations are Commercially Successful

As discussed during the Examiner interview, in addition to having surprising and

unexpected results, the claimed formulations have demonstrated commercial success. In support

of this position, the Applicants submit herewith as Exhibit 3, a Declaration of Aziz Mottiwala

under 37 C.F.R. § 1.132 (hereinafter, “Mottiwala Declaration”), Vice President of Marketing at

Allergan for Allergan’s Dry Eye Product Franchise.

12
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As explained by Mr. Mottiwala, RESTASIS®, which is a commercial embodiment of the

claimed formulation, has been sold since 2003. See Mottiwala Declaration at 1] 2. Since the

launch of RESTASIS® in 2003, worldwide sales of the drug have increased steadily. See

Mottiwala Declaration at 1] 3 and Exhibit B to Mottiwala Declaration. Currently, annual world-

wide net sales for RESTASIS® are over $200 million per quarter, and nearing $800 million

annually. See Mottiwala Declaration at 1] 4. This is strong evidence of commercial success. See

Id. As there is no other FDA-Approved therapeutic treatment for dry eye available on the US

market, RESTASIS® owns 100% of the market share. Id.

Accordingly, the Applicants assert that the Declaration of Aziz Mottiwala provides

objective evidence that unequivocally establishes that the present invention as embodied in

RESTASIS® has been met with commercial success.

The Claimed Formulations Satisfied a L0ng—FeZt Need

As discussed during the Interview, the claimed formulations also resolve a long-felt need.

In support of this position, the Applicants submit herewith as Exhibit 4, a Declaration of Dr.

Rhett M. Schiffman under 37 C.F.R. § l.l32 (hereinafter, “Schiffman Declaration 2”).

According to the MPEP, establishing long-felt need requires objective evidence that an art

recognized problem existed in the art for a long period of time without solution. See MPEP §

716.04.

First, the need must have been a persistent one that was recognized by those of ordinary

skill in the art. Id. As explained by Dr. Schiffman, dry eye/keratoconjunctivis sicca has been a

known, persistent ocular disorder for many years. Publications on dry eye date back to at least

the 1970’s, and interest and publication on the subject has increased substantially since. See

Schiffman Declaration 2 at 1]1] 2-4.

Second, the long-felt need must not have been satisfied by another before the invention by

applicant. MPEP 716.04. As explained by Dr. Schiffman, no other therapeutic dry-eye drug has

been approved by the FDA before or since RESTASIS®. See Schiffman Declaration 2 at 1] 8.

Other treatments for dry eye, such as artificial tears, have been commercially available, but they

only exhibit a palliative effect, and do not work to increase tear production or otherwise treat the

disease. See Schiffman Declaration 2 at 1] 4.

13
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Third, the invention must in fact satisfy the long-felt need. MPEP 716.04. As shown by

the FDA’s approval of RESTASIS®, and the praise in the industry discussed by Dr. Schiffman

at paragraph 8 of Schiffman Declaration 2, the claimed methods have satisfied the long felt need.

As explained above, RESTASIS® has been met with great commercial success, which further

shows the satisfaction of the long felt need.

Several other companies have tried to develop therapeutic drugs for FDA approval, but

many have failed. See Schiffman Declaration 2 at 1] 9 and Exhibit N. The Federal Circuit has

implicitly accepted that failure to obtain FDA approval is relevant evidence of failure of others.

Knoll Pl/zarm. Co. v Teva Pl/tarms. USA, Inc., 367 F.3d 1381, 1385 (Fed. Cir. 2004).

Accordingly, the Applicants assert that the second Declaration of Dr. Rhett M. Schiffman

provides objective evidence that unequivocally establishes that the present invention as

embodied in RESTASIS® has satisfied a long felt need and that others have failed to meet such a

long felt need.

Hence, in view of the evidence presented above and presented in the attached declarations,

the Applicants submit that the unexpected results, commercial success, and satisfaction of long

felt need obtained from the claimed formulations successfully rebut the prima facie case of

obviousness presented in the Office Action. Thus, the Applicants respectfully request that the

Examiner withdraw the outstanding rejections under 35 U.S.C. § 103.

Statutory Double Patenting Rejection

Claims 37-56 and 59-61 were provisionally rejected for statutory double patenting in view

of claims 37-60 of co-pending U.S. Patent Application No. 13/967,189 and claims 37-60 of

copending U.S. Patent Application No. 13/961,808. Claims 37-61 were also provisionally

rejected for statutory double patenting in view of claims 37-61 of co-pending U.S. Patent

Application No. 13/961,828. Since this is a provisional statutory double patenting rejection, the

Applicants request that the Examiner allow the present case to proceed to allowance over the

other aforementioned cases. See MPEP § 804(2). Also, while the Applicants do not acquiesce to

the provisional statutory doubling patenting rejection, the Applicants have amended the claims in

copending U.S. Patent Application Nos. 13/961,808 and 13/967,189, thus rendering the

provisional statutory double patenting rejection over those two cases moot. Applicants

14
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respectfully request, therefore, that the Office withdraw the provisional statutory double

patenting rejections.

Obviousness—Type Double Patenting Rejections

Claims 37-61 were rejected for non-statutory obvious-type double patenting in view of

claims 1-8 of the Ding reference.

The Applicants submit that the pending claims are patentably distinct from claims 1-8 of

Ding for at least the same reasons argued above. The Applicants respectfully request, therefore,

that the Office withdraw the double patenting rejection of Claims 37-61 in View of claims 1-8 of

Ding.

Provisional Obviousness—Type Double Patenting Rejection

Claims 37-61 were rejected for provisional non-statutory obvious-type double patenting in

view of claims 37-61 of copending U.S. Patent Application No. 13/967,179, claims 37-60 of

copending U.S. Patent Application No. 13/961,835, claims 37-61 of copending U.S. Patent

Application No. 13/961,818, and claims 37-60 of copending U.S. Patent Application No.

13/967,168.

While the Applicants do not necessarily agree with the provisional non-statutory

obviousness-type double patenting rejections recited above, in order to expedite prosecution,

terminal disclaimers in the aforementioned applications were filed on October 7, 2013. Thus, the

Applicants submit that the provisional obviousness-type double patenting rejection has been

rendered moot and request that this provisional obviousness-type double patenting rejection be

withdrawn.

Conclusion

In view of the foregoing, the Applicants believe all claims now pending in the present

application are in condition for allowance.

The Commissioner is hereby authorized to charge any fees required or necessary for the

filing, processing or entering of this paper or any of the enclosed papers, and to refund any

overpayment, to deposit account 01-0885.

15
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If the Examiner believes a telephone conference would expedite prosecution of this

application, please contact the undersigned at (714) 246-6996.

Respectfully submitted,

/Laura L. Wine/

Date: October 23, 2013
Laura L. Wine

Attorney of Record

Registration Number 68,681

Please direct all inquiries and correspondence to:

Laura L. Wine, Esq.

Allergan, Inc.

2525 Dupont Drive, T2-7H

Irvine, California 926l2

Tel: (714) 246-6996 Fax: (714) 246-4249
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DI TIE UNITED STATES P.ATEN’I AND TRADEMARK OFFICE

DECLARATION IMER 37 CPR. L132

of Dr. Rhett M. Schiffrnan,

I, Rhett It/I. Schiffman, M.D., declare as follows:

I. I am currently a Vice Fresident and Chief Medical Officer at Neurotech. I have an MD,

Masters Degrees in Clinical Research Design and Statistical Analysis and in Health

Services Administration, a Bachelor’s degree in Bioengineering, and over I2 years of

experience in the pharmaceutical industry at Allergan, Inc. (“Allergan”). I was also a

clinical investigator in the Phase 3 studies for Restasis®. I am a, co—inventor on several

issued patents and pending applications related to treatment methods using ophthalmic

products. My curriculum vita, which contains a list of my publications to which I

contributed, is attached to this declaration as Exhibit A.

2. I have been informed of the general nature of the rejections made by the Patent Office

with respect to the previously presented claims of the above—referenced patent application

and I am familiar with the references that the Patent Office has relied on in making these

rejections. For example, I am aware of U.S. Patent No. 5,474,979 to Ding et al. (“Ding”).

3. Restasis® is an FDA approved product that is a commercial embodiment of the

invention. Specifically, R.estasis® is approved as a 0.05% by weight cyclosporin

ophthalmic emulsion useful for the treatment of ophthalmic conditions, such as dry eye.

Specifically, Restasis® ophthalmic emulsion is indicated to increase tear production in

patients whose tear production is presumed to be suppressed due to ocular inflammation

associated with keratoconjunctivitis sicca.

4. I have reviewed the pending claims in the present application, and the pending claims

cover the specific formulation of Restasis® and/or the approved methods of treatment of

dry eye or keratoconjunctivitis sicca for Restasis®.

5. In creating and testing the claimed methods and compositions, several unexpected

benefits were discovered using the claimed compositions andior claimed methods.

6. During development of a drug for the treatment of dry eye disease or keratoconjunctivitis

sicca, Allergan performed a randomized, rnulticenter, douhleniaslred, parallel—group,

dose—response controlled Phase 2 trial on several cyclosporin-A and caster oil—containing

formulations. In this Phase 2 study of moderate to severe KCS, the safety and efficacy of

I
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four cyclosporin A-containing emulsion compositions were compared to one another:

005% by weight cyclosporin A with 0.625% by weight castor oil, 0.l0% by weight

cyclosporin A with 1.25% by weight castor oil, 0.20% by weight eyclosporin A with

2.5% by weight caster oil, and 0.40% by weight cyclosperin A with 5.0% by weight

caster oil. A vehicle containing 2.5% by weight castor oil was also tested and compared

to these formulations. ln this study, patients with moderate to severe dry eye disease were

treated twice daily with one of the aforementioned cyclesporin A—containing formulations

er a vehicle. All of the cyclosporin A—containing formulations as well as the vehicle also

included 2.2% by weight glycerine, 1.0% by weight polysorbate 80, 0.05% by weight

Pemulen, sodium hydroxide, and water. To the best of my knowledge, the specific

cyclosporin—A containing formulations tested in humans in this Phase 2 study are

disclosed in the fling reference. Results from this study illustrating the change from

baseline in corneal staining and change from baseline in Schirmer Score, key objective

testing measures for dry eye or KCS, are shown in- Exhibit B, Figures 1 and 2,

respectively.

. As shown in Exhibit B, Figure l, the 0.l% by weight cyclosporin A! l.25% by weight

castor oil formulation demonstrated a greater decrease in corneal staining than the 0.05%

by weight cyclosporin A/0.625% by weight castor oil formulation. As shown in Exhibit

E, Figure 2 the 0.1% by weight cyclosporin A! 1.25% by weight castor oil formulation

demonstrated a greater increase in Schirmer Score (tear production) at week l2 than fly

other formulation tested, including the 0.05% by weight cyclesporin A/0.625% by weight

caster oil formulation. Corneal staining and Schirrner score are key objective measures

for determining dry eye or l-reratocenjunctivitis sicca disease severity.

. After Allergan’s Phase 2 study, Allergan initiated a Phase 3 study. in Allergan’s

multicenter, randomized, double-masked Phase 3 trials, Allergan compared the efficacy

and safety of the formulation containing 010% by weight cyclosporin A and l.2S% by

weight castor oil to a the claimed formulation (containing 0.05% by weight cyclosporin A

and l.25% by weight castor oil), and to a vehicle containing l.25% by weight caster oil.

The data presented in Exhibit B represents the subpopulation of moderate to severe Phase

2 patients with the same reductions in tear production (£5 rnm/5 min) as those enrolled in

the Phase 3 studies. In this study, patients with moderate to severe dry eye disease were

treated twice daily with either a formulation containing 0.10% by weight cyclosporin A

and l.25% by weight castor oil, a forntulation containing 0.05% by weight cyclesporin

and l.25% by weight castor oil, or the vehicle. Both cyclosporin A—conta-lining

formulations and the vehicle also included 2.2% by weight glycerine, 1.0% by weight

polysorbate 80, 0.05% by weight Pernulen, sodium hydroxide, and water.

"i‘~.J
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9.

10.

ll.

12.

I have reviewed the Declaration of Dr. Mayssa Attar (“Attar Declaration”), and I agree

with her statements made in paragraphs 6-8, reproduced here. I have attached Exhibit B

to the Attar Declaration to this Declaration as Exhibit C:

“It was known in the art at the time this application was filed that cyclosporin could be

administered topically locally to the eye to target and treat dry eye by using cyclosporin

A’s immunornodulatory properties to inhibit T cell activation which would lead to an

increase in tear production and potentially other therapeutic effects related cyclosporine’s

anti—inflarnmatory and anti-apoptotic effects and thus limit chronic inflammation in the

pathology of dry eye. To elicit it’s therapeutic effect, cyclosporine must be effectively

delivered to multiple target tissues of the ocular surface such as the cornea, conjunctiva,

and lacrimal gland. The rate and extent at which cyclosporine is differentially delivered

to the putative sites of action is critical to achieving therapeutic success in treating dry

eye. Generally speaking, it was understood that pharmacokinetic/pharmacodynamic

relationship would indicate that as more cyclosporin A reaches the target tissues of the

ocular surface, such as the cornea and conjunctiva, the more immunomodulatory and

more anti—inflammatory activity can take place and the more therapeutically effective a

drug can be in treating dry eye.

Pharmacokinetic studies were performed on animal eyes, which compared the

pharmacokinetic properties of several cyclosporin A—containing formulations. Those

results are attached to this declaration in Exhibit B. As shown in Exhibit B, the relative

extent at cyclosporin was absorbed increased in the relevant ocular tissues, here, the

cornea and the conjunctiva, where the amount of oil present in the formulation was

decreased. Specifically, the amount of cyclosporin A that reached the relevant ocular

tissue was higher for the formulation containing 0.05% by weight cyclosporin A and

0.625% by weight castor oil than the formulation containing 0.05% by weight

cyclosporin A and 1.25% by weight castor oil relative to the formulation containing 0.1%

by weight cyclosporin A and 1.25% by weight castor oil.

One of skill in the art would have understood such a result to mean that since there was

more cyclosporin A present in the relevant ocular tissues in the formulation containing

0.05% by weight cyclosporin A and 0.625% by weight castor oil and the formulation

containing 0.1% by weight cyclosporine A and 1.25% by weight castor oil than the

claimed formulation, that those formulations would have been more therapeutically

effective than the claimed formulation. Specifically, this data suggests that the

formulation containing 0.05% by weight cyclosporin A and 0.625% by weight Castor oil

would have been more therapeutically effective than the claimed formulation.”
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l3.

l4.

15.

16.

17.

18.

Specifically, one of skill in the art would have expected patients receiving the claimed

formulations and methods to exhibit a lesser decrease from baseline in corneal staining

score and a lesser increase from baseline in Schirmer Score, relative to the patient corneal

staining scores and Schirmer Scores demonstrated by the patients receiving the 0.05% by

weight cyclosporin A I 0.625% by weight castor oil formulation (Ding 1E) in the Phase 2
trials illustrated in Exhibit B.

Surprisingly, the claimed formulation and method was equally or _m:;9_r_e therapeutically

effective for the treatment of dry eyeikeratoconjunctivitis sicca than the formulation

containing 0.10% by weight cyclosporin A and l.25% by weight caster oil according to

at least four testing parameters. This result was sumrising and completely unexpected.
These results are attached to this declaration in Exhibit D.

As shown in the results in Exhibit D, the claimed formulation and method was

unexpectedly superior to the 0.10% by weight cyclosporin A I 1.25% by weight castor oil

formulation with respect to several properties. For example, the claimed formulations

and methods surprisingly exhibited a comparable or greater decrease in corneal staining

score (see Exhibit D, Figure 1), a greater increase in Schirrner Score (see Exhibit D,

Figure 2), an improvement in the common dry eye/keratoconjunctivitis sicca symptom of

blurred vision (see Exhibit E, Figure 3) and a greater decrease in the number of artificial

tears used by patients (see Exhibit D, Figure 4) compared to the formulation containing

0.10% by weight cyclosporin A and 1.25% by weight castor oil.

This result was even more surprising, given earlier testing from the Phase 2 study that

illustrated that compositions containing 0.10% by weight cyclosporin A and 1.25% by

weight castor oil provided more improvement in objective measures (such as corneal

staining and increase in Schirmer Score — as illustrated in Exhibit B) in dry eye patients

than compositions containing 0.05% by weight cyclosporin A and 0.625% castor oil.

1 have compared the objective results showing the surprising therapeutic efficacy of the

claimed formulation and method relative to the 0.10% by weight cyclosporin A and

1.25% by weight castor oil formulation tested in Phase 3 to the 0.05% by weight

cyclosporin A and 0.625% by weight castor oil formulation relative to the 0.10% by

weight cyclosporin A and 1.25% by weight castor oil formulation tested in Phase 2. This

comparison is attached to this declaration as Exhibit E.

As seen in Exhibit E, in the Phase 2 study, the 0.05% by weight cyclosporin A/0.625% by

weight castor oil formulation (Ding 1E) only achieved 0.25 times the improvement in

Schirmer Tear Test score as the 0.1 % by weight cyclosporin Ai1.25% by weight castor
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20.

oil formulation and only achieved 0.25 times the decrease in corneal staining as the 0.1 %

by weight cyclosporin A/l.25% by weight castor oil formulation. However, in the Phase

3 studies, the claimed formulation and method achieved twice the improvement in

Schirmer Tear Test score as the 0.1 % by weight cyelosporin A/1.25% by weight castor

oil formulation in the first study and substantially the same improvement in Sebirmer

Tear Test score as the 0.1 % by weight cyclosporin A/l.25% by weight castor oil

formulation in the second Phase 3 study. Also, the claimed formulation achieved

substantially the same decrease in corneal staining score compared to the 0.1 % by

weight cyclosporin A! l 25% by weight castor oil formulation.

As seen in Exhibit E, and further illustrated in Exhibit F, surprisingly, the claimed

formulation and method demonstrated an §;fr;__ld increase in relative efficacy for the

Schinner Tear Test Score in the first study of phase 3 compared to the 0.05% by weight

cyclosporin A/0.625% by weight castor oil formulation (Ding Example lE) in the Phase

2 study. Exhibits E and P also illustrate that the claimed formulations demonstrated a §_-_

fling’ improvement in the relative efficacy for the Schirmer Tear Test score for the second

study of Phase 3 and a£ increase in relative efficacy for decrease in corneal staining

score in both of the Phase 3 studies compared to the 0.05% by weight cyclosporin

A/0.625% by weight castor oil formulation in the Phase 2 study, the formulation

disclosed in the fiing reference (Ding lE). This was clearly a very surprising result.

Taking the results of these studies together, it is clear that the specific combination of

0.05% by weight cyclosporin A with l.25% by weight castor oil is surprisingly and

unexpectedly critical for therapeutic effectiveness in the treatment of dry

eye/lceratoconjunctivitis sicca.
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I hereby declare that all statements made herein ef my ewe knowledge and belief are true;
anti that all statements made en infetmatien and belief are believed to be true; and further
that these statements are made with the lmewletlge that willful false statements and the like
so made are punishable by fine or imprisenment, or both, under Section lfitll ef Title l8 of
the United States Codes and that such willful false statements may jeepardize the validity ef
the application or any patents issued thereon.
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CURRICULUM VITAE FOR RHETT M. SCHIFFMAN, M.D.., M.S., M1-I.S.A.

Current Title: Vice President and Chief Medical Officer

Neurotech

Work Address: 900 Highland Corporate Drive

Building #1, Suite #101
Cumberland, RI 02864

Home Address: 1843 Temple Hills

Laguna Beach, CA 92651

Office Telephone: (401) 495-2395

Cell Telephone: (313) 516-6924
Email: r.schiffman@neurotechusa,corn

EDUCATION:

Professional: University of Michigan, School of Public Health,

Ann Arbor, Michigan
2000 M.H.S.A. Health Services Administration

University of Michigan, Rackham Graduate School,

Ann Arbor, Michigan

1989 M.S. Clinical Research Design &; Statistical Analysis

Universidad Autonoma de Ciudad Juarez
Instituto de Ciencias Biomedicas

Juarez, Mexico
1983 MD. Medicine

Undergraduate: Columbia University

School of Engineering and Applied Science
New York, NY

1978 BS. Bioengineering

POSTDOCTORAL TRAINING:

Fellow: Uveitis and Ocular lzrununology, National Eye Institute,
National Institutes of Health, Bethesda, MD
1996-1997

Resident: Ophthalmology, Henry Ford Hospital, Detroit, Michigan
1993 - 1996

Resident: Internal Medicine, Henry Ford Hospital, Detroit, Michigan
1984 - 1986

Intern: Internal Medicine, Henry Ford Hospital, Detroit, Michigan
1983 - 1984
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Rhett M. Schitfman, M.D., M.S., M.H.S.A.

Page 2

CERTIFICATION AND LICENSURE

Medical Licensure: California, 2002 — C50825

Michigan, 1983 - 4301046984

Board Certification: American Board of Ophthalmology, 1999; 93th percentile on Board examination

American Board of Internal Medicine, 1986; 99”‘ percentile on Board examination

PROFESSIONAL SOCIETIES:

Member, Association for Research in Vision and Qphthalmology

American Academy of Ophthalmology
American Medical Association

PROFESSIONAL EXPERIENCE:

2013-Present

2010-2013

2009-2013

2008-2013

2007-2013

2005-2013

2003-Present

2001-2005

1999-2001

1999-2001

1998-2001

1997-2001

1996-2001

1999-2001

Vice President and Chief Medical Officer, Neurotech

Board Member, Glaucoma Research Foundation

Ophthalmology Therapeutic Area Head

Head of Development for Emerging Markets

Head, Global Product Enhancement/Life Cycle Management

Vice President, Development for Ophthalmology and Botox, Allergan
Pharmaceuticals

Clinical Associate Professor and Attending Physician in Ophthalmology, University
of California at Irvine.

Senior Director, Ophthalmology Clinical Research, Allergen Pharmaceuticals, Irvine,
California

Member, Leadership Council, Eye Care Services, Henry Ford Health System, Detroit,
MI

Director, Quality Improvement, Eye Care Services, Henry Ford Health System,
Detroit, MI

Director of the African-American Initiative for Male Health Improvement (AIMHI).

Eye Disease &reening Prograrn in Southeast Michigan. Funded by the Michigan
Department of Community Health.

Director of Uveitis Services, Eye Care Services, Henry Ford Health System, Detroit, MI

Director of Clinical Research, Eye Care Services, Henry Ford Health System, Detroit, l\/ll

Staff Investigator, Center for Health Services Research, Henry Ford Health System,
Detroit, MI

Reviewer to Special Study Section, National Eye lnstitute, National Institutes of

Health, Bethesda, Maryland.

Director, Clinical Research, Eye Care Services, Henry Ford Hospital, Detroit,
Michigan
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1996-1997 Senior Staff Physician, Eye Care Services, Ophthalmology, Henry Ford Health

System, Detroit, Michigan (on intergovernmental personnel act to National Eye
Institute, National Institutes of Health, Bethesda, Maryland)

1994-1995 Associate Medical Director, Henry Ford Hospital Pharmacology Research Unit,
Detroit, Michigan

1993-2001 Associate Research Director, Eye Care Services, Henry Ford Hospital, Detroit,
Michigan

1989-2001 Staff, Center for Clinical Effectiveness, Henry Ford Hospital, Detroit, Michigan

1988-1994 Requirements Advisory Committee to the Medical Information Management System,
Henry Ford Hospital, Detroit, Michigan

1989-1993 Coordinator, General Internal Medicine Research, Henry Ford Hospital, Detroit,
Michigan

1990-1993 ‘ Chairman, General Internal Medicine Research Committee, Henry Ford Hospital,
Detroit, Michigan

Member, Research and Academic Affairs Committee, Department of Medicine,
Henry Ford Hospital, Detroit, Michigan

1986-1993 Senior Staff Physician, General Internal Medicine, Henry Ford Hospital, Detroit,
Michigan

TEACHING EXPERIENCE:

2003-Present

1997-2001 Ophthalmology Residency Training Program, Henry Ford Hospital, Detroit,
Michigan

1986-1993 Internal Medicine Residency Training Program, Henry Ford Hospital, Detroit,
Michigan

1988-1993 Preceptor, University of Michigan Medical Schools, Ann Arbor, Michigan

1991-1993 Preceptor, General Internal Medicine Fellows

Medical Staff Seminars, General Internal Medicine, Henry Ford Hospital, Detroit, MI:

Introduction to Epidemiology, Introduction to Personal Computing, Medical
Decision Analysis

BOOKS 8: MONOGRAPHS:

Ophthalmology Residency Training Program, University of California at Irvine

1. Ocular Therapy chapter in: Oréfice, Fernando: Uveite: Clinica e Cinirgica. Ed. Cultura Médica.
Published June 2000.

2. New Concepts in the Pathogenesis, Diagnosis and Treatment of Dry Eye. Ocular Surgery News
Monograph; Slack Incorporated. July 1, 1999

0255



0256

3.

Rhett M. Schiffman, M.D., M.S., M.H.S.A

Page 4
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Medicine. 2nd Edition. 1996. Mosby-Year Book, Inc. 1471-9.
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(5), pp. 781-788
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H, Whitcup, S.M. Dexamethasone intravitreal implant for noninfectious intermediate or posterior
uveitis. Arch Ophtha1mol2011 129 (5)2545-553

Waterbury, L.D., Galindo, D., Villanueva, L., Nguyen, C., Patel, M., Borbridge, L., Attar, M.,

Schiffman RM, Hollander, D.A. Ocular penetration and anti—inflammatory activity of ketorolac 0.45%
and bromfenac 0.09% against lipopolysaccharide-induced inflammation. I Ocular Pharmacol and

Therapeutics 2011 27 (2):173-178

Xu, K., McDermott, M., Villanueva, L., Schiffman, RM., Hollander, D.A. Ex vivo corneal epithelial
wound healing following exposure to ophthalmic nonsteroidal anti-inflammatory drugs. Clin
Ophthalmol 2011 5 (1), pp. 269-274.

Donnenfeld, E.D., Nichamin, L.D., Hardten, D.R., Raizrnan, M.B., Trattler, W., Rajpal, R.I(., Alpern,
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free ketorolac 0.45% for treatment of inflammation and pain after cataract surgery. Am] Ophthalmol
2011 151 (3):420-426.

Spaeth G, Bernstein P, Caprioli L Schiffman RM. Control of Intraocular Pressure and Intraocular
Pressure Fluctuation with Fixed Combination Brimonidine—Timolol versus Brimonidine or Timolol

Monotherapy. Am J Ophthalmol. 2011 January;l 51 193-99.

Attar, M., Schiffman, R., Borbridge, L., Farnes, Q., Welty, D. Ocular pharmacokinetics of 0.45%
ketorolac tromethamine. Clin Ophthalmol 2010 4(1), pp. 1403-1408

Craven, E.R., Liu, C.-C., Batoosingh, A., Schiffman, R.M., Whitcup, S.M. A randomized, controlled

comparison of macroscopic conjunctival hyperernia in patients treated with bimatoprost 0.01% or
vehicle who were previously controlled on latanoprost. Clin Ophtha1mol2010 4 (1):1433~1440
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Schiffman RM, Chew E, Ferris F, Ellwein L, Hays R, Mangione C: A Randomized Comparison of the
Cost, Quality and Acceptability of Four Modes of Administration the National Eye Institute Visual
Functioning Questionnaire—25. National Eye Institute.

Schiffman RM: National Eye Institute Refractive Error Correction Questionnaire (NEI-RECQ) Phase
II Protocol. National Eye Institute through Emmes Corporation.

Schiffrnan RM, Lesser GL, Imami N, Trick GL2 A 48—Month, Multi-Center, Randomized, Double-

Masked, Placebo-Controlled, Clinical Study to Evaluate the Effectiveness and Safety of Oral
Mernantine in Daily Doses of 20 Mg and 10 Mg in Patients with Chronic Open—Angle Glaucoma at
Risk for Glaucomatous Progression — Allergan Protocol 192944-005.

Schiffman RM: A Multicenter, Investigator—Masked, Randomized, Parallel-Group Study to Compare
the Safety and Efficacy and Safety of Restasism (Cyclosporine 0.05% Ophthalmic Emulsion) vs. An
Artificial Tear (Refresh®) Used Twice Daily for Three Months in Patients with Moderate to Severe

Keratoconjunctivitis Sicca (Allergan Protocol 192371-008)

Schiffman RM, Patel 8, Crosswell M and Shankle I: The Retinal Thickness Analyzer in the
Management of Uveitic Cystoid Macular Edema.

Schiffman RM, Trick GL: Retinal 'I'hicl<ness Analyzer (RTA) - Clinical Validation Study. Talia
Technology Ltd.

A Multicenter, Randomized, Double—Masl<ed, Controlled Study to Evaluate the Safety and Efficacy of
an Intravitreal Fluocinolone Acetonide Insert in Patients with Non—Infectious Uveitis Affecting the
Posterior Segment of the Eye. Bausch and Lomb.

SCIENTIFIC ACTIVITIES:

HFHS Collaborative Investigator:

1.

2.

Lesser B, Damley D, Schiffman R: Ocular Hypertension Treatment Study. National Eye Institute,
1993~ 1999.

Nussenblatt RB, Whitcup SM, Schiffman RM, et. al: The Treatment of Non-infectious Intermediate

and Posterior Uveitis with I-Iumanized Anti-Tac Monoclonal Antibody Therapy: Phase I and Phase
II. National Eye Institute, National Institutes of Health.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

DECLARATION UNDER 37 C.F.R. 1.132

of Dr. Mayssa Attar, Ph.D.

I, Mayssa Attar, Ph.D., declare as follows:

1. I am currently a Research Investigator at Allergan, Inc. (“Allergan”), specializing in

preclinical and clinical pharmacokinetics and pharmacodynamics. I have a Ph.D. in

Pharmaceutical Sciences, Bachelor’s and Master’s degrees in Biochemistry, and almost

15 years of experience in the pharmaceutical industry. I also serve as adjunct faculty at

the the University of Southern California, School of Pharmacy. My curriculum vita,

which contains a list of my publications to which I contributed, is attached to this

declaration as Exhibit A.

I have been informed of the general nature of the rejections made by the Patent Office

with respect to the previously presented claims of the above-referenced patent application

and I am familiar with the references that the Patent Office has relied on in making these

rejections. For example, I am aware of the “Ding” reference (U.S. Patent No. 5,474,979

to Ding et al.).

Restasis is an FDA approved product that is a commercial embodiment of the

invention. Specifically, Restasis® is approved as a 0.05% by weight cyclosporine

ophthalmic emulsion useful for the treatment of ophthalmic conditions, such as dry eye.

Specifically, Restasis® ophthalmic emulsion is indicated to increase tear production in

patients whose tear production is presumed to be suppressed due to ocular inflammation

associated with keratoconjunctivitis sicca.

I have reviewed the pending claims in the present application, and the pending claims

cover the specific formulation of Restasis® andfor the approved methods of treatment of

dry eye or keratoconjunctivitis sicca with Restasis®.

In creating and testing the claimed methods and compositions, several unexpected results

were discovered using the claimed compositions and methods.

It was known in the art at the time this application was filed that cyclosporin could be

administered topically locally to the eye to target and treat dry eye by using cyclosporin

A’s immunomodulatory properties to inhibit T cell activation, which would lead to an

increase in tear production and potentially other therapeutic effects related to
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cyclosporin’s anti—inflarnrnatory and anti—apoptotic effects and thus limit chronic

inflammation in the pathology of dry eye. To elicit its therapeutic effect, cyclosporin

must be effectively delivered to multiple target tissues of the ocular surface such as the

cornea, conjunctiva, and lacrimal gland. The rate and extent at which cyclosporin is

differentially delivered to the putative sites of action is critical to achieving therapeutic

success in treating dry eye. Generally speaking, it was understood that

pharmacokinetic/pharmacodynarnic relationship would indicate that as more cyclosporin

A reaches the target tissues of the ocular surface, such as the cornea and conjunctiva, the

more immunomodulatory and more anti—inflammatory activity that can take place and the

more therapeutically effective a drug can be in treating dry eye.

. Pharmacokinetic studies were performed on animal eyes, which compared the

pharmacokinetic properties of several cyclosporin A-containing formulations. Those

results are attached to this declaration in Exhibit B. As shown in Exhibit B, the relative

extent that cyclosporin was absorbed increased in the relevant ocular tissues, here, the

cornea and the conjunctiva, where the amount of oil present in the formulation was

decreased but the weight percentage of cyclosporin stayed the same. Specifically, the

amount of cyclosporin A that reached the relevant ocular tissue was higher for the

formulation containing 0.05% by weight cyclosporin A and 0.625% by weight castor oil

than the formulation containing 0.05% by weight cyclosporin A and 1.25% by weight

castor oil, relative to the formulation containing 0.1% by weight cyclosporin A and

1.25% by weight castor oil. We also noticed that the amount of cyclosporin A that

reached the relevant ocular tissue was higher for the formulation containing 0.1% by

weight cyclosporin A and 1.25% by weight castor oil than for the claimed formulation
and method.

. One of skill in the art would have understood such a result to mean that since there was

more cyclosporin A present in the relevant ocular tissues with the formulation containing

0.05% by weight cyclosporin A and 0.625% by weight castor oil and the formulation

containing 0.1% by weight cyclosporin A and 1.25% by weight castor oil than with the

claimed formulation, that those formulations would have been more therapeutically

effective than the claimed formulation. Specifically, this data teaches one of skill in the

art that the formulation containing 0.05% by weight cyclosporin A and 0.625% by weight

castor oil would have been more therapeutically effective than the claimed formulation.

. Surprisingly, an unexpected increase in efficacy was demonstrated relative to the 0.1%

cyclosporin A and 1.25 % castor oil formulation when we compared the therapeutic

efficacy of the claimed formulation and method (containing 0.05% by weight cyclosporin

A and 1.25% by weight castor oil) in our multicenter, randomized, double-masked Phase
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10.

ll.

12.

13.

14.

3 trials to the therapeutic efficacy of a formulation containing 0.05% by weight

cyclosporin A and 0.625% cyclosporin in our a randomized, multicenter, double-masked,

parallel—group, dose-response controlled Phase 2 trial.

As shown in Exhibits C and D, which are attached to this declaration, the corneal staining

score and Schirmer scores were dramatically improved for the claimed methods

(containing 0.05% by weight cyclosporin A and 1.25% by weight castor oil) compared to

the formulations disclosed in Example 1E in Ding (the formulation containing 0.05% by

weight cyclosporin A and 0.625% by weight castor oil).

I have read the Declaration of Dr. Rhett M. Schiffrnan, and I agree with his statements

made at paragraphs 18-19. Exhibits E and F as referenced by Dr. Schiffman are attached
as Exhibits C and D:

“As seen in Exhibit E, in the Phase 2 study, the 0.05% by weight cyclosporin A/0.625%

by weight castor oil formulation (Ding IE) only achieved 0.25 times the improvement in

Schirmer Tear Test score as the 0.1 % by weight cyclosporin A/1.25% by weight castor

oil formulation and only achieved 0.25 times the decrease in corneal staining as the 0.1 %

by weight cyclosporin A/1.25% by weight castor oil formulation. However, in the Phase

3 studies, the claimed formulation and method achieved t_vy_ige_ the improvement in

Schirmer Tear Test score as the 0.1 % by weight cyclosporin A/1.25% by weight castor

oil formulation in the first study and substantially the same improvement in Schirmer

Tear Test score as the 0.1 % by weight cyclosporin A/1.25% by weight Castor oil

formulation in the second Phase 3 study. Also, the claimed formulation achieved

substantially the same decrease in corneal staining score compared to the 0.1 % by

weight cyclosporin A/1.25% by weight castor oil formulation.

As seen in Exhibit E, and further illustrated in Exhibit F, surprisingly, the claimed

formulation and method demonstrated an _<9_—fi(;l4 increase in relative efficacy for the

Schirmer Tear Test Score in the first study of phase 3 compared to the 0.05% by weight

cyclosporin A/0.625% by weight castor oil formulation (Ding Example IE) in the Phase

2 study. Exhibits E and F also illustrate that the claimed formulations demonstrated a Q

[Q14 improvement in the relative efficacy for the Schirmer Tear Test score for the second

study of Phase 3 and a _4_;f_0_l_c_1 increase in relative efficacy for decrease in corneal staining

score in both of the Phase 3 studies compared to the 0.05% by weight cyclosporin

A/0.625% by weight Castor oil formulation in the Phase 2 study, the formulation

disclosed in the Ding reference (Ding 1E). This was clearly a very surprising result.”

Taking the results of these studies together, it is clear that the specific combination of

0.05% by weight cyclosporin A with 1.25% by weight castor oil is surprisingly critical
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for therapeutic effectiveness for the treatment of dry eye/keratoconjunctivitis sicca, even

those persons of skill in the art would have expected the formulation 01' method with the

lower concentration of drug found in the relevant ocular tissue to be less therapeutically

effective than those compositions with more drug in the ocular tissue (e.g. 0.05% by

weight cyclosporin A/0.625% by weight Castor oil formulation or 0.10% by weight

cyclosporin A/1.25% by weight Castor oil formulation disclosed in Ding).
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I hereby declare that all statements made herein of my own knowledge and belief are true; and

that all statements made on information and belief are believed to be true; and further that these

statements are made with the knowledge that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code, and that such willful false statements may jeopardize the validity of the application or any
patents issued thereon.

/OM90/ZDate:

Mayssa Attar, Ph.D.
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MAYSSA ATTAR, PHD

57 Shadowbrook, Irvine, CA 92604

714-381-1853 0 magssa.atta;j@gmailcom

Linkedin Profile: htt :liwww.l§nked§§n.comll ubima ssa~attarl‘§3i?G?!b9€3

PROFESSIONAL SUMMARY

Almost fifteen years of drug development experience; Preclinical and clinical

pharmacokinetics, pharrnacodynamics, drug metabolism expertise; Oral, ophthalmic, and
dermal drug development experience; Phannacokinetics and clinical pharmacology
representative supporting the submission of global regulatory filings; Cross—functiona| global
team leader, functional line manager and matrix leader; Adjunct assistant professor at the
University of Southern California, School of Pharmacy.

PROFESSIONAL EXPERIENCE

ALLERGAN 0 Irvine, CA- 1/1999 — present

Research Investigator, Department of Pharmacokinetics and Drug Disposition
I Serve as Group Head: Translational Sciences; Member of PK Leadership Team

- Serve as a functional line manager to PhD level scientists and cross-functional team

leader on early development through market launch teams with responsibility for
budgets of >$15 million

Set departmental strategy and provide oversight to the design, conduct and data
interpretation of in vitro and in vivo studies to characterize drug pharmacokinetics,
phannacodynamics and metabolism from late stage discovery through clinical
development; responsible for the review of regulatory submissions

Serve as a lead representative when interacting with global regulatory agencies for
both on-site compliance inspections and regulatory file review (North America, EU,
Asia-Pac and other Emerging Regions), due diligence activities, legal activities and
key opinion leaders

Serve as a team member in the development and global registration of RESTAS|S®,
ACUVA|L®, ZYMAX|D®, OZURDEX®

Received 6 successive promotions

UNIVERSITY OF SOUTHERN CALIFORNIA 0 Los Angeles, CA0 10/2005 - present

Adjunct Assistant Professor, School of Pharmacy, Department of Pharmacology and
Pharmaceutical Sciences

I Lecture on the subjects of “Pharmacogenomics” and “Drug Metabolism”

- Mentor students as they consider careers in industry

- Serve as an instructor for FDA/ACCP online course “Pharmacogenomics”
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LOEB RESEARCH INSTITUTE 0 Ottawa, ON’ 6/1995 — 8/1998

Research Associate, Hormones, Growth and Development Unit
I Established protocols for isolation and purification of lipids

I Formulated liposomes as model plasma membrane systems

- FTIR-Spectroscopy, NMR

EDUCATION

PhD, Pharmaceutical Sciences, University of Southern California, Los Angeles, CA
Advisor: Vincent H L Lee, PhD, DSC

Thesis: Cytochrome P450 3A metabolism in the rabbit lacrimal gland and conjunctiva

Msc, Biochemistry, University of Ottawa, Ottawa, ON

Advisor: Nongnuj Tanphaichitr, PhD and Morris Kates, PhD

Thesis: A FTIR study of the interaction between sulfoglycolipid and phosphatidylcholine

BSc, with honors, Biochemistry, University of Ottawa, ON

AWARDS AND HONORS

I Allergan Award for Excellence, in recognition of team work to develop a pediatric

investigation plan to support registration of RESTASlS® in EU (2011)

Allergan Award for Excellence, in recognition of membership in a team charged with
a departmental initiative to improve efficiencies in our Scientific Writing processes
(2010)

Allergan Award for Excellence, in recognition of collaboration with Bioanalytical
Sciences to develop more efficient processes and better laboratory use of
LC-MS/MS equipment to support metabolite profiling efforts (2010)

Allergan Award for Excellence, in recognition of cost savings brought about by
introducing new gene expression technology to support Toxicology assessment
(2009)

Allergan Award for Excellence, in recognition of role as Nonclinical Lead and

contributing to the FDA approval and subsequent market launch of ACUVAILTM
(2009)

Allergan Award for Excellence, in recognition of contribution to the development of

an enhanced FlESTASlS® formulation (2006)

Rho Chi Honor Society (2005)

Allergan Award for Excellence, in recognition of developing a high-throughput P450
inhibition assay (2000)

NSERC grant to support full term of graduate studies (1996-1998)

Travel scholarship to attend the Gordon Conference (1997)

Loeb Summer Student Scholarship (1996)

University Scholarships of Canada (1992-1996, awarded four consecutive years)
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PRDEESSTGNAL AFPELEATTDNS

AAPS

ARVO

iSSX

Editoriai Board Member, Current ivioiecuiar Pherrnacoicgy

Ad i-too Reviewer investigative Dphthaimoiogy and Vision Science

Ad Hoc Reviewer Journai of Pharmaceuticai Sciences

DTRER SKELLS

Computer: Watson LEMS, Phoenix/WinNonLin, Gaiiieo HMS, SEMCYP, Spottire

Languages: Engiish, French, Arabic

PDSLECATEDNS

Artistes and Book Chapters

Woodward, D. F., Tang, E. S.t-t., Attar M, and Wang, J. W. The biodisposition and
hypertrichotic effects of bimatoprost in mouse skin. Exp Dennatoi. 2013; 22:t45—-148.

Attar M, Srassard, .J.A., Kim, A.S., it/iatsurnoto, S., Ramos, i\ii., and Vangyi, C. Chapter 24:
Safety Evaiuation of Ocuiar Drugs in A Comprehensive Guide to Toxicoiogy in Preciinicai Drug
Deveiopment. Edited by Fagi, AS. Eisevier inc., 2013

Waterbury, D.i...., Gaiinde, D., Nguyen, C., Viiianueva, i...., Patei, M, Sorbridge, L., Attar ht,
Schiftman, R.tvi., i--toiiender, D.A. Dcuiar Penetration and Anti-inflammatory Activity of
Ketcroiac 0.45% and Bromfenac 0.09% Against Lipopoiysaccharideinduced tniiarnmation. J.
Qcui Pharrnacoi Ther. 2011; 27 (2):t '73-*8.

Chang-Lin,..t., Attar M. Acheampong, A., Robinson, M.R., Whitoup, S.tvi., Kuppermann, B.D.,
Weity, D. Pharmacokinetics and pharmacodynamics ot the sustained-reiease dexamethasone
intravitreai irnpiant. invest Cphthairnoi Vis Sci. 2011; 52:80-00.

Attar M. Schittman, R.M., Borbridge, i...., Farnes, Q, Weity, D. Dcuiar Pharmacokinetics of
0.45% Ketoroiac Tromethamine. Ciin Dphthaimoi. 2010; 4: 1403-1408.

Attar M. and Shah J. Chapter 20: The Emerging Significance of Drug Transporters and
ivietaboiizing Enzymes to Ophthaimic Drug Design in Ccuiar Transporters in Dphthaimic
Diseases and Drug Detivery. Edited by Tcmhran-Tink, J and Sarnstabie, CJ. Humana Press,
2008.

Attar it/i., Ling, Ki-t..i., Tang—Liu, DDS., Neamati, N., and Lee, V.i-i.i_. Characterization of

Cytochrome P450 3A in the Rabbit Lacrirnai Stand: Giucocorticoid Moduiation and the impact
on Androgen ivietaboiisrn. invest Qphthaimot Vis Sci. 2005; 40(12): 4007—4?00.
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Attar M., Shen, J., Ling, K.H.J, and Tang—Liu, D.D.S. Ophthalmic Drug Delivery
Considerations at the Cellular Level: Drug Metabolizing Enzymes and Transporters. Expert
Opin Drug Deliv. 2005; 2(5): 891-908.

Attar M., Yu, D., Ni, J., Yu, Z., Ling, K.H.J and Tang-Liu, D.D.S. Disposition and
biotransformation of the acetylenic retinoid tazarotene in humans. J Phann Sci. 2005; 94(10):
2246-2255.

Attar M. and Lee, V.H.L. Pharmacogenomic considerations in drug delivery.
Pharmacogenomics 2003; 4(4): 443-461.

Tanphaichitr, N., Bcu Khalil, M., Weerachatyanukul, W., Kates, M., Xu, H., Carrnona, E., Attar,
M_., Carrier D. Chapter 11: Physiological and biophysical properties of male germ cell
sulfogalactosylglycerolipid in Lipid Metabolism and Male Fertility. Edited by De Vriese S.
AOCS Press, 2003

Attar M., Dong, D., Ling, K.H.J. and Tang-Liu, D.D.S. Cytochrome P450 2G8 and flavin—
containing monooxygenases are involved in the metabolism of tazarotenic acid in humans.

Drug Metab Dispos 2003; 31(4):476-481.

Attar M., Kates, M., Khalil, M.B., Carrier, D., and Tanphaichitr, N. A Fourier—transforrn infrared

study of the interaction between germ-cell specific sulfogalactosylglyerolipid and
phosphatidylcholine. Chem Phys Lipids 2000;106(2):101-114.

Attar M., Wong, P.T.T., Kates, M., Carrier, D., Jacklis, P., Tanphaichitr, N. Interaction
between sulfogalactosylceramide and dimyristoylphosphatidylcholine increases the

orientational fluctuations of the lipid hydrocarbon chains. Chem Phys Lipids 1998; 94(2):227-
238.

Tanphaichitr, N., White, D., Taylor, T., Attar M., Rattanachaiyanont, M., and Kates, M. Role of

male gerrn-cell specific sulfogalactosylglycerolipid (SGG) and its binding protein, SLIP1, in
mammalian sperm—egg interaction in The Male Gamete: From Basic Knowledge to Clinical
Applications. Edited by Gagnon, C. Cache Press, 1998

White, D., Gadella, B., Kamolvarin, N., Suwajanakom, S., Attar M., and Tanphaichitr, N. Role
of sperm sulfogalactosylglycerolipid (SGG) on spenn-zona pellucida binding. Biol Reprod.
2000; 63(1):147-55.

Abstracts and Posters

Attar M., Shen, J., Kim, M., Radojicic, Q.C. Cross—Species and Cross—Age Comparison of
Esterase Mediated Metabolism in Vitreous: Human versus Rabbit, Dog and Monkey.
Presented at ARVO Annual Meeting 2013.

Attar M., Kim, M., Sachs, G., Scott, D., Struble, C.B., Welty, D. Modulation of Glucocorticoid

Receptor Gene Expression: Potential Role in the Pharmacokineticl Pharmacodynamic

Relationship of OZURDEEX®. Presented at ARVO Annual Meeting 2011.
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Attar M., Schiffman, R.M., Borbridge, L., Fames, Q., Welty, D. Evaluation of the
Pharmacokinetics of Ketorolac Ophthalmic Solutions in Rabbit. Presented at ARVO Annual
Meeting 2010.

Attar M., Schiffman, R.M., Borbridge, L., Farnes, O., and Welty, D. 2009 Pharmacokinetics of
a Carboxymethylcellulose (CMC)-Based, Preservative-Free Formulation of 0.45% Ketorolac

Tromethamine. Presented at ISOPT Annual Meeting 2009.

Wheeler, L., Robinson, M.R., Attar M., Siemasko, K., Blanda, W., Whitcup, S.M. and Stem,
M.E. 2009 Bioerodible Sustained-Release Ocular lmpants in Mice Deliver Efficacious
Concentrations of CsA. Presented at ARVO Annual Meeting 2009.

Yu, D., Attar M., Parizadeh, D. and Tang—Liu, D. 2004. Pharmacokinetic Profile of Oral

Tazarotene. Presented at AAD Winter 2004 meeting.

Attar M., Lee, V.H.L., Tang-Liu, D.S. and Ling K.H.J. 2003. Characterization of Cytochrome
P450 1A, 213 and 3A in the Rabbit Eye. Presented at AOPT 2003, Kona, Hawaii.

White, D., Gadella, B., Suwajanakorn, S., Kamolvarin, N., Attar M., Abi-Khaled, L., and
Tanphaichitr, N. 1997. Role of sulfogalactosylglycerolipid (SGG) in sperm—egg interaction.
Presented at the Gordon Conference in Plymouth, New Hampshire.

Attar M., Wong, P.T.T., Kates, M., Carrier, D., Tanphaichitr, N. 1997. An infrared

spectroscopic study of the interaction between sulfogalactosylceramide, an analog of germ-cell
specific sulfoglycolipid and phospholipid. Presented at the Gordon Conference in Plymouth,
New Hampshire.

Kamolvarin, N., Suwajanakom, S., Gadella, B., Berube, B., Attar M., Lobsinger, D., and
Tanphaichitr, N. 1996. Role of sulfogalactosylglycerolipid (SGG) on sperm-egg interaction and
the zona-induced acrosome reaction (AR). Presented at the Society for the Study of
Reproduction meeting in London, Ontario

Patents

Fames, E.Q., Attar M., Schiffman, R.M., Chang, 0., Graham, R.S., Welty, D.F. Ketorolac
tromethamine compositions for treating or preventing ocular pain. US Patent 7,842,714 Filed
Mar 3, 2009 and Issued Dec 28, 2011.

Blanda, W.M. and Attar M. Sustained action formulation of cyclosporin form 2. US Patent
Application 13/676,551 Filed Nov 14, 2012. Patent Pending.

Morgan, A., Gore, A.V., Attar M., Pujara, C. Cyclosporin emulsions. US Patent Application
EH’-320110726545 Filed May 25, 2011. Patent Pending.

Attar M., Graham, R.S., Morgan, A., Schiffman, R.M., Tien, W. Cyclosporin compositions. US
Patent Application PCT/US2007/074079 Filed Jul 23, 2007. Patent Pending.
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Graham, R.S., i-ioiiander. D., Viiianueva, i_., Farnes, E.Q., Attar M, Schiffman, R.M., Chang,
C., Weity, D.F. Ketoroiac compositions for cornea! wound heating. US Patent Appiicatien
EP20"i'i0715353 Fiied Apr 6, 2011. Patent Pending.

Graham, R.S., Tien, WA... Attar M, Schiftmen. R.ivi., Stern, ME, Sears, R., Wait, J.G.,

Caesars, T. Cycioeporin compositions for ocuiar rosacee treatment. US Patent Appiieatien
12/035,698 Filed Feb 22, ZGOS. Patent Pending.
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El Tlfi UNTTEE STATES PATENT AND 3% 33 OFFICE 

DECl..A%"l‘l0N U%ER 37 C.F.R. L132

of Aziz ll/lotdwala

l, Aziz h/lottiwala, declare as follows:

1. I am currently a Vice President of Marketing at Allergen, lnc. (“Allergen”) for Allergan’s

Bry Eye Froduct Franchise. l have an NEA from the University of Southern California,

Marshall School of Business, a Bachelors degee in Biochemistry, and over 15 years of

experience in marketing and sales in the phameutical industry. My curriculum vita is
attached to this declaration as Exhibit A.

2. l have reviewed the pending claims in the present application, and the pending claims .

cover the specific formulation of Restasis® that has been sold since 2093. To the best of

my knowledge, the Restasis® formulation includes 9.05% by weight cyclosporin A,

l.25% by weight castor oil, Pemulen, polysorbate 80, sodium hydroxide, and water.

Restasis® was approved by the FBA on December 23, 2&2.

3. Gver the pmt ten years, Allergen has collected data on the world wide sales for Eestasis®

by quarter. This data is illusnated generally in Exhibit E, and broken out by country in

Exhibit C, both attached to this declaration. l personally supervised the compilation of the

data presented in Exhibit E and Exhibit C.

4. As illusnated in Exhibit E, the worldwide sales for Restasis® have steadily increased

since the product’s launch in the first quaner of 2903. Currently, annual world--wide net

sales for Restasis® me over sum million per quarter, and nearing $880 million annually.

As illusnated in Exhibit C, a majority of the sales are in the US. As there is no other

EDA-approved therapeutic treatment for dry eye available on the US market, Restasis®
owns lO0% of the market share.

5. in my expert opinion, this data is strong evidence of commercial success.

-.6.:-...1..hsrsbr-desist? fl1at-tl1-sttt¢nsne..mas¢ harin..o;t.mr. oivnlknovledgeand brief  -
true; mid that all statements made on information and mlief are believed to be true; and

further that these statements me made with the knowledge that willful false statements

and the like so mde are punishable by fine or imprisonment, or both, under Section mi

of Title 18 of the United States Code, and that such willful false statements may

jeopardize the validity of the application or any patents issued thereon.

0291



0292

  

0292

  

0292



029302930293



0294

Aziz A. Mottiwala 

EDUCATION

University of Southern California, Marshall School of Business, Los Angeles, CA
Master ofBusiness Administration MIRA), Marketing/Corporate Strategy December 2003
0 Deans list: Fall 2001, Spring 2002, Fall 2002, Spring 2003, Fall 2003

0 Elected to Beta Gamma Sigma National Honor Society

University of California, San Diego, Revelle College, La Jolla, CA
Bachelor ofScience, Biochemistry and Cell Biology, June 1999

0 Recipient, American Society of Pharmacology and Experimental Therapeutics Research Fellowship.
0 Howard Hughes Research Scholar, UCSD School of Medicine, Department of Pharmacology.

EXPERIENCE.

Allergan Inc., Irvine, CA

Vice President, Dry Eye Marketing
February 2013- Current

Leading all strategic development and professional promotions across Allergan's Dry Eye product franchise. Providing strategic direction
over both Dry Eye promotions and strategic communications. Also, providing leadership and direction for all key brand forecasts and
budgets. Leading long term strategic planning and budgeting, as well as implementation of key marketing plans to exceed corporate financial
targets.

Marketing Director, Dry Eye
August 2010- February 2013

Leading all strategic development and professional promotions across Allergan‘s Dry Eye product franchise. Providing strategic direction
over both Dry Eye promotions and strategic communications. Also, providing leadership and direction for all key brand forecasts and
budgets. Leading long term strategic plarming and budgeting, as well as implementation of key marketing plans to exceed corporate financial
targets.

Product Director, Restasis® Professional Marketing
October 2009- August 2010

Professional Promotions across Allergan's Dry Eye product franchise. Providing strategic direction over both Dry Eye promotions and
strategic communications. Also, providing leadership and direction for all key brand forecasts and budgets.

Sr. Manager Restasis® Consumer Marketing
October 2007- October 2009

Managed Consumer Promotions across Allergan's Dry Eye product franchise. Responsible for Restasis®Direct—to—Consumer initiatives,
including TV, Print and Interactive strategies and media planning. Also directing strategies and tactics for Dry Eye Franchise CRM, and
Compliance/Persistency programs.

ProductManager Restast's®/Optornetric Strategies
December 2006- October 2007

Developed and implemented marketing plans for Optometric strategies in Dry Eye as well as other therapeutic areas within US Eye Care.
Worked with the entire marketing team to drive brand strategy and ensure proper execution of tactics. Also managed brand forecasts and
budgets, to ensure proper alignment of resources across the brand team.

IMS/Cambridge Management Consulting, El Segundo, CA

Sr. Consultant, Management Consulting
July 2006- December 2006

Managed project teams including both internal and external resources in the design, development and delivery of client

solutions. Provided coaching and direction to Consultants across multiple projects at any given time. Led teams to review and

analyze client requirements, and developed associated proposals that ensured profitability and high client satisfaction.

- Projects across several practice areas including Pricing and Reimbursement, Portfolio Development, and Sales Force Effectiveness.

o Assisted a mid size biotech company's business development team in the assessment of several acquisition opportunities.

- Key Projects included development of a commercialization/launch playbook for a startup biotech company, as well as extensive pricing
and reimbursement analysis of a Phase III product for a major biotech firm.
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Aziz A. Mottiwala 

EXPERIENCE (continued)

Valeant Pharmaceuticals, Costa Mesa, CA

Product Manager, Neurosciences/Ilepatologv
September 2004-July 2006

Managing the development, market analysis and implementation of marketing plans for Tasmar®, Ze1apar®’ and most recently lnfergen®.
Driving brand strategy and ensuring proper execution of tactics. Also the primary marketing contact for field sales, providing marketing
support to promote sales growth. Developing brand budgets and monitoring annual expense requirements, to ensure optimum utilization of
marketing resources.

0 Partnered with Business Development to acquire and transition marketing of Infergen® for Hep- C
I Produced new promotional materials and tactical programs such as sampling, and speaker programs to support strategy and drive sales.

I Developed Pre-Launch market research plan for Zelaparw. Including message testing, concept testing, and forecast development.I
Managed key medical education initiatives, including KOL Advisory boards, major conference symposia, publications and various
CME programs.

Analyst, Global Marketing/Commercial Development
September 2003-September 2004

Supported Global Marketing and Development with market analysis and forecasting expertise that integrated secondary data sources and
primary market research. Utilized IMS data to develop and execute integrated marketing analysis plans and product forecasts. '

0 Led the planning and execution of multi—attribute qualitative and quantitative market research projects for development products.
0 Developed KOL targeting strategy for Viramidine, a Phase III product for Hepatitis C.

0 Developed product forecasts and financial valuation models for business development during the acquisitions of Amarin Corp. and Xcel
Pharmaceuticals, as well as the acquisition of Tasmar®, an in-line product for Parkinson’s disease.

Aventis Pharmaceuticals, Bridgewater, NJ

Area Sales Manager (Interim)
August 2002aSeptember 2003

Managed 21 team of 10 sales associates in the Southern California area. Provided guidance on selling strategies and tactics as well as
communicating and implementing key marketing initiatives.

0 District Ranking increased from 6 to 2 among 8 districts in a 12-month period.

0 Developed nationally implemented ROI tool for sales associates to measure success ofpromotional programs.

Professional Sales Associate/Field Sales Trainer
September 1999- August 2002

Successfully marketing and increasing market share for therapeutic products for various disease states. Developing specialists as advocates
to ensure maximum product pull through, resulting in yearly sales attainment over 100%. Trained 10 new sales associates on product
knowledge and selling skills.

0 Experience selling therapeutic products in various disease states including: Allergy, Asthma, Diabetes, Arthritis and Osteoporosis.
0 Nova Award 2000: National award recognizing outstanding sales performance for a new associate.

Saier Lab, U.C. San Diego Department of Biology, La Jolla, CA
Research Associate

September 1998-June 1999

Printz Lab, U.C. San Diego School of Medicine, La Jolla, CA
Research Associate

December I997-February 1999

Contributed to three separate research projects addressing genetics, neurology, and psychiatry. Contributed work to a major journal for
publication: Palmer, A.; Dulawa, S.C.; Mottiwala, A.A.; Printz, M.P. “Pre-pulse Inhibition of the Air Puff Startlc Response in Four Strains
of Rats” Behavioral Neuroscience 2000 Apr;l l4(2):374-88
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ofDr. Rhett M. Schiffinan

l, Rhett M. Schiffrnan, M.D., declare as follows:

l. l am currently a Vice President and Chief Medical Officer at Neurotech. l have an M.D.,
Masters Degrees in Clinical Research Desigi and Statistical analysis and in Health
Services Adrninisnution, a Bachelor’s degee in Bioengineering, and over l2 years of
experience in the pharmaceutical indusny at Allergan, lnc. (“Allergen”). I am a co-
inventor on several issued patents and pending applications related to treatment methods
using ophthalmic products. My curriculum vita, which contains a list of my publications
to which I conuibuted, is attached to this declaration as Exhibit A.

2. Dry eye disease, also named heratoconjunctivitis sicca, is among the leading causes of
patient visits to ophthalmologists in the United States. This condition has been
recognized by the medical community and studied for decades. hi the l970s, over 600
articles were published on dry eye syndrome. The number of articles increased to over
l40ll in the l98l)s, over 2500 in the l990s, and over 4800 in the last decade and
counting} lt is estimated that at least twenty—three million Americans suffer from dry eye
disease, which has two main causes: decreased secretion of tears by the lacrimal (tear-
producing) glands, and loss of tears due to excess evaporation. Both causes lead to
ocular discomfort, ofien described as feelings of dryness, burning, a sandy/mitty
sensation, or itchiness. Symptoms, such as visual fatigue, sensitivity to light, and blurred
vision also are characteristics of the disease. This is a serious disorder that, if lefi
unheated or undertreated, progressively damages the ocular surface, and may lead to
vision loss.

3. Dry eye disease is a disorder of the “tear film,’’2 and ocular inflammation is known to
play a major role in the symptoms and progression of the disease. Dry eye disease
patients can suffer mild irritation (Level l severity). hi patients with Level 2 to Level 4

 

1 Galor et al. (2012), attached as Exhibit B.
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severity scores, the symptoms are quite debilitating} If the condition in these cases is

untreated or heated inadequately (e.g., only with an agent such as artificial tears), the
disease will continue to progess, and will lead to severe eye damage and vision loss.4
Severe problems with untreated dry eye can also lead to corneal infection and scarring.
Compared across different diseases, dry eye was found to cause degadation in quality of
life that is on par with other severe disorders, such as class lll/IV Angina.5

4. At the time Allergen initiated the Restasis® development program in l992, dry eye was a
well-recomiized largely unmet medical condition. No therapeutic ueaunents were
available, apart from the use of artificial tears, which had no direct pharmacology effect,
and, blockage of the lacrimal drainage system with punctal plugs or cauterization for the

most severe cases, which as we have since learned, made many patients worse by keeping
the inflamed tears in constant contact with the ocular surface. ln addition, neither
artificial tears nor punctual plugs or cauterization actually worked to increase normal tear
production in patients sufiering fiom dry eye. Also, a 2002 Gallup poll data where Sill
dry eye sufferers were interviewed predating the launch of Restasis®, showed that
patients suffering fiom dry eye were looking for convenient and effective treatment for

dry eye that provided long—lasting relieffi Almost 74% of consumers polled in 2062
wished there was a more effective neatment for dry eye.7

5. Allergan’s investigators completed seminal worlt in the dry eye disease area, identifying
the role of the T-cell and chronic inflammation in the pathogenesis of dry eye disease}
followed by application of cyclosporine (a drug previously used systemically to prevent
transplant rejection) to target the disease locally. liowever, the lipophilic nature of
cyclosporine made it extremely difficult to formulate an ocular—friendly preparation with
good bioavailability. Tire multiple target tissues of the ocular surface (cornea,
conjunctiva, lacrimal glands, etc.), the composition of the tear film (not a simple salt
solution), and the short retention time on the eye contributed many complex issues in
creating an efficacious formulation. Various formulations were attempted with
 

3 Belirens A, Doyle N, Stern L, Chuck RS, McDonnell Pl, Azar DT, et al. Dysfimctional tear syndrome. A Delphi approach to treatment
recommendations. Cornea. 2006;25:900-07, attached hereto as Exhibit C; Dry Eye Workshop. Management and therapy ofdry eye disease:

repon ofthe management and therapy subcommittee of the international dry eye workshop. Ocul Surf. 2007a;5:l63 -78, attached hereto asExhibit D.

4 Rao S. Topical cyclosporine 0.05% for the prevention ofdry eye disease progession. J Ocular Phannacol Tnera. 2010;245:157-163, attached
hereto as Exhibit E; Deschnrnps N., Ricaud X., Rahut G., Lahhé A., Baudouin C., Denoyer A. The impact of dry eye disease on visual
performance while driving. Am J Ophthalmol. 2013; l25:l84-189, attached hereto as Exhibit F.

5 Schiflinan R.M., Walt J.G., Jacohsen G., Doyle J.J., Lehovics (3., Sumner W. Utility assessment among patients with dry eye disease.
Ophthalmoloy. 2003;l l0:l4l2-14149, attached hereto as Exhibit G.

6 The 2002 Gallup Study ofDry Eye Sufferers, attached hereto as Exhibit H.
7 14

8 Stern M.E., Beuerman R.W., Fox R.l., Gao 3., Mitchell’ A.K., Pflugfelder, S.C. A unified theory ofthe role of the ocular surface in dry eye.
Adv Exp Med Biol. l998;438:643—5 1, attached hereto as Exhibit l.
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concentrations up to 2% w/v cyclosporine and were poorly tolerated and absorbed.
Ultimately, Allergen successfully formulated Restasis® in its current form, as presently
claimed in the current patent application.

6. The approved Restasis® indication was based on statistically sigiificant benefits in each
of two pivotal clinical studies in which efficacy was defined as an improvement in the

reversal of this measure of disease (i.e., a complete response) regardless of their baseline
measurements. Patients in these trials suffered horn moderate to very severe dry eye
symptoms, with 60% of the patients scored as having the most severe Level 4 symptoms
(discussed further below). Despite the severity of disease at baseline, and the very high
hurdle for success, the proportion of patients experiencing complete response was three-
fold higher among subjects taking Restasis® compared with those taking vehicle afier 6
months of treatment. This was a highly sigiificant result (p<.t)07).

7. The improvement in symptoms continued for l2 months and beyond in both the
Restasis® group and in vehicle treated patients who were switched to Restasis® at month
6.. it should be noted that these dials were begun in the late l99lls and were the first of
their kind.

8. Restasis® was FDA approved on December 23, 2002. The approval of Restasis® for the
heatment of dry eye represented a major paradigm shift in the treatment of dry eye.9
Restasis® was the lirst FDA approved prescription medication for dry eye, and is still the
only FDA approved prescription medication for dry eye. Restasis® has been well
received by the medical community as a major breakthrough in dry eye treatment, and is
currently the #l selling eye drop in the world. For example, Dr. l-lenry Perry stated that
“[i]t is important in any type of chronic ocular surface disease, especially due to aqueous
deficiency, to begin topical cyclosporine.”‘9 Another physician, Dr. Christopher Starr
stated ‘‘“I liked Restasis from the beginning and l have increased my prescribing of it over
the years as l’ve gained more experience and witnessed its impressive results,” and “[t]he
most recent definition of dry eye disease from the Dry Eye \Vorl<Shop (DEWS) report
notes hyperosmoiarity and inflammation as ltey pathophysiologic factors, which a
recommends the use of anti-inflammatory medication such as Restasis heginning with
level 2 disease.”“

 

9 Pflugfelder, 2006 attached as Exhibit 1.

19 Ocular Surgery, January 292 3, attached as Exhibit K.

1 1 Ophthamology Management, Septcrnher 2013, attached as Exhibit L.
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9. Other companies have tried to develop prescription treatments for dry eye, but none have
been FDA approved as of this date.” A partial listing of companies and drugs for drug
eye that have failed are attached hereto as Exhibit N. One example of such drug is
Prolacria, a dry eye treatment that was developed for over a decade by Inspire
Pharmaceuticals, but was cancelled in 2010 when Prolacria failed to outperfomi a
placebo in their phase III clinical tI1'als.13

Li accessed 2013-()9-24 and attached as Exhibit M.

mg accessed 20l3-09-24 and attached as Exhibit 0.
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I hereby declare that all statements made herein of my own knowledge and belief are true;
and that all statements made on information and belief are believed to be true; and filrther
that these statements are made with the knowledge that willful false statements and the like
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of
the United States Code, and that such willful false statements may jeopardize the validity of
the application _‘g;v:»“:‘1?f3§3patents issuedotixereon.

..-ex

_ .._i____......~.......
.«~*?)n Rhett M. Schiffinan
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CURRICULUM VITAE FOR RI-IETT M. SCI-IIFFMAN, ‘M.D., M.S., M.H.S.A.

Current Title: Vice President and Chief Medical Officer

Neurotech

Work Address: 900 Highland Corporate Drive

Building #1, Suite #101
Cumberland, RI 02864

Home Address: 1843 Temple Hills

Laguna Beach, CA 92651

Office Telephone: (401) 495-2395

Cell Telephone: (313) 516-6924
Email: r.schi.ffrnan@neurotechusa.com

EDUCATION:

Professional: University of Michigan, School of Public Health,

Ann Arbor, Michigan ‘
2000 M.H.S.A. Health Services Administration

University of Michigan, Rackham Graduate School,

Ann Arbor, Michigan

1989 M.S. Clinical Research Design 8: Statistical Analysis

Universidad Autonoma de Ciudad Juarez
Instituto de Ciencias Biomedicas

Juarez, Mexico
1983 M.D. Medicine

Undergraduate: Columbia University

School of Engineering and Applied Science
New York, NY

1978 B.S. Bioengineering

POSTDOCTORAL TRAINING:

Fellow: Uveitis and Ocular Immunology, National Eye Institute,
National Institutes of Health, Bethesda, MD
1996-1997

Resident: Ophthalmology, Henry Ford Hospital, Detroit, Michigan
1993 ~ 1996

Resident: Internal Medicine, Henry Ford Hospital, Detroit, Michigan
1984 — 1986

Intern: Internal Medicine, Henry Ford Hospital, Detroit, Michigan
1983 — 1984
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Rhett M. Schiffman, M.D., M.S., M.H.S.A

Page 2

CERTIFICATION AND LICENSURE

Medical Licensure: California, 2002 - C50825

Michigan, 1983 - 4301046984

Board Certification: American Board of Ophthalmology, 1999; 93th percentile on Board examination

American Board of Internal Medicine, 1986; 99*“ percentile on Board examination

PROFESSIONAL SOCIETIES:

Member, Association for Research in Vision and Ophthalmology
American Academy of Ophthalmology
American Medical Association

PROFESSIONAL EXPERIENCE:

2013-Present Vice President and Chief Medical Officer, Neurotech

2010-2013 Board Member, Glaucoma Research Foundation

2009-2013 Ophthalmology Therapeutic Area Head

2008-2013 Head of Development for Emerging Markets

2007-2013 Head, Global Product Enhancement/Life Cycle Management

2005-2013 Vice President, Development for Ophthalmology and Botox, Allergan
Pharmaceuticals

2003-Present Clinical Associate Professor and Attending Physician in Ophthalmology, University
of California at Irvine.

2001-2005 Senior Director, Ophthalmology Clinical Research, Allergan Pharmaceuticals, Irvine,
California

1999-2001 Member, Leadership Council, Eye Care Services, Henry Ford Health System, Detroit,
MI

1999-2001 Director, Quality Improvement, Eye Care Services, Henry Ford Health System,
Detroit, MI

1998-2001 Director of the African-American Initiative for Male Health Improvement (AIMHI).

Eye Disease Screening Program in Southeast Michigan. Funded by the Michigan
Department of Community Health.

1997-2001 Director of Uveitis Services, Eye Care Services, Henry Ford Health System, Detroit, MI

Director of Clinical Research, Eye Care Services, Henry Ford Health System, Detroit, MI

Staff Investigator, Center for Health Services Research, Henry Ford Health System,
Detroit, MI

1996-Z001 Reviewer to Special Study Section, National Eye Institute, National Institutes of

Health, Bethesda, Maryland.

1999-2001 Director, Clinical Research, Eye Care Services, Henry Ford Hospital, Detroit,

Michigan
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Rhett M. Schiffman, M.D., M.S., M.H.S.A
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1996-1997 Senior Staff Physician, Eye Care Services, Ophthalmology, Henry Ford Health

System, Detroit, Michigan (on intergovernmental personnel act to National Eye
Institute, National Institutes of Health, Bethesda, Maryland)

1994-1995 Associate Medical Director, Henry Ford Hospital Pharmacology Research Unit,
Detroit, Michigan

1993-2001 Associate Research Director, Eye Care Services, Henry Ford Hospital, Detroit,
Michigan

1989-2001 Staff, Center for Clinical Effectiveness, Henry Ford Hospital, Detroit, Michigan

1988-1994 Requirements Advisory Committee to the Medical Information Management System,
Henry Ford Hospital, Detroit, Michigan

1989-1993 Coordinator, General Internal Medicine Research, Henry Ford Hospital, Detroit,
Michigan

1990-1993 Chairman, General Internal Medicine Research Committee, Henry Ford Hospital,
Detroit, Michigan

Member, Research and Academic Affairs Committee, Department of Medicine,

Henry Ford Hospital, Detroit, Michigan

1986-1993 Senior Staff Physician, General Internal Medicine, Henry Ford Hospital, Detroit,
Michigan

TEACHING EXPERIENCE:

2003-Present

1997-2001 Ophthalmology Residency Training Program, Henry Ford Hospital, Detroit,
Michigan

1986-1993 Internal Medicine Residency Training Program, Henry Ford Hospital, Detroit,
Michigan

1988-1993 Preceptor, University of Michigan Medical Schools, Ann Arbor, Michigan

1991-1993 Preceptor, General Internal Medicine Fellows

Medical Staff Seminars, General Internal Medicine, Henry Ford Hospital, Detroit, MI:

Introduction to Epidemiology, Introduction to Personal Computing, Medical
Decision Analysis

BOOKS 8: MONOGRAPHS:

Ophthalmology Residency Training Program, University of California at Irvine

1. Ocular Therapy chapter in: Oréfice, Fernando: Uveite: Clinica e Cirfirgica. Ed. Cultura Médica.
Published June 2000.

2. New Concepts in the Pathogenesis, Diagnosis and Treatment of Dry Eye. Ocular Surgery News
Monograph; Slack Incorporated. July 1, 1999
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Rhett M. Schiffman, M.D., M.S., M.H.S.A
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Schiffrnan RM: Glaucoma, Ophthalmology chapter in Noble, John: Textbook of Primary Care

Medicine. 2nd Edition. 1996. Mosby—Year Book, Inc. 1471-9.

JOURNAL PUBLICATIONS:
1.

10.

11.

12.

Day D.G., Walters T.R., Schwartz G.F., Mundorf T.K., Liu C., Schiffrnan R.M., Bejanian M.

Bimatoprost 0.03% preservative-free ophthalmic solution versus bimatoprost 0.03% ophthalmic
solution (Lumigan) for glaucoma or ocular hypertension: a 12-week, randomised, double-masked

trial. Br]Ophtha1mol. 2013 Jun 6. [Epub ahead of print]

Callanan DG, Gupta S, Boyer DS, Ciulla TA, Singer MA, Kuppermann BD, Liu CC, Li XY, Hollander

DA, Schiffman RM, Whitcup SM; Ozurdex PLACID Study Group. Dexamethasone Intravitreal

Implant in Combination with Laser Photocoagulation for the Treatment of Diffuse Diabetic

Macular Edema. Ophthalmology. 2013 May 22. S0161-6420(13)00152-8.

Katz L], Rauchman SH, Cottingham A] Ir, Simmons ST, Williams ]M, Schiffman RM, Hollander DA.

Fixed-combination brimonidine-timolol versus latanoprost in glaucoma and ocular hypertension: a

12-week, randomized, comparison study. Curr Med Res Opin. 2012 May;28(5):781-8

Katz, L.]., Rauchman, S.H., Cottingham ]r., A.]., Simmons, S.T., Williams, ].M., Schiffman, R.M.,
Hollander, D.A. Fixed—combination brimonidinetimolol versus latanoprost in glaucoma and ocular

hypertension: A 12-week, randomized, comparison study. Current Medical Research and Opinion 28
(5) , pp. 781-788

Lowder, C., Belfort ]r., R., Lightman, 5., Foster, C.S., Robinson, M.R., Schiffman, R.M., Li, )(.-Y., Cui

H, Whitcup, S.M. Dexamethasone intravitreal implant for noninfectious intermediate or posterior
uveitis. Arch Ophthalmol 2011 129 (5)545-553

Waterbury, L.D., Galindo, D., Villanueva, L., Nguyen, C., Patel, M., Borbridge, L., Attar, M.,

Schiffman RM, Hollander, D.A. Ocular penetration and anti—inflammatory activity of ketorolac 0.45%

and bromfenac 0.09% against lipopo1ysaccharide—induced inflammation. I Ocular Pharmacol and

Therapeutics 2011 27 (2):173-178

Xu, K., McDerrnott, M., Villanueva, L., Schiffman, R.M., Hollander, D.A. Ex vivo corneal epithelial

wound healing following exposure to ophthalmic nonsteroidal anti-inflammatory drugs. Clin
Ophthalmol 2011 5 (1), pp. 269-274.

Donnenfeld, E.D., Nichamin, L.D., Hardten, D.R., Raizman, M.B., Trattler, W., Rajpal, R.K., Alpern,
L.M., Felix C, Bradford RR, Villanueva L, Hollander DA, Schiffman, R.M. Twice-daily, preservative-

free ketorolac 0.45% for treatment of inflammation and pain after cataract surgery. Am I Ophthalmol
2011 151 (3):420-426.

Spaeth G, Bernstein P, Caprioli I, Schiffman RM. Control of Intraocular Pressure and Intraocular
Pressure Fluctuation with Fixed Combination Brimonidine—Timo1olversus Brirnonidine or Timolol

Monotherapy. Am J Ophthalmol. 2011 January;‘l.51:93~—99.

Attar, M., Schiffman, R., Borbridge, L., Fames, Q., Welty, D. Ocular pharmacokinetics of 0.45%

ketorolac tromethamine. Clin Ophthalmol 2010 4(1), pp. 1403-1408

Craven, E.R., Liu, C.-C., Batoosingh, A., Schiffman, R.M., Whitcup, S.M. A randomized, controlled

comparison of macroscopic conjunctival hyperemia in patients treated with bimatoprost 0.01% or
vehicle who were previously controlled on latanoprost. Clin Ophthalmol 2010 4 (1):1433-1440

Olson, R., Donnenfeld, E., Bucci ]r., F.A., Price In, F.W., Raizman, M., Solomon, K., Devgan, U.,

Trattler W, Dell 8, Wallace RB, Callegan M, Brown H, McDonnell P], Conway T, Schiffman RM,
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
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Hollander, D.A. Methicillin resistance of Staphylococcus species among health care and nonhealth
care workers undergoing cataract surgery. Clin Ophthalmol. 2010 4(1):1505—1514

Katz L, Cohen], Batoosingh A, Felix C, Shu V, Schiffman R Twelve—Month, Randomized Controlled

Trial of the Efficacy and Safety of Bimatoprost 0.01%, 0.0125%, and 0.03% in Patients with Glaucoma

or Ocular Hypertension. Am] Ophthalmol. 2010 April;l49:661-671.

Lewis R, Gross R, Sall K, Schiffman R, Liu C—C, Batoosingh A, (for the Ganfort® Investigators Group
II ). The Safety and Efficacy of Bimatoprost/Timolol Fixed Combination: A 1-year Double—masked,
Randomized Parallel Comparison to Its Individual Components in Patients With Glaucoma or Ocular
Hypertension. J Glaucoma. 2010 August;19(6):424-426.

Sherwood MB, Craven ER, Chou C, DuBiner HB, Batoosingh AL, Schiffrnan RM, Whitcup SM. Twice—
daily 0.2% brimonidine»0.5% timolol fixed-combination therapy vs monotherapy with timolol or
brimonidine in patients with glaucoma or ocular hypertension: a 12-month randomized trial. Arch
Ophthalmol. 2006 Sep;124(9):1230—8.

Craven ER, Walters TR, Williams R, Chou C, Cheetham IK, Schiffman R; Combigan Study Group.
Brimonidine and timolo1f.ixed~combination therapy versus monotherapy: a 3-month randomized

trial in patients with glaucoma or ocular hypertension. J Ocul Pharmacol Ther. 2005 Aug;21(4):337—48.

Yee RW, Tepedino M, Bernstein P, Jensen H, Schiffman R, Whitcup SM; Gatifloxacin BID/QID Study
Group. A randomized, investigator— masked clinical trial comparing the efficacy and safety of
gatifloxacin 0.3% administered BID versus QID for the treatment BID versus QID for the treatment of
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Purpose: To study dry eye medication use and expenditures from
2001 to 2006 using a nationally representative sample of US adults.

Methods: This study retrospectively analyzed dry eye medication
use and expenditures of participants of the 2001 to 2006 Medical

Expenditure Panel Survey, a nationally representative subsample of

the National Health Interview Survey. Afizer adjusting for survey
design and for inflation using the 2009 inflation index, data from 147

unique participants aged 18 years or older using the prescription
medications Restasis and Blephamide were analyzed. The main
outcome measures were dry eye medication use and expenditures
fi“om 2001 to 2006.

Results: Dry eye medication use and expenditures increased between

the years 2001 and 2006, with the mean expenditure per patient per
year being $55 in 2001 to 2002 (n = 29), $137 in 2003 to 2004

(n = 32), and $299 in 2005 to 2006 (n = 86). This finding was strongly
driven by the introduction of topical cyclosporine emulsion 0.05%

(Restasis; Allergan, Irvine, CA). In analysis pooled over all survey

yems, demographic factors associated with dry eye medication expen-
ditures included gender (female: $244 vs. male: $122, P < 0.0001),
ethnicity (non—Hispanic: $228 vs. Hispanic: $106, P < 0.0001), and
education (greater than high school: $250 vs. less than high school:
$100, P < 0.0001).

Conclusions: We found a pattern of increasing dry eye medication
use and expenditures from 2001 to 2006. Predictors of higher dry
eye medication expenditures included female gender, non—Hispanic
ethnicity, and greater than a high school education.

Key Words: dry eye syndrome, Medical Expenditure Panel Survey,
MEPS, expenditures
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ry eye syndrome (DES) has recently gained recognition
as a public health problem.” In the decade between

1970 and 1980, 670 articles were published on DES (search

terminology dry eye syndrome, limits humans, and English);
this increased to 1485 articles in the 1980s, 2511 articles in
the 1990s, and 4887 articles in the last decade. Part of this

recognition came fiom several US population—based and

international population-based studies demonstrating that
the condition was present in between 5% and 30% of the

population aged 50 years or older."2"H7 Another part of the
recognition came from understanding that the symptoms of
DES, which include constant irritation, foreign body sensa-
tion, and blurred vision, interfere with the ability to work and
carry out daily firnctions.‘3‘2° A study using the Impact of
Dry Eye Living Questionnaire found that severe dry eye
symptoms were correlated with difficulties in physical, social,
and mental functioning.“ Such difliculties translate into a rel-
atively lower health-related quality of life compared with the

general population-«patients with severe dry eye symptoms
have health-related quality of life scores in the range of con-
ditions like class Ill/IV angina.“

An additional event that helped push DES into the

limelight was the release of the first Food and Drug
Administration-«approved prescription medication for DES,

cyclosporine emulsion 0.05% (Restasis; Allergan, Irvine,
CA). The Food and Drug Administration approved the med-

ication in 2002, and the pharmaceutical company Allergan
launched cyclosporine emulsion in the United States in late
2003. As part of its sales strategy, Allergan used direct to
consumer marketing and commissioned magazine and televi-
sion advertisements to reach its target audience; it also

heavily promoted cyclosporine emulsion within the eye care
community. These activities had the effect of increasing phy-
sician and patient awareness of the prevalence of DES, its
morbidity, and its potential treatments.

Although there is a sense that the economic implica-
tions of DES are substantial, few articles have studied the
direct costs associated with DES and other ocular surface

disorders. These include costs associated with office visits,
prescription medication, over-the—counte1' medication, alter-

native or complementary medication, and nonpharrnacologic
purchases (cg, humidifiers). A retrospective claims analysis
evaluating costs in 9065 patients who received topical
cyclosporine for DES found a mean health care cost of

$336 per patient with a total cost of $3.05 million.” A retro-

spective analysis of the annual cost ofDES in patients treated
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by an ophthalmologist in 6 European countries estimated
a total annual healthcare cost between 0.27 and 1.10 million

US dollars per country. However, this cost did not take into
consideration patients who self—tIeated their condition or were

treated by their primary care physician.”
The Medical Expenditure Panel Survey (MEPS) is an

annual survey of families and individuals, their medical

providers, and employers across the United States. MEPS,

which is designed to be representative of the US population,
provides the most complete source of data on the cost and use

of health care and health insurance coverage.“ Given that
prescription cost information is available through the MEPS
data set, we examined recent patterns in dry eye medication
expenditures. We aimed to confirm our hypothesis that a sub-

stantial increase in expenditures has occurred over the past
few years, perhaps in response to the increased public and
provider awareness of the condition along with the availabil-
ity of a new prescription medication.

MATERIALS AND METHODS

Sample
The MEPS is a nationally representative subsample of

the National Health Interview Survey, a continuous multipur-
pose and multistage area probability survey of the US civilian

noninstitutionalized population living at addressed dwellings.
To have an adequate number of persons in important

population subgroups, the MEPS oversampled Blacks and
Hispanics in all years and began oversampling of Asians in

2002.25 The overall MEPS response rate ranged from 66% in
2001 to 58% in 2006. Sampling weights were applied to ensure

that the resulting sample was nationally representative of US
households and includes adjustment for oversampling of race/
ethnic groups and survey nonresponse.

To obtain dry eye medication expenditures, a compre-

hensive list of available prescription medications, including
name brands, generics, and chemical names, for the study
period was first generated and used to identify those MEPS
participants who used any medication via the MEPS Pre-
scribed Medicines files. The Prescribed Medicines files

contained comprehensive information on medications used

by MEPS participants.” From this list, 2 medications used in
the setting of DES were identified: cyclosporine emulsion
0.05%, used to treat aqueous tear deficiency, and sulfaceta-
mide sodiurn—prednisolone acetate ophthalmic suspension,
USP 10%/0.2% (Blephamide), used to treat lipid tear defi-
ciency (blepharitis), among other conditions.

Data from MEPS 2007 were available but were not

included in this analysis because the methodology in editing the
pharmacy data was changed. Comparison of prescription drug
spending before and after 2007 was therefore not recommended

by the Agency for Healthcare Rewarch and Quality.“ MEPS
initially had an over-the-counter medication section that col-

lected details about nonprescription medication purchases; how-

ever, this section was omitted from the questionnaire beginning
in 2002.27 Because we were interested in dry eye medication
costs in the years since the launch of cyclosporine emulsion,
we were unable to include over-the—counter medications in our

1404 l www.comeajml.com

analysis. For the study period, 147 unique participants aged
18 years or older were found to have used sulfacetamide

sodium-prednisolone acetate ophthalmic suspension and/or

cyclosporine emulsion and were included in the analysis.
Expenditure of these medications for each participant over
2-year intervals was analyzed. The data were adjusted for sur-
vey design, and the expenditure was adjusted for inflation using
2009 inflation index.

Demographic Data
Demographic and insurance information of the qualified

participants was obtained fi*om the MEPS Full-Year Consoli-

dated Data Files. Demographic data collected included gender,
age, race (white, black, other/multiple), ethnicity (Hispanic,
non-Hispanic), health insurance status (private, public only, and

uninsured), and education level (less than high school, high
school, greater than high school). Family income, measured as

a percentage, was calculated by dividing total family income by
the applicable poverty line (based on family size and compo-
sition). The resulting percentages were grouped into 3 catego-
ries: low income/poverty (less than 200%), middle income

(200% to less than 400%), and high income (400% or more).

Statistical Analyses
All statistical analyses were performed using SAS 9.2

(SAS Institute, Inc., Cary, NC) and SUDAAN 10 (RTI
lntemational, Triangle, NC) statistical packages. To account

for complex survey design of the MEPS data, analyses were
completed with adjustments for sample weights and design
effects. We conducted descriptive analyses to evaluate

patterns in dry eye medication expenses per person over
a 2-year interval. T tests were performed to compare average
medication expenditure across different demographic groups.
A multivariate linear regression was performed to study de-
mographic variables that predict high dry eye medication
expense. The University ofMiami Institutional Review Board

reviewed and approved this study, which was conducted in
accordance with the principles of the Declaration of Helsinki.

RESULTS

More patients used prescription dry eye medications in

2005 to 2006 (n = 86) compared with the previous 4 years
(n = 29 and 32 for 2001-2002 and 2003-2004, respectively),
and the total number of prescriptions filled increased with

each year (Fig. 1). The cost associated with dry eye prescrip-
tion medications also increased between 2001 and 2006, with
a mean expenditure per patient of $55 in 2001 to 2002, $137

in 2003 to 2004, and $299 in 2005 to 2006 (Fig. 2). The
introduction of topical cyclosporine significantly affected

both the number ofprescriptions filled and the dry eye expen-
ditures because after its introduction, 68% of prescriptions
and 80% of expenditures were related to cyclosporine emul-
sion in 2003 to 2004 and 84% of prescriptions and 92% of
expenditures were related to cyclosporine emulsion in 2005 to

2006. The mean cost of sulfacetamide sodium—prednisolone
acetate ophthalmic suspension increased from $36.27 in 2001

© 2012 Lippincott Williams & Wilkins
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FIGURE 1. Graphic representation of the total number of dry
eye prescriptions filled using the MEPS database, 2001 to
2006.

to 2002 to $54.56 in 2003 to 2004 to $64.43 in 2005 to 2006.

Likewise, the mean cost of cyclosporine emulsion increased
from $98.98 in 2003 to 2004 to $113.06 in 2005 to 2006. The

increase in mean dry eye expenditures over the period, there-
fore, can be explained by both increased medication usage
and cost.

Several demographic factors were associated with med-
ication expenditures in the treatment of dry eye. Gender had

a significant effect, with mean spending for women being
double that for men ($244 vs. $122, P < 0.0001) (Table 1,
Fig. 2). Similarly, spending for non-Hispanics was double that

for the Hispanic population ($228 vs. $106, P < 0.0001).

Dry Eye Medication Expenditure Overall and by Gender,
MEPS 2001-2006

MeanExpenditure PerPersonUsingDryEyeMeditation
2003-O4 2005436

Year

FIGURE 2. Graphic representation of mean dry eye medication
expenditures per patient (overall and by gender) using the
MEPS database, 2001 to 2006.
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Level of education was also an important factor, with individ-

uals with more than a high school education spending more
than those with less than a high school education ($250 vs.
$100, I’ < 0.0001). Race, age, and income status were not

found to significantly affect dry eye medication expenditures
in our analysis.

In a multivariable linear regression analysis considering
all demographic factors, gender and education remained

significant predictors of dry eye medication expenditures.
Female gender was associated with a $159 higher mean
expenditure compared with male gender (P = 0.0004). Greater

than high school education was associated with a $145 higher
mean expenditure compared with less than a high school edu-
cation (P = 0.0016). Although not significant in our univariable
analysis, with adjustment for all other covariates, those in the

65 and older age group spent $107 more on dry eye medica-
tions than those in the 45- to 64-year-old group (P = 0.04).

DISCUSSION

In this nationally representative study of patterns in
prescription dry eye medication expenditures from 2001 to
2006, we found that the number of patients treated with

prescription dry eye medications and their associated expen-
ditures increased between these years. This finding was
strongly driven by the introduction of cyclosporine emulsion

in 2003. Considering demographic factors, female gender,
non-Hispanic ethnicity, and a greater than high school

education were factors significantly associated with a higher
mean yearly expenditure for DES in our univariate models.

Although studies have suggested that the economic
implications ofDES are substantial,“ limited data are available

to support this statement. Fiscella et al” analyzed claims data
from a proprietary research database containing pharmacy
claims data on over 13 million individuals. They identified
9065 subjects that had one or more prescriptions filled for

topical cyclosporine emulsion between January 1, 2004, and

December 31, 2005. The mean yearly prescription cost by the
health insurance plans was $336, and the mean out-of—pocket
prescription cost for the patient was $98. This compares favor-
ably with our findings because the cost analysis above includes
both patient and insurance expenditures combined

Putting these numbers in the context of other chronic

ocular and nonocular diseases, a recent MEPS study found that
patients with glaucoma spent a mean of $556 per year on pre-
scription glaucoma medications in 2006 (adjusted for inflation

using 2009 inflation index)” Similarly, another article using
the MEPS database found that people with spine problems
spent a mean of $397 per year on prescription medications in
2006.” The findings in this study suggest that although DES is
not a blinding condition, individuals are willing to spend a non-
trivial amount of money per year to alleviate the discomfort

associated with this disorder. It is also important to note that

the expenditures presented in this study do not incorporate the
costs of nonprescription medications and doctor’s visits and

therefore the total amount of money spent on the disease is
likely to be significantly higher.

We found that several demographic factors affected the

expenditures ofdry eye medications, including gender, ethnicity,
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TABLE 1. Mean and Standard Error Cost (in Dollars) Per Prescription of Dry Eye Medications by Demographic Factors, 2001 to
2006 MEPS Data 

 Characteristics N Mean SE 1’

All 147 217.31 23.41 -
Sex

Male 34 122.24 6.87 —

Female 1 13 244.30 24.35 <0.0001
Race

White 134 220.51 20.63 White vs. Black = 0.07
Black 8 141.94 27.39 White vs. Other = 0.95
Other 5 214.18 95.84 Black vs. Other = 0.47

Ethnicity
Hispanic 20 106.23 18.89 -

Non-Hispanic 127 227.99 20.78 <0.0001
Age group, yr

18-44 25 192.51 34.40 18-44 vs. 45—64 = 0.78
45-64 53 206.44 27.06 18-44 vs. 65+ = 0.38
65+ 69 235.88 34.50 45-64 vs. 65+ = 0.51

Insurance type '

Private insurance 111 225.06 23.01 Private vs. public = 0.57
Public insurance only 29 194.26 45.82 Private vs. uninsured = 0.02‘
Uninsured 7 166.56 7.84 Public vs. uninsured = 0.56‘

Education

Less than HS 27 100.18 15.82 <HS vs. HS = 0.05
HS 43 204.54 46.43 <HS vs. >HS = <0.0001
Greater than HS 77 250.52 21.78 HS vs. >1-IS = 0.36

Poverty

Low income/poverty 33 219.62 37.10 Low vs. middle = 0.14

Middle income 40 168.49 25.46 Low vs. high = 0.64

High income 74 240.57 38.41 Middle vs. high = 0.06 

Bold values represent factors significantly associated with increased dry eye expenditures.
‘Statistical analyses for the uninsured group are reported but are considered unstable due to small sample size.
HS, high school; SE, standard error.
 

and education. The presence of gender and ethnic disparities in
medical expenditures has been described in other conditions,

including mental health“ and hypertension management.” An
association between higher expenditures and higher education

levels has been reported in systemic lupus erythcmatosus.”
Although the etiologies behind these discrepancies are not clear,
it is important to recognize the role ofdemographic factors when
considering the myriad determinants of health.

As with all retrospective studies, the study findings
must be considered bearing in mind its limitations. One

limitation is that information on nonprescription medications
was not available in the MEPS database, and we could

therefore only estimate costs associated with prescription dry
eye medications. As many more patients use over-thc—counter
medications to treat DES, we failed to include patients with

less severe forms of the disease in our analysis. Furthermore,
because of changes within MEPS that started in 2007,25 med-
ication information for this year was not included in the anal-

ysis. Another limitation is that the sample size in the present
analysis was relatively small, limiting our ability to examine
trends in dry eye medication expenditures and in our compar-
isons in subgroups of interest (eg, the uninsured). Because of
the relatively small sample size, it should not be assumed that

1406 I www.comeajm|.com

our analytic sample of dry eye medication users are nationally
representative despite the fact that they were obtained from

a population-based survey. However, if present patterns con-
tinue, there will be a growing number ofpersons in the MEPS

who will use these medications, facilitating future subgroup
analyses. Furthermore, both cyclosporinc emulsion and sulfa-

cetamide sodiurn—prednisolone acetate ophthalmic suspen-
sion can be used to treat ocular surface disorders other than

DES. Because we did not have diagnosis information linked

to medication use, it is possible that we included patients
treated for ocular surface conditions other than DES in our

analysis. Finally, we acknowledge that other medications are
used to treat subtypes of DES, including corticosteroids and
tetracycline derivates; we chose not to include these in our

analysis, given their multiple indications for use. Despite
these limitations, there is no other ongoing population-based
studies that look specifically at drug medication cost patterns;
therefore, the analysis of the MEPS provides us with the
best expenditure estimates for newly introduced ocular
medications.

In summary, we found a pattern of increased dry eye
medication use and expenditure fi'om 2001 to 2006. Women,

non-Hispanics, and those with greater than a high school

© 2012 Lippincott Williams & Wilkins
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education had higher expenditures compared with their
counterparts. Additional research is necessary to understand

the underlying reasons for the difierence in dry eye medica-
tion expenditures by patient characteristics.

ll.
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Dysfunctional Tear Syndrome

A Delphi Approach to Treatment Recommendations
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Purpose: To develop current treatment recommendations for dry
eye disease from consensus of expert advice.

Methods: Of 25 preselected international specialists on dry eye, 17
ageed to participate in a modified, 2—round Delphi panel approach.
Based on available literature and standards of care, a survey was
presented to each panelist. A two-thirds majority was used for
consensus building from responses obtained. Treannent algorithms
were created. Treatment recommendations for dilferent types and
severity levels of dry eye disease were the main outcome.

Results: A new term for dry eye disease was proposed: dysfunctional
tear syndrome (DTS). Treatment recommendations were based
primarily on patient symptoms and simrs. Available diagnostic tests
were considered of secondary importance in guiding therapy.
Development of algorithms was based on the presence or absence
of lid margin disease and disturbances of tear distribution and
clearance. Disease severity was considered the most important factor
for treatment decision-making and was categorized into 4 levels.
Severity was assessed on the basis of tear substitute requirements,
symptoms ofocular distxamfort, and visual disturbance. Clinical signs
present in lids, tear film, conjunctiva, and cornea were also used for
categorization of severity. Consensus was reached on uestrnent al-
gorithms for DTS with and without concurrent lid disease.

Conclusion: Panelist opinion relied on symptoms and sigis (not
tests) for selection oftreatrnent strategies. Therapy is chosen to match
disease severity and presence versus absence of lid margin disease or
tear distribution and clearance disturbances.
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(Cornea 20(l6;25:90(l«90‘7)

he syndrome known as “dry eye” is highly prevalent,
affecting l4% to 33% of the population worldwide,“

depending on the study and definition used. Symptoms related
to dry eye are among the leading causes of patient visits to
ophthahnologists and optometrists in the United States?
However, a stepwise approach to diagnosis and treatment is
not well established.

Treatrnent algorithms are ofien complicated, especially
when multiple therapeutic agents and strategies are available
for one single disease and for different stages of the same
disease. Dry eye syndrome is particularly challenging, because
the diagiostic criteria used vary among studies, there is poor
correlation between signs and symptoms, and efficacy criteria
are otters not uniform. As a result, there is no clear current

approach to assig therapeutic recommendations as “iirst,”
“second,” or “third” line.

Clinical research is usually oriented to assms the eficacy
of medications in the treatment of dry eye disease. Reports are
based on either comparisons of one medication relative to
untreated placebo controls or comparisons between different

ther*apies.6“7 Categorization of trcatrnent alternatives is usually
not implicit in these studies. Strategies combining medications
or medications and surgery are usually not clearly discussed in
the literature. A panel of experts may be a good method to
develop such strategies based on current knowledge, because
publication of research may not precede practice. Furthermore,
clinical trials are typically performed on highly selected
populations with specific interventions that may not reficct
the spectrum of dismse encountered in usual practice.

Where unanimity of opinion does not exist because of 3.

paucity of scientific evidence and where there is contradictory
evidence, consensus methods can be useful. Such methods

have been used in developing therapeutic algorithms in other
ophthalmic (glaucoma) and nonophthalmic disease states.”
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The Delphi panel technique was first proposed in 1946
by the RAND Corporation as a resource to collect information
from different experts and to prepare a forecast of future
technological capabilities. This tool has been expanded to

technological,” health," and social sciences research.” De-
spite some reasonable criticisms ofthis technique,” the Delphi
approach has been used to provide reproducible consensus to
create algorithms of treatment.“-‘5

In this study, we proposed to establish expert consensus
by using the Delphi approach with an international panel to
obtain current treatment recommendations for dry eye syndrome.

MATERIALS AND METHODS

Panelist Selection

The ideal number of panelists expected with this
technique is not well defined, with reported ranges from 10
to 1685.” No specific inclusion criteria are established, other
than the qualification ofpanelists in the topic of interest. Some
authors stress the importance of the diversity of panelists’
opinion to obtain a wide base of knowledge.”

The following criteria were considered for inclusion of
panelists:

1. Active clinicians (ophthalmologists and optometrists)
2. Scientific contributions to clinical research on dry eye

syndrome, as reflected by at least 2 of the following: peer-
reviewed publications, other forms ofwritten scientific com-
munication, specialty meeting presentations, and member-
ship in special-interest groups focused on dry eye syndrome

. International representation

. Proficiency in English language to facilitate interaction

. Able to respond to sets of questionnaires and available to
attend a final meeting at the Wilmer Ophthalmological
Institute in Baltimore, MD

The search for panelists‘ scientific contributions was
conducted over available medical databases (Medline, EM-
BASE) and other major Internet-based search engines
(Scirus.com, Googlecom, Allthewcbcom). Twenty—five can-
didates from 3 continents that met the selection criteria were

initially contacted.
A contract research organization (Analytica Group, New

York, NY) was selected to act as moderator/facilitator for the
questionnaire and panel meeting exercise. A 2-round modified
Delphi approach was used.” A set ofdry eye therapy literature
was provided to each panel member along with the first-round
questionnaire. These studies were selected in part from an
ongoing systematic review of the literature on dry eye disease
therapy. Three of the panelists suggested additions of some
references that they considered valuable. Those citations were
also disseminated to the rest of the panelists.

Us-BU»)

Preparation of Surveys
Questionnaires were based on collected literature, current

practice patterns, and clinical experience in dry eye. Topics in
the survey were related to pathophysiology, diagnostic tests,
criteria used to guide treatment, and therapeutic alternatives.

Nominal variables were assigned binary values to
tabulate responses in a spreadsheet (Excel 2002; Microsofi

© 2006 Lippincott Williams & Wilkins
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Corp., Redmond, WA) for analysis. Ordinal variables were
originated from 5-point Likert scales to categorize the strength
of agreement and facilitate the statistical analysis.

Survey questions were based on the use of the current
classification of dry eye disease and the available guidelines
for the treatment. Diagnostic methods and severity assessment
were also surveyed. Panelists were asked to support their multi-
level treatment recommendation with a categorical, nominal
score of l to 3, depending on the level of evidence to sustain
their decision:

1. Supported by a clinical trial
2. Supported by published literature of some type
3. Supported by my professional opinion

Finally, determinant factors influencing the treatment

decision-making process were slratified serniquantitatively to
evaluate the most representative for the selection of therapy.

Survey Deployment
The forms were deployed by electronic mail to the

panelists. The information obtained from the surveys was
tabulated and organized for presentation at the face-to—face
meeting of the Delphi process.

Data Analysis
Descriptive statistics were calculated for the question-

naire data by using StatsDirect 2.3.7 for Windows (StatsDirect,
Cheshire, UK).

Consensus

There exists controversy regarding the numbers neces-

sary to obtain consensus. Some authors agree that a simple
majority (>50%) is enough to constitute consensus,” whereas
others propose that more than 80% of panelists should be in
agreement to have the recommendation considered as con-

sensual.2° Degree of consensus has also been quantified
statistically using the Cronbach or method, a method for

measuring internal agreement.“ For the purposes ofthis study,
consensus was defined as a two-thirds majority.

Personal Interaction

The meeting was conducted by a facilitator (J.J.D.) with
previous experience in consensus-building strategies.“ Panel-
ists reacted and discussed the data collected from the surveys
over an intensive 1-day, 12-hour-long, face-to—face meeting.
According to the tabulated initial responses, iterative discus-
sions were conducted toward majority agreement.

RESULTS

Panelists’ Response
From the initial selection of 25 candidates who met the

inclusion criteria, 17 were able to participate in all stages ofthe
study and therefore were included in the panel. The candidates
who refiised to join the panel did not have substantive reasons
precluding their participation. Most of them declined to

participate because of scheduling conflicts. The list of par-
ticipants is shown in Table 1. All surveys deployed were re-
turned with responses from all of the panelists.
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TABLE ‘l. Experts who Participated in the Delphi Approach
(DTS Study Group)

Panelist Name City Country

Dimitri T. Azar, MD. Boston, MA United Smtes

llaiminder S. Dua, M.D., Phi) Nottingham England
Milton Horn, 0.1). Aznsa, CA United States

Paul M. Kilti, O.D. Orverland Park, KS United States
Peter R. Laihson, MD. Philadelphia, PA United States
Michael A. Lcmp, MD. Washington, DC United States
David M. Meisler, Md). Cleveland OH United States

Juan Mumbe del Castillo, MD., Phi). Madrid Spain
Terrence P. O’Brlcn, MI). Baltimore, MI) United States

Stephen C. Pfiugfelder, MD. Houston, TX United States
Maurizio Rolando, MD. Genoa Italy
Oliver D. Schein, M.D., M.P.l-l. Baltimore, MD United States

Berthold Seitz, MD, Erlangen Germany
Scheffer C, Tseng, M..D., Fl1.D. Miami, FL United States
Gysbert B. van Sctten, MD., Ph.D. Stockholm Sweden
Steven E. Wilson, MD. Cleveland OH United States

Samuel C. Ylll, MD, Ph.D. Los Angeles, CA United States

Conflicts of lnterest

Travel expenses of panelists were covered by the
contracted company (Analytica Group), which is an in-
dependent firm. The Wilmer Eye institute originated the
invitation, and panelists were unaware of any indirect support
fiom pharmaceutical industry to avoid bias in the treatment
selection.

Use of Existing Disease/Treatment «Guidelines
The majority ofpanelists (ll of i7) responded that they

did not follow any ofthe available guidelines for the treatment
of dry eye syndrome. Three of l7 followed the National Eye

institute guidelines,” l of i7 followed the American Academy
of Ciphthahnology Preferred Practice Patterns,” l of 17 fol-
lowed the Madrid classification,“ and l of 17 followed a com-
bination of the first 2 guidelines.

When panel members were asked about their opinions
regarding the adherence of the ophthalmic community to new,
simplified guidelines for the treatment of dry eye, the majority
(iii of i7) agreed that they would use them if most recent
findings on the disease were included. Those who responded
that they would not use them (4 of 17), based their response on
the low sensitivity and specificity of me available tests for the
diagnosis of dry eye and the variability of the clinical
presentation in different patients.

biagnostic Tests for Dry Eye
When panelists were surveyed before the meeting on

diagnostic measures used to detect dry eye, the most fre-
quently cited tests were slit-lamp examination and finorescein
staining (100% of panelists). Tear breakup time and medical
history were also frequently used (both in 94%). Schirrner test
with anesthesia (71%) and without anesthesia (65%) were less
lireqnently used, as well as rose hengal staining (65%). A
combination of different tests was typically preferred in an
effort to improve the specificity and sensitivity (Table 2).
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TABLE 2. Most Commonly Used Diagnostic Tests Reported

..wins a Pstienth _
Respondents Regularly

Diagnostic Tests ‘Using Them (%)

Fluorescein smining ltltl
Tear breakup time 94
Schirmcr test ‘ll

Rose hengal staining 65
Corneal topography 4l
impression cytology 24
Tear fiuorescein clearance 24

Ocular Surface Dim lndex Questionnaire l8
NFJVFQ-25* 6

Tear osmolarity 6
Conjunctival biopsy 6

‘NEIVFQ-25: National Eye Institute Vision Function Questionnaire-25.

Classification of Dry Eye flisoase
More than one half of the respondents felt that the

current classification of aqueous-deficient versus cvaporative
dry eye failed to incorporate inflammatory mechanisms and
drew a sharp distinction hetween disorders where there is

significant overlap.”’2‘ Furthermore, the historical distinction
between Sjogen keratoconjunctivitis sicca (KCS) as repre—
senting an autoimmune disorder as opposed to non—Sj6gren
KCS failed to reflect the evidence that both conditions may
share an underlying immune-mediated inflammation. The
majority ofexperts did not consider this useful for establishing
a treatment scheme for the ocular disease (12 of 17). The
panelists considered the disease severity and the effect of
medications on symptoms and signs as the 2 most relevant

factors to consider when selecting the adequate therapy for dry
eye (Table 3).

Face-to-Face Meeting
At the face-to—face meeting, panel members made

comments on the term “dry eye” classically used to name the

disease. On the basis of the known pathophysiology, symp-
toms, and clinical presentation, all panelists agreed that this

term did not necessarily reflect the events occurring in the eye.
Specifically, all patients with this condition do not necessarily

TABLE 3. Most Relevant Factors influencing Treatmeiiiiiiiiiii H
Decision Making

Factor Considered Mean Score (Smndard Deviation)

Severity of the disease 1.47 (0.72)
Effect of the treatment l.79 ((3.77)
Etiology of the disease 2.08 (1.07)
Diagnosis of Sj5g*en’s syndrome 2.20 (1.05)
Use of artificial tears 3.07 (1.53)
Costs of treatment 3.80 (l.l7)
Access to reirnlrursement 3.92 (L10)

0 = most relevant; 5 = lust relevant.
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suffer from reduced tear volume but rather may have abnor—
malities of tear film composition that include the presence of

proinflammatory cytolcines.25"27 The panelists unanimously
recommended dysfunctional tear syndrome (DTS) as a more
appropriate term for this disease in fiiture references. This term
has been incorporated in the rest ofthis report in lieu ofdry eye
disease.

Underlying Pathophysiology and
Diagnostic Testing

There was consensus that most cases of DTS have an

inflammatory basis that either triggers or maintains the
condition. However, panelists also agreed on the difiiculty
in clearly identifying inflammation in most patients. The panel
therefore agreed to subclassify the disease as either DTS with
clinically apparent inflammation or DTS without clinically
evident inflammation.

Alter discussion at the meeting, the panelists were in
agreement that commonly available clinical diagnostic tests
did not correlate with symptoms, should not be used in
isolation to establish the diagnosis of DTS, and were of
minimal value in the assessment of disease severity.

Creation of Therapeutic Algorithms for DTS
First, the panel recommended that patients with DTS

should be classified into 1 of 3 major clinical categories at the
time of the initial examination: patients with lid margin
disease, patients without lid margin disease, and patients with
altered tear distribution and clearance.

The panel agreed that the second group, patients who do
not have coexistent lid margin disease, is the most common
form of presentation of DTS. Within each of these 3 cat-
egories, the panel listed the main subsets or specific disease
entities or, in the case of DTS without lid margin disease, the
patients were divided by severity (Fig. 1). Second, the panel
agreed that the assessment of DTS severity is important to
guiding therapy, especially in that subset of DTS patients

WITH IJD MARGIN EIBEASE

ANTENOR POSTERIOR
FIGURE 1. Algorithm of the 3 major
subsets found in DTS. Each subset

should be treated separately, be-
cause treatment modality varies ac-
cording to this separation.

© 2006 Lippincott Williams & Wilkins
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without lid margin disease. The panel reached consensus that
the level of severity should be based primarily on symptoms
and clinical signs.

The panel members agreed that diagnostic tests are
secondary considerations in determining disease severity. The
value of diagnostic tests was considered to be in confirming
clinical assessment. Again, many of the available tests were
deemed not useful for the diagnosis, staging, or evaluating
response to therapy in DTS.

Panelists agreed on 3 particularly relevant symptoms and
historical elements to be considered in DTS: ocular discomfort,

tear substitute requirements, and visual disturbances. In ocular
discomfort, avariety ofsymptoms including itch, scratch, burn,
foreign body sensation, and/or photophobia may be present.
Depending on the frequency and impact on the quality of life
of these elements, symptoms could be categorized as either
mild to moderate or severe. The relevant clinical signs to be
considered in the evaluation ofDTS patients are summarized in
Table 4. The panel suggested evaluating the presence of these
clinical features to assign a severity level fluctuating from mild
to severe.

To create a categorization of the severity of the disease,

a scoring system was proposed. Basically, patients were ag-
gregated into 1 of 4 levels of severity according to the signs
and symptoms involved (Table 5). The severity of disease
indicated the appropriate range oftherapeutic options available
for the patient, because the panelists agreed that certain

therapies were most appropriately reserved for patients with
more severe DTS.

Treatment Algorithm for Patients With Lid
Margin Disease

The proposed treatment algorithm for these individuals
began with division of patients according to the site (anterior
vs. posterior) of the lid pathology (Fig. 2). Anterior lid margin
disease is treated with lid hygiene and antibacterial therapy,
whereas posterior lid margin disease is treated initially with

DYSF IICTIONAL TEAR SYNUQOME

TEAR DISTRIBUHON WITHOUT UD IMROIN DISEASE
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Lids Tear Film Conjnnctiva Cornea Vision

Telangieetasia Meniscus Luster Punctate changes Blur
l-lyperernia Foam Hyper-emia Emsions (micro, macro) Fluctuations
Scales, crusts Mucus Wrinkles Filaments

Lash loss or Debris Staining Ulceration
abnormalities Oil excess Symblepharon Vsscnlarization
lnspissation Cieanizaiion Scarring
Meihomian gland disease Keratiniaation
Anatomical abnormalities
 

warm massage, with addition of oral tetracyclines and topical
corticosteroids, if necessary.

Treatment Algorithm for DTS Patients with
Primary Tear Distribution and
Clearance Ahnormallties

The panel considered that there were patients in whom
me even disuibution of tears across the ocular surface is

impaired typically related to an anatomic abnormality or to
abnormal lid function (Fig. 3). The recommended therapeutic
approach to these patients varied in accordance with the
specific underlying problem, which is summarized in Figure 3.

Treatment Algorithm for hTS Patients Without
Lid Margin Disease

Patients with mild disease are best managed with patient
education about the disease and strategies for minimizing its
impact, preserved artificial tears, modification as appropriate
ofsystemic medications that might contribute to the condition,
and perhaps changes in the home or work environment to
alleviate the symptoms (Fig. 4).

in patients in whom the disease state is moderate or
severe, the panelists agreed that the more firequent use of tears

“l'A3l.E 5. Levels of Severity of DTS Without Lid Margin

9539359 A‘-'C°’dl“9 ‘:0 5l’’“Pt°"‘§ 3“5.................................... ..
Scverity* l Patient Profiles

Level l o Mild to moderate symptoms and no signs
0 Mild to moderate conjunctivnl signs
0 Moderate to severe symptoms
6 Tear film signs
a Mile! corneal punctuate staining
e Ccnjunctival staining
-9 Visual sign;
as Severe symptoms

0 Marked corneal punctate staining
in Central corneal staining
0 Filamentary lceratitis
a Severe symptoms
a Severe corneal staining, erosions
in Conjunctival scarring

Level 2

Level 3

Level 4

‘At least one sign and one symptom ofeach category should be present to qualify for
the corresponding level assignment.
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mandated a switch to unpreserved lubricants, with tears during
the day, oinnnent at night, and consideration ofprogression to
a gel formulation during the day ifreliefwas not adequate with
tears. in the absence of signs, the panel recommended lubri—
cation, with frequency determined by the clinical response.

in the presence of sigs (eg, moderate corneal staining,
filaments), the panel agreed on a stepwise introduction of
additional thermies. The pemelists noted that patients with DTS
may have an inflammatory component, which may or may not
be clinically evident. in addition to the use ofunpreserved tears,
the panel recommended a course of topical corticosteroids
and/or cyclosporine A to swrms inflammation.

In patients who fail to respond adequately to lubricants

and topical imrnunoniodulators, a course of oral tetracycline
therapy was recommended, as well as punctal occlusion with
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HGURE 2. Algorithm on treatment recommendations for DTS
with lid margin disease.
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HGURE 3. Algorithm on treatment recommendations for DTS
with abnormal tear distribution.

plugs. Because of the possible presence of non-clinically
apparent inflammation, punctal plugs could result in retention
ofproinfiamrnatory tear components on the ocular surface and
may enhance damage to the ocular surface, accelerate the
disease process, and produce greater patient discomfort. There-
fore, the panel agreed that it is important to treat the inflam-
matory condition before blockage of tear drainage with
punctal plugs.

Patients with severe disease who are not adequately con-
trolled afier the above therapeutic interventions may benefit
from more advanced interventions. These would include sys—
temic irnrnunornodulstors for the control of severe inilanuna-»

tion, topical acetylcysteine for filament formation caused by
rnucin accumulation, moisture goggles to reduce tear evap-
oration, and surgery (including punctal cautery) to reduce tear
drainage. Patients with Sjiigrcn syndrome would fit within this
category.

DiSClJ$Sl0N

Some resmrchers have stressed the use of Delphi panels
in clinical research, despite some flaws in terms of
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l‘-EGURE 4. Algorithm on treatment recommendations for DTS
without lid margin disease according to severity.

reproducibility and other confounding factors that may
adversely influence the r$ults.2”9 Delphi approach is not
necessarily “evidcnce—hascd”: Good evidence may exist
contradicting a particular consensus; or conversely, evidence
for a particular consensus mm] be absent, hecause it has not
been adequately studied. Especially for areas where there is little
or no good evidence in the literature, the process relies on the

opinion of the participating panelists, potentially tapping into
collective error.” Moreover, consensus is subject to particular
interpretation of evidence and personal experience, which may
afiect reproducibility.” Nonetheless, this process has lately
become popular to delineate guidelines of treatment ofvarious
disorders.3H3

Bias of panelists’ selection may inevitably occur as
a result of the inclusion criteria chosen. It is a common

ohservation that highly published authors tend to have some
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form of commercial support from phamraceutical industry.
Nine of 17 panelists disclosed a past or present relationship as
a speaker/consultant/research funds recipient from companies
having products for the treatment of DTS.

The success of a Delphi panel is based largely on the
ability of the facilitator to maintain balanced participation of
panelists.” One of the major challenges in such panels is to
avoid the inadvertent control of one or more leaders over the

discussion.” The facilitator in our study was a person with
previous experience in consensus panels. He had the ability to
encourage homogeneous participation of panel members. The
facilitator focused on the varied responses previously given by
panelists in the survey to avoid discussions over a single
topic/therapeutic approach raised by individual participants
during the meeting. Inevitable discrepancies were observed
during the DTS panel meeting; however, consensual agree-
ment among panelists was finally achieved.

We believe that one significant consequence ofthe panel
meeting was the recommendation for a change from the term
dry eye, frequently used to describe the condition, to the term
dysfunctional tear syndrome. Panelists unanimously agreed that
the label dry eye reflects neither patient symptoms not neces-
sarily the pathogenic mechanism ofthe disease. Panel members
also agreed that diagnosing patients with dry eye may be
misleading to both colleagues and patients. Patients may be
confused when excess tearing is their primary complaint and
are diagnosed as having dry eye. Even more confirsing for
patients is their subsequent treatment with anti—inflamrnatory
agents or antibiotics. For these reasons, the term DTS was
coined, because the panel felt that this term was sumciently
broad to encompass the myriad of etiologies while still
representing a common denominator among them.

There was consensus that severity of disease should be
the primary determinant for the therapeutic strategy chosen. In
addition, observation of the patient response to initial therapy
was deemed as an important indicator of disease severity and
further treatment selection. The failure on improvement using
medications in one level assigns the patient to additional
therapy in the immediate superior severity level. The available
diagnostic tests were not considered important in the
assessment ofdisease severity and therefore were not included
in the classification. However, this should not underestimate

the value of these tests in the diagnosis of DTS, because they
were regularly used by panelists to confirm the presence ofthe
disease.

The task of creating guidelines for DTS is complex,
because practitioners encountering DTS are faced with a mul-
tifactorial disorder with several pathophysiological events that
may require a variety of customized therapeutic schemes.
Moreover, significant overlapping between the categories
selected by the panel is also likely. The summary treatment
recommendations (Table 6) relating severity of disease with
clinical symptoms and signs created by the panel may serve as
a useful guide. It is recognized that individual patient
characteristics may require deviation from recommended
treatment, but panelists were clear that the ideal therapy for
DTS is often achieved with a combination of interventions.

Assignment of levels of severity may work only as a stepwise
guide to approaching the best combination of medications to
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TABLE 6. Treatment Recommendations for DTS on the Basis

of Level of Severity
Treatment

DTS Severity Recommendations

Level I - No treatment 0 Use of hypoallergenic
products

- Preserved tears - Water intake

- Errvironrnental - Psychological support
management

- Allergy drops - Avoidance of drugs
contributing to
dry eye

Level 2 - Unpreserved tears 0 Secretagogues
0 Gels - Topical steroids
0 Ointments - Topical cyclosporine A
- Nutritional support

(fiaxseed/fatty acids)
Level 3 - Tetracyclines

0 Punctal plugs
Level 4 o Surgery 0 Punctal cautery

- Systemic o Acetyleysteine
anti-inflammatory
therapy - Contact lenses

0 Oral cyclosporine
- Moisture goggles 

avoid symptoms. It is important to stress that patients may
present with signs belonging to different categories ofDTS (ie,
a patient may have DTS with lid margin disease and exhibit
tear distribution problems).

Those particular patients should be treated according to
recommendations for both categories to succeed in controlling
their symptoms and signs. Published guidelines in other dis-
ease areas have proven useful to general practitioners to ap-
proach a complex disease like DTS.“‘*”*” Some examples
using the Delphi technique have been reported in esophageal
cancer management,“ systemic hypertension treatment algo-
rithms,” and acute diarrhea management in children.” In this
study, the Delphi approach was used to gain a practical
approach to the diagnosis and treatment ofDTS, as opposed to
an extensive evaluation of available diagnostic methods or
pathophysiology mechanisms, already well documented in the
literature3"‘3“ (Table 7).

 

TABLE 7. Advantages of the Proposed Recommendations by
the Delphi Panel
- Proposes a new terminology for dry eye disease (dysfunctional tear

syndrome) from recent pathophysiologic findings
0 Includes novel therapeutic options in the market

0 Provides simplified therapeutic recommendations in a stepwise approach
- Patients without lid margin disease/tear distribution problems are assigned to

4 severity levels

0 Severity levels are categorized according to patient‘s signs and symptoms,not tests

- Therapeutic options are oriented by severity levels

0 Easier approach for general eye care practitioners 

© 2006 Lippincotz Williams & Wilkins
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All guidelines are limited hy the future development of
new treatments and by new insights that future research will
bring. We therefore regard these guidelines as a platform onto
which fixture updates may be added.
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E. iliélfiitfiimllflii

his report sumpnarizes the(pianageiment antliitiierai. pcutic options or treating ry cye isease. T e eve
. of evidence fer Sn ortin data from the literatureP? E

is evaluated according to the modified American Academy
of Ophthalmology Preferred Practices guidelines ("Cable 1).

ii. GGALS GF THE MAEAGEMEKT Afiifi ‘l‘l*lERAP‘!
$E.§3CfiMfifi§'§"l’EE

Goals of this committee were to identify appropriate
therapeutic mctlicds for the management of dry eye disease

and recommend a sequence or strategy for their application,
based on evidericebased review of the literature.

The quality of the evidence in the literature was graded
according to e rnodificatiori of the scheme used in the

American Academy of Ophthalmology Preferred Practice
Patterns series. ‘When possible, peer-reviewed full publica-
tions, not abstracts, were used. The report was reviewed
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by all subcornrnittee members and by the entire Dry Eye
'\?Vorl<Shop membership. Comments and suggested revi-—
sions were discussed by the subcommittee members and
incorporated into the report where deemed appropriate
by consensus,
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ill. AS$Es$§§JlEll‘§' GF SURRENT 135?‘! EYE Ti-il$APlE§

A. Test supplementation: Lubricants
Lt. General Eharaeteristim and Efieets

The term “artificial tears” is a misnomer for most prod-

ucts that identify themselves as such, because they do not

mimic the composition of human tears, Most function as
lubricants, although some more recent formulations rnitnic
the electrolyte composition of human tears (Theral‘ears®
{Advanced Vision Research, ‘Wohurn, MAl).l~2 The ocular

lubricants presently available in the United States are ap-
proved based on the US Food and Drug Administration

(EBA) monograph on over«tlie—counter (ETC) products
(21 CFR 349) and are not based on clinical efficacy The
monograph specifies permitted active ingredients (cg,
clemulcents, emulsifiers, surfactants, and viscosity agents)
and concentrations, but gives only limited guidance on
inactive additives and solution parameters. Certain ina-:~

tive ingredients that are used in artificial tears sold in the
US (eg, castor oil in Endura” [Allergan, inc, lrvine, CA}

and guar in Systanew létlcon, Ft Worth, TXE) are not listed
in the monograph.

lt is difficult to prove that any ingredient in an ocular
lubricant acts as an active agent. if there is an active in»-
gredient, it is the polymeric base or viscosity agent, but
this has proved difficult to demonstrate. This is either

because it is not possible to detect the effects or differences
in clinical trials with presently available clinical tests or

because the currently available agents do not have any
discernable clinical activity beyond a lubrication effect.
Although certain artificial tears have demonstrated more
success than others in reducing symptoms of irritation
or decreasing ocular surface dye staining in head-to-head
comparisons, there have been no large scale, masked,
comparative clinical trials to evaluate the wide variety of
ocular lubricants.

What is the clinical effect of ocular lubricants or artificial

tears? Do they lubricate, replace rnissing tear constituents,

reduce elevated tear hlrn osrnolarity, dilute or wash out

inllatninatory or inflammation-inducing agents? Do they,
in some instances, actually wash out essential substances

found in normal human tears? These questions remain to
be answered as more sensitive clinical tests become avail-

able to detect changes in the ocular surface.

The foremost objectives in caring for patients with dry
eye disease are to improve the patients ocular comfort and

quality of life, and to return the ocular surface and tear film
to the normal homeostatic state. Although symptoms can

rarely be eliminated, they can often be improved, leading
to an improvement in the quality of life. it is more difficult
to demonstrate that topical lubricants improve the ocular

surface and the tear film abnormalities associated with dry
eye. Most clinical studies fail to demonstrate significant
correlation between symptoms and clinical test values
or between the clinical test values thernselves.3‘5 it is not

unusual for a dry eye with only mild symptoms to show

significant rose bengal staining. Until agenu. are developed
that can restore the ocular surface and tear film to their

THE QCUl.,AR SURFACE I APREL 2067, VOL. 5, NO. 2 / www,theocularsurface.com
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normal homeostatic state, the symptoms and signs of dry
eye disease will continue.

Ocular lubricants are characterized by hypotonic or
isotonic buffered solutions containing electrolytes, surfac-

tants, and various types of viscosity agents. in theory, the
ideal artificial lubricant should be preservative—free, contain

potassium, bicarbonate, and other electrolytes and have a
polymeric systern to increase its retention tirne.l~5“°-l Pltysical
properties should include a neutral to slightly alltaline pl-i.
Osrnolarities of artificial tears have been measured to range
from about It 8 ll, to 354 rnOsm/L." The main variables in the

formulation of ocular lubricants regard the concentration

of and choice of electrolytes, the osmolarity and the type
oi viscosity/polytneric system, the presence or absence of

preservative, and, if present, the type of preservative.

2.. Frmcrvativm

The single most critical advance in the treatment of dry

eye came with the elimination ofpreservatives, such as henzal-—
koniurn chloride (BAX), from OTC lubricants. Because

of the risk of contamination of rnultidose products, most
either contain a preservative or employ‘ some rnecliaraisrri

for minimizing contaniination. The FDA has required that
rnultidose artificial tears contain preservatives to prevent

microbial growth“) l’reservatives are not required in unit
dose vials that are discarded alter a single use. The wide-
spread availability of nonpreserved preparations allows
patients to administer lulzxricants more frequently without
concern about the toxic effects oi preservatives. For patients
with inoclerate~to—severe dry eye disease, the ahsence of

preservatives is oimore crititnl importance than the particu-
lar polymeric agent used in ocular lubricants. The ocular
surface inilaniniatiort associated with dry eye is exacerbated
by preserved lubricants; however, nonpreserved solutions
are inadequate in themselves to improve the surface inilani~
rnation and epithelial pathology seen in dry eye disease.“

Benzalltoniurn chloride is the most frequently used
preservative in topical ophthalmic preparations, as well as

in topical lubricants. in; epithelial toxic effects have been
well established.”‘” The toxicity of BAK is related to its
concentration, the frequency of closing, the level or amount
i tear secretion, and the severity of the ocular surface

disease. in the patient with mild dry eye, BAK~preserved
drops are usually well tolerated when used 4-6 times a day
or less. in patients with rnoderate~to-severe dry eye, the
potential for BAK toxicity is high, due to decreased tear
secretion and decreased turnover.” Some patients may be
using other topical preparations (cg, glaucoma medications)
that contain BAK, increasing their exposure to the toxic

effects of BAR. Also, the potential for toxicity erdsts with
patient abuse of other OTC products that contain BAK,
such as vasoconsmctors.

BAK can damage the corneal and C()1’tjt1I1Ctl‘%’&‘l€plil‘i£-
liurn, affecting cell~to~cell junctions and cell shape and
rnicrovilli, eventually leading to cell necrosis with slougliing
of L2 layers of epithelial cells. 17 Preservativoiree formula-

tions are absolutely necessary for patients with severe dry

Ti-iii OCULAR Sl..li{l“ACE I A'P'l3ill. ZOG7, VOL. 5, N9. 2 I www.tlteocularsurface.corn

eye with ocular surface disease and irnpairrnent of lacrirnal
gland secretion, or for patients on multiple, preserved

topical medications for chronic eye disease. Patients with
severe dry eye, greatly reduced tear secretion, and punctal

occl.usior1 are at. particular risk for preservative toxicity. in
such patients, the instilled agent cannot be washed out; if
this risk has not been appreciated by the clinician, preserved

drops might be used at high frequency.
Another additive used in OTC formulations is disodiurn

(EDTA). It augments the preservative efficacy of BAK and

other preservatives, but, by itself, it is not a sufiicient pre-
servative. Used in some nonpreserved solutions, it may

help lirnit microbial growth in opened unit—dose vials.
Although use of EDTA may allow a lower concentration of
preservative, EDTA rnay itself he toxic to the ocular surface
epithelium. A study comparing two preservativefree solu-

tions, l-lypotears Pl“ (Novartis Ophthalmics, East Hanover,
NJ) containing EDTA and Refresh@ (Allergan, lnc., Irvine,
CA) without El’.‘2'l.‘A, showed that hoth formulations had

identical safety profiles and were completely nontoxic to

the rabbit corneal epithelium.'”3 Other studies lound that
lSI)'.l1Ai-contai.ning preparatiorts increased. cortical epithelial

permeability. 1939 The potential exists that patients with
severe dry eye will find that EDT.A—C0l‘ll;2ll!’l.ll1g preparations
increase irritation.

Nonpreserved, single unit—dose tear substitutes are
more costly for the n3anul’acturer to produce, more
costly for the patients to purchase, and less convenient
to use than bottled ocular lubricants. For these reasons,

reclosahle unit dose vials (cg, Refresh Free {Allergan inc,
lrvine, CA}; Tears Natural Freefi’ lillcon, Fort Worth,

TXE) were introduced. Less toxic preservatives, such as

polyquad (polyquaterniurm 1), sodium chloritc (Purite®),
and sodium perborate were developed to allow the use
of rnulticlose bottled lubricants and to avoid the ltnown

toxicity of BAK-containing solutions.1l=23 The “vanishing”
preservatives were sodium perborate and sodium chlorite
Cfheralearsfi {Advanced Vision Research, Wo‘ourn, MA],

Gentealfll lblovartis, East Hanover, hill, and Refresh Teats®

lAllergan inc, lrvine, CAD.
Sodium chloritc degrades to chloride ions and water

upon exposure to UV light after instillation. Sodium perbo~
rate is converted to water and oxygen on contact with the

tear filrn. For patients with severe dry eye, even vanishing
preservatives may not totally degrade, due to a decrease in
tear volume, and may be irritating. l’atient;s prefer bottled
preparations for reasons of hoth cost and ease of use. The

ideal lubricant would come in a multidose, easy--to-use
hottl.e. that contains a preservative that completely dissipates
before reaching the tear film, or is completely nontoxic and

'E1CtE1lE't'ii£itl}’tg and nimititairxs absolute sterility with frequent
use. One such rnulti—use, preservative-free product has
been introduced to the market (‘visine l’nre~'l'ears® lléiizer,
inc, bill).

Ocular ointrnents and gels are also used in treatment of

dry eye disease. Ointrnents are formulated with a specific
rnixture ofniineral oil and petrolatutn. Some contain lanolin,
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which can be irritating to the eye and delay corneal wound

healing.” individuals with sensitivity to wool may also be

sensitive to lanolin.” Sorne ointrnents contain parabens as
preservatives, and these ointrnerits are not well tolerated
by patients with severe dry eye. in general, ointrnents do

not support bacterial growth and, therefore, do not require
preservatives; Gels containing high molecular weight cross-
linlted polymers of acrylic acid (carborners) have longer
retention times than artificial tear solutions, but have less

visual blurring ellect than petrolaturn ointments.

3. Elecflolyte Composition

Solutions containing electrolytes and or ions have been

shown to be beneficial in treating ocular surface damage
due to dry ey'e.l~‘3»"—°»l‘”5 To date, potassiutn and bicarbon-
ate seem to he the most critical. Potassium is important to
maintain corneal thicl«tness.7 in a dry—eye rabbit model, a
hypotonic teamnatched electrolyte solution (”l‘hera'.lears®
lAdvanced Vision Research, Woburn, MAD increased con~

junctival goblet cell density and corneal glycogen content,
and recluced tear osrnolarity and rose bengal staining after 2
weeks of treatment.” The restoration of conjunctival goblet
cells seen in the clry—eye rabbit model has been corroborated
in patients with dry eye alter l..ASlK.2"’

Bicarbonatecontaining solutions promote the recovery
of epithelial barrier function in damaged corneal epitheliurn
and aid in rnaintaining normal epithelial ultrastructure.

They may also be important for maintaining the rnuciri layer
oi the tear film.“ Ocular lubricants are available that mimic

the electrolyte composition of human tears, eg, l‘l‘reraTears@
(Advanced Vision Research, Woburn, MA.) and BlON '.lhars®

(Alcon, ‘Fort Wonh, TX}. 5 >2 These. also contain bicarbonate,

which is critical for forming and maintaining the protec~
tive mucin gel in the stoinach.“ Bicarbonate may play a
similar role for gel~lorrni.ng tnucins on the ocular surface.
Because bicarbonate is converted to carbon dioxide when

in contact with air and can dilluse. through the plastic unit

close vials, foil ‘packaging of the plastic vials is required to
maintain stability

-ll. flsmolarity

Tears of patients with dry eye have a higher tear lilrn
osrnolarity (crystalloid osrnolarityl than do those. of normal

pat.ients.33~29 Elevated tear film osrnolarity causes mor-
phological and biochemical changes to the corneal and

conjunctival epi.tlieliurnl3-3° and is pro—in.llammatory.3l This

knowledge influenced the development of hypo—osrnotic
artificial tears such as l~lypotears® (230 mtflsiri/I. lhlovartis

Ophthaltnics, East Hanover, Njll and subsequently Theta»
Tearsg’ (181 inDsrnfl_ {Advance Vision Research, Wohurn,
MAD}:

Colloidal osrnolality is another factor that varies in

artificial tear iorniulations. ‘While crystalloitl osrnolarity
K; related to the presence of ions, colloidal osinolality is
dependent largely on macromolecule content. Colloidal

osrnolarity, also known as omzotic pressure, is involved in the
control olwater transport in tissues. Differences in colloidal
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osrnolality affect the net water llow across rnernbranes, and

water llow is elitninatetl by applying hydrostatic pressure
to the downside of the water llow. The magnitude of this
osmotic pressure is determined by ostnolality differences
on the two sides of the membrane. Epithelial cells swell
due to damage to their cellular membranes or due to a

dysfunction in the pumping niechanisrn. Following the
addition of a fluid with a high colloidal osmolality to die
darnaged cell surface, deturgescence occurs, leading to a
return of normal cell physiology Theoretically, an artificial

tear lorrnulation with a high colloidal osmolality may be of
value. Holly and Esquivel evaluated many different artificial

tear formulations and showed that llypotears“° (Novartis
Ophthalniics, liariover, NJ) had the highest colloidal
osmolality of all of the formulations tested.” Formulations
with higher colloidal osrnolality have since been ‘znarlceted

Cllwellell’ llilry Eye Company, Silvertlale, WAD.
Protection against the adverse effects of increased os~

niolarity losmoprotectionl has led to development of OTC
drops incorporating compatible solutes (such as glycerin,
erythritol, and levocarnitine (Optive°3’ {Allergen lnc., ltvine,
CAI). it is thought that the compatible solutes distribute be-

tween the tears and the intracellular fluids to protect against.
potential cellular damage from liyperosmolar tears.“

5. ‘Viscosity Agents
The stability of the tear lilrn degpencls on the chernical—

physical cliaracteristics of that film interacting with the
conjunctival and corneal epithelium via the membrane-
spanning rnucins (ie, MUCI«- lo and MUC4}. In the classical

tliree—layered tear film model, the rnucin layer is usually
thought of as a surfactant or wetting agent, acting to lower
the surface tension of the relatively hydrophobic ocular
surface, rendering the corneal and conjunctival cells “wet-~

table.”33 Currently, the tear fllrrt is probably best described
as a hydrated, rnucin gel whose tnucin concentration
decreases with distance from the epithelial cell surface. it
may have a protective role. similar to that of rnucin in the

SEE)EE'l2tCl1.35 it may also serve as a “sink” or storage vehicle
for substances secreted by the main and accessory lacrirnal

glands and the ocular surface cells. Tliis may explain why
most of the available water-containing lubncants are only
minimally effective in restoring the normal homeostasis

of the ocular surface. ln addition to washing away and
diluting out irritating or toxic substances in the tear film,

artificial lubricants hydrate gel--forming rnucin. While some

patients with dry eye have decreased aqueous lacrimal gland
secretion, alterations or deficiencies involving rnucin also
cause dry eye.

Macromolecular complexes added to artillcial lulciricants

act as viscosity agents. The addition of a viscosity agent in-
creases residence time, providing a longer interval of patient
comfort. For example, when a viscous, anionic charged
carhoxyniethyhcellulose (CM(2, lO{),()O(3 mw) solution was

cornparecl with a neutral hydroxymethylcellulose (li'E’lvlC)

solution, CMC was shown to have a significaritly slower rate

of clearance from the eye.” Viscous agents in active drug
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formulations may also prolong ocular surface contact, in-

creasing the duration of action and penetration of the drug.
Viscous agents may also protect the ocular surface

epitlieliurrt. it is ltnowri that rose hengal stains abnormal
corneal and conjunctival epithelial cells expressing an al-
tered rnucin glycocalyic. 37 Agents such as bydro:~:ymethycei--
lulose (EEC), which decrease rose bengttl staining in dry

eye sulijectsfis may either “coat and protect” the surface
epithelium or help restore the protective effect of rriucins.

In the US, carhoxymethyl cellulose is the most com-

monly used polymeric viscosity agent (IRI Market Share
Data, Chicago, IL), typically in concentrations from 0.23%
to 1%, with differences in molecular weight also contrib-

uting to final product viscosity Carboxyniethyl cellulose
has been found to bind to and he retairied. by human epi-
thelial cells?" Other viscosity agents included in the FDA

monograph (in various concentrations) include polyvinyl
alcohol, polyethylene glycol, glycol 400, propylene glycol
hydroxytnetbyl cellulose and hydroxypropyl cellulose.

'.l'lie blurring ofvision and esthetic disadvantages oi cak-
ing and drying on eyelashes are drawbacks ofhighly viscous

agents that patients with mild to moderate dry eye will
not tolerate. Lower rnolecular-weight viscous agents help

to rninimize these problems. Because patient compliance,
cornlott, and convenience are important considerations, a

range of tear substitute forrnulations with varying viscosi-
ties are needed.

llydroxypropyl—guar (HP-guar) has heen used as a gel-
ling agent in a solution containing glycol 4:00 and propyl-

ene glycol (Systane“‘, Alcou, Fort Worth, TX). It has been
suggested that Ill’--guar ‘prefe‘rential.ly binds to the more
hydrophobic, desiccated or damaged areas of the surface
epithelial cells, providing temporary protection for these
ccllsfillr“ Several corrirrtercial preparations containing oil in

the form of castor oil (Enduram {Allergen inc, lrvine, CAB
or mineral. oil (Soothe@ lliausch ézr Lonib, Rochester,

are purported to aid in restoring or iricreasirig the lipid layer
of the tear filrn.’*3=’*3 l-iyaluronic acid is a viscosity agent that
has been investigated for years as an “active” compound
added to tear substitut.e iorrnulations for the treatrnent of

dry eye. liyaluronic acid (0.2%) has significantly longer
ocular surface residence times than 0.3 percent l-ll-’lviC

or 1.4 percent polyvinyl alcohol.“ Sorne clinical studies

reported improvement in ‘M5 dry eye in patients treated
with sodiurn hyaluronate-—contairting solutions compared
to other lubricant solutions, whereas others did not.“

Although lubricant preparations containing sodium hyal--
uronate have not been approved for use in the US, they are

frequently used in some countries.

6. S 
Although many topical lubricants, with various viscos-

ity agents, may improve syrnptorris and objective findings,
there is no evidence that any agent is superior to another.
Most clinical trials involving topical lubricant preparations
will do-cutnent some irnproverrietit {but not resolution) of

subjective symptoms and improvement in some objective
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pararnetersf’ However, the improvements noted are not
necessarily any better than those seen with the vehicle or
other nonpreserved artificial lubricants. The elirnination
of preservatives and the development of newer, less toxic
preservatives have made ocular lubricants better tolerated
by dry eye patients. However, ocular lubricants, which

have been shown to provide some protection of the ocular
surface epithelium and some improvement in patient symp-
toms and olijective findirigs, have not been dernonstrated
in controlled clinical trials to he sufficient to resolve the

ocular surface disorder and inllarnrnation seen in most dry

eye sufferers.

3. ‘Fear Retention

1. Functal (‘icclusiou
ta. Rationale

While the concept of permanently occluding the lacti-
trial puncta with cautery to treat dry eye extends liaclt 70

years,‘‘‘9 and, although the first dissolvable implants were
used 45 years ago,” the modern era of punctal plug use
began in 1975 with the report by Freernan?‘ Freeman de-
scribed the use of a dumbbell-shaped silicone plug, which

rests on the operiirig of the puncturtr and extends into the

canaliculus. l--lis report established a concept ofpunctal oc-
clusion, wbich opened the field for tleveloprneiit of a variety
of removable, long-lasting plugs to retard tear clearance
in an attempt to treat the ocular surface of patients with

deficient aqueous tear production. The Freeman style plug
remains the prototype for most styles of punctal. plugs.

ls. T3.-pan
Punctal plugs are divided into two main types: absorb-

able and nonabsorbable. The iormer are made of collagen.

or polymers and last for variable periods of time {3} days
to 6 months). The latter nonabsorbable “permanent“ plugs
include the Freeman style, which consists of a surface collar
resting on the purtctal opening, a neclt, and a wider base. in
contrast, the Herricl-t plug (Lacrimedics lEastsottnd,\7‘v’Al)
is shaped like a golf tee and is designed to reside within
the cttnaliculus. it is blue lot visualizmion; other variations

are tadiopaque. A newly desigied cylindrical Smartplug“
(Medenniurn inc llrvirie, CAD expands and increases in
diameter in situ following insertion into the canaliculus

due to therrnodynarnic properties of its hydrophilic acrylic
CO‘m‘p(I-$ll'.lOi’t.

c. Clinical Studies

A variety of clinical studies evaluating the efficacy of
punctal plugs have been reported.35"5‘3 These series generally
fall into level ll evidence. Their use has been associated

with objective and subjective improvement in patients
with both Sjogren and non-Sjogren aqueous tear deficient;
dry eye, filamentary lceratitis, Contact lens intolerance,

Stevens-_}obnson disease, severe trachoma, neurotrophic
keratopathy, post-penetrating lreratoplasty, diabetic l<era--
topatliy, and post-photoreiractive lreratectorny or lmer in
situ keratomileusis. Several studies have been performed
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to evaluate the effects of punetal plugs on the efficacy of
glaucoma medications in reducing irurraocular pressure,
and these studies have reported conflicting results?’-53
l3etieficial outcome in dry eye syrnptoins has been reported

in 74-86% of patients treated with punctal plugs. Cl3_lE‘.(:llV€.
indices of improvement reported with the use of punctal
plugs include improved corneal staining, prolonged tear
film breakup time (TEFBE317), decrease in tear osrnolarity,
and increase in goblet cell density Overall, the clinical util-

ity of punctal plugs in the management of dry eye disease
has been well documented.

d. Iuslitaitioiis and Contraindications

In a recent review on purictal plugs, it was reported

that in a major eye clinic, punctal plugs are considered
indicated. in patients who are syruptornatic of dry eyes,
have a Schinrner test (with anesthexsia) resul.t less than 5

mm at 5 minutes, and show evidence of ocular surface

dye stain.ing.‘5‘3
Contraindications to the use of punctal plugs include

allergy to the materials used in the plugs to be implanted,
punctal ectropion, and pre-existing nasolaciitnal duct. ob~
struction, which would, presumably, negate the need for

punctal occlusion. lt has been suggested that plugs may
he contraindicated in dry eye patients with clinical ocular
surface inflammation, because occlusion of tear outflow

would prolong contact of the abnormal tears corrtainn

mg proinllammatory eytokines with the ocular surface.
Treatment of the ocular surface inflammation prior to
plug insertion has been recornrnended. Acute or chroriic
infection of the lacrimal caualiculus or lacrirnal sat: is also

a contraindicatiori to use of a plug.

e. Comlicntions
The most common cornplication of punctal plugs is

spontaneous plug €.‘9£l‘E’l;LE%l€)ti, which is particularly coinrnon
with the Freeman-style plugs. Over time, an extrusion rate
of 50% has been reported, but many of these extrusions
took place after extensive periods of plug residence. Most

extrusions are of small consequence, except for incon—
venienee and expense. More troublesome complications

include internal migration ol a plug, hiofilrn forrnatiori and
infection,” and pyogenic granuloma formation. Removal of
rnigrated canaliczular plugs can be dill'lr:ult. and may require

surgery to the nasolacrirnal duct systern.‘l°»"l

f. Summary g
The extensive literature on the use of punctal plugs in

the management of dry eye disease has docurriented their
utility. Several recent reports, however, have suggested

that absorption of tears by the nasolacrirnal ducts into sur~
rounding tissues and blood vessels may provide a feedback
mechanism to the lacrimal gland regulating tear produc-
tion.“ in one study, placement of punctal plugs in patients
with normal tear production caused a si.gri.ificarit decrease

in tear production. lor up to 2 weeks after plug insertion.“
This cautionary note should be considered when deciding

whether to incorporate purictal occlusion into a dry eye
disease nianagernent plan.

2. ‘Moisture (lltamher Spectacles

The wearing of rnoisture-conserving spectacles has for
many years been advocated to alleviate ocular discornfort

associated with dry eye. However, the level of evidence sup-
porting its efficacy for dry eye treatment has been relatively
limited. Tsubota et al, using a sensitive moisture sensor,

reported an increase in periocular humidity in subjects
wearing such specmcles.“ Addition ol side panels to the
spectacles was shown to further increase the hurnidity."’5
The clinical efficacy of moisture chamber spectacles has
been reported in case reports.5"~57 l(urihashi proposerl a
related treatment for dry eye patients, in the lomi of a wet
gauze eye mask.“ Conversely, Nichols er al recently report—
ed in their epiderniologie study that spectacle wearers were
twice as liltely as emmetropes to report dry eye disease?“
The reason for this observation was not explained.

There have been several reports with relatively high
level of evidence describing the relationship between
environmental humidity and dry eye. Korb et al reported
that increases in periocular hurnidity caused a significant

increase in thickness of the tear film lipid layer.” Dry eye

suhjects wearing spectacles showed significantly longer
interhlinlr intervals than those who did not wear spectacles,

and duration of blink (blinking time) was sigriificaritly
longer in the latter suhjects.” lnstihation ol artificial tears
caused a significant increase in the interhlink interval and
a decrease in the hlirik rate.“ Maruyarna et al reported that
dry eye symptoms worsened in soft contact lens wearers
when environmental huniidity clecreased.”

3. Contact Lenses

Contact lenses may help to protect and hydrate the
corneal surface in severe dry eye conditions. Several diller~
ent contact lens materials and designs have been evaluated,
including silicone rubber lenses and gas permeable scleral-—

hearing hard contact lenses with or without leiiestration.73"77

improved visual acuity and comfort, decreased corneal
epitheliopatliy, and healing of persistent cortical epithelial
defects have been reported.73‘77 l-‘lighly oirygen-permeable
materials enable overnight wear in appropriate circuni--
starices.” There is a small. of corneal vascularization

and possible corneal infection associated with the use of
Contact lenses by dry eye patients.

3. ‘Fear otimuiation: fieeretogomias

Several potential topical ‘pharmacologicz agents may
stimulate aqueous secretion, mucous secretion, or both.
The agents currently under investigation by pharinaceuti~

cal companies are diquafosol (one of the l’2Y2 receptor
agonists), reharnipide, gefarnate, ecabet sodium (mucous
secretion stimulants}, and l5(S)~HE1'E{l~/lUCl stimulant).

Among them, a diquafosol eye drop has heen favorably
evaluated in clinical trials. 2% dicruafosol tlNS365, DE—i‘389
lsanteri, Osal<a,japanl; inspire lliurhani, NC}? proved to
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be ellective in the treatment of dry eye in a randomized,
clouble—mwl«:ec:l trial in humans to reduce ocular surface

staining,“ A similar study demonstrated the ocular safety
and tolerability of diqualosol in a clouble~rnasl<ed, placebo-
coutrolled, randomized study.” This agent is capable of

stimulating both aqueous and mucous secretion in animals
and hunians.39*l3 Beneficial effects on corneal epithelial
barrier function, as well as increased tear secretion, has

been demonstrated in the rat dry eye niodel.3‘* Diqualosol
also has been shown to stimulate mucin release from goblet

cells in a rabbit dry eye tnodel.35»3’5‘
The effects of reharnipide -(Oi"C- l.2759 lOtsul<a, Rock-

ville, MD}; Novartis lbasel, Switzerlandl) have been evalu~

ated in human clinical trials. in animal studies, rebarnipide
increased the rnucin--like substances on the ocular surface

of N—acetylcysteine—treated rabbit eyes.” it also had hy-

droxyl radical scavenging effects on l)VB—iuduced corneal
damage in mice.“

Ecabet sodium {Senju lflsalta, japan}; lSTA llrvine,
CAD is being evaluated in clinical trials internationally,

but only limited results have yet been published. A single
instillation of ecabet sodium ophthalmic solution elicited

a statistically signillcant increase in tear rnucin in dry eye

patients.” Gelarnate (Santen lOsal.«:a, japanl) has been
evaluated in animal studies. Gefarnate promoted rnucin

production. alter conjunctival injury in rnonlteysflll Gefar--
nate increased PAS-positive cell density in rabbit conjunc-
tiva and stimulated mucin—lil<e glycoprotein stimulation
from rat cultured corneal epitheli.um.9‘~92 An in vivo rabbit

experiment showed a similar result.93»9‘*
Tlie agent l5(S)—HETE, a unique molecule, can

stimulate it/lUCl niucin expression on ocular surface

epitheliurn.95l5(S)—l-{EYE protected the cornea in a rabbit
model oi tiesiccation—induced injury, probably because of
rnucin secretion?“ it has been shown to have beneficial

effects on secretion of mucindilte glycoprotein by the tab
bit corneal epithel.iuru.5‘-7 Other laboratory studies conlirru
the stimulatory effect of l5(S)-l~lE'l"’tE.9’5'l°l Some of these

agents may become useful clinical therapeutic modalities
in the near future.

Two orally administered cholinergic agonists, pilocar~
pine and cevilemine, have been evaluated in clinical trials
for treatment of Sjogren syndrome associated lteratocon-

junctivttis sicca (RC5). Patients who were treated with pi~
locarpiue at a dose of 5 mg QED experienced a signillcantly
greater overall improvement than placebo-treated patients
in “ocular problems” in their ability to focus their eyes dur~

ing reading, and in syrnptotns of blurred vision cornpared
with placebo—treated patients.“ The most commonly

reported side effect from this medication was excessive
sweating, which occurred in over 40% of patients, Two

percent of the patients talting pilocarpine withdrew from
the study because of drug~related side effects. (Ether stud
ies have reported efficacy of pilocarpine for ocular signs

and symptoms of Sjogren syndrome l{CS,l°3"°5 including
an increase in conjunctival goblet cell density after 1 and
2 months of therapy.l95
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Cevilemine is another oral cholinergic agonist that
was found to significantly improve symptoms of dryness
and aqueous tear production and ocular surface disease
cornparecl to placebo when talten in doses of 13 or 30 mg
TlD.'*°7vl°3 This agent may have fewer adverse systemic side
ellects than oral pilocarpine.

D. Eioiogoal “fear Substitutes

Naturally occurring biological, ie, nonphannaceutical
fluids, can be used to substitute for natural tears. The

of serum or saliva for this purpose has been reported in

humans. They are usually unpreserved. ‘When of autologous
origin, they lack antigenicity and contain various epitlie—

liotrophic factors, such as growth lactors, neurotrophins,
vitamins, itninunoglobulins, and extracellular matrix

proteins involved in ocular surface maimenarice. Biologi-
cal tear substitutes maintain the morphology and support

the proliferat.ion of primary human corneal epithelial cells
better than pharmaceutical tear substitutes.l"" However,
despite biornechanical and biochemical similarities, rel-

evant cornpositional diflerences compared with norrnal
tears exist and are of clinical relevance.“ Additional

practical problems concern sterility and stability, and a
laboruntensive production process or a surgical procedure

(saliva) is required to provide the natural tear substitute to
the ocular surface.

1. Seam

Serum is the lluid component of full blood t. t remains

alter clotting. its topical use for ocular surface disease was
much stimulated by Tsubotas prolific work in the late
3.9905.“ The pract:icalit;ies; and published evidence of

autologous serum application were recently reviewed.“
The use of blood and its components as a phanrnaceuth
cal preparation in many countries is restricted by specific
national laws. To produce serum eye drops and to use
them for outpatients, a license by an appropriate national
body may be required in certain countries. ’l'li.e protocol
used for the production of serum eye drops determines
their composition and eliicacy. An optimized protocol for

the production was recently published.“ Concentrations
between 20% and l.()(l% of serum have been used. The

efficacy seems to be dose-dependent.
Because of significant variations in patient populations,

production and storage regimens, and treatment protocols,
the efficacy ol serum eye drops in dry eyes has varied sub-

stantially between studies.“3 Tliree published prospective
randomized studies with similar patient populations (pre-
dominantly immune disease associated dry eye, ie, Sjogren
syndrome) are available. ‘When comparing 20% serum with
0.9% saline applied 6 tunes per day, 'l'anariuvat et al lound

only a trend toward improvement of symptoms and signs
of dry eyes,“ whereas Kojima et al reported significant

improvement oi symptom scores, lluorescein—breal<up time
(FEET), and iluorcscein and rose bengal staining.“5

A prospective clinical crossnover trial compared 50%

serum eyedrops against the commercial lubricant previously
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used by each patient. Symptoms improved in 10 out 16
patients, and impression cyt.ologi~::al findings improved in
12 out of 25 eyes?” Noda-Tsuruya and colleagues found
that 20% autologous serum significantly improved ’.l"1FBti'i.‘
and decreased conjunctival rose hengal and cornea fluo-

rescein staining L3 months postoperatively, compared to
treatment with artificial. tears, which did not change these
parameters?” Additional reports of successful treatment

of persistent epithelial defects»-where success is more

clearly defined as “healing of t ie dei’ect;”«---vvvit:h autologous
serum substantiate the impression that this is a valuable

therapeutic option for ocular surface disease.’ "5

2. Salivary Gland Automausplantatiou
Salivary suhmanclibular gland transplantation is capable

of replacing deficient mucin and the aqueous tear film
phase. This procedure requires collaboration between an

ophthalmologist and a rnaxillofacial surgeon. With appro-
priate rnicrovascular anastomosis, 80% of grafts survive.
in patients with absolute aqueous tear deficiency viable

suhrnandilaular gland grafts, in the long--terrn, provide
significant improvement of Schirmer test FBUI, and rose
bengal staining, as well as reduction of discornfort and the

need for pharmaceutical tear suhst;it.utes. Due to the hypo-
osrnolarity of saliva, compared to tears, excessive salivary
tearing can induce a rnicrocystic corneal edema, which is
ternporary, but can lead to epithelial defects. 3 “’ ltience, this

operation is indicated only in end—stage dry eye disease with

an absolute aqueous tear deficiency (Schirrnentest wetting
of l min or less), a conjunctivalized surface epitlielium, and
persistent severe pain despite punctal occlusion and at least

hourly application of unpreserved tear substitutes. For this

group of patierrts, such surgery is capable of substantially
reducing discomfort, but often has no effect on i7ision.”9-12°

E. Anti-inflammatory Therapy

Disease or dysfunction of the tear secretory glands leads
to changes in tear composition, such as hyperosrnolarity

that stimulate the production of inflammatory mediators on
the ocular surface.“»‘“ Inflammation may, in turn, cause
dysfunction or disappearance of cells responsible for tear
secretion or retention. ‘22 lnflarnrnation can also he initiated

by chronic irritative stress (cg, contact lenses) and systemic
inflarnrnatory/autoimmune disease (eg, rheumatoid arthri~
tis). Regardless of the initiating cause, a vicious circle of

inflarnrnation can develop on the ocular surface in dry eye

that leads to ocular surface disease. Based on the concept
that inflammation is a key component of the pathogenesis
of dry eye, the efficacy of a nurnher of antiuinflammatory
agents for treatment of dry eye disease has been evaluated
in clinical trials and animal models.

1. Cyclosporine

The potential of C’}'ClOSp()E’lE1€i-A'(C§A.) for treating dry
eye disease was initially recognized in dogs that develop
spontaneous KCS.”-3 The therapeutic efficacy of CsA for
human KCS was then docurn.ented in several small, single

center, randomized, double-maslted clinical tiials.”“35

CsA emulsion for treatment of KCS was subsequently
evaluated in several large rnulticenter, randotnizzed, double-
rnasked clinical trials.

in a Phase 2 clinical trial, four concentrations of CSA

(00.5%, 0.1%, 0.2%, or 0.4%) adrniriistered t:wic.e daily
to both eyes of 129 patients for 12 weelrs was compared
to vehicle treatment of 33 patients.“ (3515. was found to

significantly decrease conjurrct‘ival rose hengal staining,
superficial punctate keratitis, and ocular irritation symp-
toms {sandy or gritty feeling, dryness, and itching) in a
subset. of 90 patients with rnoclerate-to--severe There
was no clear dose response; CSA 0.1% produced the most
consistent inrprovenient in objective endpoints, whereas

CsA 0.05% gave the most. consistent improvement in pa-
tient symptoms (level i).

Two independent Fhase 3 clinical trials compared.
twice--daily treatment with 0.05% or 0.1% (ISA or vehicle

in 877 patients with rnoderate~to—severe dry eye disease. ‘37
When the results of the two Phase 3 trials were cornhined

for statistical analysis, patients treated with CsA, 0.05% or
0. l%, showed significantly {P <: 0.05) greater iinprovernent
in two ()l)_'lE‘.(:ti‘V€. signs ofdry eye disease (corneal. fluorescent
staining and anesthetized Schirrrier test values) compared to
those treated with vehicle. An increased Schirrner test score

was observed in 59% of patients treated with C‘,sA, with
15% of patients having an increase of l0 nini or more. in

contrast, only 4% of vehicle—treated patients had this mag-
nitude of change in their Sc.hi.rrner test scores (P < 0.0001).

Cszi 0.05% treatment also produced significantly greater
improveinents (P < 0.03) in three subjective tneasuren of dry
eye disease {blurred vision syrnptorris, need for concomitant
artificial tears, and the global response to treatnient). No
dose—response effect was noted. Both doses of CSA exhib-

ited an excellent safety profile with no significant systemic

or ocular adverse events, except for transient burning
syrriptorns after instillation in l 7% of patients. Burning was
reported in 7% ofpatients receiving the vehicle. No CsA was
detected in the blood of patients treated with topical CsA
for 12. months. Clinical improvement from CSA that was
ohserved in these trials was accompanied by improvement

in other disease parameters. ‘treated eyes had an approxi-
mately 200% increase in conjunetival goblet cell derisir.y.”*5
Furthermore, there was decreased expression of immune
activation markers (ie, l~il.A~DR), apoptosis rnarlrers (ie,

Fas), and the inflammatory cytoltine lL~6 by the conjunc-
tival epithelial cells. ‘29»l3°’lhe rtunihers of CD3», CD4-, and

CD8-—positive T lymphocytes in the conjunctiva decreased

in cyclospozine—treated eyes, whereas vehicle—treated eyes
showed an increased nuznher of cells expressing these
1'fl&3.‘l{€.1'5.l3l‘ After treatment with 0.05% cyclosporine, there

was a significant decrease in the number ofcells expressing
the lymphocyte activation markers CD1 la and HLAJDR,
indicating less activation of lymphocytes compared with
vehicle—treated eyes.

M Two additional imrnunophilins, pirnecrolirnus and ta-
crolirnus, have been evaluated in clinical trials of KCS.
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2.. Corticosteroids

a. Cliuiwl Stu.-rlies

Corticosteroids are an effective anti--inflammatory
therapy in dry eye disease. level i evidence is published
for at number of corticosteroid formulations. in a 4-week,

clouble~rnasl<ed, randomized study in 64- patients with
KCS and delayed tear clearance, loteprcdriol etabonate

0.5% ophthalmic suspension (Loternax lfiausch and Lornb,
Rochester, N‘t.’}), q.i.cl., was found to be more ei:lective than
its vehicle in improving some signs and symptoms.132

in a -‘l~—weelt, opert—label, randomized study in 32 pa~
tients with KCS, patients receiving lluorornetholone plus
artificial tear substitutes (AIS) experienced lower symptom
severity scores and lower fluorescein and rose bengal staiu~
ing; than patients receiving either AIS alone or ATS plus
ilurl3iprolen.l33‘

A prospective, randomized clinical trial cornpared the
severity of ocular irritation symptoms and corneal iluores—
cein staining in two groups of patients, one treated with
topical nonpreserverl metlrylprednisolone for 2 weeks,

followed by punctal occlusion (Group 1), with a group
that received punctal occlusion alone (Group 2). 13‘ After 2
rnonths, 80% of patients in Group 1 and 33% of patients in
Group 2 had complete relief of ocular irritation syrnptorns.
Corneal lluoresccin staining was negative in 89% of eyes in
Group 1 and 60% of eyes in Group 2 alter 2 months. No
steroidurelated corn.plications were observed in this study.

Level Ill evidence is also available to support the elllcacy
of corticosteroids. In an open~l.ahel, ‘norncomparative trial,
extetnporancously formulated nonpreserved methylpred—
nisolone 1 96 ophthalmic suspension was found to be clini~
cally eilective in 2 ll. patients with Sjogren syndrome l<CS.135
In a review, it was stated that “. . clinical improvement of

KCS has been observed after therapy with anti--inllarnma
tory agents, including corticosteroi<ls.”l3‘l

In the US Federal Regulations, ocular corticmsteroicls
receiving “class labeling” are iriclicated for the treatment

“...of steroid responsive inflammatory conditions of the
palpelnal and bulbar conjunctiva, cornea and anterior

segment of the globe such as allergic conjunctivitis, acne
rosacea, superficial purtctate. l<eratitis, herpes zoster l<erati~
tis, iritis, cyclltis, selected infective conjunctivitides, when
the ‘inherent. hazarcl of steroid use is accepted to obtain an
advisable diminution in edema and inilatrnnation.” We in-

terpret that KCS is included in this list ofsteroid-responsive
inflammatory conditions. 137'!”

F2. Bettie Rmoanch

Corticosteroids are the standard anti—inilarnrnatory
agent for numerous basic research studies of in.llzarnrna—
tion, including the types that are involved in KCS. The

corticosteroid rnethylpreclnisolone was noted to preserve
corneal epithelial smoothness and barrier lunction in an

experimental murine model of dry eye.”-1 This was at—

tributed to its ability to maintain the integrity of corneal
epithelial tight. jurictioras and decrease desquarnation of
apical corneal epithelial cells. “*2 A concurrent study showed

that rnethylprednislone prevented an increase in MMP«9

protein in the corneal epi.thellum, as well as gelatinase
activity in the corneal epithelium and tears in response to
experimental dry eye?“

Preparations of topically applied androgen. and es»
trogen steroid hormones are currently being evaluated

in randomized clinical trials. A trial of topically applied.
0.03% testosterone was reported to increase the percent—
age of patients that had rneihomian gland secretions with
normal viscosity and to relieve discomfort symptoms after

6 rnonths oi treatrnent comparecl to vehicle. ‘*3 'i'FBU"l and
lipid layer thickness were observed to increase in a patient
with KCS who was treated with topical androgen for 3

months. W Tear production and ocular irritation symptoms
were reported to increase following treatment with topical
l'/' beta-oestracliol solution for 4 n1ouths.l‘*5

3. Temacyclinw

all. Properties of Terracycliam earned their Berivnrlves
It) Antibacterial Properties

The antiniicrolaial effect of oral tetracycline treatment

analogues (cg, rninocyclinc, doxycline) has previously been
discussed by Shine et al,”‘’ Daugherty et al,1‘*7 and Ta et

al. 143 it is liypothesizerl that a decrease in bacterial flora pro-
ducing lipolytic cxoenzymcsllérllé and inhibition of lipase
prorluctionw with resultant decrease in rneiboniian lipid
brealtdown products“ may contribute to improvement in
clinical parameters in dry eye—associated diseases.

2) Anthlnilammatory Properties
The tetracyclines have ariti~inflammatory as well as

antibacterial properties that may make them useful for
the management of chronic inllarnrnatory diseases. These

agents decrease the activity of collagenase, phospholipase
A2, and several niatrizr rnetalloproteinases, and they de-
crease the production of interleukin (ll.)—l and tumor

necrosis factor (TN?)-alpha in a wide range of tissues,
including the corneal epithel.iurn.l‘*9"l5l At high concentra-
tions, tetracyclines inhibit staphylococcal exotordn-induced
cytokines and chemokines.l52—l53

3) Anti-angiogcnic Properties
Angiogenesis, the formation. of new blood vessels, oc-

curs in many diseases. These include benign conditions (eg,
rosacea) and malignant processes (egg, cancer). Minocycline
and doxycycline inhibit angiogeuesis indncccl by implanted
tumors in rabbit cornea?“ The andangiogenic effect of
tetracycline may have therapeutic implications in inllamrna—
tory processes accompanied by new blood vessel formation.

Well-controlled studies must be performed, at both the
laboratory and clinical levels, to iraveuigate this potential. ‘55

b. Clinical Appliwtiorts of Tetracycline
1) Acne ltosacea

Rosacea, including its ocular tnaniiestations, is an in»

llanunatory disorder, occurring mainly in adults, with peak
severity in the third and fourth decades. Current recom-
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rnendations are to treat rosacea with lorig--term doxycycline,
rninocycline, tetracycline, or erythromycin.155 These recorn—
mendations may he tempered by certain recent reports that
in women, the risk of developing breast cancer and ofbreast
cancer morbidity increases cumulatively with duration of

antibiotic use, including tetracyclines.157=15*3 Another large
study did not substantiate these findings. ‘59

Tetracyclines and their analogues are ellective in the

treatment of ocular rosacea,l5°=l51 for which a single daily
dose of doxycycline may he effective.” ln addition to the

ani;i—inflanirriatory effects of tetracyclines, their ahility to
inhibit angiogenesis may contribute to their effectiveness in

rosacearelated disorders. Factors that promote angiogen~
esis include protease--triggered release of angiogenic factors
stored in the extracellular matrix, inactivation of endothelial

growth factor inhibitors, and release of angiogenic factors
from activated macrophages.3555“53

Tetracyclines are also known to inhibit niatrix metal»

loproteinase expression, suggesting a rationale for their use
in ocular rosacea.15" Although tetracyclines have been used

{or rnanagernent of this disease, no randomized, placebo-
controlled, clinical trials have heen performed to assess
their efficacym

2;) Chronic E‘-osterior Blepharitis: Meihomianitis,
Meihomian Gland Dysfunction

Chronic hlepharitis is typically characteriz.ed hy iriflam~
mation of the eyelids. There are multiple forms of chronic
hlepharitis, including staphylococcal, seborrheic (alone,
mixed seborrheic/staphylococcal, seborrhcic with rneiho-

mien sehorrhea, sehorrheic with secondary meibomitis),

primary rneibornitis, and others, like atopic, psorialic, and
fungal lI1lr“,CiZ'lE)I‘lEE.l55 lvieilmrnian gland dysfunction (MED)

has been associated with apparent aqueous~deficient dry
eye. Use of tetracycline in patients with rneibomiariitis has

heen shown to decrease lipase production by tetracycline
sensitive as well as resistant strains of staphylococci. This
decrease in lipase production was associated with clinical

irnprovernent..”7 Similarly, minocycline has been shown to
decrease the production of diglycerides and free fatty acids in
rneibornian secretions. This may be due to lipase inhibition
by the antihioti.c or a direct effect on the ocular llora.1“‘3 One

randomized, controlled clinical trial oftetracyclirie in ocular
rosacea compared symptom iniprovement in 24 patients
treated with either tetracycline or doxycycline. 155 All but one
patient reported an improvement in symptoms after 6 weelrs
or" therapy. No placebo group was included in this trial.

A prospective, randomized, douhle—‘olind, placebo-
controlled, partial crossover trial compared the effect of
oaytetracycline to provide symptomatic relief ofblepharitis

with or without rosacea. Only 25% of the patients with
blepharitis without; rosacea responded to the antibiotic,

whereas 50% responded when both diseases were pres-
ent?“ in another trial of 10 patients with hoth acne rosa~
cea and concornitarit tneihornianitis, acne rosacea without

concomitant ocular involvernent, or sehorrheic hlepharitis,

rninocycline 50 rag daily for Z followed by 100 mg

daily for a total of 3 months significantly decreased hacie-
rial flora (P = 0.0013). Clinical irnprovcrnerit was seen in
all patients with rneihomiarritislla

Because of the improvement observed in small clinical
trials of patients with nieiliomiartitis, the American Acad—

erny of Ophthalmology recommends the chronic use of
either doxycycline or tetracycline for the management oi
rneihomianitis.155 larger randomized placehoucontrolled
trials assessing symptom improvement rather than surro—
gate markers are needed to clarify the role of this antibiotic

in hlepharitis treatrnent.‘53 Tetracycline derivatives (cg,
rninocycline, dozrycyclinel have been recommended as

treatment options for chronic blepharltis because of their

concentmtion in tissues, low renal clearance, long hall-
lile, high level of ‘binding to serum proteins, and decreased
nslt of photosensitizationml

Several studies have described the beneficial effects of

miriocycline and other tetracycline derivatives -(eg, doxy--
cycline) in the treatment of chronic hlepharitis, “‘6~”7=15‘"’=l‘5"*
Studies have shown significant changes in the aqueous tear

parameters, such as tear volume and tear ilow, following
treatment with tetracycline derivatives (eg, minocycline).

{Tine study also demoristrated a decrease in aqueous tear pro—
duction that occurred along with clinical improvement..,”9

A recently published randorn.ized, prospective study
by You Se et al compared different doxycycline doses in

150 patients (30!) eyes) who had chronic rneilaonrian gland
dysfunction and who did not respond to lid hygiene and

topical therapy lor more than 2 rnonthsm All topical
therapy was stopped for at least 2 weeks prior to l>egin—
ning the study. After deterrniriirig the TFBUT and Schiriner

test scores, patients were divided into three groups: a high
dose group -(doxycycline, 200 mg, twice a day}, a low dose

group (doxy<:ycline, 2.0 mg, twice a day) and a control group
(placebo). After one month, TFBUT, Schirrner scores, and

symptoms improved. Both the high and low«dose groups
had statistically significant irnprovernerit in Ti‘BU'l7 alter

treatment. This implies that low—dose doxycycline (20

mg twice a day) therapy may be effective in patients with
chronic meihomian gland dysfunction.

3) Dosage and Safety

Systemic administration of tetracyclines is widely recog-
nized for the ability to suppress inllarnrnati.on and improve
syrnptorns of rneihornianitis. 173573 The optimal dosing
schetlule has not been established; however, a variety of
dose regimens have been proposed including 50 or IOO mg
doxycycline once a day,“ or an initial dose of Si) mg a day
for the first 2 weeks followed hy l.OO mg a day for a period
of 2.5 rnonths, in an intermittent iashion.1"6‘1“3=”° Qthers

have proposed use of a low dose of doxycyclirie (20 mg)
for treatment of chronic hlepharitis on a long—term basis?“
The safety issues associated with long—te:<rn oral tetracycline
therapy, including rriinocycline, are well. known. Many
managerrient approaches have heen suggested for the use oi

tetracycline and its derivatives; however, a safe hut adequate
option in rnanagement needs to he considered hecause of
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the new iriiorrnation regarding the potentially hazardous
effects of prolonged use of oral antibiotics. A recent study
suggested tliat: a 3--rnontli course of E100 mg of minocycline
might be sufficient to bring significant nieiboiniartitis under
control, as continued control was maintained for at least 3

months alter cessation oi tlrierapy.”°

in an experimental murine model of dry eye, topically
applied doxycycline was found to preserve corneal epitlie—
lial smoothness and barrier function?“ it also preserved

the integrity of corneal epithelial tight junctions in dry eyes,
leading to a marked decrease in apical corneal epithelial cell
desquamation. ‘*2 ’l“liis corresponded to a decrease in lvilt/ii’—
9 protein in the corneal epitlieliurn and reduced gelatinase
activity in the corneal epithelium and tears.l‘”

F. Essential Fatty Acids

Essential fatty‘ acids are necessary for complete health.
They cannot be synthesized by vertebrates and must be

obtained from dietary sources. Arnong the essential fatty
acids are 18 carlson omega-6 and ornega—3 fatty acids. in
the typical western diet, 20-25 times more omega--ES than

oniega—3 fatty acids are consntned, C)rnega~6 fatty acids are
precursors for arachidonic acid and certain proin.llarnrna--
tory lipid mediators (PGE2 and i.T"E-Bil). in contrast, certain

omega-3 fatty acids (egg, EPA found in fish oil) inhibit the

synthesis of these lipid mediators and block production of
lL~l and TNFvalpha. 537'“

A beneficial clinical effect of fish oil omega—3 fatty ac~
ids on rheumatoid arthritis hm been observed in several

double~rnasl<e<l, placebo-controll.ed clinical trials. "7373 in a
prospective, place‘oo—controlled clinical trial of the essential

fatty acids, linoleic acid and gamma-viinolenic acid adminis—
tered orally twice daily produced significant improvement
in ocular irritation syrnptorns and ocular surface lissarnine

green staining. 179 lllecreasetl con._itmct.ival. l-il.A-DR staining
also was observed.

3. Environmental Etrategm

Factors that may decrease tear production or increase
tear evaporation, such as the use of systemic anticliolinen

git: niedications (cg, antihistamines and antidepressants)
and desiccating environmental stresses (eg, low humid-
ity and air conditioning drafts) should be minimized

or elirniriatecl.“‘°“3?- Video display terminals should be

lowered below eye level to decrease the interpalpebral
aperture, and patients should be encouraged to take pc~
riodic: breaks with eye closure when reading or working
on a computer.“‘3 A humidified environrnent is recom-

mended to reduce tear evaporation. This is particularly
beneficial in dry climates and higli altitudes. Nocturnal

lagophthalmos can be treated by wearing goggles,
taping the eyelid closed, or tarsorriiapy.

W. 'l'REA'l'MEl’tl‘l' REC@MMENDA‘l‘l9l’*€$

in addition to material presented above, the subcont-

mittee members reviewed the ‘Dry Eye Preferred Practice

Patterns oi the American Academy of Ophthalmology and
the international Task Force (IT?) Delphi Panel on dry
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eye treatment prior to formulating their treatment guide-
lines?”-‘35 The group favored the approach talten by the
ITF, which based treatment recommendations on disease

severity. A modification of the ITF severity grading scheme

that contains 4 levels of disease severity based on signs and
symptoms was formulated (Table 2). The subcommittee
members chose treatments for each severity level irorn a

menu of therapies for which evidence of therapeutic eilect
has been presented (Table 3). The treatment recommenda-

tions by severity level are presented in Table 4. It should
be noted that these recommendations may be modified

by practitioners based on individual patient profiles and
clinical experience. The therapeutic recommendations for

level 4 severity disease include surgcal modalities to treat
or prevent sight~threatening corneal complications. Discus-

sion of these therapies is beyond the scope of this report.

V. EJREANSWERED QE£§'?lfiNS AM} Fi£’§’§.S§E
§lRE3‘l'i§?€§

There have been tremendous advances in the treat~

ment of dry eye and ocular surface disease in the last two

decades, including FDA approval of cyclosporin emulsion
as the first therapeutic agent for treatment of KCS in the
United States. There has been a cotnrnensurate increase in

knowledge regarding the pathophysiology of dry eye. This

has led to a paradigm shift in dry eye management from
simply lubricating and hydrating the ocular surface with

artificial tears to strategies that stimulate natural produc~
{ion of tear constituents, maintain ocular surface epithelial
health and barrier function, and inhibit the inilarnmatory
factors that adversely impact the ability of ocular surface
and glandular epithelia to produce tears. Preliminary ex-
perience using this new therapeutic approach suggests that

quality of life can be improved for many patients with dry
eye and that initiating these strategies early in the course of

the disease may prevent potentially hlinding complications
of dry eye. It is likely that future therapies will focus on

replacing specific tear factors that have an essential role in

maintaining ocular surface homeostasis or inhibiting key
inflammatory mediators that cause death or dysfunction
of tear secreting cells. This will require additional research
to identify these key factors and better diagnostic tests to
accurately measure their concentrations in minute tear

fluid samples. Furthermore, certain disease parameters
may be identified that will identify whether a patient has

a high probability of responding to a particular therapy
Based on the progress that has been made and the number

of therapies in the pipeline, the future of dry eye therapy
seems bright.

REFEREi€$E$

(Parmthetirol codesfollowing references indicate level ofevideace, as described in
%le 1. C5 = Clinical Study; 85 = Basic Science.)

1. Gili3ardjP, Rosi SR, Heyda KG. Ophthalmic solutions. the ocular surface.
and a unique therapeutic arnfidzl tear formuhtion. Am J Opluhalmol
l989;lG7:348—55 (B51)

2. GilbardJR Human tear film electrolyte concentrations in health and dry-
eye disease. Int Ophthalmol Clin 199-1:34:27-36 (C52)

3. Schein O, ‘iielschj, Munoz B, et al. Relation hetweensigns artdsymptonn
of dry eye in the elderly‘. @htFmlmal0gi 1997;104:1395-HOG (G32)

4. Nelsonjl), Gordonji‘. Topical iihronectin in the treatment of ke.ratocon—
junctivitis sicca. Chimn Keratoconjuneuvitis Sicra Study Group. Am]
Ophtlmlmol 199231 14:44!-7 (532)

5. Nelson JD. impression cytology. Cameo 1988:7171-=81 (B31)
5. Ubeisj, McCartney M, iantz W, et al. Effects ofp:eservat:lve—iree artificial

tear solutions on corneal epithelial structure and function Arch Qplitlialmol
1995;} 13:373.-8 (BS1)

7. Green K, ‘iviaciceen UL, Slagle T, Cheeks L Tear potassium contributes
to maintenance of comml thicloress. Ciplirlralmic Res 1992;2-i~:99—l.(i2
(B51)

174 THE OCULAR SURFACE I AFRIL 2007, VOL. 5, NO. 2 / www.theocularsurface.corn

0341



0342

DEWS MANAGEMENT AND THERAPY

8. Holly E Lernp M. Surface chemisuy of the tear film: lrnplications for dry
eye syndrorus, contact lenses, and opltthalruic polymers. Contact lens
Soulm] l97l5:l2—§ (352)

9. Periigan BM, Morgan A, Quintero S, et :11 Comparison of osnrolarity
values of selected ocular lubricants. ARVO 2004 poster smion 449

ll). Kaufinan B, Novuclt GD. Compliance issues in rnanufacruring of drugs.
Ocul Surf20(33;1:8(l-5

11. Albietz }, Bruce A. The conjunctiva! epitlielinru in dry eye subtypes:
Efiecr of preserved and uonpraerved topical trmtmente. Curr Eye Res
2(l0l;2.2:S«lS (CS2)

12.69.5521 AR, lshii Y, Kaufman H, Miller '1'. Cytotoxicity of ophthalmic
preservatives. Am} Cfphthulrnal 1974;73:9s—io5 {B81}

13. Wilson E Adverse externaloll% ofropiznl. ophthalmic niedications. Sun"
Opliihalmol 1979;:-izsr-as (C33)

Ii». Burstein N. Corneal cytoloxiciry of topically applied clings, vehicles and
preservatives. Sim’ Opluhalmol 198il;25:15-30 (CS3)

15. Burstein N. Theeiiects oltopierldrrigsaridprwewzzivns on the rmrsancl
cornml epithelium in dry eye. Irons Ophahalmol 50: UK. l985;l(>i:4G2-:9
(£33)

l6. Brubalrer R, Meinzenj. Uses ofthe fluorophorometer in glaucoma rmeareh.
Ophthalmolog l9S5;92:884-90 (E51)

17. Smith L, George M, Benly G, Abelson M. Comparative efiecrs of pre-
servative free tear substitutes on fire rabbit cornea: a scanning electron
microscopic evaluation §ARVGahszrac:).1mm lVusci 199132
(Suppl):733 (B51)

18, Gilhauijii Farris EL, Sanraznariaj 2nd. Osmolariry of rent tnicnzvolnrnes
in lceratoconjunetivitis sieca. Arrh ophziaalmoi r97s;9«5:57?281 (B32)

19. Lopez Berml D, Uhels_il.. Quantitative evaluation of the eomml epifiielial
lxarria: effect ofzaztifieial tents and pimervatives. CurrEyeRes l99l:li3:6“.*5—
56 (B81)

2%. iiernai Di, Ul)€lS_lL Artificial tear composition and promotion ofrecovery
of the iiarnegecl comal epithelium. Cameo 1993;l2:115-20 (B51)

21. Noecker R: Eiiects ofcommon ophthalruic praervauvm on ocular health.
My The? 2il(ll.;lS:2£l5—l.S (C51)

22. Tripaxhi Bi, ’l‘ripathi RC, Kelli SE‘: Cytoroinciry of ophthflmic pn:;erva-
tivos on human corneal epithelium lens Eye Toxicity Res l992;9;36l-=75
{B51}

23. ilemeznaj, Frieclenwaldj. Retardation of wound healing in the cornal
epithelium hy lanolin. Am} Ophtiuzimol 19505321421 (CS3)

2+. Nelson J. Drake M, Brewer J, Tuley M. Evaluation of physiologic tear
substitute in palients with lceratoconjunctivitis sicon. Azlv iixgz Med Eial
1994;356:453-7 (C32)

25. Gilbnnljl’, Rossi SR. An elecuolyre-based solution that inczmses corneal
glycogen anti conjimctlval goblebcell density in a rabbit model for kera-
Locnnjuncriviris sicca. Oplarlizalmolog 1992-,99:600»i~ (B51)

26. Lemon LM, Albierz EM: Elf-est of <nrnrellose—l:£ artificial tears on the
ocular surface in eyes after laser in sin: lteritomilensis. j Refract 5mg
1999;1:s(2 suppl):s227—s23i (CS2)

27. Slomiuny BL, Slornlany A. Role of mucus in gasmc mucosa} pmtecnon.
]Pltysiol Plionmzol 1991; 42:14?-61 (351)

28. Gilbarcl JP.’ Tear illtn osrnolnrilty and lrerntoconjunciivifis sicta. Ciziflj
19853 1:2-‘B-59 (CS1)

29. Gilhani}. ‘lair film osrnolariry and kerutoconjur-.<2‘tivio's sicea. Luhhoclr
’l‘X,Dry Eye institute, 1986 ((53)

30. Gilbard j, Carter}, Sang D, et al. lviorphologt: efiect of lryperwruol;-uily
on rabbit -zornml epithelium. Ophiluzlrnology l984;9l:l2GS-12 (B51)

31.. 1.110 1, Li D, Connlas R, Pflugieliier S. i-iyperosmolar saline is a pnzeirillarm
rnaioiystrm on {he mouse ocular surface. Eye Contact Lens 2(lG5;31:l86-
93 (353?

32. Gilhaniji’, Kenyon KR. Tear diluems in the timtrnent of lreratoconjuno
uvios sicaa. Gphthulmalogy 19t35;92:54o-so (C52)

33. Holly F, Esquivel E. Colloitl csmotic pressure of artificial tears. j Ocul
Pharmazol 1.9853232?-36 (B51)

34. Yancey Pl-l: Organic osznolytes as compatible. meniliolic and counter-
acting cryopmtectarias in high osmolarity and other szrases J Exp Biol
Z0{l5;26€§:28l9-30 (B52)

35. Holly E Lernp M. Wettnbility and wetting of cornml epithelium. Exp Eye
R13 1971111339-50(R§il

36. Hawi A, Smith ‘I, Digenis G. A quznritintive comparison of anilicial lair
clearance mm in humans using gamma scintigraphy (ARVO abstract).
Invest Ophthalnwl Vis Sci 199031 (Suppl):5l7 (B31)

3?. Argneso P, Tisdale A, Spumlviichauti 5, er al. lviucin characteristics ofhu-
nian cornaal-linilzal epithelial cells that excluzie the rose bengal arrionie
dye. In»-52 Ophtlinlmol Vis Sci 2006-;4T:ll3~9 (B§ll

38. Versura P, Maliarello M, Simher E et al. Dry eye before and after therapy

with liyrlroxypropylrnethyloellulcse. Ophflmlmalogica l989;l9S:152-6?.
(<33)

39. Simmons FA, Garrett Q, Xu 5, er al. interaction ofoarhoxyrnethylcellulose
with human cornwl cells. Alli-'0 2006, E-Abstract 2759 (B31)

40. Christiansen M, Cohen S, Rinelru-anj.er al. evaluation of an H?-
guar gellable lubricant eye drop for the relief of shyness of the eye. Curr
Eye Res 200-‘l;Z8:55-62 (CS2)

4:1. Di Pascuale MA, Goto E, Tseng SC. Sequential changes oflipid tear film
alter the instillation of a single drop of a new emulsion eye drop in dry
eye patients. Ophihalmologl 2004;11l:783~§i1 (CS2)

42. Keri) Eli, S-czalllcli RC, Greirierjirj et al. The elleet of two novel lubricant eye
rlrups on tar film lipid layer thittloiess insubjects with dry eye symptoms.
Oplom Vis Sci 2{l(l5;82:594-601 ((252)

$3. Snihson GR, tfxreaves _ii., Super ND, er al. Precorneal residence times of
sodium hyalumnate solutions studied by quantitative gammaseintigniphy,
Eye l990;4:594-602 (CS3?

44. Polacl-r F, Mcblieee M. The umnnent of dry eyes with NA hyaluronate
(Halon). Cameo 1982;1:l.33-'3 (£33)

45. Stuautjc, l.'mnjG. Diiuie sodium hyaluronate (Halon) in the ireatrnem
of ocular surface disonlers. Ann Oplttlialrnol l985;l7:l9{)-2 ((B3)

4.-6. Demise V; Peterson W The use oftopical lienion tears in themanngent
of refractory dry-eye sytulrnzne. Ann Gphthalrnol l984v:l6:823-4 (C53)

47. Sand 8, lvieruer K, Nom M. Sodium hyaluronete in the iracrnent of
keratoconjuctirizis sicm. Acts: Oplithzilmol 1.989; 672181-3 ((33)

48. Nelsonjfi, Farris RL Sodium hyatluronate and polyvinyl aleohol ariilizzial
tear preparations a ocmparison in patients with lrerare-ccnjimcrivius sicm.
Arch Ophthalmal 1938216538-‘l-7 ((323

4-9. Beetharnwl’. Filarnenanqr k-uatitis. l“ransAm Ophtltalnwl Soc 1936;33:413-
35 (CS1)

50. Foulds W5. Innuarnalicular gelatin implants in the rnzarrneru of hereto-
conjuncuivitis since. Br] Ophtholnml 196l:4S:625-7' (CS2)

51. Ftrzernanjki. The puncturn plug: evaluation ola new treatment for the dry
eye. Travis rim Aerial Ophrhalmol Otolaryttgol l975:79:0P’874~9 (CS2)

52. Tuherville AW, Frederick WE, Wood T0. Punctal occlusion in um (loll-
ciency syndrornes. Ophthalnwlog l982;89:l 170-2 ((252)

53. Willis RM, Folherg R, lirachmerjli, et al. ‘lire treannenr of aqneous—de—
Elcient eye. with removable puncanl plugs. A clinical and impression-
cytologitnl study. Ophthalmology l987;94:5M-8 (CS2)

54. Gilhard JP: Rofi SR, Amt D1", Gray KL Efieet of punetal occlusion by
Fruerunn silicone plug insertion on mt osmolarity in dry eye disorders.
CLAO] 19S9;15:2l<’>-«S {CS2}

55. Balamrn M, Sclizumherg DA, Dane MR Efficacy and to-leralsiliq outcoxnes
after punctal occlusion with silicone plugs in dry eye syndrome. Am]
Ophtltulmol 2oo1;i31;3oo (CS1)

56. Baxter SA, lailison PR. Puncml plugs in the management ofdry eyes Ocul
Surf 2oo4;2:2s5-:35 (C53)

57. Bartlett ID, Bonn K; Corliss D, Gaddie 113. Eficzcy of silicone punctal
plugs as azljuncts to topical pharniacothernpy oiglauoorua-ii pilot study.
itunctal Plugs in Glaucoma Study Gmup._l’Am Optomzissoc l996;67:664~8
(CS2?

58. Huang TC, Lee DA. Punctzl occlusion and topical zneaiications for glau-
coma. Am] Ophtholmal l98§;lG7:l51—5 (C52)

59. Sugitaj, Yokoi N, Fullwood NJ, et al, The detection ofhaeteiia and bacte-
rial biofilms in punctal plug holes. Cornea 2001;2G: 3625 (C53)

66. Gelding ll, Kuppers J, Busse ii. Syrnptouuatic cicatrizial occlusion of
eanaliculi after l2].‘§£l’li0fl of iierriclt lacritnal plugs. Am _l' Gplttllalmol
2063;136:9268 (CS3)

61 . lee}, Flnnaganjc. Cornplimtions associatedwith silicone intracanalicular
plug. Oplsthal Plus: Recmistr Slog 2(i01;l7:465-9 (CS3)

62. Paulsen E The human lacrinizl glands. Adv Ann: Embryo! Cell Biol
2il(l3;l'I(l:lll~Xl,l—l(.l6 (BS1)

63. You MT, Pilugfelder SC, Feuer W). The ei'i'e<:: of punetnl occlusion on
rear production, tear clearance, anal ocular surface sensation in normal
subjects. Am} Ophthalmol 2001;131:314-23 (CS2)

64. Tsubotn K. The effect of wearing spectacles on the humidity of the eye.
Am} Ophtluzlmol l9$9;l5;1€}8:92—3 (E52)

65. lsuhota K, Ymnatia M, Urayaxna K. Spectacle side panels and moist inserts
for the creaunenr of airy-eye patients. Cornea l994;13:197-20}. (E51)

66. Gusset 1, Siruonet P, Gordon D. Combiriatiori of a side shielel with an
ocular rnoisrure elizunher. Am} Oprom Plrysiol Opt l9i34;6l.:6l.O-2 (CS3)

67. Savnr DE. A new approach to ocular moisture chambers. J Pediatr Oph-
ihalmol Stmliisnuss l§78:l5:5l-3 {CS3}

68. Kiirihashi K. Moisture aid during sleep for the trezaunent of dry eye: wet
gauze eye mask. Ophtholmalogim 1994;208:216»-9 (CS3)

69. hlicholsj], Ziegler C. Mitchell Gl, Nichols KK. Sell-reported dry eye dis-

Tl-lE OCULAR SURFACE I Ai"Rll., 2097, VOL. 5, NO. 2 I www.theocularsurface.eorn 175

0342



0343

DEWS MANAGEMENT AND THERAPY

we across rellracrive modalities. invest Ophthalmol Vis Sci 2i)35;4}6:l9l 1-4
((32)

70. Karl: DR, Greinerjlz Glonclt T, et cl. Effect ofperiocular humidity on the
tear film lipid layer. Comm l.996;l5:l29-34 (B52)

71. Isubotn K, Hats 5, Okusawa Y, et al. Quantitative viileogmphic analysis
ofhlinldng in normal subjects and patients with dry eye. Arch Ophtluzlmol
1996;114:715-20 (B51)

72. Maruyamzt K, Yoltoi N, Tolramnta A, lfinushita S. Efiect of envirvonrnenial
conditions on tear dynamics in wit contact lenswtnrcrs. invest Ophtltalz-rwl
V5 Sci 2004;-'l5:Z‘553=l3 (B51)

73. Bacon 2%, Mon C, Dartjlc Silicone rubber contact lenses for the com-
promised cornea. Cornea l994;13:422-8 (CS3)

74. Piillurn KW, Whitirtgmh, Buckley Rj. Scleral contract lensaz the azpanding
role. Como: 2(l{l3;24:259—77 (CS3)

75. Tappin lvlj, Pullum KW, Buckley R}. Sclerul contact lenses for overnight
wear in the management of ocular surface disorders. Eye 200l;15(Pt
2):l68—72 (CS3)

75. Rornern-Bangel T, Stavrou P, Cotter}, et nl. Gas-perroeahle scleral contact
lens therapy in ocular surface Am} Oplrthnlmol 2()0O;l30:ZS-32
Iicssl

77. Rosenthal P, Cotterjhi, Baum}. ‘lfreannent ofpersistent corneal epithelial
defect with extended wear of it iluitl-ventilated gas-pernimble scleral
Contact lens. Am] Ophtltalntol 2000;130:3341 (CS3)

78. Taulierj, Davittwfi Eolcosltyjii, etal Douhlouiaslterl, plsceboeonuolleti
safety and efiioacy trial of diqnzlosol tetrosodiurn (lNS3o5) ophthalmic
solution for the treatment of dry eye. Cemtm 20043232784-92 (CS!)

79. lviuntlnsod My; Novaclt GD, Allgood VE, et nl. Ocular safety of lNS365
ophthalrnicsolution: a l>2Y(2} agonistin healthysubjects}Ocul Fhnmiocol
Thar 200l;17:l73—9 (CS1)

80. lviuraltarni T, Fnjilinrn I, liorihe Y, Nnlrarnum M. Diqualosol elicits in-
creases in net Cl— transport through PZYZ receptor surnulation in rabbit
conjunctiva. Ophthalmic Res 20(l4-35:89-93 (B51)

81. Li DQ, Lokazliwzr Bl... Solomon A, et al. Regulation of MMP—9 in human
corneal epithelial cells. E)? Eye Res 200l;73:-'1-49-59 KBSE)

82. lvinrakarni T, Fujita H, Fujihnra 1". et al. Novel noninvasive sensitive
tietennination of tar volume changes in normal cats. Ophthalmic Res
2092-,34;371—~t (B51)

83. Yenta BR, lviunda.-iatl M, Sylvester RV, et al. Ocular safety of M5365
oplitltalrnic solution, a PZYZ agonist, in patients with mild to moderate
dry eye disease. Adv Exp Med Biol 2()€)2;‘S06(Pt B):l25l.-7 (B52)

34. Fujilisra T, Murakzuni 1', Fujita H, et al. improvement of cornml barrier
hrncrion by the FZYQZ) agonist lN5365 in a rat dry m model. invest
Opltthalmnl Vis Sci 2QGl;‘§2:96—l0G (551)

85. Fujihzra T, Murulrarni '1‘, Nagono T, et al. INS3«fi5 suppresses loss of
comnil epithelial integrity hy secretion of mucin-like rotein in a
rabbit short-term dry eye model. ] Gail Pllumiacol Titer 2002;l.8:3»t’:-3-70
(B51)

86. Yuma BR, Dongl.-assjfi, Elena PP, er al Potency and duration of action of
synthetic l’2‘{2 receptor agonists on Schirmer scores in rabbits Adv Exp
Med Biol 2002;'506(l’t Alzlél-5 {B51}

87. Urashirna ll, Olrarnoto T, Talteji Y, et al Reharnipide increases the amount
of rnucin-like substances on the conjnncuva and cornea in the N-aeetyl—
cysteinotraited in vivo model. Comm 2€l0<t;23;5l3-9 (B51)

88. Tanito hi, Talzannshi '1‘, Kaidzu S, atal. Cytoprotective efiects ofrehnrnipide
and corteolol hydrochloride aginstultravioletB-induced corneal rlarnage
in mice. Invest Ophthalmol V13 Sci 2603; 44329805 (353)

89 Mztsurln K, ‘Eoltushige ii, Ogawa T, et al. Ellmt of topical eahet sodium on
rnucin levels in the tear fluid of patients with dry eye. SERl—.5.1‘<lV02i)i)3.

99. Toshida ll, Naltaui K, Hnrnano T, ct al. Efiect of gefarnate on the
surface in squirrel rnonlteys Cornea 2()02;Zl:2§2-=9 (B53)

91. Nalrarnura M, Endo K, Nalratn K, linrnano T. Geiarrrate intzreasm PAS
positive cell density in rabbit conjunctiva. Er}Ophtliolrrtol l998;82:l325-3
(B53)

92. Naknmnrn M, Endo K, Nakats K, iiarnono ‘ll Gefarnate stirnnlatm secre-
tion ofmndn-like glyooprotelns lay cornal epithelium invitro and protects
corneal epithelium front desiccation in vivo. Exp Eye Res 1997552569-7=i
(B53)

93. Tnshido H, Naliata K, liamsno T, et al. Gelarnote stimulata goblet cell
repopnlation following an experimental wound to the tarsal conjunctiva
in the dry eye rahhit. Adv Exp Mal Biol 2DG2;:‘S05(Pi A):353-7 (ES 3)

94. l-larnano T. Dry eye treatmentwith eye drops thatstirnulate rnncin produc-
tion. Adv Fxp Med Biol 1998;438:9658 (CS3)

§§.ju1nl:latt}E, Cunningham Ljumhlatt MM. Effects of l5(S)»l~llZ'lE on
hurnan conjunctival rnucin secretion. Adv Earp Med Biol 20(l2;Sil6(l’t
Ali-23-—7 {$51}

96. Gaozache DA, Wu‘ Z}: W-eirner LK, et al. Corneal protection by the ocular
rnucin seotetagogue 15(5)-HEFE in a robliit model ofrlesioorolon-induceci
corneal defect} Ocul Pltamtncal Titer 20-02;18:34I9~<Sl {E52}

97. jackson RS Znd, Vhn Dylten S}, lviccirtney MD, Ubels}L ‘Elie ezicosanoid,
l5-(S)-l-lE'l"E, stirnulats secretion of !I111tlfl—lilt.€ glycoprutein lay the
corneal cpirlreliutn Comer: 2G(ll;2i):516-21 (B52)

98. Azar RG, Etiellizuser HE Evaluation of the efiects of 15(5)-HETE on
comml epithdial cells: an electrophysiological and meinical stucly.
Adv Exp Med Biol 2002; 5Q6(l-“t A):329—33 (B53)

99. Uhels_3l_, Aupperlee ivilljacltson RS Znd, et al. "topically applied 1:“:-(5)~
HETE stimulates rnucin production by corneal epidieliurn Adv Exp Med
liiol 2.002;5(36(l’t Al:3l.l'~2l (B52)

100. Ganizche DA, Wei ZY, Weirner LK, er al. Preservation ofcorneal integrity
by the rnucin secretagogue 15(5)-HERE in a rslibit model of desiccation-
intluced dry eye. Adv Exp Mott‘ Biol 2002;506(l’t AS32335-Ail) (BS2)

li1l._lurnbl.att jli, Cunningham ‘LT, Li Y, Jumhlatt MM. Cl‘.aractei'ization
of human ocular rnucin secretion mediated by l5(S)—llETE. Cameo
2002;2l:818-24 {B53}

102. Vrvino FE, Al-riashinu I, Khan K, et al. Pilooarplne tnlzlets for the treatment
of dry mouth and dry eye svrnptorns in patients with Sjogrenls syndrorne.
Arr}: Intern Med 199§;l59:l.l'4-81 (CS1)

193. Taltaya M, lchikawa Y, Yutnatia C, et al. Treatrnent with pilocsrpine
hydrochloride for sicoa symptoms in Sjogrenh gndrorne. ltynrmzclii
l997;37:453-7 ((32)

104. Isiletalti N, Kitsos G, Poschides CA, ct ztl. Oratlpilocarpine for the trr.-snnent
of ocular symptoms in patients with Sjogrens syndrome: a randornised
12-wfl conuolled study Ann Rlreurn Dis 2()Q3;62:12G4-7 (C52)

1.05. Papas AS, Shorter Y5, Charney M, et al. Successful nezurnent of dry
mouth and dry eye symptoms in Sjogrens syndrome: patients with oral
pilomrpine; A rartrlomizecl, plseeho-conuolled, dosewadjusunent studyj
Clio Rlrzumutol 2934;tl:l6-9J7? (C51)

106. Aragonzi P, Di Pietro R, Spinella R, Mohrici M. Coninnctivnl epithelium
itnprovernent after systemic pilooirpine in patients with Sjogenis syn-
drome. Br] Opluhnlmol 2(X.l6;90:l66—7G (C52)

197. ‘r’eu-one D, Condeniij}, File R, et ail Doulnlehlincl randomized plam‘oo—
controlled study ofcevinieline in fiogre-its syndrozne patientswith xernsto
tnia and lteratoconjunctivitis siom. Arthritis Rlaeum 2.0i)2;=‘i6:‘748~54 (C51)

138. Ono M, Takurnura E, Shinozaki K, et al. Therapeutic élect of cevirncline
on dry eye in patients with Sjogrenk syndrome; a randorni:-zed, double-
hlind clinical study. Am] Ophthulmol 2004;138:617 ((31)

139. Geuuling G, Darnclsff, Dartjk, ct sl. Toxidw of natural ton“ substitutes
in a fully defined culture model of human cornoal epithelial cells. luvs:
Oplitltnlrrwl Vis Sci 20i)l:4294~S—56 inst)

110. Geerling G, l‘l£m.22i1‘_l(E K, Sfiiroder C, at al. Quality of salivary tears iol—
lowing autologous fiubrnandihular gland transplantation for severe dry
eye. Grajes Artlr Clin Erp Opliilmlmol 2i)OG;%:45—52 {E51}

111. ‘lsubota K, Goto E, Fujim ll, et al. Trenunent of dry eye liy autologous
scrum application in Sjogerrs syndrome. Er} Ophtluilmol 1999-;83:39(l—5
((32)

112. Geerling G, Hottwig D. Autologous serum eyedrops for ocular surhtce
disorders, in Reinhard T, Larkin F (eds). Cornea and external eye disease.
Berlin, lieitlelberg, Springer, 2035, pp 2-19

11}. Liu L, l-lariwig D, l-iarloll S, et d. An optimised protocol for the produc-
tion of autologons serum eyedrops. Gracfes Arrh Clin Exp Gplrrlwzlmol
2G05;243:':’(}6-l4 (BS1)

1 14. Tananuvat, N, lilaniell M, Sullivan 1.], er al. Controlled study of the use of
autologous serum in dry eye patients. Cornea 2(l01:20:802-6 ((B1)

115. Kojirna T, ishida R, Dogru M, et al. lhe effect of antologous serum eye-
drops in the ueattncnt ofsevere dry eye tlisense: tr prospective randomized
case-control study. Am} Ophthalmol 2065;139:242-6 (C51)

1 16. Noble BA, Loh RS, Maclermori S, et til. Comparison ofoutologous seruui
eye drops with conventional therapy in a randomised continued mssover
trial for ocular surface disease. Br] Oplrthnlmol 2(l0*i:83:647-52 ({‘§l)

117. Noda~'Isuruya T, Asano-Kato N, Todn i, Tsuhora K. Autologous serum
eye drops for dry eye after lASll<Z.j Refract Surg 2coo;22;o1-<3 (fill

118. Schulze SD, Sekundo W;l<roll Pitutologous serum for the trmtment of
corneal epithelial abrasions in dialietic patients undergoing vinectomy.
Am] Ophilialmol Z0il6;1-ir2:Zi37-=1}. (BS!)

1 l9. Geerling G, Sieg P, Bastion GO, Lanna ll. lrmsplantnnon of the autologous
subniandibiilar gland for most severe cases of keratoconjunctiviiis sicca.
Oplttliolmology 1993;io5:3.27—35 (CS2)

120. Schroder, Sieg P, Fr:-irnnie C, et al. {Transplantation of the sulnnanciihular
gland in absolute dry eyes. Effect on the ocular surface]. Klin Mmintslvl
Augzrthzillzd 2.002;2l9:‘.'94-50l(C$2)

1221. Luo L Li DQ, Doshi A, et al. Expcrirnental dry eye stimulates production

176 THE OCUl.AR SURFACE I AYRIL 2067, VOL 5, NO. 2 I www.theoculs.rsurlace.corn

0343



0344

l)EW$ MANAGEMENT AND Tl-lERAl’Y

of inllarittrtatcry cytnldnes and MMP-9 and activates MAPK signaling
pathways on the ocular surface. lava: Opirtltalntol Vis Sci 2Q0-4;4>5:-t293-
301 (E51)

122. Nieclerltornfi, Stern ME, Pilngfelder SC, et al. Desiccating stress induces
T cell-mediated Sjogretrs syndmmc:-lilte lactirual keratoccnjitnctivitis. j
lmmttrwl 20(l6;l7fii’>950-7 {B51}

123. Kfifllfill R1,, Salisbury MA, Ward DA. Spontaneotts canine ketatoconj1mcti~
vitis sicca A useful model fer human lteiatocoiijunctivitis sima: transient
with cyclospoi-inc eye drops. Atria Oplitltalmal l989;107:l2lG-15 (ESE)

124. Gunduz K, OzdetnirO. Topical cyclosporin treatment ofl<eratocotijuncti-
vitis sicm in secondary Sjogrerfs syntlttmte. Am Oplttlralmol l994;72:33=
42 (C52)

125. Ltlbovitz RA, Solch S, Attdrianao _l. Pilot trial of cyclosporin 1% enh-
thahnic ointment in the treatment of ltetatccorijuuctiyitis sicm. Comm
1993;1.2:315-23 (csi)

126. Stevenson D, Tauberj, Reis BL Eifitacy and safety of cyclosporin A oph-
thalmic erniilsicn in the treatment ofmoderate-tnasevete dry eye disease. A
dose—r2nging, tandornized trial. Oplttluzlmalogy 2(300;lG7:§6‘:'~7-iv {C31}

127. Still K, Stevenson OD, MundcrfTK, heirs BL Two multicetiter, randornized
stnditn of the elhascy and safety of qcltxspcriue ophthalmic emulsion
in moderate to severe dry eye clismse. Ophiltalnwlogy 2600;107:631-9
(C51)

128. Knnert KS, Tsdale AS, Gipwn ll(. Gnhlet cell numbers and epithelial
proliferation in the conjunctiva ofpatients with dry eye syndrome treated
with cyclosgsorine. Arch Gphtltalmol 2002;120:3367 (RS1)

129. Brignole E Pisella P}, De Saint}-can M, at al. Flow cytometric analysis of
inilammatmy markers in KCS: 6-month treatmentwithtopical
A. Diva: Op-lltlmlmol Vis Sci 2€l(l1;‘l'2:90«5 (B51)

130. Turner EC, Pilugfeltler SC,ji Z, et al. interleuldmé levels in the conjnncn—
val epithelium of patients with dry eye di-mac trmted with cyclcsporine
oplifiialmic emulsion. Comet: 200(l;19:=i»92«-6 (SS5!)

131. Knnert KS, Tisdale AS, Stem ME, smtthja. Analysis of topical cyclcspc-
tine trnatrnent of patients with dry eye syndrome; effect on conjnnctival
lymphocytes. Arch Oplttlualmol 2G0il;l l8:l489—95 (E51)

132. Pllugfeltler SC, Sl.,, Anderson E, et al. A randomized, double-
tnasked, placebo-controlled, rnttlticenter comparison of loteprednol
etabnnate cphthalnnc suspension, 0.5%, and placebo for treatment of
lteratoconjunctivitis sicca in patients with delayed tear clearance. AmJ
Oplttltalmal 2004;138:444-57 (CS1)

13}. Avunduk AM, Avnndnlt MC, Varnell ED, Kaufrnan HE. The mtnpatiscn
of eificadcs of topical coiticostemids and rumsteroldal arttiinllatntnataty
drops on dry eye patients: A clinical and ininiunocytuchetnical study. Am
J Ophtltnlrrwl 2E3(l3;l35:S93-662 (C51)

134. 58111: de la Maza Serra SM, Simon Castellvi C, Kahbarii O. Nonprserved
topical stemids andpurfiocclusion forsevere lteratncnnjunctivitis sicca.
Arch Soc Esp Qftzzlmol 20G0;?'5:75l—56 (C51)

135. Marsh I-Z Pllngielder SC. Topical iiciigzreservetl rnethylprednisclnne
therapy for lreratoccnjnnctitritis sicca in Sjngen syndmme. Oplttltalmology
1999;106:811-5 {C53}

136. Pilngfelder SC. Antiiriilammattzty therapy for dry eye. Am] Ggzlitltalmal
2094;137:337-42 {C53}

137. Anonymous. Certain ophthalmic antibiotic cornb-ination drugs for human
Lise; Drug efllmcy study implementation. Fed Reg l982;‘§-7121296

138. Anonymous. Certain steroid pregiatatiorts for ophtltaltnic and/or one use.
Fed Reg l§8{)a;‘l-557776-80

139. Anunynmus. Certain ophthalmic antibiotic combination drugs for human
use; Drug effiaicy study implementation. Fed Reg l936b;45:577t30-3

140. Anotiyrnotn. Certain stemid preparations for ophthalmic or title use. Fed
Reg l97'5;*l»l.;34340—2

141. DcPaiva CS, Corrala RM,V1llat'tealA.l., etal.Apicalcotnealbarr'iet*dlsrup~
lion in experimental tnurine dry eye is abrogated by mediylprednisclotte
and doxycycline. itrvat Ogz-ltthulnwl Vts Sci 200é;47:2847-S5 (R51)

142. De Paiva CS, Corral-ts RM, Villantfil AL, et al. Cotticostetcid and dairy-
cycline suppress MMP-9 and inflarnrnatory cytokine expression, MAPK
activation in the eorrtwl epithelium in experirnenntl dry eye. flip Eye R5
2006;83-:526«35 (E§ll

l4}. Schifirnau RM. Bradford R, Buttttell B, et al. A multicenter, double-masked,
randomized, vehicle»controlled, parallel-group study to evaluate the
safety and ellitncy of testosterone opltthalmic solution in patients with
tneihoniiati gland dysfunction. ARVO 2906. E-Abstract 5&8 (C§3)

lli-tv. Worda C, Neppj, i-lul::er_lC, Sator MO. Iimcmerit ofkeratocnnjunmivitis
sicca with topiml androgen. Bviatttriias 2t)01;37:2(l9-12 (C53)

145. Satnr MO, joura EA, Golaszewski T, et al. Ttnatinent of menopausal
lteratoconjunctivitis sicta with topiml cesttatlinl. Br} Obstet Gynaecol
1998;105:100-2 (CS2)

THE OCULAR SURFACE I APRIL 2007, VOL 5, NO. 2 i www.theocularsnrface.cotn

146. Shine ‘NE, Mcculleylli Paiitlya AG. Mirmcycline ell’-ect on meihcinian
gland lipids in rneibomianitis patients. Exp Eye Res 2003;76:*l>17—20
(CS2)

14?. Dmighertyjhfl, lVicCulleyjl’, Silvany RE, et al. The role of tetracycline in
chnsnic blepharitis. invest Ophtlmlmal Vs Sci i991;32:29‘i€3-5 (CS2)

HS. Ta CN, Shine WE, l\rlcCulleyjl’, et al. Efiects of ininocyclirte on the ocu-
lar flora of patients with acne rcsacea or sehcrrlieic blcphatitis. Comm
2§Xl3;22:5-‘P5-8 (C52)

149. Solomon A, Rosenblatt M, Li DQ, et al. Doxycyclirie inhibition ol"1nterleu-
ltin—l. in the corneal epithelium. Invest Oplttltxzlmol Vt; Sci 2000;-tl:Z54=4-S7
((32)

150. Li Y, Kuang K, Yerxa B, et al. Rabbit conjunctival epithelltitn transports
fluid, and P2‘z’2(2) receptor agonisn: stimulate Cl(-) and lluid secretion.
Am] Fltysiol Cell Pltysiol 2G01;28l:C59S-602 test)

l.5l. Li DQY Luo L Chen 21, et al.}NK and ERR’ MAP kinases tnediate induc-
tion of Ii.~l.beta, 'i‘NF—alpha and iL~8 following hypercsmolzr stress in
human limhal epithelial cells. Exp Eye lies 2G06;82:S8$-96. Epulru 2995
Oct 3 {B51}

152. Ktaltauer 1‘, Buckley M. Doxycydine is ariti—inllatnrnatciy and inhibits
staqihyiococcal eszotoxin-induced cytnkina: and chetnokines. Ayuimicttila
Agents Chzmotlter 2003:?-7:363i)—3 (ES!)

153. Voils SA, Evans ME, Lane MT, at al. Use ofmactolicles and tetracyclines for
chronic inflammatory clneascs. Ann Plmrmacather 200539286-94 (C53)

154. Tatnargc llj, Bolt RA, Bren: ll. Arigiogenesis inhibition by rninocycline.
CGHCKFRZS l99l;51:672—5 (B51)

155. Sapadin AN, Fleischmzjer R. Tetracyclines: Nonantibiotic prc-pertia: arid
their cliniml irnplicntions] Amzlmd Dcmmtol 2(lG6:,54:2S8-65 (C53)

156. l-lsbii TE Clinical dermatolog;, 4th ed. St Louiszhdoshy-Year Book, 2004,
pp 152-89 (C53)

157. Velicer CM, Hecltbert SR, l.arnpe_lVv§ et al. Antibiotic use in relation to
the risk of brmst cancer. jAMA XX)-=i;29l;827-35

158. Velicer CM, Eietzlibett SR, Rutter C, et al. Association between antibiotic
use prior to breast cancer diagnosis and brm tumour characteristics
(United Stats). Cancer Cattsa Corttrzsl (Netherlands) 200§;l?;3-D7-13

159. Garcia Rndriguez lA , Gonzalez-Perez A. Use of antibiotics and rislt of
lmzxna cancer. Am] Epsidetniologi 2005;161:516-9

160. Mactlonald A, Feiwel M. Perinral derrttatitis: aetiology and tzratrnettt with
tetracycline. Br] Derrrtatol l.§72;8'.';3l 5-9 ((253)

léljartsen T, Plewlg G. Rosana: classification and tzvsannetit. ] R Soc Med
l997;9ll:l*’H'—‘§0 (C53)

162. Fmcht-Peryj, Chayet AS, Feidrnan ST, et al. The ellect ofdo
ocular ma-tea. Am} Gpltiltalrtiol l939;l(l7:434-5 {CS2}

153. Wdkin _lK. patlttzpltysiology and trwtment. Arch Dmmrai
19a4:t3o:35sc2 (BS1)

164. Stone DU, Chorlcshj. Oral tetracyclines for ocular rosacat: an evidence-
based review nf the literature. Cameo 200431311069 (C51)

165. McCulleyjP, Du-ughertyjlvl, Denmu DG. Classifitafion ofchronic Hepha-
riuls. Oplttltnlttrolngy 19s2;s9;1173—s0 (est)

3156. lirucht-Pctyj, Sagi E, Heine l, Ever-Hadani ‘P Etficacy oftloxycycline and
tetracycline in ocular msacea. Am} Opliilxnlmal l9§3;1l6:88-92 (C§1't)

157. Seal DVI Wright P, Piclter 1., at al. Placebo controlled trial offnsidic acid gel
and o3ty1;etr'acy&c for recurrent blegsltaritis and nosacea. Br] Oplitltalmol
l.995;79:‘l2-5 (C51)

168. llceprich PD, Warshaner BM. Entry of four tet.racyv:.lines into saliva and
tears. Amtimicab Agents Chernotltcr l97‘§;3:33€}-«fl (B51)

159. Gull2enl<ianA,lviyers_], Freis D. l-i.atnsterflanltotganhytltt3laseandlig3ase
activityJ Invest Dcnnacol l98(l;75:2i§§§U92 (B51)

170. Aroriowicz JD, Shine WE, Oral D, et 221 Short term oral minocynlirie
treatment of rneilzornlartitis. Br} Oplttltalnwl 20(l6;90:856«60 (C332)

171. Y-no SE, Lee DC, ChangMil. The eilect oflnwdose doxycycline therapy in
chronic izieibotnian gland dysfilnction. Korma]Ophfltalmol 2005;19:258-
63 ((52)

172. Browning l)j,Pr0izAl3. Oct1lntmsacw.SurvOpltthalrtwl1986;31:145—58
(C33)

173. Esterly NB, Koranslcy IS, Fnrey Ni. ct al. Neutrcphil ebernotaxis in
patients with acne receiving oral tetracycline therapy. Arch Dermatol
l93=*’l;l20:.'l308—l3 (333)

174. Gilbardjl’. The scientific contest and ‘basis of the pharmacologic rnariage—
merit of dry eyes. Qplttltalnwl Clin Nari}: Am 2005;18:4‘:’5—S4,v (C53)

175. James M}, Giwtt RA. Cleland LG. Dietary pclyunsaturaterl fatty acids
and inflarnmatory mediator production. Am ] Clin Nutr 20(>0;7l.(1
Suppl}:3=i«3S«SS ($52)

176. Endim S, Gltorhani R, Kelley VE, at al. The efiect cl dietary supplernem
anon with 11-3 polyunsaturated fatty acids on the synthesis of inter—
leultin—1. and turner necrosis factor hy mononuclmr cells. N Eriglj Med

line an

177

0344



0345

DE‘vVS MANAGEMENT AND THERAPY

1989;320:265-71 {EB§U
177. _§a1'm5 M3. Cflstiand LG. ‘Dietary n-3 fatty acids and thesapy filo: xheumamid

arthriais. Sarmin Arthritis Rheum 1997:2785--97 (C53)
178. Kremcrjb/5. 21-3 {any acid sxxpplerxxxexxts in rheumamisi Am] Ciiya

Nut? 2{>0E);71(1 Supp1):3'«’r9S-51$ (C51?
179. Earabim S, Rolando M, Camicime R at al. Systemic lincfieic and gamm-

{inoienic acini therapy in dry eye syndrome with an ixxflammamry <:om~
pcmmt. Carma 2E)€33;22:9'i~l01 ((151)

180. Seedzar JA. iambene D, Bergmatm RB, Perry HE)” Filamenmry keraaifis
aeesascizstezi with dipheszhydmmine hydmchioride (iienadxyi). Am] Op?!»
Lhabvwl 1986;101:3793? ({l§3)

131. Moczs SE, Klein R, Kiein BE. Prcvalen-‘:2 of and risk factors far dry eye
syndmme. Arch G-ghtiutiznraol 2000;118:1264»-68

1232. Made: TH, Stulting RD. Kmatcwnjunctivms 5icca caused by diphemm
yiaze hydrochioxidez with atmpimt suxlfate (Lsmotfl). Am ] Opiuhabml
1991',H1:3':’7-8 (C52?

3.83. Isubata K, Naicarmam K. Dry eyes ms}, vide<:- siisplay tmninals. N Engl _;'
Med 1993;25;3lB~:5Eir§ (C52)

184. Mamba AY, Harria: 0}, Mark D8, at al. Dry eye syndrome, American
Amxiamy of Ophthaimoingy. 2003

185. Behrms A, Dz:-ylejj, Stem L, at al. Dysfurzctionrsl mtsymimme: A Delphi
appmach to trwrmarnt rexmmmemdafions‘ Czmsza 20€)6;2S:90€)«'i

178 THE CCULAR SURFACE I AFREL 2307, VOL. 5, NO. 2 I Wwwztheocularsurfacacom

 
0345



0346

EXHBET E

0346

EXHBET E

0346


