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The Epidemiological Perspective

*cartoons taken from Epidemiology 3™ Edition by Leon Gordis




Annualized incidence of MK in the Annualized incidence of MK in the
pre-silicone hydrogel era Silicone Hydrogel era

1 Schein et al 2005 Ophthalmology
— 18 per 10,000
— lotrafilcon A 30 day continuous wear

New 8 Conventional 4.1 (95 % CI 2.9-5.2) Cl15.1-26.7)
England Low Dk

Holland Cx:m::gnonal 35 (2.7-4.5) 20.0 (10.3-35.0) 2 Stapleton et al 2008 Ophthalmology
Disposable

Low Dk —11.9 per 10,000 SH daily wear
—25.4 per 10,000 SH extended wear
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Modern Studies Assessing Risk for MK (Stapleton et al 2008)
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Dart Case Control Study

Planned REFERENT
Replacement Soft

Dart Case Control Study

Risk Factor Relative Risk

Planned REFERENT
Replacement Soft

018y 0}628!
Daily Disposable 0.009

Dart Case Control Study

Planned REFERENT
Replacement Soft

Dart Case Control Study

Risk Factor Relative Risk

Planned REFERENT
Replacement Soft

Si-Hy 1.16 0.525
o8

OhEFSolis 0,7 0),¢)

Daily Disposable |1.56 0.009




Dart Case Control Study Influence of lens type

Planned REFERENT
Replacement Soft
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Daily Disposable 0.009

P. Aeruginosa MK




Australian_stud London Stud
Odds Ratio Odds Ratio

Occasional overnight
use

Poor storage case
iene

onl
Purchase of lenses 4.76 (during daily wear only)
from internet or mail
order

ot always
washing before
cleaning

ays wear per wi 6
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lens use onl
High socioeconomic 66 2.76 (during
class (during extend
daily wear) | wear)

[Hyperopa [ Tizm ]
[Age>ss0 [ Tod45(protective) |
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Modifiable and non-modifiable

risk factors for microbial keratitis

Modifiable R

Factors

Occasional overnight 3.96

use

Regular overnight use ¥ ATTITUDE/
Poor storage case 3.70 (during daily wear only)

hygiene

Smoking 2.96 (during daily wear RISKY
anly)
Purchase of lenses 7.76 (during daily wear only) BEHAV|ORS

from internet or mail
order

Not always hand
washing before
cleanin

>2 days wear per week
(compared to <=2) (3-5 days Cl wear per
week]
<=6 months contact | 4.42 (during extended wear _
only)

High socioeconomic— | 2.66 2.76 (during
class (during extended
daily wear) | wear)

(protective;
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Poor storage case 3.70 (during daily wear only)
hygiene
onk

Purchase of lenses 4.76 (during daily wear only)
from internet or mail
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Not always hand

washing before

cleaning

>2 days wear per week 3.46

(compared to <=2) (3-5 days Cl wear per
week]

MICROBIAL
CONTAMINATION

Purchase of lenses 4.76 (during daily wear only)
from internet or mail

order

Not always hand ‘
washing before

cleaning

>2 days wear per week 3.46
(compared to <=2) (35 days Cl wear per
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0.45 (protective;
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Comparative Risk of Microbial Keratitis with Health-Related Risks
Comparative Risk of Microbial Keratitis with Other Ocular Diseases
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: P What is the rate of
Comparative Risk of Microbial Keratitis with Non-Health-Related Risks
Lens, Case and Care System
= Larceny-Theft

c . .
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I3 Violent Crime % potor vehicle Theft . ¢ |
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H

- Murder Care Systems: All can be contaminated,
38X including up to 30% of preserved products
1
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Comparative Risk
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MK more likely

MK less likely

From Microbial Contamination of Contact Lenses and their Accessories: A Literature

Doview: Q@7r7ntla_.Chinn Daarlman Channniim ECL March 2010

Lens Organisms: Frequency (%) of isolation in
LASH STUDY: LASH Study

Lens Microbiology
Pathogical organisms found at Lactobacilus

Pseudomonas Fluorescens,
at least one visit T
Proteus

Enterobacter cloacae

Serratia

Bacillus

Stenotrophomonas

Haemophilus’

Corynebacterium

Viridans Strep

Staph Aureus

CNS

10 20 30 40

Frequency (%) of isolation across
OOR Lens all visits

ML Lens




Lens Contamination

Over half (about 56-65%) of worn lenses are found to
harbor microorganisms, almost exclusively bacteria
Lens handling greatly increases the incidence of lens
contamination

The ocular surface has a tremendous ability to destroy
organisms

The presence of ocular pathogens is typically sporadic
and unpredictable

Lens deposits influence bacterial adherence differentially

depending on lens substrate
Variable opinions on whether silicone hydrogel lenses

differ from traditional pHEMA lenses in terms of levels or

frequency of bacterial colonization in vivo

System Contamination

Rates of Contamination
100%

Used Preserved Saline

Soft Lens Cleaner 6-15%

Soft Disinfecting Solution 0-17%
(*may include peroxide)

Hydrogen Peroxide Soft
Disinfecting Solution

Eyedrops (artificial tears or
contact lens rewetting
drops)

RGP Cleaning Solution

RGP Wetting and Soaking
Solution

Bacterial Adhesion Studies

Organism

Pseudomonas

Santos etal | Normal Flora or
2007 in vivo contamination

lotrafilcon A & B,

%l
galyfilcon No

difference

Santos etal | Staph. Epi lotrafilcon A & B,
2008 balafilcon A, galyfilcon

Case Contamination

1 The incidence of positive microbial bioburden
within storage cases ranges from 24-81%

1 ¥ of studies report an incidence of greater than
50%

m Biofilms are considered the major culprit
resulting in transfer of resistant organisms from
the lens case to the lens surface

a Lens care solutions have varying efficacies
against biofilm
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Annualized incidence of MK Studies of Microbial Colonization of Hydrogel Contact Lenses

Year Lens Type Annualized Incidence pe ! «Sankaridurg, et al 330 subjects, 4,321 lenses cultured at LV Prasad Eye Institute
e «Sterile lenses
*42% during “asymptomatic” wear
+23% during CIE
+P<0.0001
*Gram-negative bacteria
+3.8% during “asymptomatic’ wear
#23.7% during CIE
+P<0.0001

New Conventional 4.1
England Low Dk

Holland 1999 Conventional 3.5

Conventional 2.7 Not available
and
Disposable

H. parainfluenzae, Haemophilus, Streptococcus pneumoniae
Low Dk > B g C

Australia  3.04 Low Dk soft 2 Staph. Aureus cultured

Si Hy 119
Haemophilus influenzae cultured

c anc Serratia s, Pseudomonas putida, and Pseudomonas aeruginosa

infiltrates

The Longitudinal Analysis of Silicone Percentage of subjects with culture positive
Hydrogel (LASH) Contact Lens lenses stratified by visit and presence of

infiltrate

Study

1 205 patients in lotrafilcon A 30 day CW No'nfiltrative | During Infitrative Event
1 Primary outcome: corneal inflammatory event = P
(CIE)
1 Main exposure:
— Corneal staining *p value compared to asymptomatic events
1 Other key/interacting variable:
— Bacterial contamination of study lenses
— Tear immunomodulators

Substantial bacterial 53% 74%
bioburden




Unadjusted cumulative probability of remaining CIE free
stratified by presence or absence of substantial bioburden on
study lenses over 1 year of follow-up

Substantial lens bioburden is associated

with at least an 8 fold (800%) increased

hazard for a CIE regardless if the CIE is
symptomatic or not

Log Rank Test
P<0.0001

HR 8.66

Is there any association between
contact lens bioburden and
discomfort?

2 YES! The Evolving Standards of
1 LASH STUDY Lens Care

— Subjects that reported discomfort preventing

continued EW were more likely to
harbor substantial bioburden then subjects
who did not report discomfort

— Direction of association is unclear

.
NIZEN S=HOOL OF MEDICIME University Hospitals
C '.__\slz \\\}':If- [_l-llcl.\kl{l SERVE Case Medical Center




OUTLINE

Role of ISO, ANSI and FDA in Lens Care
Standards

FDAs role in Safeguards for Contact Lenses and Care

Products

Proposed Silicone Hydrogel Lens Groupings for Lens

Care Product Testing
— Recent and relevant FDA publications
Biofilms as an example of Lens Care Efficacy
Testing
Definition of Biofilms
Fusarium spp
Bacterial Biofilms

Role of ISO, ANSI and FDA in Lens Care
Standards

ISO (International Organization for Standardization) and ANSI (American National
Standards Institute) develop industry standards that are often adopted by regulatory
agencies such as the FDA

ntact lens standards committee includes representatives from approximately 20

— body accredited by the US government that represents the US at the ISO in the area of
ophthalmic products (ANSI Z80 Committee)
— ~20 members include
1 FDA
Contact Lens
Contact Les
Ame

Amei my of Ophthalmology
Opticiar iation of America
FDA
— Part of ANSI Z80 Committee
le in the developy ANSI standards
idance Documes ich describe their interpretation of regulatory

The Contact Lens Event of 2012

t Lenses and Care

Care Produd
— Recent and
Biofilms as a
Testing
—  Definition of
—  Fusarium spji
— Bacterial Bid

Mhva Adminlsiniio s ol e o Bl bing
q Sateguards for Cantact Lenses and
Contact Lens Care Products

1 All RGP, DW SCLs and care products are Class Il Devices
— Require 510K submissions for marketing clearance
1 EW CLs are Class IlI
— Require Premarket Approval (PMA)
DW CL guidance 1994
Contact Lens Care Products 1997

Consumer confidence erodes in 2006 and 2007 after Fusarium a
AK outbreaks

FDA Ophthalmic Devices Panel and AK Meetings 2008 and 2!
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DA PLAN FOR THE IMPROVEMENT OF CL SAFETY

1. Research Plan to improve Preclinical Testing
1 Physiochemical properties of SH lenses for better subcategorization
1 Antimicrobial efficacy in presence of contact lens (preservative uptake)
1 Acanthamoeba testing
2. Guidance to manufacturers on labeling
12012 Draft addendum to Care Products Guidance Document
— Remove “No-Rub” labeling and recommend Rub-n-rinse
— Topping Off Risk Warning .
— Tap Water Exposure Warning
— Discard Date Advice
3. Education
1 Patient Education Video
1 Updating FDA CL Website
1 Consumer articles

M L e ey e

New Proposed SiHy groupings

Groupl Group 3 Group 4
Low Water Low Water High Water
Non-lonic lonic lonic

Low Water
Non-lonic
Non-surface Tx
Hydrophilic
monomer

Low Water
Non-lonic
Non-surface Tx No water
Semi-interpen net specification
poficon A lonic

Low Water
Non-lonic
Surface Tx

1 Evaluated Associations with
Preservative Uptake
— Water Content
— lonic Charge
— Effective Pore Size

[ S —

The Effects of Contact Lens Materials on MPS
Disinfection

14



The Effects of Contact Lens Materials on MPS
Disinfection

Strategies to Optimize Con
Contact Lens Seduti

1 Suggested protocols for Acanthamoeba growth
and encystment in testing methods

The Effects of Contact Lens Materials on MPS

Disinfection

CONCLUSIONS

*Materials differentially affect preservative concentration

*Preservative uptake influences solution efficacy

*ISO Guidance Documents updated in 2010 to consider testing these

interactions

*FDA “now recognizes” these standards

=Problems with this approach: products most affected by the
preservative uptake models are not those associated with

epidemiological issues

*Ex. etafilcon A

Biofilms as an example of Lens
Care Efficacy Testing

PhD, Changping Yu, PhD,
K. Mukherjee, PhD

1 |dentified biofilm forming
ability of Fusarium outbreak
clinical isolates
Evaluated efficacy of
implicated products against
Fusarium outbreak isolates
Evaluated efficacy of other
MPS and peroxide
disinfection on Fusarium
outbreak clinical isolates
Identified biofilm forming
ability of bacterial clinical
CIE isolates
Evaluated efficacy of MPS
and peroxide disinfection on
bacterial CIE-clinical
isolates
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Planktonic 5000 X Biofilm

P. aeruginosa (PA 9027)
- i -

S. aureus (SA 6538)
-

Biofilms can form in vivo

BACTERIAL ADHERENCE AND GLYCOCALYX FORMATION ON

Keragiis Oushreak tsdates
smicrubial Neslstarse ol

Ability to form biofilms is a key pathogenicity determinant !
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XTT OD (492 nm, Mean + SD)

O F. solani
W C albicans

11

Etafilcon A Galyfilon A Lotrafilcon A Balafilcon A Alphafilcon A Polymacon

Soft contact lens

Thickness (um)

600

500

400

300

200

100

Etafilcon A

[ F. solani
M C. albicans

Galyfilcon A Lotrafilcon A Balafilcon A~ Alphafilcon A~ Polymacon

Soft contact lens

CFU determination
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SUBJECTS & CONTACT LENS

 Four subjects wore contact lenses daily for six
hours

« balafilcon A etafilcon A lotrafilcon A

Efficacy of Various Solutions against mature F. solani
biofilms

Efficacy of various solutions
against planktonic Fusarium solani
cells

:

Increased Resistance of Contact Lens—Related Bacterial
Biofilms to Antimicrobial Activity of Soft Contact Lens
Care Solutions

1 Cornea Journal 2009

1 To assess the antimicrobial activities of
contact lens care solutions against
bacterial cells grown under planktonic or
biofilm conditions.

University Hospitals
Eye Institute

18



CMM:

Center for
Medical
Mycology

Contact lenses of a patient with contact lens] ~ at CWRU

acute red eye (CLARE) in the Longitudinal

Analysis of Silicone Hydrogel (LASH) contact

lens study®

Contact lenses of a patient with infiltrative

keratitis the Longitudinal Analysis of Silicone

Hydrogel (LASH) contac

S-aureus
polyquaternium-1) 0.001%; Aldo:

[OPTI Free Replenish
(myristamidopropyl dimethylamine) 0.0005%

Contact lenses of a patient with infiltrative

EAR CARE [Hydrogen peroxide 3% keratitis the Longitudinal Analysis of Silicone
o
__ Hydrogel (LASH) cont study®

Multiple Strair each Bacteria form Biofilm on Lotrafilcon A Lenses

Ultrastructural/ scanning EM analysis of Bacterial Biofilms fi ed on
Lotrafilcon A lenses

Calony forming untis (log CFU/mML, mean +i- 50)

&

. aeruginosa 5. marcescens

Strain




Log Reduction at Disinfection Time

Confocal analysis of
the architecture of

biofilms formed by P.

aeruginosa, S.
marcescens and S.
aureus. Panels
show orthogonal
view of biofilms
formed on silicone
hydrogel contact
lens by (A) P.
aeruginosa, (B) S.
marcescens, or (C)
S. aureus.
Magnification, x40.

{E) Biofilm B F asruginosa

B 5. 2ursus
5. marcescens

MultiPlus  Maoistureloc Anuify Comoalete OptiFres  Clear Care

Lens Care Selutien  » p<0 05 compared
to untreated control

Contac s Solutions are Active Against P b oxeymusoime;
Forms of Bacteria

(A) Planktonic =P semiginass
91 B sureus

S. marcescens

Log Reduction at Disinfection Time

Multiflus  Moistureloc  Aguity Complete Optitree  Clear Cars

Lens Care Solution

Summary & Recommendations

1 Expand SH lens groups

1 Addition of lens to testing methods of
solution efficacy

1 Evaluation of recent, applicable clinical
isolates in testing regime

1 Evaluation of biofilm producing strains
1 Incorporation of Acanthamoeba testing
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