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L
m AREDS2 Study Design

» Multi-center--Academic and
Community Centers (82)

» Randomized
> Parallel

» Double-masked
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AREDSZ Clinical Sites
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Study Design



o
m AREDS 1 Formulation

* Vitamin C (500 mg)

* Vitamin E (400 IU)

» Beta Carotene (15 mg)
 ZInc (80 mg zinc oxide)

* Copper (2 mg cupric oxide)



Rates to Advanced AMD

cstimateq AMD Categories 3 and 4 by Treatment Group
Probability Placebo
Antioxidants
40% | Zinc
Antioxidants + Zinc
30%
20% 20%
10% 25% Risk Reductions
P vs. A+Z — p<0.01
Pvs.Z-p<0.01
0) | |
0% 0 1 2 3 4 5 6 7
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= .Long-Term Rates to Advanced AMD

A

AMD Categories 3 and 4 by Treatment Group

Estimated
Probability Placebo 44%
Antioxidants
40% |- Zinc
Antioxidants + Zinc /
30% L
4%

20%

27% Risk Reduction |<-
Pvs. A+Z - p<0.01
Pvs. A-p<0.01

7 8 9 10

10%

0%




=~ Development of Advanced AMD
AREDS Categories 3 & 4

® Antioxidants ® Zinc ® Antioxidants+Zinc

*—o—0

Advanced AMD O—C—)
o—o—o

Neovascular AMD @

Central GA O O ®
O e ®

0.22 0.37 0.61 1 1.65 2.72
Protective Odds Ratio (95%CI) Harmful
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Lutein/Zeaxanthin

Spinach, Kale and Collard Greens

Omega-3 Long-chain Polyunsaturated Fatty Acids

(LCPUFAs) (DHA/EPA)

e
o




Self-reported Dietary Lutein/Zeaxanthin

f= Associlation with Baseline AMD Status

Highest Intake vs. Lowest Intake (Quintile)

Large Drusen
Geographic Atrophy

Neovascular AMD

0.2

Favors High|Favors Low

——

04 0608 12162
Odds Ratio (95%Cl)




Self-reported Dietary Omega-3 Fatty Acids
"o=os Association with Baseline AMD Status

Highest Intake vs. Lowest Intake (Quintile)

Favors High |Favors Low

Baseline
Neovascular AMD e e
Incident
Central GA e e
Advanced AMD ——

0.25 05 0.751 1.5 2.25

Odds Ratio (95%Cl)




m AREDS-2 : Primary Objective

To evaluate the effect of dietary
xanthophylls (lutein and zeaxanthin)
and/or omega-3 long chain
polyunsaturated fatty acids (DHA and

EPA) on progression to advanced
AMD



L
m AREDS?2 Study Design

Dietary Supplements
» Carotenoids:
Lutein 10 mg/Zeaxanthin 2 mg
 Omega-3 Long Chain Polyunsaturated
Fatty Acids (LCPUFA) ~ 1 gm
350 mg Docosahexaenoic Acid (DHA)
650 mg Eicosapentaenoic Acid (EPA)



L
m AREDS2 Study Design

Ocular Characteristics

> Bilateral large drusen

» Advanced AMD In one eye and large drusen
In the fellow eye

A study eye may have definite GA not involving the
center of the macula without evidence of drusen



Inclusion Criteria

Bilateral large drusen (large drusen is defined as
at least one large druse > 125u)




Inclusion Criteria

Large drusen in one eye and advanced

AMD in the fellow eye

Neovascular AMD Central GA



L
m Run-In Period

» Qualification Visit

» Participants received a 1-month supply of
placebo tablets (30 tablets and 60 soft-gels)

» Eligible for randomization if at least 75% of
run-in supplements was consumed
(estimated pill count)



L
m Run-In Period

» Participants received a 1-month supply of
AREDS-type supplements (60 soft-gels)

» Grand total = 5 pills (1 tablet and 4 soft-
gels) dally during run-in period

» Centrum Silver to be offered following
randomization (final total=potentially 6 pills)



Inclusion Criteria

» Age 50 to

85 years at Qualification

» Study eye(s) with fundus photographs

assessed
adequate

oy the Reading Center to be of
ohoto quality

» Pupillary ©

llation > 5 mm in each eye for all

participants, except for pseudo/aphakic eye
with adequate quality fundus photographs

» Randomization within 3 months
» Taking at least 75% of run-in medication



L . L
m Inclusion Criteria

» Abllity and willingness to sign informed consent

» Willingness to stop taking any supplements
containing study nutrients

» Likely to be avalilable, willing, and able to
undergo examinations at yearly intervals for at
least 5 years



L . L
m Exclusion Criteria

» Ocular disease In either eye which may
confound assessment of the retina, other than
AMD

» Previous retinal or other ocular surgical
procedures (other than cataract surgery)

» Systemic or ocular medication known to be
toxic to the lens, retina, or optic nerve



L . L
m Exclusion Criteria

» Supplementation with > 2 mg of lutein
and/or > 500 mg of omega-3 LCPUFAs for
a period of 1 year or more prior to the date
of randomization

» Intraocular pressure > 26 mm Hg, or
evidence of glaucoma

» Cataract surgery within 3 months or
capsulotomy within 6 weeks prior to
gualification

» History of lung cancer



L . L
m Exclusion Criteria

» Any systemic disease with a poor five-year
survival prognosis

» Hemochromatosis, Wilson’s Disease, or history
of oxalate kidney stones

» Any condition that would make adherence or
follow-up difficult or unlikely

» Participation in other studies likely to affect
adherence with AREDS2 follow-up schedule

» Treatment with systemic anti-angiogenics for
treatment of CNV or cancer



@A) Primary and Secondary
outcomes

Evaluate the effects of dietary supplements:
* Progression to advanced AMD
* Progression to moderate vision loss

» Disease progression on the AMD scale
* Time to cataract surgery

* Progression of lens opacity



m Primary and Secondary
Outcomes

Evaluate the effects of dietary supplements:
» Cardiovascular Morbidity and Mortality

* Cognitive function status
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n/Zeaxanthin and Omega-3 Supplementation Trial

Primary Randomization

Randomized
Participants

Control*
1000

Lutein/Zeaxanthin DHA/EPA
1000 1000

L/Z + DHA/EPA
1000

*No placebo group because AREDS
treatment considered standard care

AREDS-I

Type
Supplements




AREDS2 Secondary Randomization

AREDS 1-Type Supplement

Vitamin C Vitamin E f-carotene Zinc Oxide Cupric Oxide

1 500 mg 400 U 15 mg 80 mg 2 mg
2" 500 mg 400 1U 0 mg 80 mg 2 mg
3 500 mg 400 U 15 mg 25 mg 2 mg
4* 500 mg 400 U 0 mg 25 mg 2 mg

*Smokers were randomized to one of two arms without beta-carotene.



m Smokers

If a participant was a current smoker
or a former smoker who has quit
within the last year he or she was
randomized to one of the two arms
without beta-carotene. Smokers were
not given the original AREDS-type
supplement.
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AREDS?2-2"d Randomization
Modification of AREDS formulation

Randomized
Participants

7

\ T

AREDS
Formulation

AREDS
minus Beta -
Carotene

AREDS
+ Low
Zinc

AREDS minus
Beta-Carotene
+ Low Zinc




m Secondary Randomization

Randomized
Participants

//\\

Placebo Wy4 DHA/EPA L/Z + DHA/EPA
No AREDS-| ‘ AREDS-I Type AREDS
Supplements Supplements

AREDS ||No R-C || Low Zn || No R-C & Low Zn




Study Design

Randomized
Participants

n=4203
Control Lutein and DHA and Lutein/Zeaxan-
Zeaxanthin EPA thin + DHA/EPA
A\ 1012 1044 1068 1079

Wry Randomization




Study Design

Randomized
Participants
n=4203

Secondary Randomization

Non- <
Randomized

Non-

N

AREDS minus
R-Carotene

N\ 659 863

AREDS
+ Low Zinc
689

AREDS minus
R-Carotene + Low
Zinc 825

-~



0 Age-Related Eye Disease Study 2
ein/Zeaxanthin and Omega-3 Supplementation Trial

Statistical Analysis

Assumed majority of AREDS2 participants would
take some form of AREDS formulation

Assumed an additional 25% reduction for the
progression to AAMD (a = 0.013)

Placebo L/Z DHA/EPA L/Z + DHA/EPA
I ? A

Intention-to-Treat Analyses
Unit of analysis was by eye
Time-to-event analyses (Cox Proportional Hazards)
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Hazard Ratio Tree

Favors | Favors
Treatment | Placebo

Favors Treatment —

Not Statistically Significant

Favors Placebo

95% CI

H
Hazard Ratio Hazard Ratio (95%Cl)

0.6 08 1 121416
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Age-Related Eye Disease Study 2
(AREDS?2)

Study Results
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Lutein + Zeaxanthin and Omega-3 Fatty

Acids for Age-Related Macular Degeneration
The Age-Related Eye Disease Study 2 (AREDS2)
Randomized Clinical Trial

The Age-Related Eye Disease Study 2
(AREDS2) Research Croup®

GE-RELATED MACULAR
Adcgcncram:-n (AMD), the
leading cause of blindness
in the developed world,

accounts for more than 30% of all
blindness tn the United States.” In
2004, it was estimated that 8 million
individuals had intermediate AMD,
defined as bilateral drusen, and
approximately 2 million had advanced
AMD, ether neovascular AMD or geo-
graphic atrophy.® Although intraocu-
lar drugs that inhibit vascular endo-
thelial growth factor are corrently
available for treatment of neovascular
AMD,® no effective therapies are
proven for atrophic AMD. Without
more effective ways of slowing pro-
gresston, the number of persons with
advanced AMD is expected to double
over the next 20 years, resulting in
increasing socoeconomic burden *
The Age-Related Eye Disease Study
(AREDS) demonstrated that daily oral
supplementation with antioxidant vi-
tamins and minerals reduced the risk
of developing advanced AMD by 23%
at 3 years.' Animal stodies™” and epi-
demiologic studies provide a rationale
for examining the potental effects of
other nutrients on the development of
advanced AMD. Observational stud-
s snggest that higher dietary intake of
lutein + reaxanthin, omega-3 long-
chatn polyunsaturated fuy acids (doco-
sahexaenodc acid [DHA] and eicosap-
entaenoic acid [EPA]), or both are
associated with a decreased risk of de-
veloping advanced AMD. ™ Lutein and
zeaxanthin are the main components
of the macular pigment, DHA is a ma-

Importance Oral supplementation with the Age-Related Eye Disease Study (AREDS)
formulation {(antioxkdant vitamins C and E, beta carotene, and zinc) has been shown
o reduce the sk of slon to advanced age-related maoular degeneration (AMD).
Observational data suggest that Increased dietary Intake of lutein + zeaxanthin
{marotenolds), omega-3 long-chaln polyunsaturated fatty adds (docosahexaenoc aod
[DHA] + elcosapentaenalc add [EPAL), or both might further reduce this sk

Objectives To determine whether adding lutein + zeaxanthin, DHA + EPA, or both
to the AREDS formulation decreases the risk of developing advanced AMD and to evalu-
ate the effect of eliminating beta carotens, lowenng zinc doses, or both in the AREDS
formulation.

Deslgn, Setting, and Participants The Age-Related Eye Disease Study 2 (AREDS2),
a multicenter, randomized, doubde-masked, placebo-controlled phase 3 study with a
2 2 factonial design, conducted in 2006-2012 and enmolling 4203 participants aged
50 to &5 years at nsk for progresston to advanced AM D with bilateral large drusen or
large dnsen in 1 eye and advanced AMD in the fellow eye.

Interventions Participants were randomized to recefve lutein (10 mgy + zeman-
thin {2 mgy, DHA (350 mg) + EPA (650 mg), htein + zeaxanthin and DHA + EPA, or
placebo. ANl participants were also asked to take the orginal AREDS formulation or
socept a secondary randomization to 4 vadations of the AREDS formulation, indud-
Ing elimination of beta carotene, lowerng of zinc dose, or both.

Maln Owtcomes and Measures Development of advanced AMD. The unit of analy-
se5 used was by eye.

Results Median follow-upwas 5 years, with 1540 study eyes (1608 parsdpants) pro-
gressing to advanced AMD. Kaplan-Meler probablities of progression to advanced AMD
by 5 years were 31% (493 eyes [406 partidpants]) for placebo, 20% (468 eyes [300
participants]) for lutein + zeaxanthin, 31% (507 eyes [416 partidpants]) for DHA + BP,
and 30% (472 eyes [3B7 partidpants]) for hutein +zexanthin and DHA + EPA. Com-
partson with placebo in the primary analyses demonstrated no statistically sgnificant re
duction in progression o advanced AMD (hazard ratio [HR], 0.90 [9B.7% CI, 0. .'-E
1.071; P=.12 for hetedn +zeaxanthin; 0.07 [98.7% O, 0.82-1.16]; P=70for DHA + EPA;
0,89 [98.7% Cl, 0.75-1.06]; P=_10 for lutein + zeaxanthin and DHA + BPA). There was
no apparent effect of beta carotene elimination or lower-dose zinc on progression o ad-
wanced AMD. More hing cancers were noted In the beta carotene vs no beta carotene
group (23 [2.0%] vs 11 [0.9%], nominal P= 04}, mosty in former smokers.
Conclusions and Relevance Addition of lutein + zexeanthin, DHA + EPA, or both
to the AREDS formulation In primary analyses did not further reduce risk of progres-
son to advanced AMD. However, because of potential increased inddence of hung
cancer in former smokers, lutein + zeaxanthin could be an sppropriate carotenold sub-
stitute in the AREDS formulation.

Trial Registration dinicaltrials gov Identifier: NCTO0345176

JAAA. B0 309790l 10, 100, fama 034597 “araa oo
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Age-ReIated Eye Disease Study 2

1/Zeaxanthin and Omega-3 Supplementation Trial

AREDS?2 Enrollment and Study Conduct

« 5178 Screened
« 4203 Enrolled (2006-2008)
3% Lost to Follow-up
6% Died
 Median Follow-up: ~5 Years
« Study End: October 2012
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Participant Characteristics

Race 97% White/ 1% Black
Age 74 yrs (median)
Female 57%

Diabetes 13%

Smoking Status 50% Former / 7% Current
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Ocular Characteristics

AMD Status

Large Drusen — Bilateral 65 %
Advanced AMD-1eye 35%
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Ocular Characteristics

Lens Characteristics

Phakic — Bilateral 68%
Pseudophakic/Aphakic —1 Eye 7%
Pseudophakic/Aphakic — Bilateral 25%
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AREDS2 Adherence to Study
Compliance with Study Supplements

Discontinued Study Medications — Continued FU

* 7% — Primary Randomization Supplements

* 6% — Secondary Randomization Supplements

Continued Study Medications — Continued FU
* 84% — Took 275% of Study Supplements
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AREDS2 Adherence
“Drop-Ins” with Non-Study Supplements

« 3% — Took Lutein/Zeaxanthin on their own

e 11% — Took DHA/EPA on their own
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AREDS?2 Dietary Intake and Serum
Levels of Study Nutrients

« Harvard Dietary Assessment
» Baseline administration
« Highly nourished cohort
« Serum levels at baseline, 1, 3, & 5 years

 Compared with National Health and Nutrition
Examination Survey (NHANES)

« Statistically significantly higher in AREDS2
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Competitive Absorption of Carotenoids

* Administered Two Carotenoids Simultaneously

« Beta-Carotene

e Lutein/Zeaxanthin

« Serum Levels of Lutein

* Increased 2-fold in L/Z supplement group

* Increased less when given with beta-carotene
(p=.02)



Age-Related Eye Disease Study 2

(Zeaxanthin and Omega-3 Supplementation Trial

Estimated
Probability Probability of Progression to AAMD
40%
Placebo - AREDS
L/Z 210 312
30% | DHA/EPA

L/Z & DHA/EPA

20% |

10% ¢
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Primary Randomization

Randomized
Participants

4203
Placebo Lutein/ Lutein/Zeaxanthin
(Control) Zeaxanthin DHA/EPA DHA/EPA

| a 4k

Three Primary Analyses
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Primary Outcome Analyses
Progression to Advanced AMD

Favors | Favors
Treatment | Placebo

Lutein/Zeaxanthin

DHA/EPA

Lutein/Zeaxanthin+DHA/EPA

Placebo (reference)

1 1 1 1 1
0./ 08 09 1 1.11.21.3

Hazard Ratio (98.7%CI)
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Primary Randomization

Randomized

Participants
4203

Placebo Luteln/_ DHA/EPA Lutein/Zeaxanthin
(Control) Zeaxanthin DHA/EPA

Analyses of Main Effects of
Lutein/Zeaxanthin vs. No Lutein/Zeaxanthin



Post-Hoc exploratory analysis of effects of
Lutein/Zeaxanthin

Drigiral imvecsthT n | OLURICAL TRIAL

Secondary Analyses of the Effects of Lutein/Zeaxanthin
on Age-Related Macular Degeneration Progression
AREDSZ Report No. 3

" A -Srtried I Do Sk 2 (A BTS2 Rewmerch G

E Echiorial pagm 135

Suppirmanisl covies

LD T Ty DT

Tree To further examing th affact of lubein/enantin spplementationon
prograsion 1o kg AMD

4 iD M asars Dooumened development of i AND by central, maskac
grading of annual ratinal photogrpis of by teatmant histhony:
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Progression to Advanced AMD by Primary
and Secondary Randomization Main Effects

Favors | Favors
Treatment | Control

L/Zvs.No L/Z HR=0.90
DHA/EPA vs. No DHA/EPA
Low Zinc vs. High Zinc

Beta-Carotene Yes vs. NO

0.8 0.9 1 1.1 1.2
Hazard Ratio (95%CI)
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Comparison of Lutein/Zeaxanthin vs.
no Lutein/Zeaxanthin

Advanced AMD: HR: 0.90 P=0.04

10% additional reduction in the risk of
progression to AAMD with lutein/zeaxanthin

Other HRs were not statistically significant
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Progression to Advanced AMD by Quintiles
Dietary Intake of Lutein/Zeaxanthin

L/Z Dietary
Intake Quintile

Favors L/Z | Favors No L/Z
Lowest 1 HR=0.74 ———B——
2

4
Highest 5

05 06 07 0809 111 13 15
Hazard Ratio (95%Cl)
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Lutein/Zeaxanthin vs. no Lutein/Zeaxanthin
Lowest Quintile of Dietary Lutein/Zeaxanthin

* Lowest Quintile — 26% Reduction in Risk (p<0.01)

* Higher Quintiles — Not Statistically Significant
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Progression to Neovascular AMD or
Central Geographic Atrophy (CGA)

Exploratory Analyses of Lutein/Zeaxanthin

Favors | Favors
L/Z | No L/Z

Advanced AMD HR=0.90
Neovascular AMD HR=0.89

Central Geographic Atrophy

06 0708091 12 14
Hazard Ratio (95%Cl)
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Comparison of Lutein/zeaxanthin vs.
no Lutein/Zeaxanthin

Advanced AMD: HR: 0.90 P=0.04

10% reduction Iin the risk of progression to
AAMD with lutein/zeaxanthin

Neovascular AMD: HR: 0.89 P=0.05

11% reduction in the risk of progression to
neovascular AMD with lutein/zeaxanthin

Not statistically significant reduction for CGA
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Compare AREDS Formulation with
AREDS Formulation with Lutein/Zeaxanthin
Substituted for Beta-carotene

AREDS Formulation with Beta-Carotene
N = 683
VS.
Lutein/Zeaxanthin plus

AREDS Formulation minus Beta-Carotene
N =674




m Secondary Randomization

Randomized
Participants

7 N\~

Placebo L/Z DHA/EPA L/Z + DHA/EPA
No AREDS-| AREDS-I Type AREDS
Supplements Supplements

AREDS @)l No R-C [ Low Zn || No 3-C & Low Zn




m Secondary Randomization

Randomized
Participants

P

Placebo L/Z DHA/EPA L/Z + DHA/EPA
No AREDS-| AREDS-I Type AREDS
Supplements Supplements

_ N\
AREDS Low Zn [(No R-C & Low Zn )
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Estimated Probabllity of Progression to AAMD

Probability
40%

AREDS with C 34%
AREDS without BC with L/Z P

30%

20% ¢

10% ¢
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Progression to Advanced AMD
Exploratory Analyses of Lutein/Zeaxanthin

Favors AREDS minus | Favors

beta-carotene /[Z | AREDS
Advanced AMD HR=0.82
Neovascular AMD HR=0.78 @

Central Geographic Atrophy

06 0708091 12 14
Hazard Ratio (95%Cl)
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L/Z plus AREDS Minus Beta-Carotene
vs. AREDS (with Beta-Carotene)

Advanced AMD: HR: 0.82 P=0.02

18% reduction in the risk of progression to
AAMD with lutein/zeaxanthin

Neovascular AMD: HR: 0.78 P=0.01

22% reduction in the risk of progression to
neovascular AMD with lutein/zeaxanthin

Not statistically significant for CGA
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Visual Acuity Outcomes

Exploratory Analyses of Lutein/Zeaxanthin

Visual Acuity
VA Loss 10+ Letters
VA Loss 15+ Letters
VA Loss 30+ Letters
VA Worse Than 20/100

Favors L/Z JFavors No L/Z

0.8 0.9 1 1.1 1.2
Hazard Ratio (95%Cl)

* Eyes with NV-AMD included in all VA loss groups




0 Age-ReIated Eye Disease Study 2
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Visual ACUlty Outcomes
Lutein/Zeaxanthin vs. Beta-Carotene

Favors AREDS Minus|Favors

Visual Acuity Beta-Carotene with L/Z]| AREDS

VA Loss 10+ Letters

VA Loss 15+ Letters

VA Loss 30+ Letters HR=0.84
VA Worse Than 20/100 HR=0.82

06 0708091 12 14

Hazard Ratio (95%Cl)
* Eyes with NV-AMD included in all VA loss groups
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L/Z plus AREDS Minus Beta-Carotene vs.
AREDS with Beta-Carotene for Vision

Vision loss of 30+ letters compared with
baseline: HR: 0.84 P=0.06

16% reduction in this degree of vision loss with
lutein/zeaxanthin

Visual Acuity <20/100: HR: 0.82 P=0.03

18% reduction Iin the risk of legal blindness
with lutein/zeaxanthin
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Lutein/Zeaxanthin for the Treatment

of Age-Related Cataract

AREDS2 Randomized Trial Report No. 4

The Age-Related Eye Disease Study 2 (AREDS2) Research G n:ll,Lp'=

Importance: Age-related cataract is a leading cause of
visual impairment in the United States. The prevalence
of age-related cataract is increasing, with an estimated
30.1 million Americans likely to be affected by 2020.

Objective: To determine whether daily oral supple-
mentation with luteinfzeaxanthin affects the risk for cata-
ract Surgery.

Design, Sctting, and Patients: The Age-Related Eye
Disease Study 2 (AREDS2), a multicenter, double-
masked clinical trial, enrolled 4203 participants, aged 50
to B3 years, at risk for progression to advanced age-
related macular degeneration.

Interventions: Participants were randomly assigned
to daily placebo; lutein/zeaxanthin, 10mg/2mg;
omega-3 long-chain polyunsaturated fatty acids, 1 g; or
a combination to evaluate the effects on the primary
outcome of progression to advanced age-related macu-
lar degeneration.

Main Outcomes and Measures: Cataract surgery was
documented at annual study examination with the pres-
ence of pseudophakia or aphakia, or reported during tele-
phone calls at 6-month intervals between study visits. An-
nual best-corrected visual acuity testing was performed.
A secondary outcome of AREDS2 was to evaluate the ef-

fects of lutein/zeaxanthin on the subsequent need for cata-
ract surgery.

Results: A total of 3159 AREDS participants were pha-
kic in at least 1 eye and 1389 of 6027 study cyes under-
went cataract surgery during the study, with median fol-
low-up of 4.7 years. The S-year probahility of progression
to cataract surgery in the no lutein/zeaxanthin group was
24%. For lutein/zeaxanthin vs no lutein/zeaxanthin, the
hazard ratios for progression to cataract surgery was .96
(93% C1. 0.84-1.10; P=.54). For participants in the low-
est quintile of dietary intake of lutein/zeaxanthin, the haz-
ard ratio comparing lutein/zeaxanthin vs no lutein/
zeaxanthin for progression to cataract surgery was 0.68
(93% CI, 0.48-0.96; P=.03). The hazard ratic for 3 or more
lines of vision loss was 1.03 (95% CI, 0.93-1.13; P=.61
for lutein/zeaxanthin vs no lutein/zeaxanthin).

Conclusions and Relevance: Daily supplementation
with lutein'zeaxanthin had no statistically significant over-
all effect on rates of cataract surgery or vision loss.

Trial Registration: clinicaltrials.gov Identifier:
NCTD0345176.

JAMA Ophthalmol.
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*The AREDS2 Research Group
1s found online in the
eAppendix at

httpeiwww jamaophth. com.
The members of the writing
team and their affiliations are
found at the end of this article.

GE-RELATED CATARACT,
the leading cause of
blindness worldwide, is
a leading cause of visual
impairment in the United
States."? The prevalence of age-related cata-
ract is increasing, with an estimated 30.1
million Americans likely to be affected by
2020, escalating the already large public
health and economic burden of the dis-
ease.’ Mumerous observational studies
have reported inverse relationships be-
tween various dietary micronutrients and
the development of age-related cataract or
the occurrence of cataract surgery.*'" OF
greatest interest have been micronutri-

ents with antioxidant capabilitics be-
cause of the importance of oxidative
damage in cataract formation. In the ab-
sence of any consensus about the impor-
tance of specific micronutrients, several
controlled clinical trials have tested
whether selected micronutrients with
antioxidant characteristics or multivita-
mins affect cataract development.'™” Be-
cause of variable results, no clear treat-
ment recommendation has resulted from
the trials conducted to date. This in-
cludes the Age-Related Eye Discase
Study (AREDS), which tested a formula-
tion containing vitamin C, 500 mg; vita-
min E, 400 IU; and beta carotene, 15 mg;
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Cataract Surgery/Lens Opacity Progression

Favors | Favors
L/Z | No L/Z

Cataract Surgery
Any Cataract

Severe Cataract

085 09511.05 1.15
Hazard Ratio (95%Cl)
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Cataract Surgery/Lens Opacity

Progression by Dietary Intake of Lutein/Zeaxanthin
Favors L/Z|Favors No L/Z

Cataract Surgery
Quintile 1 (Lowest) HR=0.68 -
Quintile 5 (Highest) =

Any Cataract
Quintile 1 HR=0.70 ———
Quintile 5 -

Any Severe Cataract

Quintile 1 HR=0.64 -
Quintile 5 -

| | | T 1 11
04 06 08 11.2 1.6 2

Hazard Ratio (95%Cl)
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Safety Outcome: Mortality

Favors | Favors
Treatment | Control
L/Z vs. Placebo =
DHA/EPA vs. Placebo =
L/Z+DHA/EPA vs. Placebo -
L/Z vs.No L/Z ——
D] 2 VAVI = SVANVASI \ [l B) = VAV =1 24N —t+——
Low Zinc vs. High Zinc
Beta-Carotene Yes vs. No F
| | | | | | |
0.6 08 1 1214 1.8
Hazard Ratio (95%Cl)
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Safety Outcome: Adverse Events

* No statistically significant differences in
serious adverse events between
treatment groups

* Analyses were conducted Iin non-
smokers or former-smokers for lung
cancer for beta-carotene.
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Safety Outcome: Lung Cancer

Beta-carotene Main Effect

B-Carotene No B-Carotene P-value
(N = 1348) (N =1341)

23 Cases (2.0%) 11 Cases (0.9%) 0.04

Increased risk of lung cancer with B-Carotene
91% former smokers (quit > 1 year prior to randomization)

Analysis excludes smokers
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Safety Outcome: Lung Cancer

Lutein/Zeaxanthin Main Effect

Lutein/Zeaxanthin No Lutein/Zeaxanthin P-value
(N =2123) (N = 2080)

33 Cases (1.5%) 31 Cases (1.5%) 0.80

No increased risk of lung cancer
62% were former smokers, equal in both arms

Analysis excludes smokers
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Discussion
e Limitations

« Complex study design involving a secondary
randomization and secondary analyses

« Highly educated and well-nourished cohort
« Competitive absorption of carotenoids

« Strengths
 Low attrition rate

* Consistently good adherence to treatment
regimen
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Conclusions

 The addition of lutein/zeaxanthin to the
AREDS formulation did NOT have an

effect on cataract progression or cataract
surgery

* Whether lutein/zeaxanthin may reduce the
risk of developing lens opacities In
persons with the low dietary intake of
lutein/zeaxanthin needs further evaluation
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Conclusions

« Comparisons of the three active arms to
control (primary analyses) did not
significantly reduce risk of progression to
AAMD

 The addition of lutein/zeaxanthin to the
AREDS formulation as analyzed by the
main effect showed 10% decrease In risk
of progression to AAMD

* No main effect efficacy with DHA/EPA
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Conclusions

» Secondary randomization suggests no
differences In the progression to AAMD
for elimination of beta-carotene or
lowering zinc dose

* No differences in adverse side-effects
(gastrointestinal disorders or others)
between “low” and high zinc groups

e |nsufficient data to make recommendation
for zinc
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Conclusions

« The main effect of lutein/zeaxanthin
demonstrated 10% reduction of AAMD

« ~ 20% reduction in the risk of progression to
AAMD of L/Z beyond the effects of AREDS
supplement in persons with the lowest dietary
iIntake of L/Z

« ~ 20% reduction in the risk of progression to
AAMD, particularly neovascular AMD, of L/Z
INn head-to-head comparison with beta-
carotene
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Conclusions

* Improve the safety of the AREDS
supplements by removing beta-carotene
to decrease the risk of lung cancer In
smokers and former smokers who
compose >50% of persons with AMD.
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Conclusmns

» Considering the totality of
evidence, lutein/zeaxanthin may

be an appropriate carotenoid
substitution for beta-carotene In
the AREDS formulation
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AREDS2 Formulation
* Vitamin C (500 mg)

* Vitamin E (400 1U)

DAtAa CdAavAatranrna M1 v~AA~N

¢ LILVLIA Al VLUl TV \.I.\J IIIH/

» Lutein (10 mg)/Zeaxanthin (2 mg)
 Zinc (80 mg zinc oxide)
» Copper (2 mg cupric oxide)

6 Nimm~ = N L1 . - I /INLILAIFTIMAN
iIHITyAa“"v 1atly auviuo \Vi IirvieLr my)
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Study Team

* Funded by the National Eye Institute
« Coordinating Center — The EMMES Corporation

* Fundus Photograph Reading Center — The
University of Wisconsin - Madison

« Central Lab — Centers for Disease Control and
Prevention (CDC)

* Drug Distribution — The United States Public Health
Service (PHS) Supply Service Center (Perry Point,
MD)



TAKE HOME POINTS:

? Omega-3 does not work!

? Beta Carotene Is dead!

? Lutein reigns supreme!




IMPORTANT TAKE
HOME POINT:

Good diet trumps supplements
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THANK YOU



Age-Related Eye Disease Study 2

axanthin and Omega-3 Supplementation Trial

AREDS?2 Clinical Sites

CALIFORNIA (cont’d)
SriniVas Sadda, MD
Doheny Eye Institute

ALABAMA
Cynthia Owsley, PhD
Univ. of Alabama at Birmingham

ARKANSAS
Nicola Kim, MD
Jones Eye Institute — UAMS

CALIFORNIA
David Boyer, MD
Retina-Vitreous Associates Medical Group

Clement Chan, MD
Southern California Desert Retina Consultants
MC

J. Michael Jumper, MD
West Coast Retina Medical Group, Inc

Linda Margulies, MD
Veterans Affairs - No. California Health Care

Anne Fung, MD
Pacific Eye Associates

Michael Rauser, MD
Loma Linda Universit

Steven Schwartz, MD
Jules Stein Eye Institute/UCLA

Lawrence Morse, MD, PhD
University of California, Davis

Henry Ferreyra, MD
Shiley Eye Center — UCSD

COLORADO

Mary Lansing, MD
Eldorado Retina Associates, P.C.

Brian Joondeph, MD
Colorado Retina Associates, PC
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CONNECTICUT
Ron Adelman, MD
Yale University Eye Center

FLORIDA
Philip Rosenfeld, MD
Bascom Palmer Eye Institute

Michael Tolentino, MD
Center for Retina and Macular Disease

Lawrence Halperin, MD
Retina Group of Florida

Marc Levy, MD
Sarasota Retina Institute

Sandeep Grover, MD
University of Florida Health Science Center

GEORGIA
G. Baker Hubbard, MD
Emory University Eye Center

Jay Stallman, MD
Georgia Retina, P.C.

IOWA
James Folk, MD
University of lowa

ILLINOIS
David Orth, MD
Ingalls Memorial Hospital

Alice Lyon, MD
Northwestern University, Ophthalmology

Lawrence Ulanski II,MD
The University of lllinois

Aaron Weinberg, MD
NorthShore University HealthSystems

KENTUCKY
Carl Baker, MD
Paducah Retinal Center

Ricky Isernhagen, MD
Retina Associates of Kentucky
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MASSACHUSETTS
Ivana Kim, MD
Massachusetts Eye and Ear Infirmary

Jeffrey Heier, MD
Ophthalmic Consultants of Boston
Boston, MA

MARYLAND
Wai Wong, MD
National Eye Institute

Susan Bressler, MD
The Retina Division at the Wilmer Eye Institute

Michael Elman, MD
Elman Retina Group, PA

Richard Garfinkel, MD
The Retina Group of Washington

MICHIGAN
Alan J. Ruby, MD
Vision Research Foundation

Paul Edwards, MD
Henry Ford Health System--Eye Care Services

axanthin and Omega-3 Supplementation Trial

MICHIGAN (cont’d)
Robert Frank, MD
Kresge Eye Institute

MINNESOTA
Ray lezzi, MD
Mayo Clinic

MISSOURI
William Rosenthal, MD
Mid-America Retina Consultants, P.A.

Nelson Sabates, MD
Eye Foundation of Kansas City

Dean Hainsworth, MD
University Health Care — Mason Eye Institute

Kevin Blinder, MD
The Retina Institute

Raj Apte, MD
Washington University School of Medicine
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NEW YORK
Richard Rosen, MD
New York Eye and Ear Infirmary

NORTH CAROLINA
Andrew Antoszyk, MD
CEENT Associates, PA

Craig Greven, MD
Wake Forest University Eye Center

W. Copley McLean, Jr., MD
Western Carolina Retinal Assoc.

Odette Houghton, MD
UNC Department of Ophthalmology

Cynthia Toth, MD
Duke University

NEW JERSEY
DEUNER[CHYID;
Delaware Valley Retina Associates

Neelakshi Bhagat, MD, MPH
UMDNJ

Glenn Stoller, MD
Ophthalmic Consultants of Long Island

Fadi El Baba, MD
The Research Foundation of SUNY/SB

Paul Beer, MD
Retina Consultants, PLLC

Michael Cooney, MD, MBA
Manhattan Eye, Ear, and Throat Hospital

David DiLoreto, MD
Univ. of Rochester Eye Institute
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PENNSYLVANIA
Thomas Friberg, MD
UPMC Eye Center

OHIO
Michael Novak, MD
Retina Associates of Cleveland

Suber Huang, MD
Case Western Reserve University

Alan Letson, MD
Ohio State University

OKLAHOMA
Ronald Kingsley, MD
Dean McGee Eye Institute

OREGON
Michael Klein, MD
Devers Eye Institute

Michael S. Lee, MD
Retina Northwest, P.C.

Pamela Rath, MD
Retina Vitreous Consultants

Ingrid Scott, MD, MPH
Penn State M.S. Hershey Medical Center

Michael Banach, MD
Pennsylvania Retina Specialists, P.C.

Joseph Maguire, MD
Wills Eye Hospital/Mid Atlantic Retina

Alexander J. Brucker, MD
Scheie Eye Institute

SOUTH CAROLINA
John Wells IlIl, MD
Palmetto Retina Center

Barron C. Fishburne, MD
Carolina Retina Center
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TENNESSEE UTAH

John Hoskins, MD Paul Bernstein, MD, PhD

Southeastern Retina Associates, P.C. John Moran Eye Center, University of Utah
Edward Chaum, MD VIRGINIA

University of Tennessee HSC William F. Deegan, Ill, MD

The Retina Group of Washington
Anita Agarwal, MD

Vanderbilt Eye Institute VERMONT

Robert Millay, MD
TEXAS Fletcher Allen Health Care
Gary Edd Fish, MD, JD / Michel Shami, MD
Texas Retina Associates WASHINGTON

Todd Schneiderman, MD
Robert Rosa, MD Retina Center Northwest
Scott and White Memorial Hospital

WISCONSIN
David M. Brown, MD Suresh Chandra, MD
Retina Consultants of Houston University of Wisconsin
Richard Alan Lewis, MD, MS Judy Kim, MD
Baylor College of Medicine The Medical College of Wisconsin

Yu-Guang He, MD
UT Southwestern Medical Center
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Reconition

We want to thank :

 NEI Leadership for the support of AREDS?2



