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Leading Causes of Blindness 
in People Over 65 in U.S. 

• Choroidal neovascularization  
  (“wet” form) of age-related macular 

degeneration 
• Cataract 
• Diabetic retinopathy 
• Glaucoma 



Macula 

Retina 

Macula 

Macula: Center of the Retina 



A Healthy Macula Is Critical to 
Maintaining Normal Vision 

 Vision function is mainly assessed by measuring 
visual acuity 
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20/20 

20/40 15 letter loss = 
3 line loss, CAN 
Drive + Read 

20/80 15 letter loss from 
20/40, CANNOT 
Drive or Read 

20/200 Legally Blind 



Visual Acuity on An Eye Chart  
Translates into Impaired Vision Function 

= or 

Any loss of 2 or more lines when starting at 
20/80 or greater, or 3 or more lines when 
starting at 20/100 or worse, equates to 
substantial impact on quality of life. 



Near Activities 

Work or hobbies that 
require seeing things 
up close, eg, sewing, 

cooking 

Reading ordinary print in 
newspapers 

Finding things on a 
crowded shelf 



Distance Activities 

Going out to 
movies, plays, 
sports events 

Going down steps, stairs, 
or curbs in dim light or at 

night 

Seeing and enjoying 
programs on TV 



Macula 

Retina 

Macula 

Macula: Center of the Retina 
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Consequences of Diabetes on 
 Retina Capillaries: Leakage Leading to 

Macular Edema 
Hyperpermeability easily visualized with 

 fluorescein angiography 



Consequences of Leakage of Capillaries: 
Swelling of Retina = Macular Edema 

Retinal Thickening Readily Imaged 
And Quantified by Ocular Coherence Tomography (OCT) 

No retina swelling Retina swelling 
Retina image 

Amount of swelling 



2000 

Obesity Trends* Among U.S. Adults 
BRFSS, 1990, 2000, 2010 

(*BMI ≥30, or about 30 lbs. overweight for 5’4” person) 

2010 

1990 

No Data          <10%           10%–14%     15%–19%           20%–24%          25%–29%           ≥30%   
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Undiagnosed  
diabetes  

5.9 million  

Additional  
24.6 million  

with IGT 

Diagnosed  
type 2 diabetes 

10 million 

Diagnosed  
type 1 diabetes 

 ~1.0 million  

Centers for Disease Control. Harris MI. In: National Diabetes Data Group. Diabetes in America. 2nd ed. Bethesda, Md:  
NIDDK; 1995:15-36; U.S. Census Bureau Statistical Abstract of the U.S.; 2001 

US Population: 275 Million in 2000 

> 308,000,000 in 2010 (↑10%) 

Prevalence of Impaired Sugar Tolerance in 
the United States 
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Prevalence of Diabetic 
Complications 

Decision Resources., Inc.1999.  
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Retinopathy  Neuropathy Nephropathy Cardiovascular 
Disease 

49% 

40% 
35% 

43% 

8,538,906 Persons in the US with Diabetic Retinopathy 
2.9% of Entire US Population has Diabetic Retinopathy 

Although longer duration = higher prevalence 
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0 10 20 30 40 50

41% Going blind  

Cardiovascular/heart problems   

38% 

35% 

34% 

28% 

28% 

28% 

26% 

26% 

26%  

Dying due to diabetes  

Kidney problems  

Tingling in hands or feet  

Nerve injury or neuropathy  

Numbness in hands or feet  

Foot problems  

Other eye problems  
(blurriness/cataracts)  

Amputation, losing a limb  

*An international survey based on experiences with diabetic microvascular complications, (2,702 patients 
with both type 1 and 2 diabetes), by Consumer Health Sciences and IPSOS for the Lions Club International 
Foundation, in association with and with the support of Eli Lilly and Company, 2002. 

Two of Top 4 Concerns of Patients With 
Diabetes Are Vision-Related 

Very worried 
 Extremely worried 

N = 2702 

% Responding 

Top 10 concerns of patients with diabetes 
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Visually-Impaired Patients Willing to Trade Years 
of Remaining Life to Regain Perfect Vision 

1. Adapted from Brown MM, et al. Am J Ophthalmol. 1999;128:324-330.  
2. Adapted from Brown MM, et al. Br J Ophthalmol. 2001;85:327-331. 

Visual Acuity Range 

Remaining Life 
Willing to Trade for 
Perfect Vision (%) 

LP = light perception. 

• 20/20-20/251   15 
 N = 15 

 • 20/30-1001   22 
 N = 69 

• 20/200-400 (legally blind)1 36 
 N = 7  

• Counting fingers-LP2  53 
 N = 17 

• No LP2   74 
 N = 15 



Can We Treat Diabetic Macular Edema 
with Something Other than Laser? 

Retinal Thickening Readily Imaged 
And Quantified by Ocular Coherence Tomography (OCT) 

Retina swelling Retina swelling resolves Rx 



The Diabetic Retinopathy Clinical 
Research Network 

Dedicated to multicenter clinical research of diabetic 
retinopathy, macular edema and associated 
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DRCR.net Overview 

 Objective: 
• The development of a collaborative network 

to facilitate multicenter clinical research on 
diabetic retinopathy, diabetic macular 
edema and associated conditions. 

 Funding (current award 2009 to 2013): 
• National Institutes of Health 
• Johns Hopkins University (Baltimore) – 

Network Chair (Neil Bressler) 
• JAEB Center (Tampa) – Coordinating 

Center 
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DRCR Network Recognition by 
Congress 

Recognized by the U.S. House of 
Representatives in House Resolution 366 on 
June 16, 2009, and the U.S. Senate in Senate 
Resolution 209 on July 7, 2009, and by the 
Senate Appropriations Committee in 2010 and 
2011 for the contribution of its trials towards 
reducing blindness and disability due to 
diabetes 

19 



Senate Appropriations Bill - 2010 
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Page 108: 
Recommending $723,220,000 
(2.34% increase) 
 
Improving Clinical Practice. – 
The Committee recognizes the 
NEI’s leadership in conducting 
several  comparative 
effectiveness clinical trials to 
improve ophthalmic care, 
including the Diabetic 
Retinopathy Clinical Research 
Network ‘s comparison of drug 
therapies as an alternative to 
laser treatment for diabetic 
macular edema and proliferative 
diabetic retinopathy.  



Organization: Clinical Sites of the 
Network 

 DRCR Network Participation (as of August 2011) 
• 249 sites submitted application for Network  
• 868 total Investigators; 2666 additional personnel 

Current Participation 
• 111 active sites; 10 pending sites  

 73 community based sites 
• 325 Investigators 
• 543 additional personnel 
• 38 States & 4 countries 
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Protocols through 2011 

22 
Recruitment   Follow-Up 



Study Enrollment 
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Ranibizumab 
+Prompt Laser 

N = 187 

 
          

 

 

 

Ranibizumab 
+Deferred Laser 

N = 188 

Sham 
+Prompt Laser 

N = 293 

Triamcinolone 
+Prompt Laser 

N = 186 

Eyes Randomized:  
N = 854 (691 Participants) 

All medications require  
INTRAVITREAL injection 

Vitreous 



SIMPLIFIED Retreatment and Follow-up of 
Center-Involved DME  with Anti-VEGF 

DME 
Improving?  

DME 
Worsens or 

Recurs?  

No Injection and 
return in 1 month 

YES 

NO 

 

NO 

YES 

Assessment 1 month  
after initial serial 

series of injection(s)   

Double Follow-Up Interval 
Up to 4 Months 

Re-inject and 
Return in 1 Month 



Substantial Improvement in Vision at 
Follow-up Visits 

25 

Visit Week 



Substantial Loss of Vision  
at Follow-up Visits 

Visit Week 
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Injections Prior to 2-year Visit 
(Restricted to eyes that completed 2-year visit) 

Ranibizumab 
+ Prompt 

Laser 
N=136 

Ranibizumab  
+ Deferred 

Laser 
N=139 

Maximal possible # of 
injections prior to 2- 
year visit 

 26 26 

Median # of injections 
from baseline through 
week 24 

6 6 

Median # of injections 
from week 24 through 
week 48 

3 3 

Median # of injections 
from 1-year to (prior to) 
2- year visit 

2 3 
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Focal/Grid Laser Prior to 2 Years * 
Ranibizumab 

+ Prompt 
Laser 
N=136 

Ranibizumab  
+ Deferred 

Laser 
N=139 

Maximal possible number 
of focal/grid laser 
treatments prior to 2-year 
visit 

8 6 

Median number of 
focal/grid laser 
treatments from baseline 
to (prior to) 1-year visit 

2 0 

% of eyes that received 
focal/grid laser 
treatments from 1-year to 
(prior to) 2-year visit 

40% 29% 

* Restrict to eyes that completed 2 year visit 
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Progression/Regression in Diabetic 
Retinopathy at 1 Year by Baseline Severity 

 
 

Change from baseline to 
 1-year visit* 

Sham  
+Prompt 

Laser  

Ranibizumab  
+Prompt 
Laser  or 
Deferred 

Laser 

Triamcinolone 
+Prompt 

Laser   

Baseline Severity: Moderately 
Severe NPDR or Better N = 150 N = 182 N = 80 

Improved by ≥2 levels 4% 25% 25% 

Worsened by ≥2 levels 7% 3% 3% 

P value for comparison with 
Sham P = 0.08 P =0.17 

*Photos were missing or ungradeable for 61 eyes in the sham+prompt laser group, 72 eyes in the ranibizumab 
groups, and 33 eyes in the triamcinolone+prompt laser group  



30 

Progression/Regression in Diabetic 
Retinopathy at 1 Year by Baseline Severity 

 
 

Change from baseline to 
 1-year visit* 

Sham  
+Prompt 

Laser  

Ranibizumab  
+Prompt 
Laser  or 
Deferred 

Laser 

Triamcinolone 
+Prompt 

Laser   

Baseline Severity: Severe 
NPDR or worse N = 83 N = 121 N = 70 

Improved by ≥2 levels 19% 28% 13% 

Worsened by ≥2 levels 8% 1% 3% 

P value for comparison with 
Sham P = 0.03 P = 0.17 

*Photos were missing or ungradeable for 61 eyes in the sham+prompt laser group, 72 eyes in the ranibizumab 
groups, and 33 eyes in the triamcinolone+prompt laser group  



Retinopathy Progression During 1 
Year of Follow-up 

31 

 
 

 

Sham 
N = 293  

Ranibizumab 
N = 375 

Triamcinolone 
N = 186 

Reported vitreous 
hemorrhage OR 
received PRP 

8% 3% 3% 

P Value for 
comparison with 
sham 
 

-- 0.002 0.02 



Change in Visual Acuity at 2 Year 
Stratified by Baseline Visual Acuity 
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N=1
46 -2 
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Baseline Visual Acuity Letter Score (~Snellen Equivalent) 

Sham              
+Prompt Laser 

Ranibizumab 
+Prompt Laser 

Ranibizumab    
+Deferred Laser 

Triamcinolone 
+Prompt Laser 

N=69 N=68 

N=72 

N=105 

N=67 

N=71 

N=70 



BOLT study (42B, 38L): mean 5.6 letter gain; 31% 2-line 
gain, 12% 3-line gain; atypical laser results  

*               * 

(unmasked) 

5.6 letters 



RESTORE Study:  
Provides Complementary Evidence 

 Randomized, double-masked, multicenter, laser-controlled 
phase III (N = 345) 

Visual impairment 
due to DME  

(20/32–20/160) 

Randomized 1:1:1 

Sham injection  
+ active laser 

Ranibizumab  
0.5 mg  

+ active laser 

Ranibizumab  
0.5 mg  

+ sham laser* 

 Primary endpoint: mean change in BCVA from baseline to 
the average level from Month 1 to Month 12  

RESTORE =  Efficacy and Safety of Ranibizumab in Patients with Visual Impairment Due to Diabetic Macular Edema. 

*Laser possible on or after month 3 



Mean BCVA Change  
from Baseline over Time  
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Ranibizumab 0.5 mg (N = 115)  
Ranibizumab 0.5 mg + laser (N = 118) 
Laser (N = 110)  

Ranibizumab Injection 
Month 

1 3 5 7 9 11 0 2 4 6 8 10 12 

P<.0001 
P<.0001 



Ranibizumab 
0.3 mg 

Ranibizumab 
0.5 mg 

N = 122 N = 122 N = 122 

36-month treatment period for 1 eye 
Criteria-based rescue laser treatment is applicable to all 

treatment arms starting at Month 3 
Sham subjects eligible for crossover to monthly ranibizumab 

treatment after Month 24 

Macular OCT screening 

Sham Control 

RIDE and RISE Study Design 
Primary Endpoint at 24 Months; Study Duration of 36 Months 

All Arms Dosed Monthly 

1:1:1 
Randomization 



18.1% 

44.8% 39.2% 

0% 

20% 

40% 

60% 

80% 

100% 

Sham 
(n=127) 

Lucentis 0.3 mg 
(n=125) 

Lucentis 0.5 mg 
(n=125) 

RISE 
Proportions of Patients Gaining ≥15 ETDRS 

Letters From Baseline at 24 Months 



12.3% 

33.6% 
45.7% 

0% 

20% 

40% 

60% 

80% 

100% 

Sham 
(n=130) 

Lucentis 0.3 mg 
(n=125) 

Lucentis 0.5 mg 
(n=127) 

RIDE 
Proportions of Patients Gaining ≥15 ETDRS 

Letters From Baseline at 24 Months 

p< 0.0001 

p< 0.0001 Δ=21.3 

Δ=33.4 
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RESTORE NEI VFQ-25 Composite Score:  
Mean Change From Baseline at 12 Months* 

Laser + 0.5 mg ranibizumab  
0.5 mg ranibizumab  

Laser  

*Data based on full analysis set: N=110 (sham), 118 (0.5 mg + laser), 115 (0.5 mg). Vertical bars are  1 standard error of the mean. 
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RIDE NEI VFQ-25 Composite Score:  
Mean Change From Baseline at 12 Months 

0.3 mg ranibizumab  
0.5 mg ranibizumab  

Sham  

Vertical bars are  1 standard error of the mean. 
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RIDE NEI VFQ-25 Composite Score:  
Mean Change From Baseline at 24 Months 

 

Vertical bars are  1 standard error of the mean. 
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RISE NEI VFQ-25 Composite Score:  
Mean Change From Baseline at 12 Months 

Vertical bars are  1 standard error of the mean. 
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RISE NEI VFQ-25 Composite Score:  
Mean Change From Baseline at 24 Months 

Vertical bars are  1 standard error of the mean. 
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Question #1 
In a 2005 MEDCAC on wet age-related macular 
degeneration (WAMD), the following commonly used 
outcomes or intermediate endpoint measures were 
discussed: 
a. Visual acuity; b. VFQ 25; c. Dilated eye exam (to 
assess retinal damage); d. Grade of diabetic retinopathy 
(DR); e. Amsler grid; f. Extent/progression as measured 
by retinal photography; g. Fluorescein angiography (to 
assess blood flow/leakage in retina and choroid); h. 
Visual fields; i. Ocular coherence tomography (OCT) (to 
assess retinal thickening, other damage) 
Please discuss the suitability of these measures for 
assessing DME treatment-related health outcomes, i.e., 
benefits and harms. 44 



Question #2 
How confident are you that there is adequate evidence 
to determine whether or not DME management using 
intravitreal targeted anti-VEGF treatment improves 
patient health outcomes compared to DME management 
without intravitreal targeted anti-VEGF treatment? 

45 



Question #3 
If the result of Question 2 is at least intermediate (mean 
vote ≥ 2.5), how confident are you that there is adequate 
evidence to conclude that DME management using 
intravitreal targeted anti-VEGF treatment improves 
patient health outcomes compared to DME management 
without intravitreal targeted anti-VEGF treatment? 

46 



Question #4 
If the result of Question 3 is at least intermediate (mean 
vote ≥ 2.5), how confident are you that there is also 
adequate evidence to determine whether or not there are 
clinically meaningful differences in health outcomes 
among the available intravitreal targeted anti-VEGF 
treatments for the management of DME? 

47 



Question #5 
If the result of Question 4 is at least intermediate (mean 
vote ≥ 2.5), how confident are you that there is adequate 
evidence to conclude that there are clinically meaningful 
differences in the health outcomes when comparing the 
following available intravitreal targeted anti-VEGF 
treatments? 
a. Ranibizumab vs pegatanib 
b. Bevacizumab vs pegatanib 
c. Ranibizumab vs bevacizumab 
Please discuss whether your conclusions are based on 
evidence of: 
a. Different benefits with similar harms 
b. Similar benefits with different harms 
c. Different benefits and different harms 
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Question #6 
How confident are you that the conclusions above are 
generalizable to: 
a. Medicare beneficiaries? 
b. Community-based settings? 
 

49 



Discussion Questions #7 - 9 

7. To what extent are the conclusions above 
generalizable to the management of other forms of 
diabetic retinal vascular disease beyond DME? 
 
8. Are there significant gaps in the evidence base on the 
management of diabetic macula edema? 
 
9. What study designs would support the narrowing or 
closure of these gaps? 

50 
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