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Risk factors for Advanced AMD

• Age
• Family history
• Complement factor H mutation
• Smoking
• Elevated CRP

• UV exposure?

Age-Related Eye Disease Study 
(AREDS)

Randomized
Participants

N=4757

Antioxidant &
Zinc

N=888
N=1,483
Placebo

N=1,482
Antioxidant Zinc

N=904

Results published 2001

Category 3 – Extensive Intermediate or
Large Drusen (>125 microns)

Category 4:  Neovascular AMD or 
Central Geographic Atrophy in 1 eye

AMD Categories 3 and 4 by Treatment Group
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Antioxidants – Daily Oral Dose 

� Vitamin C – 500 mg

� Vitamin E – 400 IU

� Beta-carotene – 15 mg 

� Zinc - 80 mg zinc oxide

� Copper - 2 mg cupric oxide

AREDS Formulation

AMD Grading and Predictive Scale
Archives Ophthalmology 2005; 123: 1570

5 year rate of progression
to advanced AMD in 
either or both eyes

What if you do get wet AMD?
Joan Miller MD “Paradigm shifts”

Dark ages: Thermal laser in the 1980s  and 
1990s

Middle Ages: PDT 2000-2006

Renaissance: anti-VEGF therapy 2006 
onward

Vascular endothelial growth factor

• Chromosome 6p21.3
• Hypoxia upregulates transcription
• VEGF121 is soluble
• VEGF189 is bound to extracellular matrix 
• VEGF 165 is intermediate
• VEGF189 may reside in ECM as a 

reservoir.  Proteases released during 
angiogenesis may liberate VEGF

VEGF

• Induces endothelial cell intracellular 
signaling, migration, angiogenesis, and 
vascular permeability

• VEGF Receptor 1 and VEGF Receptor 2 
mediate intracellular phosphorylation

VEGF roles

• Anti-apoptosis signaling in endothelial 
cells

• Neural retina development
• Leukocyte adherence
• Differentiation and protection of cortical 

neurons, astrocytes, and Schwann cells
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Ranibizumab

• VEGF121, VEGF145, VEGF165, 
VEGF183, VEGF189, and VEGF206

• 48 kDa molecule
• 14 times the affinity for VEGF compared to 

Avastin

Lucentis: occult/minimally classic

Lucentis: occult/minimally classic
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Lucentis: occult/minimally classic

Lucentis vs PDT: classic CNV

Lucentis vs. PDT: classic CNV

Lucentis vs PDT: classic CNV

Lucentis: monthly dosing for 3 
months, then every 3 month dosing

PRONTO study: OCT guided 
dosing

• Average gain of 9 letters
• 5.6 injections over one year
• 35% had a 3 line gain
• Injection free interval of 4.5 months
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All 40 patients had injections at 
Time=0, 1, and 2 months.

Arterial thromboembolic events 
(ATEs)

5 (2.1%)3 (1.3%)2 (0.8%)ATEs

N=239N=238N=236

0.5 mg0.3 mgSham

6 (4.3%)3 (2.2%)3 (2.1%)ATEs

N=140N=137N=143

0.5 mg0.3 mgPDT

MARINA

ANCHOR

Lucentis clinical trials:ANCHOR 
and MARINA

• At one year, the ATE rate was 2.1% of patients 
(18 out of 874) in the combined group of patients 
treated with 0.3 mg or 0.5 mg LUCENTIS 
compared with 1.1% of patients (5 out of 441) in 
the control arms. 

• In the second year of MARINA, the ATE rate  
was 3.0% of patients (14 out of 466) in the 
combined group of patients treated with 0.3 mg 
or 0.5 mg LUCENTIS compared with 3.2% of 
patients (7 out of 216) in the control arm. 

Lucentis clinical trials

• SAILOR--followup 230 days
• 1.2% incidence of CVA in 0.5 mg group 

versus 0.3% in the 0.3 mg group (p=0.02).  
Patients with a history of prior stroke are at 
higher risk.  No difference in MI or 
vascular death.



8

Ranibizumab phase I FVF1770g

• 10 subjects
• Single intravitreal dose 0.3 to 1 mg
• Serum concentrations less than 3 ng/mL, less 

than the 11-27 ng/mL that is hypothesized to 
have a significant effect on physiologic VEGF-
induced endothelial cell proliferation

• 0.22 ng/mL steady state serum concentration 
with monthly dosing at 0.5 mg

Lucentis serum 
pharmoacokientics

• At a serum concentration of 0.8 to 3 
ng/mL, 12% of serum VEGF will be bound.

• At 13 days after injection, 1% of serum 
VEGF will be bound

Avastin

• 150 kDa
• Whole antibody

Pharmcokinetics of Avastin
Bakri et al; Ophthalmology May 2007

• Intravitreal injection of 1.25 mg.
• Avastin concentrations in aqueous, 

vitreous, and serum at days 1, 3, 8, 15, 
and 29 after intravitreal injection in rabbits.

• Vitreous half life=4.3 days.
• Peak serum concentration of 3.3 ug/mL at 

8 days, following below 1 ug/mL at 29 
days.  Serum half life 6.86 days.

3.5 days6.86 daysSerum t1/2

7273300Vitreous AUC 
(ug/mL * days)

0.433 (0.05% of 
vitreous AUC)

54 (1.6% of vitreous 
AUC)

Serum AUC (ug/mL
* days)

2.6 days4.3 daysVitreous t1/2

6 hours8 daysTime to peak serum 
concen

150 ng/mL (0.08% of 
vitreous C max)

3.33 ug/mL (0.8% of 
vitreous C max)

Peak serum concen

6 hours1 dayTime to peak
Vitreous concen.

169 ug/mL400 ug/mLPeak vitreous 
concen.

Lucentis
Monkey model

Avastin
Rabbit model

2 (0.03)Death

0 (0)Myocardial infarction

5 (0.07)Cerebrovascular accident

1 (0.01)Transient ischaemic attack

1 (0.01)Deep venous thrombosis

15 (0.21)Blood pressure increase

Potential drug-related systemic AEs

7113 injections in 5228 patients 
from November 2005 to April 2006



9

When an ophthalmologist asks you 
to clear

• History of CVA
• History of peripheral ischemic disease
• History of coronary ischemic disease

– Unstable angina?

Future wet AMD developments

VEGF Trap

• VEGF Receptor fused to an IgG Fc

• Phase III trial VEGF trap vs Lucentis

Small interfering RNA

Blocks translation of VEGF RNA into VEGF 
protein

Cand5/Bevasiranib from OPKO Health 
(phase III trial COBALT: 3 Lucentis and 
then Bevasiranib every 8 or 12 weeks)

AGN211745  from Allergan/Sirna
Therapeutics (phase II)

VERITAS trial

• PDT with either intravitreal Macugen or 
triamcinolone

• Disappointing results

Lucentis + PDT

• DENALI
• MONTBLANC

• Various small “reduced fluence” PDT trials 
in combination with anti-VEGF agent and 
steroid
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Neovista

• CABERNET trial phase III

CATT

• Lucentis vs. Avastin

Diabetic
retinopathy
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Panretinal
photocoagulation
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Focal laser photocoagulation

Global Diabetic retinopathy project group 
Ophthalmology 2003; 110: 1677

Evolving non-laser therapies for 
diabetic retinopathy

Anti VEGF agents and macular 
edema

Macugen for DME

• Randomized controlled trial 
(Ophthalmology 112: 1747)

• Control arm=sham injection
• Injections at 0, 6 and 12 weeks
• Results: 1 line gain; 68 micron thickness 

reduction at 36 weeks

• Problems: No comparison to laser, and 
short followup.
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Lucentis for DME

• Phase I trials: encouraging short term 
visual acuity and retinal thickness results

• Phase 2 trial (READ-2) with 18 month 
followup, results in 2009.  3 arms: laser 
alone, Lucentis alone, laser + Lucentis

Avastin for diabetic macular edema

• Pan-American Collaborative Retina Study 
Group

• Retrospective case series
• Small VA and retinal thickness benefit at 6 

months followup

Avastin for diabetic macular edema

• Ophthalmology October 2007
• DRCR.net phase II study
• 5 treatment arms
• At 12 and 24 week followup, no difference 

between Avastin and laser
• No synergistic effect

Steroids for macular edema 
associated with diabetes or vein 

occlusion

• Case series: short term improvements in 
vision and retinal thickening, but long term 
results disappointing.

• SCORE study

• Long term delivery solutions

Anti-VEGF therapy and proliferative
diabetic disease
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Diabetic retinopathy

• Laser is still a mainstay of therapy.

• With good compliance, very few patients 
go blind upon long term followup 
(Ophthalmology 2003; 110: 1683).

• Intravitreal anti-VEGF therapy and/or 
steroid may be useful in special situations.

When an ophthalmologist asks you 
to clear

• History of CVA
• History of peripheral ischemic disease
• History of coronary ischemic disease

– Unstable angina?

You ask the ophthalmologist

• What’s the indication
• Not all indications are equal—hot NVG 

eye versus macular edema with a vein 
occlusion

• Is there an alternative e.g. laser

Retinal detachment

• Tractional

• Rhegmatogenous
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Tractional detachments

• Causes: diabetes, sickle cell, von Hippel
Lindau, trauma.

• Key principles 
– remove the posterior hyaloid.
– Minimize iatrogenic breaks.

Rhegmatogenous detachment

• Incidence 6 to 20 cases per 100,000 per 
year

PVD and incidence of retinal 
breaks

• Acute symptomatic PVD: 8 to 15% risk of 
associated retinal breaks

• Increased risk: vitreous hemorrhage, 
peripheral retinal hemorrhages, vitreous 
pigment.
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Worrisome symptoms

• Flashes

• Many floaters

• Dark curtain, shadow, or veil creeping into 
vision

Retinal breaks without detachment: 
laser retinopexy
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Need for scleral depression during laser
for peripheral tears 

Basic operative methods

• In office: 
– pneumatic retinopexy

• Operating room:
– Scleral buckle
– Vitrectomy
– Vitrectomy and buckle
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Pre-operative evaluation and 
considerations

• Findings breaks
• Macula on or off
• Timing: 5-7 days
• Blood thinners
• Anesthesia: general vs local
• Silicone IOL

Setting expectations for post-
operative course

• Vision
• Discomfort
• Positioning
• Gas bubble

• Airline travel
• Activity restrictions
• Drops
• Frequency of visits
• Refraction

Major eye surgery: not LASIK or cataract!

Sam S. Dahr, M.D.

Retina Center of Oklahoma

www.RetinaCenterOklahoma.com

Email:     samdahr@yahoo.com

Warren Grant Magnuson 
Clinical Center


