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PRECISION AND PERFORMANCE
 WHERE IT MATTERS

THE ONLY FDA-APPROVED ANTI-VEGF   FOR DME

LUCENTIS is the rst and only FDA-approved anti-VEGF drug for DME shown to improve vision
• Nearly 40% of patients improved ≥3 lines vs 15% with sham2

• Rapid and signicant vision improvement as early as day 7 that continued through year 32

LUCENTIS IS DESIGNED FOR INTRAOCULAR 
ACTIVITY AND RAPID SYSTEMIC CLEARANCE1

© 2013 Genentech USA,Inc. So. San Francisco, CA 
All rights reserved. LUC0001699500 03/13 www.LUCENTIS.com

INDICATION
LUCENTIS® (ranibizumab injection) is indicated for the treatment 
of patients with diabetic macular edema (DME).

IMPORTANT SAFETY INFORMATION
LUCENTIS is contraindicated in patients with ocular or periocular 
infections or hypersensitivity to ranibizumab or any of the excipients 
in LUCENTIS.

WARNINGS AND PRECAUTIONS
Intravitreal injections, including those with LUCENTIS, have been 
associated with endophthalmitis and retinal detachment. Proper 
aseptic injection technique should always be utilized when 
administering LUCENTIS. Patients should be monitored during the 
week following the injection to permit early treatment, should an 
infection occur.

Increases in intraocular pressure (IOP) have been noted both pre-
injection and post-injection (at 60 minutes) with LUCENTIS. IOP 
and perfusion of the optic nerve head should be monitored and 
managed appropriately.

Although there was a low rate of arterial thromboembolic events 
(ATEs) observed in the LUCENTIS clinical trials, there is a potential 
risk of ATEs following intravitreal use of VEGF inhibitors. ATEs are 
dened as nonfatal stroke, nonfatal myocardial infarction, or vascular 
death (including deaths of unknown cause).

In a pooled analysis of Studies DME-1 and DME-2, the ATE rate at 
2 years was 7.2% with 0.5 mg LUCENTIS, 5.6% with 0.3 mg LUCENTIS, 

and 5.2% with control. The stroke rate at 2 years was 3.2% with 0.5 mg 
LUCENTIS, 1.2% with 0.3 mg LUCENTIS, and 1.6% with control. At 
3 years, the ATE rate was 10.4% with 0.5 mg LUCENTIS and 10.8% with 
0.3 mg LUCENTIS; the stroke rate was 4.8% with 0.5 mg LUCENTIS 
and 2.0% with 0.3 mg LUCENTIS.

A pooled analysis of Studies DME-1 and DME-2 showed that fatalities 
in the rst 2 years occurred in 4.4% of patients treated with 0.5 mg 
LUCENTIS, in 2.8% of patients treated with 0.3 mg LUCENTIS, and 
in 1.2% of control patients. Over 3 years, fatalities occurred in 6.4% 
of patients treated with 0.5 mg LUCENTIS and in 4.4% of patients 
treated with 0.3 mg LUCENTIS. Although the rate of fatal events was 
low and included causes of death typical of patients with advanced 
diabetic complications, a potential relationship between these events 
and intravitreal use of VEGF inhibitors cannot be excluded.

ADVERSE EVENTS
Serious adverse events related to the injection procedure that occurred 
in <0.1% of intravitreal injections included endophthalmitis, 
rhegmatogenous retinal detachment, and iatrogenic traumatic cataract.

In clinical trials in diabetic macular edema, the most common ocular 
side effects included conjunctival hemorrhage, cataract, increased IOP, 
and vitreous detachment. The most common non-ocular side effects 
included nasopharyngitis, anemia, and nausea.

As with all therapeutic proteins, there is the potential for an immune 
response in patients treated with LUCENTIS. The clinical signicance 
of immunoreactivity to LUCENTIS is unclear at this time.

For additional safety information, please see LUCENTIS 
Brief Summary on adjacent page.

REFERENCES: 1. Ferrara N, Damico L, Shams N, Lowman H, Kim R. Development 
of ranibizumab, an anti–vascular endothelial growth factor antigen binding fragment, 
as therapy for neovascular age-related macular degeneration. Retina. 2006;26:859-870.
2. Data on le. Genentech, Inc. South San Francisco, CA.

VEGF, vascular endothelial growth factor.
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Brief summary–please see the LUCENTIS® package 
insert for full prescribing information.

1 INDICATIONS AND USAGE
LUCENTIS is indicated for the treatment of patients with:

1.1 Neovascular (wet) age-related macular degeneration (AMD)
1.2 Macular edema following retinal vein occlusion (RVO) 
1.3 Diabetic macular edema (DME)

2 DOSAGE AND ADMINISTRATION
FOR OPHTHALMIC INTRAVITREAL INJECTION ONLY. 

2.2 Neovascular (wet) age-related macular degeneration (AMD)
LUCENTIS 0.5 mg (0.05 mL of 10 mg/mL LUCENTIS solution) is recommended 
to be administered by intravitreal injection once a month (approximately 28 days). 

Although not as effective, patients may be treated with three monthly doses 
followed by less frequent dosing with regular assessment. In the nine months 
after three initial monthly doses, less frequent dosing with 4-5 doses on average 
is expected to maintain visual acuity while monthly dosing may be expected to 
result in an additional average 1-2 letter gain. Patients should be assessed 
regularly [see Clinical Studies (14.1) ].
Although not as effective, patients may also be treated with one dose every 
3 months after 4 monthly doses. Compared to continued monthly dosing, dosing 
every 3 months over the next 9 months will lead to an approximate 5-letter 
(1-line) loss of visual acuity benefit, on average. Patients should be assessed 
regularly [see Clinical Studies (14.1) ].

2.3 Macular edema following retinal vein occlusion (RVO)
LUCENTIS 0.5 mg (0.05 mL of 10 mg/mL LUCENTIS solution) is recommended 
to be administered by intravitreal injection once a month (approximately 28 days). 

In Studies RVO-1 and RVO-2, patients received monthly injections of LUCENTIS 
for 6 months. In spite of being guided by optical coherence tomography and 
visual acuity re-treatment criteria, patients who were then not treated at Month 6 
experienced, on average, a loss of visual acuity at Month 7, whereas patients 
who were treated at Month 6 did not. Patients should be treated monthly [see 
Clinical Studies (14.2) ].

2.4 Diabetic macular edema (DME) 
LUCENTIS 0.3 mg (0.05 mL of 6 mg/mL LUCENTIS solution) is recommended to 
be administered by intravitreal injection once a month (approximately 28 days).

2.5 Preparation for administration
Using aseptic technique, all of the LUCENTIS vial contents are withdrawn through 
a 5-micron, 19-gauge filter needle attached to a 1-cc tuberculin syringe. The 
filter needle should be discarded after withdrawal of the vial contents and should 
not be used for intravitreal injection. The filter needle should be replaced with 
a sterile 30-gauge × ½-inch needle for the intravitreal injection. The contents 
should be expelled until the plunger tip is aligned with the line that marks 0.05 mL 
on the syringe.

2.6 Administration
The intravitreal injection procedure should be carried out under controlled aseptic 
conditions, which include the use of sterile gloves, a sterile drape, and a sterile 
eyelid speculum (or equivalent). Adequate anesthesia and a broad-spectrum 
microbicide should be given prior to the injection.

Prior to and 30 minutes following the intravitreal injection, patients should be 
monitored for elevation in intraocular pressure using tonometry. Monitoring may 
also consist of a check for perfusion of the optic nerve head immediately after the 
injection [see Warnings and Precautions (5.2) ]. Patients should also be monitored 
for and instructed to report any symptoms suggestive of endophthalmitis without 
delay following the injection [see Warnings and Precautions (5.1) ].
Each vial should only be used for the treatment of a single eye. If the contralateral 
eye requires treatment, a new vial should be used and the sterile field, syringe, 
gloves, drapes, eyelid speculum, filter, and injection needles should be changed 
before LUCENTIS is administered to the other eye.

No special dosage modification is required for any of the populations that have 
been studied (e.g., gender, elderly).

4 CONTRAINDICATIONS
4.1 Ocular or periocular infections 
LUCENTIS is contraindicated in patients with ocular or periocular infections.

4.2 Hypersensitivity
LUCENTIS is contraindicated in patients with known hypersensitivity to ranibizumab 
or any of the excipients in LUCENTIS. Hypersensitivity reactions may manifest as 
severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS
5.1 Endophthalmitis and retinal detachments 
Intravitreal injections, including those with LUCENTIS, have been associated with 
endophthalmitis and retinal detachments. Proper aseptic injection technique 
should always be used when administering LUCENTIS. In addition, patients 
should be monitored following the injection to permit early treatment should an 
infection occur [see Dosage and Administration (2.5, 2.6) and Patient Counseling 
Information (17)].

5.2 Increases in intraocular pressure 
Increases in intraocular pressure have been noted both pre-injection and post-
injection (at 60 minutes) while being treated with LUCENTIS. Monitor intraocular 
pressure prior to and following intravitreal injection with LUCENTIS and manage 
appropriately [see Dosage and Administration (2.6)].

5.3 Thromboembolic events
Although there was a low rate of arterial thromboembolic events (ATEs) observed 
in the LUCENTIS clinical trials, there is a potential risk of ATEs following intravitreal 
use of VEGF inhibitors. ATEs are defined as nonfatal stroke, nonfatal myocardial 
infarction, or vascular death (including deaths of unknown cause).

Neovascular (wet) age-related macular degeneration 
The ATE rate in the three controlled neovascular AMD studies (AMD-1, AMD-2, 
AMD-3) during the first year was 1.9% (17 of 874) in the combined group of 
patients treated with 0.3 mg or 0.5 mg LUCENTIS compared with 1.1% (5 of 
441) in patients from the control arms [see Clinical Studies (14.1)]. In the second 
year of Studies AMD-1 and AMD-2, the ATE rate was 2.6% (19 of 721) in the 
combined group of LUCENTIS-treated patients compared with 2.9% (10 of 344) 
in patients from the control arms. In Study AMD-4, the ATE rates observed in the 
0.5 mg arms of the study during the first year were similar to rates observed in 
AMD-1, AMD-2, and AMD-3.

In a pooled analysis of 2-year controlled studies (AMD-1, AMD-2, and a study of 
LUCENTIS used adjunctively with verteporfin photodynamic therapy), the stroke 
rate (including both ischemic and hemorrhagic stroke) was 2.7% (13 of 484) in 
patients treated with 0.5 mg LUCENTIS compared to 1.1% (5 of 435) in patients 
in the control arms (odds ratio 2.2 (95% confidence interval (0.8-7.1))).

Macular edema following retinal vein occlusion
The ATE rate in the two controlled RVO studies during the first 6 months was 
0.8% in both the LUCENTIS and control arms of the studies (4 of 525 in the 
combined group of patients treated with 0.3 mg or 0.5 mg LUCENTIS and 2 
of 260 in the control arms) [see Clinical Studies (14.2) ]. The stroke rate was 
0.2% (1 of 525) in the combined group of LUCENTIS-treated patients compared 
to 0.4% (1 of 260) in the control arms.

Diabetic macular edema
In a pooled analysis of studies DME-1 and DME-2 [see Clinical Studies (14.3) ], 
the ATE rate at 2 years was 7.2% (18 of 250) with 0.5 mg LUCENTIS, 5.6% (14 
of 250) with 0.3 mg LUCENTIS, and 5.2% (13 of 250) with control. The stroke 
rate at 2 years was 3.2% (8 of 250) with 0.5 mg LUCENTIS, 1.2% (3 of 250) 
with 0.3 mg LUCENTIS, and 1.6% (4 of 250) with control. At 3 years, the ATE 
rate was 10.4% (26 of 249) with 0.5 mg LUCENTIS and 10.8% (27 of 250) with 
0.3 mg LUCENTIS; the stroke rate was 4.8% (12 of 249) with 0.5 mg LUCENTIS 
and 2.0% (5 of 250) with 0.3 mg LUCENTIS.

5.4 Fatal events in DME patients
A pooled analysis of Studies DME-1 and DME-2 [see Clinical Studies (14.3) ] 
showed that fatalities in the first 2 years occurred in 4.4% (11 of 250) of patients 
treated with 0.5 mg LUCENTIS, in 2.8% (7 of 250) of patients treated with 0.3 mg 
LUCENTIS, and in 1.2% (3 of 250) of control patients. Over 3 years, fatalities 
occurred in 6.4% (16 of 249) of patients treated with 0.5 mg LUCENTIS and in 
4.4% (11 of 250) of patients treated with 0.3 mg LUCENTIS. Although the rate 
of fatal events was low and included causes of death typical of patients with 
advanced diabetic complications, a potential relationship between these events 
and intravitreal use of VEGF inhibitors cannot be excluded.

6 ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in the Warnings 
and Precautions (5) section of the label:
• Endophthalmitis and retinal detachments
• Increases in intraocular pressure
• Thromboembolic events
• Fatal events in DME patients

6.1 Injection procedure 
Serious adverse reactions related to the injection procedure have occurred in 
< 0.1% of intravitreal injections, including endophthalmitis [see Warnings and 
Precautions (5.1) ], rhegmatogenous retinal detachment, and iatrogenic 
traumatic cataract.

6.2 Clinical studies experience 
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in one clinical trial of a drug cannot be directly compared 
with rates in the clinical trials of the same or another drug and may not reflect 
the rates observed in practice.

The data below reflect exposure to 0.5 mg LUCENTIS in 440 patients with 
neovascular AMD in Studies AMD-1, AMD-2, and AMD-3, and 259 patients 
with macular edema following RVO. The data also reflect exposure to 0.3 mg 
LUCENTIS in 250 patients with DME [see Clinical Studies (14) ].  
Safety data observed in Study AMD-4 were consistent with these results. On 
average, the rates and types of adverse reactions in patients were not significantly 
affected by dosing regimen.

Ocular reactions
Table 1 shows frequently reported ocular adverse reactions in LUCENTIS-treated 
patients compared with the control group.

Table 1. Ocular reactions in the DME, AMD, and RVO studies

Adverse reaction

DME 2-year AMD 2-year AMD 1-year RVO 6-month
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n=250 n=250 n=379 n=379 n=440 n=441 n=259 n=260
Conjunctival 
hemorrhage 47% 32% 74% 60% 64% 50% 48% 37%

Eye pain 17% 13% 35% 30% 26% 20% 17% 12%
Vitreous floaters 10% 4% 27% 8% 19% 5% 7% 2%
Intraocular 
pressure increased 18% 7% 24% 7% 17% 5% 7% 2%

Vitreous 
detachment 11% 15% 21% 19% 15% 15% 4% 2%

Intraocular 
inflammation 4% 3% 18% 8% 13% 7% 1% 3%

Cataract 28% 32% 17% 14% 11% 9% 2% 2%
Foreign body 
sensation in eyes 10% 5% 16% 14% 13% 10% 7% 5%

Eye irritation 8% 5% 15% 15% 13% 12% 7% 6%
Lacrimation 
increased 5% 4% 14% 12% 8% 8% 2% 3%

Blepharitis 3% 2% 12% 8% 8% 5% 0% 1%
Dry eye 5% 3% 12% 7% 7% 7% 3% 3%
Visual disturbance 
or vision blurred 8% 4% 18% 15% 13% 10% 5% 3%

Eye pruritus 4% 4% 12% 11% 9% 7% 1% 2%
Ocular hyperemia 9% 9% 11% 8% 7% 4% 5% 3%
Retinal disorder 2% 2% 10% 7% 8% 4% 2% 1%
Maculopathy 5% 7% 9% 9% 6% 6% 11% 7%
Retinal degeneration 1% 0% 8% 6% 5% 3% 1% 0%
Ocular discomfort 2% 1% 7% 4% 5% 2% 2% 2%
Conjunctival 
hyperemia 1% 2% 7% 6% 5% 4% 0% 0%

Posterior capsule 
opacification 4% 3% 7% 4% 2% 2% 0% 1%

Injection site 
hemorrhage 1% 0% 5% 2% 3% 1% 0% 0%

Non-ocular reactions
Non-ocular adverse reactions with an incidence of ≥ 5% in patients receiving 
LUCENTIS for DME, AMD, and/or RVO and which occurred at a ≥ 1% higher 
frequency in patients treated with LUCENTIS compared to control are shown 
in Table 2. Though less common, wound healing complications were also 
observed in some studies.

Table 2. Non-ocular reactions in the DME, AMD and RVO studies

Adverse reaction

DME 2-year AMD 2-year AMD 1-year RVO 6-month
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n=250 n=250 n=379 n=379 n=440 n=441 n=259 n=260
Nasopharyngitis 12% 6% 16% 13% 8% 9% 5% 4%
Anemia 11% 10% 8% 7% 4% 3% 1% 1%
Nausea 10% 9% 9% 6% 5% 5% 1% 2%
Cough 9% 4% 9% 8% 5% 4% 1% 2%
Constipation 8% 4% 5% 7% 3% 4% 0% 1%
Seasonal allergy 8% 4% 4% 4% 2% 2% 0% 2%
Hypercholesterol-
emia 7% 5% 5% 5% 3% 2% 1% 1%

Influenza 7% 3% 7% 5% 3% 2% 3% 2%
Renal failure 7% 6% 1% 1% 0% 0% 0% 0%
Upper respiratory 
tract infection 7% 7% 9% 8% 5% 5% 2% 2%

Gastroesophageal 
reflux disease 6% 4% 4% 6% 3% 4% 1% 0%

Headache 6% 8% 12% 9% 6% 5% 3% 3%
Edema peripheral 6% 4% 3% 5% 2% 3% 0% 1%
Renal failure 
chronic 6% 2% 0% 1% 0% 0% 0% 0%

Neuropathy 
peripheral 5% 3% 1% 1% 1% 0% 0% 0%

Sinusitis 5% 8% 8% 7% 5% 5% 3% 2%
Bronchitis 4% 4% 11% 9% 6% 5% 0% 2%
Atrial fibrillation 3% 3% 5% 4% 2% 2% 1% 0%
Arthralgia 3% 3% 11% 9% 5% 5% 2% 1%
Chronic obstructive 
pulmonary disease 1% 1% 6% 3% 3% 1% 0% 0%

Wound healing 
complications 1% 0% 1% 1% 1% 0% 0% 0%

6.3 Immunogenicity
As with all therapeutic proteins, there is the potential for an immune response in 
patients treated with LUCENTIS. The immunogenicity data reflect the percentage of 
patients whose test results were considered positive for antibodies to LUCENTIS in 
immunoassays and are highly dependent on the sensitivity and specificity of the assays.

The pre-treatment incidence of immunoreactivity to LUCENTIS was 0%-5% across 
treatment groups. After monthly dosing with LUCENTIS for 6 to 24 months, 
antibodies to LUCENTIS were detected in approximately 1%-8% of patients.

The clinical significance of immunoreactivity to LUCENTIS is unclear at this time. 
Among neovascular AMD patients with the highest levels of immunoreactivity, 
some were noted to have iritis or vitritis. Intraocular inflammation was not 
observed in DME or RVO patients with the highest levels of immunoreactivity.

7 DRUG INTERACTIONS
Drug interaction studies have not been conducted with LUCENTIS.

LUCENTIS intravitreal injection has been used adjunctively with verteporfin 
photodynamic therapy (PDT). Twelve of 105 (11%) patients with neovascular 
AMD developed serious intraocular inflammation; in 10 of the 12 patients, this 
occurred when LUCENTIS was administered 7 days (± 2 days) after verteporfin PDT.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Pregnancy Category C. There are no studies of LUCENTIS in pregnant women. 
An embryo-fetal developmental toxicity study was performed on pregnant 
cynomolgus monkeys. Pregnant animals received intravitreal injections of 
ranibizumab every 14 days starting on Day 20 of gestation, until Day 62 at doses 
of 0, 0.125, and 1 mg/eye. Skeletal abnormalities including incomplete and/or 
irregular ossification of bones in the skull, vertebral column, and hindlimbs and 
shortened supernumerary ribs were seen at a low incidence in fetuses from 
animals treated with 1 mg/eye of ranibizumab. The 1 mg/eye dose resulted in 
trough serum ranibizumab levels up to 13 times higher than predicted Cmax levels 
with single eye treatment in humans. No skeletal abnormalities were seen at the 
lower dose of 0.125 mg/eye, a dose which resulted in trough exposures equivalent 
to single eye treatment in humans. No effect on the weight or structure of the 
placenta, maternal toxicity, or embryotoxicity was observed.

Animal reproduction studies are not always predictive of human response. It is 
also not known whether ranibizumab can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Based on the anti-VEGF 
mechanism of action for ranibizumab [see Clinical Pharmacology (12.1) ], 
treatment with LUCENTIS may pose a risk to embryo-fetal development (including 
teratogenicity) and reproductive capacity. LUCENTIS should be given to a pregnant 
woman only if clearly needed.

8.3 Nursing mothers
It is not known whether ranibizumab is excreted in human milk. Because many 
drugs are excreted in human milk, and because the potential for absorption and 
harm to infant growth and development exists, caution should be exercised when 
LUCENTIS is administered to a nursing woman.

8.4 Pediatric use
The safety and effectiveness of LUCENTIS in pediatric patients have not been 
established.

8.5 Geriatric use
In the clinical studies, approximately 79% (2387 of 3005) of patients randomized 
to treatment with LUCENTIS were ≥ 65 years of age and approximately 54% 
(1636 of 3005) were ≥ 75 years of age [see Clinical Studies (14) ]. No notable 
differences in efficacy or safety were seen with increasing age in these studies. 
Age did not have a significant effect on systemic exposure.

10 OVERDOSAGE 
More concentrated doses as high as 2 mg ranibizumab in 0.05 mL have been 
administered to patients. No additional unexpected adverse reactions were seen.

17 PATIENT COUNSELING INFORMATION
In the days following LUCENTIS administration, patients are at risk of developing 
endophthalmitis. If the eye becomes red, sensitive to light, painful, or develops a 
change in vision, the patient should seek immediate care from an ophthalmologist 
[see Warnings and Precautions (5.1) ].

LUCENTIS® [ranibizumab injection]
Manufactured by:
Genentech, Inc.

A Member of the Roche Group
1 DNA Way
South San Francisco, CA
94080-4990

10133592
Initial US Approval: June 2006
Revision Date: LUC0001648500  2013
LUCENTIS® is a registered trademark 
of Genentech, Inc.
© 2013 Genentech, Inc.
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Safety and Efficacy of VEGF-neutralizing Drugs for Intraocular Use

At the 2012 American Society of Retina Specialists 
Meeting, I presented data from a primate model 
showing varying systemic concentrations of drug after 
injection with ranibizumab (Lucentis, Genentech), 
bevacizumab (Avastin, Genentech), and aflibercept 
(Eylea, Regeneron), with ranibizumab having the low-
est systemic exposure compared to the other two 
anti-VEGF agents (Figure 1). Chakravarthy et al1 pre-
sented data at the 2013 Association for Research in 
Vision and Ophthalmology meeting from the IVAN 
head-to-head study evaluating the efficacy and safety 
of ranibizumab compared with bevacizumab, and 
demonstrated a marked reduction in serum VEGF lev-
els in eyes injected with bevacizumab—at two years, 
there was an almost 80% reduction in serum VEGF at 
least 1 month after the last injection (Figure 2). There 
was only a mild reduction in serum VEGF after ranibi-
zumab injection.

STUDY OF HUMAN SERUM ANTI-VEGF DRUG 
LEVELS AND FREE VEGF IN PLASMA

Recently, we performed a study to further investi-
gate serum drug levels and the plasma free (not bound 
by drug) VEGF levels in humans with neovascular age-
related macular degeneration (AMD) and retinal vein 
occlusion (RVO) following intravitreal injections of 
ranibizumab, bevacizumab, and aflibercept.2 A report 
of the AMD portion of this study has recently been 
published.3 We chose to study the plasma levels of free 
VEGF mainly because by looking at plasma, we could 
isolate free VEGF independent of the VEGF seques-
tered within the platelets and released upon serum 
collection. 

Patients included in our study were either treat-
ment-naïve or had no anti-VEGF therapy for the pre-
vious 4 months. There were 6 groups of 90 patients 
total, 3 groups of 15 patients within the AMD arm 
and 3 groups of 15 patients within the RVO arm. 
Patients in the AMD and RVO arms were equally 
divided to receive intravitreal (IVT) injections of 
ranibizumab 0.5 mg, bevacizumab 1.25 mg, or afliber-
cept 2.0 mg. 

STUDY METHODS
Blood was collected for serum pharmacokinetic lev-

els of aflibercept, bevacizumab, and ranibizumab and 
were analyzed using a solution phase based enzyme-
linked immunosorbent assay (ELISA) following the 
first and third IVT injections. In addition, blood was 
collected from patients at our practice (California 
Retina Consultants) around the first and third dose of 

Systemic Levels of Free VEGF 
Following Intravitreal Injections 
of Ranibizumab, Bevacizumab, 
and Aflibercept
Is the difference significant?

BY ROBERT L. AVERY, MD

Figure 1.  In a study in primates, ranibizumab had the 

lowest systemic exposure compared with bevacizumab 

and aflibercept.
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monthly anti-VEGF treatment, and plasma was mea-
sured for free VEGF levels at baseline and 3 hours, and 
at days 1, 4, 7, and 28 following IVT injections. 

Blood was collected into CTAD (citrate, theophyl-
line, adenosine, and dipyridamole) tubes—which 
are optimal for preventing platelet activation—spun 
down in the clinic to isolate the plasma, and were 
frozen until assayed for free VEGF by an independent 
research organization. Plasma concentrations of free 
VEGF were determined using a Quantikine ELISA (R&D 
Systems) kit (sensitivity ~9 pg/mL).

RESULTS 
The serum concentrations for bevacizumab were the 
highest (above the IC50 for VEGF inhibition) after 

the first and third injections, followed by aflibercept 
(above the IC50 for VEGF inhibition). The serum level 
of ranibizumab was the lowest at both time points 
(mostly below the IC50; Figure 3). In the bevacizum-
ab arms there was a greater reduction in free VEGF 
after the third dose, presumably due to accumulation 
of drug due to its long systemic half-life. The systemic 
exposure of these anti-VEGF drugs as measured 
by the area-under-the-curve (AUC) ratios showed 
that bevacizumab’s serum exposure was 38 times 
that of ranibizumab at 1 month and approximately 
70 times higher than ranibizumab at 3 months. The 
AUC ratios for aflibercept showed that at 1 month, 
the exposure was approximately 9 times higher than 
that of ranibizumab and 13 times higher at 3 months. 
The systemic exposures observed for each drug were 

Figure 2.  Chakravarthy et al2 demonstrated a marked reduction in serum VEGF levels in eyes injected with  

bevacizumab—at 2 years, there was an almost 80% reduction in serum VEGF at least 1 month after the last injection. 

There was only a mild reduction in serum VEGF after ranibizumab injection.

Figure 3.  The serum concentrations for bevacizumab were 

the highest (above the IC50 for VEGF inhibition) after the 

first and third injections, followed by aflibercept (above the 

IC50 for VEGF inhibition). The serum level of ranibizumab 

was the lowest at both time points (mostly below the IC50). 

Figure 4.  There was a slight reduction in the plasma free 

VEGF levels with ranibizumab over the course of 3 hours 

and 1 and 7 days after the first dose, and then levels of free 

VEGF returned to baseline. 
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similar in both AMD and RVO.
There was a notable difference between the plasma 

free VEGF levels comparing the 3 agents. There was a 
slight reduction in the plasma free VEGF levels with 
ranibizumab over the course of 3 hours and 1 and 
7 days after the first dose (Figure 4) and then levels 
of free VEGF returned to baseline. There was a more 
significant reduction in plasma free VEGF after beva-
cizumab injection that started at 3 hours and became 
more prominent at day 1 and 3. At 7 days, the mean 
plasma free VEGF was below the level of quantifica-
tion, approximately 10 pg/mL. The plasma free VEGF 
levels rose up again by day 28 (Figure 5), but did not 
return completely to baseline. The reduction in plasma 
free VEGF levels was most pronounced following 
aflibercept injections. There was a very rapid reduc-
tion, more rapid than bevacizumab in measurable 
plasma free VEGF starting at 3 hours that persisted 
through day 7 after the first dose before returning to 
baseline at approximately 28 days (Figure 6).

Following the third dose, ranibizumab did not seem 
to have much of an effect on the plasma free VEGF 
levels. The plasma free VEGF levels in the bevacizumab 
group started out at slightly lower levels, likely due 
to the accumulation effect of the previous 2 injec-
tions and the drugs long half-life in serum. The levels 
dropped below the level of quantification quickly, an 
effect that persisted at days 1, 3, and 7. Following the 
third dose, the plasma free VEGF levels in the afliber-
cept group fell below the limit of quantification, and 
the difference between the plasma free VEGF levels of 
bevacizumab and aflibercept were not as pronounced 
as was seen after the first injection. Figure 7 shows all 
of the groups after the first and third doses. 

Overall, we found that systemic exposure was high-
est for bevacizumab, followed by aflibercept, which 
is presumably due to binding to the Fc fragment on 
these two molecules. Systemic accumulation was seen 
with bevacizumab—and, to a lesser extent, afliber-
cept—following repeated dosing. The systemic levels 

of both aflibercept and bevacizumab after the third 
doses exceeded the IC50 for VEGF inhibition, and cor-
responded to the most markedly reduced free VEGF 
levels. 

WHY IS THIS IMPORTANT?
In oncology, chronic inhibition of VEGF has been 

shown to affect not only angiogenesis but also endo-
thelial cell integrity, vascular tone, prevention of 
blood cell adherence to endothelial cells, and kidney 
filtration function. These overall effects can lead to 
compromised wound healing, hypertension, arterial 
thromboembolic events (ATEs), cardiac dysfunction, 
and proteinuria.4 

When we first began using bevacizumab for pro-
liferative diabetic retinopathy in 2005, we found 
instances where the untreated eye stopped leak-
ing one week after injection of the fellow eye, and 
rebounded at 2 weeks with return of leakage of 
neovascular tissue, demonstrating a systemic effect 

Figure 5.  The plasma free VEGF levels rose up again by day 

28, but did not return completely to baseline. 

Figure 6.  The reduction in plasma free VEGF levels was 

most pronounced following aflibercept injections. There 

was a very rapid reduction in measurable plasma free VEGF 

starting at 3 hours that persisted through day 7 after the 

first dose before returning to baseline at approximately 28 

days.

Figure 7.  The systemic levels of both aflibercept and 

bevacizumab after the third doses exceeded the IC50 for 

VEGF inhibition, and corresponded to the most markedly 

reduced free VEGF levels. 
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shortly after injection (Figure 8).5

Even though the CATT trial did not show a signifi-
cant difference in ATEs between bevacizumab and 
ranibizumab, there was an increased incidence of sys-
temic serious adverse events (SAEs) with bevacizumab 
use over ranibizumab. Genentech and Novartis have 
also performed a metaanalysis of almost 7000 patients 
in ranibizumab trials. In the DME subset, there were 
numerical imbalances, where 16 of the patients ran-
domized to ranibizumab 0.5 mg experienced wound-
healing complications compared to 2 patients in the 
0.3 arms, and zero in the sham arms. Perhaps this 
could be attributable to chance, but it could also be 
evidence of a systemic effect of the higher dose of 
ranibizumab.6  

The GEFAL 1-year safety metaanalysis, presented 
by Kodjikian at the 2013 Association for Research in 
Vision and Ophthalmology meeting, combined the 
1-year systemic safety events from GEFAL, MANTA, 
IVAN, and CATT: 4 separate studies from 4 differ-
ent countries.7 The data did not show any significant 
difference in ATEs between bevacizumab and ranibi-
zumab. However, they each showed an increased risk 
of systemic SAEs with bevacizumab over ranibizumab 
with an approximately 1.34 relative risk of SAEs in the 
bevacizumab group.    

SUMMARY
Based on the data presented herein, it is clear that 

VEGF inhibitors have different systemic exposures fol-
lowing intravitreal injections in humans. The systemic 
exposure appears to be higher with the Fc-containing 
molecules bevacizumab and aflibercept when com-
pared with ranibizumab. There is evidence of systemic 
accumulation of bevacizumab and, to a lesser extent, 
aflibercept after repeated dosing. The systemic plasma 
free VEGF following injection with aflibercept (first and 
third doses) and bevacizumab (third dose) was sub-
stantially lower compared with ranibizumab. 

These data, when combined with what we have 
learned from the experience with VEGF inhibition in 
oncology, outline a biologic plausibility that the sys-
temic serious adverse events observed in recent trials 
could be related to altered VEGF levels. Further study 
is indicated to evaluate if these reduced VEGF levels 
have clinical significance in any at risk populations.
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Robert L. Avery, MD: One area of current con-
troversy revolves around whether or not intravitreal 
injections of anti-VEGF agents can cause systemic 
effects. Registration trials of ranibizumab (Lucentis, 
Genentech)1 and aflibercept (Eylea, Regeneron)2 
have not shown a statistically significant increased 
risk of arteriothrombotic adverse events (ATEs; these 
have been documented with systemic administra-
tion of larger doses of these agents). However, the 
CATT trial3 demonstrated a statistically significant 
increased risk of systemic serious adverse events with 
bevacizumab (Avastin, Genentech) over ranibizumab, 
which increased over the second year of the trial.4 We 
recently studied the pharmacokinetics of anti-VEGF 
agents after intravitreal injection and found that 
there was a pronounced reduction in plasma free 
VEGF levels after bevacizumab and aflibercept 
injection, but a much smaller and transient effect 
after ranibizumab injection. When presenting these 
data at the American Society of Retina Specialists,5 
and subsequently at the American Academy of 
Ophthalmology (AAO) Retina Subspecialty Day, we 
concluded that the greater effects of bevacizumab on 
the plasma free VEGF levels suggest a biologic plau-
sibility that systemic serious adverse events could be 
related to these altered VEGF levels. We did not say, 
however, that this was conclusive; rather, we recom-
mended further study. 

It is important to understand that the effect of sys-
temic VEGF blockade could affect many different pro-
cesses such as endothelial cell integrity, vascular tone 
(hypertension), and wound healing. 

The experience with anti-VEGF therapy in oncol-
ogy suggests a need for evaluating subtle differences 
in patients that would place them at higher risk for 
systemic serious adverse events (SAEs). For instance, 

the US Food and Drug Administration (FDA) has 
recently reported that the risk of developing ATEs dur-
ing systemic bevacizumab therapy increases in patients 
with a history of arterial thromboembolism, diabetes, 
or age greater than 65 years (www.fda.gov/Safety/
MedWatch/SafetyInformation/ucm275758.htm). 
Hence, if we are trying to find out if there is any clinical 
risk from these intravitreal injections, it would make 
sense to look at this higher risk population to see if we 
can detect an effect—particularly if the incidence of 
these adverse events is low. On the other hand, after 
we saw a trend toward stroke in the higher ranibizum-
ab dose in the SAILOR trial,6 many subsequent trials 
excluded patients who had suffered a recent stroke.

Karl G. Csaky, MD, PhD: If you look at the oncology 
trials for bevacizumab, the SAE risks are very much age 
related. For instance, in the groups of patients with the 
highest likelihood of developing hypertension and pro-
teinuria, the rates rise with increasing age. 

Dr. Avery: This increased risk with age is true 
for developing cerebral vascular events as well. 
Interestingly, in the European Public Assessment 
Report (EPAR) analysis of the VIEW studies,7 there was 
an imbalance in a high risk group, those 85 years of 
age or older, where a higher percentage of patients on 
aflibercept had cerebrovascular events than those on 
ranibizumab.

Baruch D. Kuppermann, MD, PhD: This persisted 
into the second year as well; whereas the cardiac issues 
that were more prominent in the ranibizumab arm 
tended to balance out by year 2. 

There are probably 4 groups at greatest risk for 
SAEs. Patients with diabetes tend to have the most 
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prominent risk, which was observed in the RISE and 
RIDE8 studies and led to modifications of the wording 
of the ranibizumab package insert and was a ratio-
nale for approving the 0.3 mg dose for this patient 
population. Patients 85 years of age or older seem to 
be another group with a higher risk, as are patients 
with prior strokes. Finally, premature infants who have 
received injections for retinopathy of prematurity are 
at a higher risk for systemic side effect from anti-VEGF. 

It has been alluded to from the IVAN9 data that 
SAEs may not only be related to the lowering of 
systemic VEGF levels, but also to fluctuations in the 
VEGF. What are your thoughts on this? 

Dr. Avery: In the CATT trial, we also noted more 
systemic SAEs in the as-needed (PRN) dosing arms 
than in the monthly arms.3 There may be something 
in the varying VEGF levels as opposed to chronic 
suppression. It is a complex process that may have 
something to do with the upregulation of receptors or 
some other factor that may increase the risk of SAEs. 

The metaanalysis of the data from CATT and 
IVAN are interesting in that the PRN dosing groups 
had a higher risk of death and ATEs.3,9 This concern 
seems to be one of the main  reasons that the IVAN 
authors recommend monthly doses of bevacizumab 
or ranibizumab, even though monthly dosing is asso-
ciated with higher rates of geographic atrophy. In 
a way, I could interpret this recommendation as an 
admission that there are systemic effects of intravit-
real injections, as why would you expect a different 
mortality rate based on dosing if there were not sys-
temic effects of the agents?

Dr. Csaky: In my opinion, the trials that may be 
the most interesting in regard to SAEs will be the long 
term follow-up aflibercept for diabetic macular edema 
(DME) studies, VIVID and VISTA.10 Although the initial 
52-week data did not suggest any increased SAEs, one 
really needs to see the 2 and 3 year safety data to make 
any firm conclusions.  For example, there was a dose 
response in the 3-year RISE and RIDE trials,8 with more 
SAEs reported in the 0.5 mg ranibizumab versus the 
0.3 mg ranibizumab group; however, the difference was 
not statistically significant. 

Dr. Avery: You are correct. It is conceivable that 
patients may initially tolerate reduced plasma VEGF 
levels quite well, but over years, some process is trig-
gered which produces an adverse event. 

Dr. Csaky: The biology of systemic VEGF is 

extremely complex. For example, one can think of 
VEGF levels produced by local tissues and endothelial 
cells, such as what occurs in the eye, but the levels in 
the systemic circulation are in constant flux with VEGF 
being carried throughout the circulation both platelets 
and also by inflammatory cells, such as macrophages, 
that also produce VEGF. 

However, on the other hand, the activity of the 
anti-VEGF agents is relatively simple in that they do 
only one thing—bind VEGF. It can be argued that 
aflibercept may bind to a couple of other growth fac-
tors, but for the most part, they all do the same thing. 
In contrast thymidine kinase inhibitors, for example, 
may have a lot of off-targeting or unexpected effects.

Another factor to take into consideration is that 
many studies have demonstrated that VEGF levels are 
age dependent and that, as we age, the total VEGF 
load decreases.11 This may be why events in older 
patients, such as myocardial infarctions, are more 
lethal—the ability of the myocardium to regener-
ate and grow vessels and supporting tissue that have 
potential rescue effect decreases with age. The ques-
tion is how do we increase the understanding regard-
ing what occurs at the highest risk level when we sup-
press VEGF. 

In your study, Dr. Avery, what were the demo-
graphics of the participants who were included and 
the risk factors? 

Dr. Avery: None of the participants had prior 
strokes, largely in part because I tend to be more 
cautious using anti-VEGF agents in those who 
have a stroke history. This was a small study, with 
only 15 participants in each arm for each drug and 
disease, and there was a fair amount of variability. 
The mean age in each arm was within 1 or 2 years 
between drug arms, but there was a significant age 
difference between the disease arms with AMD 
being the oldest and DME the youngest.

Dr. Csaky: I think we would all agree that in our 
general patient population in whom we are using 
anti-VEGF agents, we generally do not consider 95% 
to 98% or more of them to be at high risk for a sys-
temic event. The question is how to approach the 
2% to 5% of patients who we identify at high risk, 
and, is there an anti-VEGF agent that would be safer 
to use for these patients. 

The other question that comes into play is how 
many of these SAEs are simply an effect of the aging 
process? For example, I have had several patients for 
whom I have been administering frequent aflibercept 
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injections who report more memory loss over time, 
but again, it is hard to delineate whether this would be 
an effect of the drug or just a natural effect of aging. 

Some of these patients may be at a higher risk, 
whether it is advanced age or prior stroke, but with 
choroidal neovascular membranes that would benefit 
from treatment. We may use lower doses of drug, but 
we will still treat them, so it would be an advantage to 
have more clarity on drug versus aging effect. 

Dr. Kuppermann: Patients with diabetes have been 
identified as being a population at a higher risk of sys-
temic safety issues after intravitreal anti-VEGF therapy. 
It is possible that ranibizumab, based on drug pharma-
cokinetic half-life, drug exposure calculations deter-
mining area under the curve (AUC), and the absence 
of the Fc fragment may be the safest of all 3 anti-VEGF 
agents to use in at risk populations, although presum-
ably all agents carry a risk. 

Even though Dr. Avery’s study concludes that 
ranibizumab appears to lower overall VEGF levels the 
least, even that small amount of reduction appears 
to make a difference after a period of time, as shown 
in the RISE and RIDE trials, where the risk of stroke 
and death appeared only in year 2 after monthly 
administration. 

The Diabetic Retinopathy Clinical Research Network 
(DRCR.net) Protocol T (see inset, pages 13 and 14) is 
evaluating these 3 agents administered on a monthly 
basis in a high-risk patient population. If the RISE and 
RIDE data is corroborated by this trial, by year 2, and 
maybe even sooner, the bevacizumab and aflibercept 
arms may begin to show a greater incidence of com-
plications, particularly stroke and death, compared to 
the ranibizumab arm. 

Dr. Csaky: We still have plenty of data that will be 
coming available, real-life data, which is really what 
we are all looking for in terms of trying to extrapolate 
the basic science data into real-life issues. When the 
aflibercept data is dissected as the drug is considered 
for approval for a DME indication, any potential safety 
data will be discussed. In the case of ranibizumab, 
the FDA was poised to approve either the 0.3 mg or 
0.5 mg, but Genentech obviously felt that there was 
enough data to suggest the 0.3 mg was safer.

Dr. Kuppermann: Spurred by the age stratifica-
tion subanalysis in the EPAR report,7 there has been 
discussion on performing a similar age-based stratified 
subanalysis on the CATT and IVAN databases, which 
could potentially answer some of these questions. 

Dr. Avery: I recall that in CATT, the mean age of the 
bevacizumab PRN arm participants was a year older than 
the others. I wonder if 1 year can affect the rate of SAEs.

Dr. Csaky: Another interesting issue is that when 
you run the Kaplan-Meier analyses from the 2-year 
data from CATT, the increased risks of systemic events 
holds up; however, in our own practices, we are most 
likely using about 50% bevacizumab for our patients, 
many of them on PRN dosing, and I doubt anyone has 
had a rash of patients who require hospitalization. 

Dr. Avery: My concern in reference to these percep-
tions is that we are all very busy in our practices, so 
not all hospitalizations or ER visits will make it to my 
history sheet, and some patients could have a severe 
stroke and simply never return to my clinic. Hence, I 
may underestimate the incidence of these problems. 
However, in clinical trials, we have study coordinators 
who comb over the records of patients’ interval histo-
ry to find the information that we may not be inquisi-
tive enough to gather during the patient visit. 

Dr. Csaky: Do you have any thoughts and sugges-
tions on how you might see a study being designed 
that would flush out real life issues with SAEs? 

Dr. Avery: I think that we will learn some 
important information from one of the registries 
that are based on secure data from electronic 
medical records (EMR). The American Academy of 
Ophthalmology has such an EMR registry, and the 
advantage over the meta-analyses of the Medicare 
database is that it includes all patients’ data, not 
just billing data that goes through the Medicare 
system. Access to a wide field of data that is patient 
specific can allow data mining without a prospec-
tive trial that will help to distinguish a difference 
between risk factor for SAEs.

Dr. Csaky: An example of one of the issues with the 
Medicare database is that there is no diagnosis-related 
group (DRG) code for a new stroke event, so if some-
one has had a stroke 10 years ago, the DRG code will 
remain in the database and it will not be updated for a 
subsequent, more recent stroke event. We considered 
looking at ER visits and other such parameters within 
the Medicare database, but it becomes very challeng-
ing using this. It might improve with the ICD-10 codes 
are released later in 2014. 

Dr. Avery: The ICD-10 codes will most likely 
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solve this problem to which you refer immediately. 
Regarding the independent registries, I think that they 
will provide us with a wealth of information currently 
not available. These data will provide us with a power-
ful tool to understand the SAE rates among agents. 

Dr. Csaky: I agree. When these data are compiled, 
they will be based on many years’ follow-up with 
ranibizumab and bevacizumab, and at least 2 to 
4 years’ follow-up with aflibercept. It is clear that these 
large databases are going to help tease out any specific 
at-risk patients, or even identify groups of patients 
who may be suffering more strokes and heart attacks.  

Dr. Avery: The science, in my opinion, has been ade-
quately elucidated so that we have a good handle on 
how serum plasma levels are altered by these agents, 
but we are still unclear on how to intervene systemi-
cally. The trouble with clinical trial databases is the 
selection bias, which does not accurately reflect real-
world practice—the kind of EMR database described 
will provide a plethora of useful information. 

I think it is safe to say that SAEs are rare with ranibi-
zumab, bevacizumab, and aflibercept, but any inci-
dence, however rare, is important and significant. In 
some patients, we may have to adjust the frequency 
with which we inject to balance the systemic safety 
with ocular health. However, we have not yet been 
shown conclusive trial data that suggest that there are 
significant differences in safety between ranibizumab, 
bevacizumab, and aflibercept. 

Dr. Kuppermann: I do not think that this story is 
over. I like to use the analogy of timolol. After the FDA 
approved timolol for glaucoma, it was 4 or 5 years before 
ophthalmologists started seeing an increased incidence 
of congestive heart failure and atrioventricular block in 
patients with glaucoma who used the drug, leading to 
direct contraindications for patients with corresponding 
histories.12 It was only 5 or 6 years ago that it began to 
emerge that even minute amounts of topical timolol can 
enter the body systemically via extremely sensitive recep-
tors, inducing these SAEs. 

There are several similar examples within ophthal-
mology and medicine in general that demonstrate that 
it takes real-world experience and continued diligence 
and vigilance to uncover issues that may have yet to 
prove themselves important. 
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Safety and Efficacy of VEGF-neutralizing Drugs for Intraocular Use

Study Objective
The primary objective of the proposed research is 
to compare the efficacy and safety of (1) intravitreal 
aflibercept, (2) intravitreal bevacizumab, and (3) intra-
vitreal ranibizumab when given to treat central-
involved DME in eyes with visual acuity of 20/32 to 
20/320.
 
Study Design and Synopsis of Protocol
Study Design: Randomized, multicenter. 

Study participants will be assigned randomly to 1 of 
the following 3 groups:
1. 2.0  mg intravitreal aflibercept
2. 1.25 mg intravitreal bevacizumab
3. 0.5 mg intravitreal ranibizumab
Study participants can have only 1 study eye. If both 
eyes are eligible at the time of randomization and one 
of the eyes has never received anti-VEGF treatment, 
that eye should be randomized. If both eyes are eligi-
ble and have previously received anti-VEGF treatment 
or both eyes have never received anti-VEGF then the 

DRCR.NET PROTOCOL T: A COMPARATIVE EFFECTIVENESS STUDY OF INTRAVITREAL AFLIBERCEPT, 
BEVACIZUMAB, AND RANIBIZUMAB FOR DIABETIC MACULAR EDEMA

 

SCHEDULE OF STUDY VISITS AND EXAMINATION PROCEDURES

Visit 0  4w-48w
 

52w Between 
52w-104w
Visits Every
4-16w*

104w

E-ETDRS best corrected visual acuitya X X X X X

OCTb X X X X X

Eye Examc X X X X X

7-field Fundus Photographyd X  X  X

Blood pressure X Xf X   

Hemoglobin A1ce X     

Urine Sample X Xf X   

A medical history will be elicited at baseline and an updated history at each visit. Concomitant medications will be 
recorded at baseline and updated at each visit. Adverse events will be recorded at each visit.
 a= both eyes at each visit; includes protocol refraction in study eye at each visit. Protocol refraction in nonstudy eye is 
only required at baseline, 52 week and 104 week visits. E-ETDRS refers to electronic ETDRS testing using the Electronic 
Visual Acuity Tester that has been validated against 4-meter chart ETDRS testing.
b=study eye only
c=both eyes at baseline, 52 weeks and 104 weeks; study eye only (and nonstudy eye if treated with study drug) at all 
other follow-up visits.  Includes slit lamp exam (including assessment of lens), measurement of intraocular pressure, and 
dilated ophthalmoscopy.
d=digital 7-fields or 4WF; study eye only 
e=does not need to be repeated if Hemoglobin A1c is available from within the prior 3 months. If not available, can be 
performed within 3 weeks after randomization.
 f=Participants will be asked to return for an optional visit 2-3 days (+/- 1 day) after the baseline injection to obtain a 
blood pressure measurement and urine sample. If the participant is unable or unwilling to return after the baseline injec-
tion he/she will be asked to return for an optional visit 2-3 (+/- 1 day) days after either of the next 2 injections to have 
the blood pressure measured and urine sample collected. Blood pressure will also be obtained at the first 4 week protocol 
visit after the post-injection blood pressure was obtained.

Information from: Diabetic Retinopathy Clinical Trial Research Network Public web site. Available at: http://drcrnet.jaeb.
org/Studies.aspx?RecID=206. Accessed December 23, 2013. 
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Safety and Efficacy of VEGF-neutralizing Drugs for Intraocular Use

study eye will be selected by the investigator and the 
participant before randomization.  

Sample Size: 660 study eyes (220 eyes per group)
Duration of Follow-up: 2 years; primary outcome at 1 year.

Follow-up Schedule:
•	 Follow-up visits occur every 4 weeks up to the  

1 year visit
•	 After 1 year, visits occur every 4 to 16 weeks depend-

ing on disease progression and treatment adminis-
tered

•	 All participants will have follow-up visits at 1 and 2 
years

•	 Participants will be requested to complete 
1 optional visit 2 to 3 days after either the first, 
second, or third injection (±1 day if the participant 
cannot return within this time period)

Main Efficacy Outcomes
Primary:   
Change in visual acuity from baseline to 1 year adjust-
ed for baseline visual acuity.  

Secondary:  
•	 Change in visual acuity at four months
•	 Change in visual acuity at 2 years
•	 Number of intravitreal injections given per protocol
•	 Proportion of eyes with two and three line gains or 

losses in visual acuity

•	 Change in OCT central subfield thickness and reti-
nal volume

•	 Proportion of eyes with OCT central subfield 
thickness of <250 µm on Stratus OCT (or spectral-
domain OCT equivalent)

•	 Of eyes with nonproliferative diabetic retinopathy 
at baseline, proportion of eyes with regression of 
retinopathy severity level

•	 Proportion receiving panretinal photocoagulation, 
vitrectomy, or vitreous hemorrhage

•	 Change in blood pressure 2 to 3 days (±1 day) after 
an injection and at 1 year

•	 Change in albumin/creatinine ratio for microalbu-
minuria 2 to 3 days (±1 day) after an injection and 
at 1 year

 
Main Safety Outcomes
•	 Injection-related: endophthalmitis, traction retinal 

detachment, rhegmatogenous retinal detach-
ment, retinal tear, cataract, intraocular hemorrhage 
increased intraocular pressure

•	 Ocular drug-related: inflammation,  new or wors-
ening traction retinal detachment, progression of 
traction retinal detachment from extramacular to 
macular

•	 Systemic drug-related: hypertension events, kidney, 
gastrointestinal events, and cardiovascular events as 
defined by the Antiplatelet Trialists’ Collaboration

DRCR.NET PROTOCOL T: A COMPARATIVE EFFECTIVENESS STUDY OF INTRAVITREAL AFLIBERCEPT, 
BEVACIZUMAB, AND RANIBIZUMAB FOR DIABETIC MACULAR EDEMA (CONTINUED)
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Brief summary–please see the LUCENTIS® package 
insert for full prescribing information.

1 INDICATIONS AND USAGE
LUCENTIS is indicated for the treatment of patients with:

1.1 Neovascular (wet) age-related macular degeneration (AMD)
1.2 Macular edema following retinal vein occlusion (RVO) 
1.3 Diabetic macular edema (DME)

2 DOSAGE AND ADMINISTRATION
FOR OPHTHALMIC INTRAVITREAL INJECTION ONLY. 

2.2 Neovascular (wet) age-related macular degeneration (AMD)
LUCENTIS 0.5 mg (0.05 mL of 10 mg/mL LUCENTIS solution) is recommended 
to be administered by intravitreal injection once a month (approximately 28 days). 

Although not as effective, patients may be treated with three monthly doses 
followed by less frequent dosing with regular assessment. In the nine months 
after three initial monthly doses, less frequent dosing with 4-5 doses on average 
is expected to maintain visual acuity while monthly dosing may be expected to 
result in an additional average 1-2 letter gain. Patients should be assessed 
regularly [see Clinical Studies (14.1) ].
Although not as effective, patients may also be treated with one dose every 
3 months after 4 monthly doses. Compared to continued monthly dosing, dosing 
every 3 months over the next 9 months will lead to an approximate 5-letter 
(1-line) loss of visual acuity benefit, on average. Patients should be assessed 
regularly [see Clinical Studies (14.1) ].

2.3 Macular edema following retinal vein occlusion (RVO)
LUCENTIS 0.5 mg (0.05 mL of 10 mg/mL LUCENTIS solution) is recommended 
to be administered by intravitreal injection once a month (approximately 28 days). 

In Studies RVO-1 and RVO-2, patients received monthly injections of LUCENTIS 
for 6 months. In spite of being guided by optical coherence tomography and 
visual acuity re-treatment criteria, patients who were then not treated at Month 6 
experienced, on average, a loss of visual acuity at Month 7, whereas patients 
who were treated at Month 6 did not. Patients should be treated monthly [see 
Clinical Studies (14.2) ].

2.4 Diabetic macular edema (DME) 
LUCENTIS 0.3 mg (0.05 mL of 6 mg/mL LUCENTIS solution) is recommended to 
be administered by intravitreal injection once a month (approximately 28 days).

2.5 Preparation for administration
Using aseptic technique, all of the LUCENTIS vial contents are withdrawn through 
a 5-micron, 19-gauge filter needle attached to a 1-cc tuberculin syringe. The 
filter needle should be discarded after withdrawal of the vial contents and should 
not be used for intravitreal injection. The filter needle should be replaced with 
a sterile 30-gauge × ½-inch needle for the intravitreal injection. The contents 
should be expelled until the plunger tip is aligned with the line that marks 0.05 mL 
on the syringe.

2.6 Administration
The intravitreal injection procedure should be carried out under controlled aseptic 
conditions, which include the use of sterile gloves, a sterile drape, and a sterile 
eyelid speculum (or equivalent). Adequate anesthesia and a broad-spectrum 
microbicide should be given prior to the injection.

Prior to and 30 minutes following the intravitreal injection, patients should be 
monitored for elevation in intraocular pressure using tonometry. Monitoring may 
also consist of a check for perfusion of the optic nerve head immediately after the 
injection [see Warnings and Precautions (5.2) ]. Patients should also be monitored 
for and instructed to report any symptoms suggestive of endophthalmitis without 
delay following the injection [see Warnings and Precautions (5.1) ].
Each vial should only be used for the treatment of a single eye. If the contralateral 
eye requires treatment, a new vial should be used and the sterile field, syringe, 
gloves, drapes, eyelid speculum, filter, and injection needles should be changed 
before LUCENTIS is administered to the other eye.

No special dosage modification is required for any of the populations that have 
been studied (e.g., gender, elderly).

4 CONTRAINDICATIONS
4.1 Ocular or periocular infections 
LUCENTIS is contraindicated in patients with ocular or periocular infections.

4.2 Hypersensitivity
LUCENTIS is contraindicated in patients with known hypersensitivity to ranibizumab 
or any of the excipients in LUCENTIS. Hypersensitivity reactions may manifest as 
severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS
5.1 Endophthalmitis and retinal detachments 
Intravitreal injections, including those with LUCENTIS, have been associated with 
endophthalmitis and retinal detachments. Proper aseptic injection technique 
should always be used when administering LUCENTIS. In addition, patients 
should be monitored following the injection to permit early treatment should an 
infection occur [see Dosage and Administration (2.5, 2.6) and Patient Counseling 
Information (17)].

5.2 Increases in intraocular pressure 
Increases in intraocular pressure have been noted both pre-injection and post-
injection (at 60 minutes) while being treated with LUCENTIS. Monitor intraocular 
pressure prior to and following intravitreal injection with LUCENTIS and manage 
appropriately [see Dosage and Administration (2.6)].

5.3 Thromboembolic events
Although there was a low rate of arterial thromboembolic events (ATEs) observed 
in the LUCENTIS clinical trials, there is a potential risk of ATEs following intravitreal 
use of VEGF inhibitors. ATEs are defined as nonfatal stroke, nonfatal myocardial 
infarction, or vascular death (including deaths of unknown cause).

Neovascular (wet) age-related macular degeneration 
The ATE rate in the three controlled neovascular AMD studies (AMD-1, AMD-2, 
AMD-3) during the first year was 1.9% (17 of 874) in the combined group of 
patients treated with 0.3 mg or 0.5 mg LUCENTIS compared with 1.1% (5 of 
441) in patients from the control arms [see Clinical Studies (14.1)]. In the second 
year of Studies AMD-1 and AMD-2, the ATE rate was 2.6% (19 of 721) in the 
combined group of LUCENTIS-treated patients compared with 2.9% (10 of 344) 
in patients from the control arms. In Study AMD-4, the ATE rates observed in the 
0.5 mg arms of the study during the first year were similar to rates observed in 
AMD-1, AMD-2, and AMD-3.

In a pooled analysis of 2-year controlled studies (AMD-1, AMD-2, and a study of 
LUCENTIS used adjunctively with verteporfin photodynamic therapy), the stroke 
rate (including both ischemic and hemorrhagic stroke) was 2.7% (13 of 484) in 
patients treated with 0.5 mg LUCENTIS compared to 1.1% (5 of 435) in patients 
in the control arms (odds ratio 2.2 (95% confidence interval (0.8-7.1))).

Macular edema following retinal vein occlusion
The ATE rate in the two controlled RVO studies during the first 6 months was 
0.8% in both the LUCENTIS and control arms of the studies (4 of 525 in the 
combined group of patients treated with 0.3 mg or 0.5 mg LUCENTIS and 2 
of 260 in the control arms) [see Clinical Studies (14.2) ]. The stroke rate was 
0.2% (1 of 525) in the combined group of LUCENTIS-treated patients compared 
to 0.4% (1 of 260) in the control arms.

Diabetic macular edema
In a pooled analysis of studies DME-1 and DME-2 [see Clinical Studies (14.3) ], 
the ATE rate at 2 years was 7.2% (18 of 250) with 0.5 mg LUCENTIS, 5.6% (14 
of 250) with 0.3 mg LUCENTIS, and 5.2% (13 of 250) with control. The stroke 
rate at 2 years was 3.2% (8 of 250) with 0.5 mg LUCENTIS, 1.2% (3 of 250) 
with 0.3 mg LUCENTIS, and 1.6% (4 of 250) with control. At 3 years, the ATE 
rate was 10.4% (26 of 249) with 0.5 mg LUCENTIS and 10.8% (27 of 250) with 
0.3 mg LUCENTIS; the stroke rate was 4.8% (12 of 249) with 0.5 mg LUCENTIS 
and 2.0% (5 of 250) with 0.3 mg LUCENTIS.

5.4 Fatal events in DME patients
A pooled analysis of Studies DME-1 and DME-2 [see Clinical Studies (14.3) ] 
showed that fatalities in the first 2 years occurred in 4.4% (11 of 250) of patients 
treated with 0.5 mg LUCENTIS, in 2.8% (7 of 250) of patients treated with 0.3 mg 
LUCENTIS, and in 1.2% (3 of 250) of control patients. Over 3 years, fatalities 
occurred in 6.4% (16 of 249) of patients treated with 0.5 mg LUCENTIS and in 
4.4% (11 of 250) of patients treated with 0.3 mg LUCENTIS. Although the rate 
of fatal events was low and included causes of death typical of patients with 
advanced diabetic complications, a potential relationship between these events 
and intravitreal use of VEGF inhibitors cannot be excluded.

6 ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in the Warnings 
and Precautions (5) section of the label:
• Endophthalmitis and retinal detachments
• Increases in intraocular pressure
• Thromboembolic events
• Fatal events in DME patients

6.1 Injection procedure 
Serious adverse reactions related to the injection procedure have occurred in 
< 0.1% of intravitreal injections, including endophthalmitis [see Warnings and 
Precautions (5.1) ], rhegmatogenous retinal detachment, and iatrogenic 
traumatic cataract.

6.2 Clinical studies experience 
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in one clinical trial of a drug cannot be directly compared 
with rates in the clinical trials of the same or another drug and may not reflect 
the rates observed in practice.

The data below reflect exposure to 0.5 mg LUCENTIS in 440 patients with 
neovascular AMD in Studies AMD-1, AMD-2, and AMD-3, and 259 patients 
with macular edema following RVO. The data also reflect exposure to 0.3 mg 
LUCENTIS in 250 patients with DME [see Clinical Studies (14) ].  
Safety data observed in Study AMD-4 were consistent with these results. On 
average, the rates and types of adverse reactions in patients were not significantly 
affected by dosing regimen.

Ocular reactions
Table 1 shows frequently reported ocular adverse reactions in LUCENTIS-treated 
patients compared with the control group.

Table 1. Ocular reactions in the DME, AMD, and RVO studies

Adverse reaction

DME 2-year AMD 2-year AMD 1-year RVO 6-month
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n=250 n=250 n=379 n=379 n=440 n=441 n=259 n=260
Conjunctival 
hemorrhage 47% 32% 74% 60% 64% 50% 48% 37%

Eye pain 17% 13% 35% 30% 26% 20% 17% 12%
Vitreous floaters 10% 4% 27% 8% 19% 5% 7% 2%
Intraocular 
pressure increased 18% 7% 24% 7% 17% 5% 7% 2%

Vitreous 
detachment 11% 15% 21% 19% 15% 15% 4% 2%

Intraocular 
inflammation 4% 3% 18% 8% 13% 7% 1% 3%

Cataract 28% 32% 17% 14% 11% 9% 2% 2%
Foreign body 
sensation in eyes 10% 5% 16% 14% 13% 10% 7% 5%

Eye irritation 8% 5% 15% 15% 13% 12% 7% 6%
Lacrimation 
increased 5% 4% 14% 12% 8% 8% 2% 3%

Blepharitis 3% 2% 12% 8% 8% 5% 0% 1%
Dry eye 5% 3% 12% 7% 7% 7% 3% 3%
Visual disturbance 
or vision blurred 8% 4% 18% 15% 13% 10% 5% 3%

Eye pruritus 4% 4% 12% 11% 9% 7% 1% 2%
Ocular hyperemia 9% 9% 11% 8% 7% 4% 5% 3%
Retinal disorder 2% 2% 10% 7% 8% 4% 2% 1%
Maculopathy 5% 7% 9% 9% 6% 6% 11% 7%
Retinal degeneration 1% 0% 8% 6% 5% 3% 1% 0%
Ocular discomfort 2% 1% 7% 4% 5% 2% 2% 2%
Conjunctival 
hyperemia 1% 2% 7% 6% 5% 4% 0% 0%

Posterior capsule 
opacification 4% 3% 7% 4% 2% 2% 0% 1%

Injection site 
hemorrhage 1% 0% 5% 2% 3% 1% 0% 0%

Non-ocular reactions
Non-ocular adverse reactions with an incidence of ≥ 5% in patients receiving 
LUCENTIS for DME, AMD, and/or RVO and which occurred at a ≥ 1% higher 
frequency in patients treated with LUCENTIS compared to control are shown 
in Table 2. Though less common, wound healing complications were also 
observed in some studies.

Table 2. Non-ocular reactions in the DME, AMD and RVO studies

Adverse reaction

DME 2-year AMD 2-year AMD 1-year RVO 6-month
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n=250 n=250 n=379 n=379 n=440 n=441 n=259 n=260
Nasopharyngitis 12% 6% 16% 13% 8% 9% 5% 4%
Anemia 11% 10% 8% 7% 4% 3% 1% 1%
Nausea 10% 9% 9% 6% 5% 5% 1% 2%
Cough 9% 4% 9% 8% 5% 4% 1% 2%
Constipation 8% 4% 5% 7% 3% 4% 0% 1%
Seasonal allergy 8% 4% 4% 4% 2% 2% 0% 2%
Hypercholesterol-
emia 7% 5% 5% 5% 3% 2% 1% 1%

Influenza 7% 3% 7% 5% 3% 2% 3% 2%
Renal failure 7% 6% 1% 1% 0% 0% 0% 0%
Upper respiratory 
tract infection 7% 7% 9% 8% 5% 5% 2% 2%

Gastroesophageal 
reflux disease 6% 4% 4% 6% 3% 4% 1% 0%

Headache 6% 8% 12% 9% 6% 5% 3% 3%
Edema peripheral 6% 4% 3% 5% 2% 3% 0% 1%
Renal failure 
chronic 6% 2% 0% 1% 0% 0% 0% 0%

Neuropathy 
peripheral 5% 3% 1% 1% 1% 0% 0% 0%

Sinusitis 5% 8% 8% 7% 5% 5% 3% 2%
Bronchitis 4% 4% 11% 9% 6% 5% 0% 2%
Atrial fibrillation 3% 3% 5% 4% 2% 2% 1% 0%
Arthralgia 3% 3% 11% 9% 5% 5% 2% 1%
Chronic obstructive 
pulmonary disease 1% 1% 6% 3% 3% 1% 0% 0%

Wound healing 
complications 1% 0% 1% 1% 1% 0% 0% 0%

6.3 Immunogenicity
As with all therapeutic proteins, there is the potential for an immune response in 
patients treated with LUCENTIS. The immunogenicity data reflect the percentage of 
patients whose test results were considered positive for antibodies to LUCENTIS in 
immunoassays and are highly dependent on the sensitivity and specificity of the assays.

The pre-treatment incidence of immunoreactivity to LUCENTIS was 0%-5% across 
treatment groups. After monthly dosing with LUCENTIS for 6 to 24 months, 
antibodies to LUCENTIS were detected in approximately 1%-8% of patients.

The clinical significance of immunoreactivity to LUCENTIS is unclear at this time. 
Among neovascular AMD patients with the highest levels of immunoreactivity, 
some were noted to have iritis or vitritis. Intraocular inflammation was not 
observed in DME or RVO patients with the highest levels of immunoreactivity.

7 DRUG INTERACTIONS
Drug interaction studies have not been conducted with LUCENTIS.

LUCENTIS intravitreal injection has been used adjunctively with verteporfin 
photodynamic therapy (PDT). Twelve of 105 (11%) patients with neovascular 
AMD developed serious intraocular inflammation; in 10 of the 12 patients, this 
occurred when LUCENTIS was administered 7 days (± 2 days) after verteporfin PDT.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Pregnancy Category C. There are no studies of LUCENTIS in pregnant women. 
An embryo-fetal developmental toxicity study was performed on pregnant 
cynomolgus monkeys. Pregnant animals received intravitreal injections of 
ranibizumab every 14 days starting on Day 20 of gestation, until Day 62 at doses 
of 0, 0.125, and 1 mg/eye. Skeletal abnormalities including incomplete and/or 
irregular ossification of bones in the skull, vertebral column, and hindlimbs and 
shortened supernumerary ribs were seen at a low incidence in fetuses from 
animals treated with 1 mg/eye of ranibizumab. The 1 mg/eye dose resulted in 
trough serum ranibizumab levels up to 13 times higher than predicted Cmax levels 
with single eye treatment in humans. No skeletal abnormalities were seen at the 
lower dose of 0.125 mg/eye, a dose which resulted in trough exposures equivalent 
to single eye treatment in humans. No effect on the weight or structure of the 
placenta, maternal toxicity, or embryotoxicity was observed.

Animal reproduction studies are not always predictive of human response. It is 
also not known whether ranibizumab can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Based on the anti-VEGF 
mechanism of action for ranibizumab [see Clinical Pharmacology (12.1) ], 
treatment with LUCENTIS may pose a risk to embryo-fetal development (including 
teratogenicity) and reproductive capacity. LUCENTIS should be given to a pregnant 
woman only if clearly needed.

8.3 Nursing mothers
It is not known whether ranibizumab is excreted in human milk. Because many 
drugs are excreted in human milk, and because the potential for absorption and 
harm to infant growth and development exists, caution should be exercised when 
LUCENTIS is administered to a nursing woman.

8.4 Pediatric use
The safety and effectiveness of LUCENTIS in pediatric patients have not been 
established.

8.5 Geriatric use
In the clinical studies, approximately 79% (2387 of 3005) of patients randomized 
to treatment with LUCENTIS were ≥ 65 years of age and approximately 54% 
(1636 of 3005) were ≥ 75 years of age [see Clinical Studies (14) ]. No notable 
differences in efficacy or safety were seen with increasing age in these studies. 
Age did not have a significant effect on systemic exposure.

10 OVERDOSAGE 
More concentrated doses as high as 2 mg ranibizumab in 0.05 mL have been 
administered to patients. No additional unexpected adverse reactions were seen.

17 PATIENT COUNSELING INFORMATION
In the days following LUCENTIS administration, patients are at risk of developing 
endophthalmitis. If the eye becomes red, sensitive to light, painful, or develops a 
change in vision, the patient should seek immediate care from an ophthalmologist 
[see Warnings and Precautions (5.1) ].
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INDICATION
LUCENTIS® (ranibizumab injection) is indicated for the treatment 
of patients with:

•  Neovascular (wet) age-related macular degeneration (wAMD)
•   Macular edema following retinal vein occlusion (RVO)
•   Diabetic macular edema (DME)

IMPORTANT SAFETY INFORMATION
•   LUCENTIS is contraindicated in patients with ocular or periocular 

infections or hypersensitivity to ranibizumab or any of the 
excipients in LUCENTIS.

WARNINGS AND PRECAUTIONS
•  Intravitreal injections, including those with LUCENTIS, have been 

associated with endophthalmitis, retinal detachment, and 
iatrogenic traumatic cataract. Proper aseptic injection technique 
should always be utilized when administering LUCENTIS. Patients 
should be monitored during the week following the injection to 
permit early treatment, should an infection occur.

•  Increases in intraocular pressure (IOP) have been noted both pre-
injection and post-injection (at 60 minutes) with LUCENTIS. IOP 
and perfusion of the optic nerve head should be monitored and 
managed appropriately.

•  Although there was a low rate of arterial thromboembolic events 
(ATEs) observed in the LUCENTIS clinical trials, there is a potential 
risk of ATEs following intravitreal use of  VEGF inhibitors. ATEs are 
dened as nonfatal stroke, nonfatal myocardial infarction, or 
vascular death (including deaths of unknown cause).

•   Fatal events occurred more frequently in DME patients treated 
monthly with LUCENTIS compared with control. Although the rate 
of fatal events was low and included causes of death typical of 
patients with advanced diabetic complications, a potential 
relationship between these events and intravitreal use of VEGF 
inhibitors cannot be excluded.

ADVERSE EVENTS
•  Serious adverse events related to the injection procedure 

that occurred in <0.1% of intravitreal injections included 
endophthalmitis, rhegmatogenous retinal detachment, and 
iatrogenic traumatic cataract.

•  In the LUCENTIS Phase III clinical trials, the most common 
ocular side effects included conjunctival hemorrhage, eye pain, 
vitreous oaters, and increased intraocular pressure. The most 
common non-ocular side effects included nasopharyngitis, 
headache, inuenza, sinusitis, cough, and nausea.

For additional safety information, please see LUCENTIS Brief Summary 
on adjacent page.
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Study Group. Twelve-month efficacy and safety of 0.5 mg or 2.0 mg ranibizumab 
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LUCENTIS is now FDA approved for less-frequent-than-monthly dosing in wAMD2

The HARBOR trial demonstrated that dosing frequency may be individualized based on retreatment criteria and regular assessment3

PRECISION AND PERFORMANCE
WHERE IT MATTERS

* Macular edema following RVO.

APPROVED FOR   wAMD | DME | RVO*

LUCENTIS IS DESIGNED FOR INTRAOCULAR 
ACTIVITY AND RAPID SYSTEMIC CLEARANCE1

For more information, visit www.LUCENTIS.com.
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