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Abstract: Wet age-related macular degeneration (AMD) causes severe vision loss due to the 

development of choroidal neovascularization (CNV). The critical role of vascular endothelial 

growth factor in the pathogenesis of CNV is well understood. Ranibizumab plays an inhibitory 

role with CNV and reduces vascular permeability by binding to vascular endothelial growth 

factor. Intravitreal ranibizumab reduces the risk of visual acuity (VA) loss and increases the 

chance of VA gain compared with no treatment or photodynamic therapy for CNV in AMD. Some 

high-quality research has shown that the optimal timing for ranibizumab treating wet AMD is 

the first 3 months. It is recommended that ranibizumab is intravitreally injected monthly in the 

initiation for at least 3 months. Subsequent managing of regimens should be made dependent 

on the VA change, fundus examination, and image of optical coherence topography. An indi-

vidualized strategy or combined method with photodynamic therapy is beneficial to the active 

lesion in the consecutive treatment of ranibizumab for CNV, and may be a good choice in order 

to decrease injection times. Regarding the safety profile, ranibizumab has been well tolerated 

in clinical trials. The principal ocular adverse event detected in clinical trials is a low frequency 

of ocular inflammation. Key serious ocular adverse events occurred in ,5% of ranibizumab-

treated patients in large-scale clinical trials. It appears unlikely that treatment with ranibizumab 

increases the risk of vascular events significantly. Less frequent injections on an as-needed 

schedule, based on monthly monitoring may have the most optimal risk:benefit ratio.

Keywords: age-related macular degeneration, choroidal neovascularization, ranibizumab, 

efficacy, safety

Introduction
Age-related macular degeneration (AMD) is considered to be the leading cause of 

blindness and visual handicap in the elderly population in the developed world.1,2 

Wet or neovascular AMD accounts for approximately 10% of all macular degenera-

tion cases but 90% of blindness from AMD.3 The word “neovascular” describes the 

abnormal growth of new blood vessels from the choroid into or underneath the retina. 

The main pathogenesis of vision loss in wet AMD is the development of choroidal 

neovascularization (CNV). Vascular endothelial growth factor-A (VEGF-A) is the key 

cytokine closely associated with the growth and permeability of neovascular vessels. 

The central role of VEGF in the pathogenesis of CNV has been well established.4–6 

Ranibizumab (Lucentis®; Genentech Inc, South San Francisco, CA) is the Fab frag-

ment of a recombinant, humanized, monoclonal antibody that binds to all forms 

of VEGF-A, thereby inhibiting angiogenesis and reducing vascular permeability.7 

Ranibizumab (0.5 mg monthly, intravitreal injection [IVI]) was approved for use in 
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neovascular AMD in the US in 2006, in Europe in 2007, and 

in Japan in 2009. This profile discusses and summarizes the 

efficacy and safety profile of ranibizumab, based on currently 

available data from clinical trials involving patients with 

neovascular AMD.

Pharmacodynamic  
and pharmacokinetic profile  
of ranibizumab
Pharmacodynamic profile
Ranibizumab is a recombinant, humanized immunoglobulin 

G
1
 kappa murine monoclonal antibody fragment.8–11 It is 

produced in an Escherichia coli expression system and has 

a molecular weight of ∼48 kDa.8 By binding to the receptor-

binding site of active forms of VEGF-A (eg, VEGF
110

, 

VEGF
121

, and VEGF
165

), ranibizumab prevents VEGF-A from 

interacting with its receptors located on the endothelial cell 

surface, thereby reducing endothelial cell proliferation, vas-

cular leakage, and angiogenesis. In vitro, ranibizumab binds 

with high affinity to the active forms of VEGF-A (apparent 

dissociation rate constant # 10–5) and inhibits human umbili-

cal vein endothelial cell proliferation induced by these active 

isoforms of VEGF-A in a concentration-dependent manner.12 

In vivo, ranibizumab inhibits the increase in vascular per-

meability induced by VEGF-A in a dose-dependent fashion 

(mean IC
50

 0.4–1.2 nmol/L).12

Pharmacokinetic profile
Given the intravitreal route of administration, systemic 

exposure to ranibizumab is expected to be negligible.13 

The maximum serum concentration of ranibizumab after 

0.5 mg/month/eye, which was attained approximately 1 day 

after administration, was 0.79–2.9 ng/mL. Based on a population 

pharmacokinetic model generated by the manufacturer, vitreal 

ranibizumab concentrations are predicted to be 90,000- and 

140,000-fold higher than plasma ranibizumab concentrations 

after 0.3 mg and 0.5 mg doses, respectively.13–15 That is clini-

cally important because extraocular VEGF-A is necessary 

for normal physiologic functions. Over the ranibizumab 

dose range of 0.05–1.0  mg/eye, the maximum observed 

serum concentration was dose-proportional. In recipients of 

ranibizumab 0.5 mg, the mean estimated vitreous elimination 

half-life of ranibizumab was ∼9 days, based on a neovascular 

AMD population pharmacokinetic analysis and the disap-

pearance of the drug from the plasma after a 0.5 mg dose.9 

Creatinine clearance was found to be the most significant 

covariate for ranibizumab clearance; however, the decrease 

in ranibizumab clearance in patients with mild-to-moderate 

renal impairment was not associated with an increase in sys-

temic exposure that would be clinically relevant, and dosage 

adjustment is not needed in this population.9

Therapeutic efficacy
The results of randomized controlled clinical trials of ranibi-

zumab for the treatment of neovascular AMD established a 

new standard of care with the prospect of improved vision 

in many patients. Subsequent trials have explored different 

strategies to increase response rates and reduce treatment 

frequency.

Ranibizumab monotherapy  
for neovascular AMD
Several studies indicate that untreated subfoveal CNV may 

grow quickly, on average around 10 µm per day.16 Successful 

treatment of neovascular AMD requires small intervals 

between diagnosis and first ranibizumab injection. Treatment 

as early as possible, and at a maximum of within 2 weeks 

of diagnosis, is ideal. Durations longer than 1 month risk 

increasing visual loss.17–19

Ranibizumab initiation with three consecutive monthly 

injections appears optimal, as this is when the majority of 

patients experienced most VA gain in all studies. MARINA 

(Minimally Classic/Occult Trial of the Anti-VEGF Antibody 

Ranibizumab in the Treatment of Neovascular Age-related 

Macular Degeneration) and ANCHOR (Anti-VEGF Anti-

body for the Treatment of Predominantly Classic Choroidal 

Neovascularization in Age-related Macular Degeneration) 

were the randomized, double-blinded, controlled, multi-

center Phase III trials with monthly injections throughout the 

whole treatment period. MARINA compared ranibizumab 

0.3 mg/month (n = 238) or 0.5 mg/month (n = 240) with 

sham injection (n = 238) for 2 years in patients with mini-

mally classic or occult subfoveal CNV secondary to AMD.20 

ANCHOR compared ranibizumab 0.3 mg/month (n = 140) 

or 0.5 mg/month (n = 140) with veteporfin photodynamic 

therapy (PDT) given at baseline and every 3  months as 

required (n = 143) for 2 years in patients with predominantly 

classic CNV lesions.21,22 Most VA improvement was seen 

during the initial 3-month phase, with subsequent injections 

appearing to maintain the achieved benefit. Moreover, the 

VA improvements observed with ranibizumab in the first 

3  months were sustained (and some additional improve-

ment was seen) over the full 24-month trial period. Monthly 

ranibizumab 0.3 mg or 0.5 mg was associated with mean 

gains of 6.5–11.3 letters at 1 year and 5.4–10.7 letters at 

2 years, versus mean losses of 10.4 and 14.9 letters with 
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sham injection at 1 and 2 years and a mean loss of 9.5 and 

9.8 letters with PDT at 1 and 2 years. In addition, ranibi-

zumab treatment was associated with arrested growth of, 

and leakage from, CNV; the improvement in foveal center-

point thickness was also observed. According to these two 

large-scale, randomized clinical trials, the standard regimen 

of ranibizumab for wet AMD is monthly treatments admin-

istered for 2 years. However, the frequency of therapy raised 

secondary issues, such as the logistical feasibility of the 

regimen, patients’ compliance, and the costs of the monthly 

treatment, became increasingly apparent. Adopting a vari-

able ranibizumab dosing strategy guided by VA assessment 

and optical coherence tomography (OCT) are now being 

tried to reduce the frequency of injections.

The first alternative strategy to monthly injections was 

tested in the PIER (A Phase IIIb, Multicenter, Randomized, 

Double Masked, Sham Injection Controlled Study of the 

Efficacy and Safety of Ranibizumab in Subjects with Sub-

foveal Choroidal Neovascularization with or without Classic 

Choroidal Neovascularization Secondary to Age-related 

Macular Degeneration) study and consisted of an initiation 

phase followed by a fixed dose of intravitreal ranibizumab 

every 3 months.23,24 Ranibizumab demonstrated a clinically 

meaningful benefit in mean VA change from baseline com-

pared with sham at 12 and 24 months. However, unlike the 

results from MARINA and ANCHOR, there was no overall 

vision improvement over the 24-month trial period. It must 

be emphasized that there was an initial improvement in the 

initiation phase, which was later lost in the period of quarterly 

maintenance injections. However, subgroup analysis indi-

cated that an alternative regimen could benefit some patients: 

40% of patients in the PIER study had an initial improvement 

in VA following the first 3-monthly injections, which was 

maintained by quarterly fixed-dose injections, resulting in 

a gain of about nine letters in 12 months. In the SAILOR 

(Safety Assessment of Intravitreous Lucentis for AMD) 

study, ranibizumab doses of 0.3 and 0.5 mg were evaluated 

without a control group.25 The treatment schedule consisted 

of an initiation phase followed by quarterly monitoring visits 

and injections, the on-demand or pro renata (PRN) retreat-

ment was based on VA (more than five-letter loss from the 

previous highest VA score) and OCT criteria (.100 µm 

increase in CRT from the previous lowest measurement). 

The overall results of this study were similar to those in the 

PIER study. There was no improvement versus baseline. This 

suggested that quarterly visits were insufficient to monitor 

and capture disease progression, and more frequent monitor-

ing is needed.

These results encouraged the search for further alter-

native strategies. In the EXCITE (Efficacy and Safety of 

Ranibizumab in Patients with Subfoveal Choroidal Neovas-

cularization Secondary to Age-related Macular Degeneration) 

study, patients were given an injection each month for the 

first 3 months. One group of patients was retreated monthly 

(ranibizumab 0.3 mg), whereas the other two groups were 

given 0.3 or 0.5 mg ranibizumab quarterly over 12 months.26 

The results confirmed that the monthly dosing regimen was 

more effective than the quarterly one. At month 12 compared 

with month 3, the VA gain was slightly decreased with quar-

terly dosing (by 22.2 and 23.1 letters with 0.3 mg and 0.5 mg 

of ranibizumab, respectively) but was slightly increased (by 

+0.9 letters) with 0.3 mg of ranibizumab monthly. Similar to 

findings in the PIER study, 43% of quarterly regimen patients 

in the EXCITE study obtained a gain in VA similar to that 

of the monthly regimen patients.

The PrONTO (Prospective OCT Imaging of Patients with 

Neovascular AMD Treated with Intraocular Lucentis) study 

examined a PRN regimen with monthly visits in 40 patients.27 

Following the initiation phase, monitoring was given 

monthly, and the retreatment was based on vision, fundus 

examination, and OCT criteria. A total of 82% of patients 

experienced no loss of vision, and there was an average VA 

gain of 9.3 letters after the first 3 months, which remained 

stable for the full 12 months. These results were similar to 

those obtained in MARINA and ANCHOR, but instead of 

13  injections an average of only 5.9  injections was given 

during the PrONTO study over a period of 1 year, which 

suggests that flexible OCT-guided retreatment could sustain 

visual gain with fewer injections. However, this study did 

have major limitations: it was a small, open-label, centralized 

study that lacked a control group. A larger-scale trial called 

SUSTAIN (Study of Ranibizumab in Patients with Subfoveal 

Choroidal Neovascularization Secondary to Age-related 

Macular Degeneration) investigated an individualized ranibi-

zumab PRN regimen in 513 patients.28 The regimen strategies 

were similar to those in the PrONTO study. The VA results 

were positive: with an average of 5.6 injections, the mean 

change in patient VA at the end of the initiation phase was 

+5.8 letters, and after 12 months the improvement was +3.6 

letters from baseline, which was slightly reduced.

The CATT (Comparison of Age-related Macular 

Degeneration Treatment Trials) study is a multicenter ran-

domized clinical trial to access the efficacy of ranibizumab 

and bevacizumab when administered monthly or as needed for 

2 years and to describe the impact of switching to as-needed treat-

ment after 1 year of monthly treatment.29 At enrollment, patients 
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were assigned to four treatment groups defined by drug 

(ranibizumab or bevacizumab) and dosing regimen (monthly 

or as needed). At 1 year, patients initially assigned to 

monthly treatment were reassigned randomly to monthly 

or as-needed treatment. Patients receiving the as-needed 

dosing regimen were evaluated for treatment every 4 weeks 

and were treated when fluid was present on OCT or when 

there was new or persistent hemorrhage or decreased VA 

relative to previous visits. We concentrate only on ranibi-

zumab here. At 2 years, as-needed dosing of ranibizumab 

produced 2.4 letters less mean gain than monthly dosing 

(P = 0.046). This may be the result of more lesion growth, 

fluorescein leakage, and residual fluid on OCT in eyes in 

the as-needed group. Switching from monthly to as-needed 

treatment resulted in greater mean decrease in vision dur-

ing year 2. CATT is the most recent landmark trial for wet 

AMD, which demonstrates that treatment as needed resulted 

in less gain in VA whether instituted at enrollment or after 

1 year of monthly treatment.

Summarizing the aforementioned clinical trials, apart 

from the limited PrONTO study, alternative ranibizumab 

regimens have not achieved the same levels of efficacy as 

the monthly injections studied in MARINA and ANCHOR. 

The goal of maintaining VA after the initiation phase by 

pre-empting active disease without monthly injections 

has yet to be achieved. Monés30 proposed a new treatment 

regimen with the aim of rationalizing treatment frequency 

without compromising improvements in vision, the FUSION 

regimen. This consists of an initiation phase followed by PRN 

retreatment combined with fixed injections after a period 

of disease inactivity of 2–4 months (depending on the time 

elapsed since the last injection), but a randomized clinical 

trial for comparing monthly, PRN, and FUSION regimens 

is necessary.

According to the evidence from the clinical trials, we sug-

gest the following recommendations for ranibizumab therapy. 

Commencement of treatment (level I evidence):

•	 Treatment should be commenced as soon as possible 

after diagnosis. The recommended time interval permit-

ted before treatment initiation in the clinical studies was 

#14 or 28 days.31

•	 0.5 mg of ranibizumab should be initiated with at least 

three consecutive monthly IVIs.32

•	 Before administering ranibizumab at months 1 and 2, 

follow-up examination is recommended: history, VA 

assessment, and slit-lamp fundus examination and OCT. 

Fluorescein angiography is recommended for the patients 

with significant or unexplained vision loss.

Maintenance of treatment:

•	 Level I evidence indicated that a monthly regimen of 

ranibizumab IVI had the best VA outcomes in the clinical 

trials.

•	 When a monthly regimen is not possible, a flexible 

strategy with monthly monitoring is feasible, but benefits 

could be less than with the monthly treatment.

•	 Monthly monitoring is recommended, particularly during 

the first 12 months, in order to detect active disease. If 

active disease is present or recurs, additional treatment 

should be initiated quickly; otherwise, retreatment is not 

necessary. If the clinical signs remain stable for a longer 

period, extending the follow-up intervals may then be 

justified.

Ranibizumab in combination with PDT
Ranibizumab in combination with PDT is another way to 

optimize treatment. It has been studied in the FOCUS (Rhu-

Fab V2 Ocular Treatment Combining the Use of Visudyne to 

Evaluate Safety) and PROTECT (Same-day Administration 

of Verteporfin and Ranibizumab 0.5  mg in Patients with 

Choroidal Neovascularization due to Age-related Macular 

Degeneration) studies. The results of the FOCUS trial indi-

cated that ranibizumab + PDT was more effective than PDT 

alone.33 At month 24, 88% of ranibizumab/PDT patients 

had lost ,15 letters from baseline VA (vs 75% for PDT 

alone), 25% had gained $15 letters (vs 7% for PDT alone), 

and the two treatment arms differed by 12.4 letters in mean 

VA change. Moreover, the combination group exhibited 

less lesion growth and greater reduction of CNV leakage 

and subretinal fluid accumulation, and required fewer PDT 

retreatments, than the PDT alone group. The PROTECT 

study evaluated the combination of PDT administered at 

baseline and as needed at months 3, 6, and 9, and ranibi-

zumab 0.5  mg administered at baseline and months 1, 2, 

and 3.34 Baseline and month 3 ranibizumab treatments were 

administered on the same day as, and at least 1 hour after, 

PDT. It showed that PDT/ranibizumab was associated with 

CNV occlusion, reduced edema, improved visual function, 

and retinal sensitivity. The 12-month primary analysis of the 

multicenter randomized MONT BLANC study confirmed 

the noninferiority of combination therapy over ranibizumab 

monotherapy.35 Ranibizumab in combination with PDT may 

result in stable VA with substantially fewer IVIs.

In summary, combination PDT/ranibizumab therapy 

has been used in an effort to reduce the number of IVIs in 

patients who may have difficulty with follow-up, or in those 

who reject repeated IVIs. It has been determined that the 
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number of injections required was only slightly reduced and 

not statistically significant. Nevertheless, given the practical 

considerations of individual patients, this treatment can be 

beneficial in selected cases.

Safety and tolerability
Safety issues with ranibizumab IVI include local ocular 

adverse events from the drug or the injection, as well as 

potential systemic adverse events of the drug. When con-

sidering the safety profile of ranibizumab, it is important 

to note that clinical trials may underestimate the incidence 

of adverse events, especially if the hazard rate for an event 

increases over time.

Ocular safety
It was concluded that the main ocular safety risks of ranibi-

zumab therapy were due to the IVI itself. The most com-

mon adverse ocular reactions reported in patients receiving 

ranibizumab during clinical trials included intraocular 

inflammation, increased intraocular pressure, conjunctival 

hemorrhage, and cataract. Serious adverse events considered 

to be potentially related to intravitreal ranibizumab treatment 

included endophthalmitis, uveitis, vitreous hemorrhage, 

rhegmatogenous retinal detachment, retinal tear, and lens 

damage.

Tolerability data for ranibizumab injection at monthly 

intervals were obtained from the phase III trials (MARINA 

and ANCHOR).20–22 Serious ocular adverse events were infre-

quent in both studies: 3.8% (0.3 mg of ranibizumab), 5.0% 

(0.5  mg of ranibizumab), and 1.3% (sham) in MARINA, 

and 2.9% (0.3 mg of ranibizumab), 3.6% (0.5 mg of ranibi-

zumab), and 0.7% (PDT) in ANCHOR. Similar incidences 

of presumed endophthalmitis have been reported in the two 

studies (1% in MARINA, 1.1% in ANCHOR); rates per 

injection were both 0.05%. Rates of intraocular inflammation 

were 11.7%–20.8% in ranibizumab-treated groups, 12.7% in 

the sham group, and 3.5% in the PDT group, with most of the 

inflammation designated as trace or 1+. Within 60 minutes 

of injection, intraocular pressure increased by $30 mmHg 

in 9%–18% of ranibizumab 0.3 mg or 0.5 mg recipients, 4% 

of PDT recipients, and 3% of sham injection recipients. The 

mean increases from preinjection to postinjection were small 

and transient in all groups and unlikely to require prolonged 

monitoring. There was no increase in the incidence of cataract 

in ranibizumab recipients (15.5% in both groups) compared 

with those receiving sham injections (15.7%) in MARINA; 

by contrast, in the ANCHOR trial, cataract formation was 

more frequent with the ranibizumab group (16.8% in the 

0.3 mg group and 20% in the 0.5 mg group) than in the PDT 

group (10.5%). The difference was statistically significant 

for 0.5 mg, indicating the possibility that ranibizumab may 

accelerate the progression of cataract. Further investigation 

of the incidence of cataract is warranted.

The ocular safety of ranibizumab administered at a 

reduced frequency (after a 3-month initial phase of monthly 

treatment) has been evaluated in the PIER, SAILOR, 

SUSTAIN, and EXCITE studies. In the PIER study, patients 

received fixed quarterly dosing of ranibizumab in the mainte-

nance phase.23,24 This regimen was generally well tolerated. 

Serious ocular hemorrhage occurred in two patients in each 

of the sham (3.2%) and ranibizumab 0.3 mg (3.4%) groups. 

Serious macular edema occurred in two patients (3.2%) in 

the sham group and one patient (1.7%) receiving ranibizumab 

0.3 mg. No other serious ocular adverse events occurred. The 

majority of patients (∼95%) in all treatment groups had no 

evidence of intraocular inflammation. The incidences of cata-

ract formation were similar in the three groups (5.1%∼6.5%). 

Twelve-month results of the SUSTAIN, EXCITE, and 

SAILOR studies show similar incidences of ocular adverse 

events to other clinical studies.25,26,28

A number of case series and retrospective studies 

have provided further insight into the ocular safety profile 

of ranibizumab. A retrospective analysis of 14,320 IVIs of 

ranibizumab revealed an incidence of endophthalmitis of 

0.02%, which is consistent with the rate of 0.05% per injec-

tion in MARINA and ANCHOR.36 The incidences of retinal 

pigment epithelial tear after intravitreal anti-VEGF therapy 

reported in the retrospective case reviews were 0.6%∼2.2%.37 

Some researchers concluded that patients with high-risk 

lesions, especially large, irregular pigment epithelial detach-

ment associated with CNV, should be monitored for the 

development of retinal pigment epithelial tears.38,39 The 

incidence of retinal tears in clinical practice is possibly higher 

than that in MARINA and ANCHOR, given the exclusion of 

patients with large lesions from these studies.

Systemic safety
The many roles that VEGF plays in physiologic processes 

give reason for concern that its inactivation could have 

potentially serious systemic consequences. VEGF inhibitors 

that cross into the general circulation can compromise func-

tions that rely on VEGF outside of the eye, such as wound 

healing and the formation of new blood vessels around the 

heart or brain in cases of ischemia.40 The overall incidence 

of systemic adverse events in the ranibizumab trials was 

low, but the apparent increase in nonocular hemorrhages and 
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thromboembolic events suggested potential increased risks 

with ranibizumab treatment.

Nonocular hemorrhage
The 2-year incidences of nonocular hemorrhage in MARINA 

were 9% for the combined ranibizumab groups (0.3 mg and 

0.5 mg), compared with 5.5% for sham-treated patients.20 In 

the ANCHOR trial, a higher incidence of nonocular hemor-

rhage was evident at 1 year, with a combined incidence in 

the groups receiving both ranibizumab and PDT of 5.8%, 

compared with 2.1% in patients treated with only PDT.21 At 2 

years the respective frequencies were 9.0% and 4.9%.22 Gillies 

and Wong,41 using 2-year data for MARINA and 1-year data 

for ANCHOR, indicated that there was a significant increase 

in the occurrence of nonocular hemorrhage when data from 

the two trials were combined (7.8% in the ranibizumab 

groups vs 4.2% in the controls; P = 0.01). Reported nonocular 

hemorrhagic events included ecchymosis, gastrointestinal 

hemorrhages, hematoma, vaginal hemorrhages, and subdural 

hematomas. The rates of nonocular hemorrhage in the other 

clinical studies were consistent with those seen in MARINA 

and ANCHOR.

Arterial thromboembolic events
Arterial thromboembolic events (ATEs) were defined accord-

ing to the Antiplatelet Trialists’ Collaboration group, includ-

ing nonfatal myocardial infarction, nonfatal ischemic stroke, 

nonfatal hemorrhagic stroke, or death owing to vascular or 

unknown causes. In MARINA and ANCHOR, there was no 

statistical difference in cumulative ATEs across treatment 

groups. The incidences were 4.4%∼5.0% (ranibizumab ther-

apy), 3.8% (sham), and 4.2% (PDT).20–22 No ATEs occurred 

during year 1 of the PIER study. The 12-month results of the 

SUSTAIN study showed that most frequent nonocular serious 

adverse events were cardiac failure (1.2%) cerebral accident, 

and myocardial infarction (1%).28 The safety analysis of the 

1-year SAILOR trial revealed that there was an increased 

risk of stroke in the higher-dose group (1.2% and 0.7% for 

the 0.5 mg and 0.3 mg ranibizumab groups, respectively), 

but the difference was not statistically significant.25 Patients 

with a prior history of stroke appeared to be at higher risk, 

but no increased risk of myocardial infarction or vascular 

death was identified. Reassessment of the SAILOR trial 

findings is needed using other studies and cohorts. In a 

combined analysis of SAILOR and the 1-year data from 

ANCHOR, MARINA, and PIER, ATEs occurred in ∼2.5% 

of ranibizumab-treated patients.42 Similarly, another meta-

analysis of combined data from all ranibizumab trials of 

patients receiving monthly injections (0.3 mg or 0.5 mg) and 

those receiving sham treatment showed that the incidence of 

cardiovascular accidents was 2.2% in the ranibizumab-treated 

subjects versus 0.7% in sham-treated subjects (P = 0.045).43 

There was no apparent association between ranibizumab 

injections and myocardial infarction.

The incidence of ATEs in clinical studies should be 

considered in the context of the risk of such events in the 

general population of older individuals and specifically in 

patients with AMD. Patients with AMD already are at higher 

risk of cardiovascular disease than the general population, by 

virtue of their age and the association of AMD with systemic 

hypertension.44 In addition, ischemia is believed to be one 

of the key factors involved in the pathogenesis of CNV due 

to AMD. The Framingham-derived risk of cardiovascular 

events in individuals .50 years of age is higher than the 

observed incidence in the evidence level I clinical studies of 

ranibizumab.45 Possible reasons include self-selection bias 

in the enrollment of patients and the exclusion of patients 

with certain conditions.

Immunoreactivity
Low titers of antibodies to ranibizumab were detected in 

approximately 1%–8% of ranibizumab-treated patients in 

MARINA, ANCHOR, PIER, and FOCUS.20–24,33 Antibody 

presence may lead to a variety of effects, such as anaphylaxis, 

modifications in the pharmacokinetics of the drug, reduc-

tion in drug efficacy, and cross-reactivity with endogenous 

proteins. The clinical significance of immunoreactivity to 

ranibizumab is currently unclear. Although the numbers were 

small, subjects in the ANCHOR study who were immuno-

reactive at baseline or during treatment were more likely to 

develop ocular inflammation than those who were not.21,22 

There was no notable relationship between immunoreactivity 

and nonocular adverse events or VA results. Further monitor-

ing of possible clinical signs attributable to immunoreactivity 

should be performed.

The long-term efficacy and safety 
profile of ranibizumab
In the HORIZON (An Open-label Extension Trial of Ranibi-

zumab for Choroidal Neovascularization Secondary to Age-

related Macular Degeneration) extension study, patients 

who had completed the 2-year MARINA, ANCHOR, or 

FOCUS trials could continue treatment with ranibizumab 

therapy (0.5 mg) on an as-needed basis.46 With less frequent 

follow-up leading to less treatment, there was an incremental 

decline of the VA gains achieved with monthly treatment, 
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presumably related to undertreatment in the extension period. 

A total of 69% and 70% of patients needed some additional 

treatments in the third and the fourth year, respectively; 

overall, better VA and anatomical outcomes after 2 years 

predicted a longer time to retreatment in this period. No new 

safety issues emerged, and repeated IVIs of ranibizumab were 

well tolerated for 4 or more years. These findings demonstrate 

the long-term safety of ranibizumab when continued at less 

frequent dosing in years 3 and 4. The ongoing SECURE 

extension trial of SUSTAIN and EXCITE will also provide 

useful information about long-term efficacy and safety of 

ranibizumab.

Patient satisfaction
AMD has a deleterious impact on patients’ quality of life. 

The increase in distance vision after ranibizumab treatment 

is well established in clinical trials. But near vision in general 

and reading in particular is of great importance and interest 

to elderly people; they often indicate reading difficulties as 

the first symptom of AMD. A recent study in Sweden showed 

significant improvement in important visual qualities, such 

as near VA, reading speed, central visual field, and several 

activities influencing quality of life.47 For the entire group 

of 30 eyes, the greatest improvement in quality of life was 

seen for reading ordinary print in newspapers. Reading speed 

increased significantly. It seemed that the improvement was 

greater for near activities than for distance activities.

Despite the therapeutic benefits of ranibizumab, repeated 

IVIs are required as often as every 4 weeks. A prospective 

clinical study evaluating the patients’ perspective of treat-

ment with ranibizumab, specifically pain, anxiety, and dis-

comfort related to the ranibizumab IVI procedure, showed 

that IVI was less painful than anticipated (P , 0.001); 93% 

were neither anxious nor fearful after the first IVI.48 Reducing 

anxiety and concerns about anticipated IVI-related discom-

fort or pain is likely to improve the patient experience and 

compliance with repeated procedures.

Conclusion
In conclusion, ranibizumab IVI has emerged as an effective 

treatment for wet AMD, which can greatly improve vision 

outcomes and quality of life. Clinical evidence indicates 

that ranibizumab initiation with three consecutive monthly 

injections is optimal, providing the greatest VA gain. After 

the initiation phase, the strongest evidence is for contin-

ued monthly treatment. If this is not feasible, a flexible 

individualized approach may achieve similar outcomes to 

monthly therapy, but it still needs to be verified. The flexible 

approach requires approximate monthly monitoring to 

capture signs of active disease and reinitiate treatment 

without delay. Overall, ranibizumab has been well toler-

ated in clinical trials, with a low incidence of ocular and 

systemic serious adverse events. However, clinical studies 

generally do not provide answers about the long-term safety 

of repeated IVI beyond 2 years of treatment. Moreover, 

because these clinical studies were conducted in a limited 

number of selected patients, they did not have sufficient 

power to detect relatively infrequent adverse events. As a 

widely licensed agent, the therapeutic value of ranibizumab 

can be assessed by use in everyday clinical practice. 

Ongoing and future studies with ranibizumab will provide 

further data on the best dosing regimens for optimal 

risk:benefit ratios. It is meaningful to determine whether 

less frequent injections on an as-needed schedule, based on 

monthly monitoring for signs of active disease, may have 

the most optimal risk:benefit ratio.
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