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Ranibizumab in Retinal Diseases: 
Looking Beyond the Decade...

Prof. Nicole Eter  
University of Münster Medical Center, Münster, Germany

Prior to the approval of ranibizumab for the treatment of neo-
vascular age-related macular degeneration (nAMD) in the United 
States in 2006, a newly-diagnosed patient could only look forward 
to progressive and irreversible loss of vision.1 Existing treatments 
(verteporfin photodynamic therapy [PDT] and pegaptanib sodium) 
could slow the advance of vision loss, but only a small percentage 
of treated patients experienced improvements in their VA.1 “Before 
2006, our patients with nAMD were frustrated and often confused 
by their diagnosis; they lived in fear of a progressive loss in VA,” 
said Prof. Nicole Eter. “Anti-VEGF inhibition of all VEGF-A isoforms, 
which was first approved in 2007 in the European Union (EU), was a 
real breakthrough.” 

The approval of ranibizumab was a milestone in the treatment 
of nAMD, as it became the first approved agent to provide a 
mean improvement in vision in phase 3 studies in nAMD (Figure 
1).2 Ranibizumab is a 48 kDa, humanized, monoclonal anti-VEGF 
antibody fragment that was specifically designed for intraocular 
use and lacks the fragment crystallizable portion.3-5 This region of 
a full antibody plays a role in its transport out of the eye across 
the blood-retina barrier and then in maintaining the molecule 
within the systemic circulation without undergoing lysosomal 
degradation.6 Without it, ranibizumab is slowly eliminated from 
the eye (with a vitreal half-life of approximately 9 days), while it’s 
rapidly cleared from the systemic circulation (with a systemic half-
life of approximately 2 hours).7 

A wealth of scientific evidence now exists to support ranibizum-
ab in its six approved indications (nAMD, diabetic macular edema 
[DME], central retinal vein occlusion [CRVO], branch retinal vein 
occlusion [BRVO], myopic choroidal neovascularization [mCNV], 
and other choroidal neovascularization [CNV]).1,3,8-27 Clinical trials 
have demonstrated comparable efficacy and durability of ranibi-
zumab with other approved anti-VEGF agents,28 and real-world 
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Figure 1. Ranibizumab: the molecule and the milestone. 

 Figure 2. Early and long-term outcomes with ranibizumab. 
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studies have provided valuable evidence on treatment patterns 
and outcomes in real-world clinical practice. The product label has 
evolved since the initial EU approval of ranibizumab, and it now 
offers true flexibility to meet patients’ needs.3 Worldwide, clinicians 
now have over 5 million patient treatment-years of experience 
with ranibizumab.29

In phase 3 clinical trials, ranibizumab has demonstrated 
consistent VA outcomes across indications. Mean VA gains 
at 12 months range from 6.8 to 12.3 letters in nAMD1,8-15 and 
6.8 to 10.3 letters in DME.16-19 “VA gains are even better in 
BRVO and CRVO,20-25 and are also very good in mCNV or CNV 
due to other causes,26,27” said Prof. Eter. These VA gains are 
achieved early in the treatment schedule. Clinical trial evidence 
from 1 week after the first injection shows gains of between 
4 and 9 letters, depending on indication (Figure 2).13,22,30-32 
These gains can be maintained in the long term with appropri-
ate treatment: Peden and colleagues reported gains of 12 letters 
at 7 years in patients with nAMD given at least 6.5 injections 
of ranibizumab per year.33 In DME, the Diabetic Retinopathy 
Clinical Research Network (DRCR.net) reported gains of 10 let-
ters at 5 years in the Protocol I study,34,35 and patients with 
BRVO and CRVO from BRAVO and CRUISE who entered the 
RETAIN long-term extension study had VA gains of 20 and 
14 letters, respectively, at 4 years.36 Similar long-term evidence 
is not yet available for mCNV and other CNV, but 12-month 
results are very promising.26,27

Ranibizumab studies have demonstrated efficacy in 
difficult-to-treat patients with nAMD, including those with 
retinal angiomatous proliferation (RAP),37 pigment epithelial 
detachment (PED),38 and polypoidal choroidal vasculopathy 
(PCV).39 Similarly, ranibizumab has shown benefits in all 
subgroups of patients with DME, including those with 
proliferative diabetic retinopathy (PDR)40 and those with poor 
baseline vision.35 

Compared with aflibercept, the only other anti-VEGF 
agent currently approved for use in retinal diseases in Europe, 
ranibizumab has demonstrated similar gains in BCVA and 
comparable proportions of patients achieving gains of at least 
15 and 30 letters in the VIEW 1 and 2 trials.28 RIVAL was the first 

head-to-head clinical trial designed to compare ranibizumab with 
aflibercept in patients with nAMD using the same treat-and-
extend (T&E) regimen.41 Results at 12 months showed similar VA 
outcomes and injection requirements between the two agents 
(Figure 3).41 

In addition to the clinical evidence for ranibizumab, innovation 
continues. In 2013, an innovative prefilled syringe (PFS) became 
available for ranibizumab (Figure 4). With a significantly shorter 
syringe preparation time and fewer preparation steps, physicians 
and nurses report that it provides improved efficiency and safety 
benefits and greater user satisfaction.42 Further innovations in 
patient care come in the form of ViaOpta mobile device applica-
tions, such as ViaOpta Nav, a turn-by-turn navigation applica-
tion with caregiver tracking and voice commands and ViaOpta 
Simulator, a visual impairment simulator providing the experience 
of vision defects with nine different diseases. 

Finally, commitment to research continues, with the 
RAINBOW study in retinopathy of prematurity (ROP). 
While a rare disease, ROP is still a leading cause of childhood 
blindness.43 The RAINBOW study compared the efficacy and 
safety of ranibizumab 0.2 mg and 0.1 mg with laser surgery in 
225 patients with ROP.44 While the study marginally missed 
statistical significance for the primary endpoint (P = .0254, 
as opposed to the significance level of P = .025), there was a 
clinically relevant difference in treatment success between the 
ranibizumab arms compared to laser surgery (80%, 75%, and 
66.2% for ranibizumab 0.2 mg, ranibizumab 0.1 mg, and laser, 
respectively).44,45 Based on the favorable benefit-risk profile 
demonstrated in RAINBOW, a new indication application will 
be filed for ranibizumab for the treatment of ROP, making it 
the first anti-VEGF agent to seek such an indication.45

 “To conclude, the wealth of evidence for ranibizumab 
shows that it continues to improve patient care and out-
comes in six major retinal diseases,” said Prof. Eter. “With 
the innovative PFS, we are now able to optimize our clinic 
efficacy and patient care. Innovative digital solutions provide 
support to the activities of daily living for our patients, and 
the commitment to research continues with the RAINBOW 
study in ROP.” 

Figure 3. RIVAL study 12-month results.

Figure 4. The ranibizumab PFS. 
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How Can We Apply Evidence From 
Randomized Controlled Trials and 
the Real World to Patients With 
Polypoidal Choroidal Vasculopathy in 
Our Clinics?

Prof. Adrian Koh  
Eye and Retina Surgeons, Camden Medical Centre, Singapore

Current treatment options for subfoveal PCV include verte-
porfin PDT, anti-VEGF monotherapy, and PDT/anti-VEGF com-
bination therapy. For extrafoveal, juxtafoveal, or peripapillary 
PCV, focal laser photocoagulation is generally used.46 When using 
combination therapy, PDT can be given immediately, or deferred 
until 3 to 6 months following the start of anti-VEGF therapy.46 
“Since the introduction of anti-VEGF therapy, verteporfin PDT 
monotherapy has largely fallen out of favor,” said Prof. Adrian 
Koh. “We’re really looking at two groups of treatments for our 
patients with PCV: anti-VEGF monotherapy and the combination 
of verteporfin PDT with anti-VEGF therapy.” 

Level 1 evidence currently available to guide the treatment of 
macular PCV includes the EVEREST and EVEREST II studies of 
combination ranibizumab and PDT therapy, and the PLANET 
and DRAGON studies of anti-VEGF monotherapy. “The results 
of the EVEREST II study significantly added to our understand-
ing of how best to manage this condition,” said Prof. Koh. In 
EVEREST II, patients were randomized to combination PDT 
given immediately alongside three initial injections of ranibi-
zumab followed by ranibizumab on a prn basis for up to 2 years 
or to ranibizumab monotherapy.47 At 2 years, superior VA gains 
were seen with combination therapy, with patients in the com-
bination arm achieving a mean gain of 9.7 letters, and those in 
the monotherapy arm achieving 5.6 letters (Figure 5).47 “This 
was the first time that we had strong and robust VA evidence 

in support of combination therapy,” said Prof. Koh. The supe-
riority of combination therapy was also seen in terms of polyp 
regression, with significant differences seen at both 12 and 
24 months (Figure 6).48,49 Over 50% of patients in the combina-
tion arm had no disease activity over 24 months, compared 
with 27% in the monotherapy arm, and patients in the com-
bination arm had a median disease-free interval of 6 months, 
versus 2 months in the monotherapy arm.47 These benefits were 
seen with a reduced treatment burden in the combination arm: 
over 24 months, over 30% of patients in the combination arm 
required just three to four injections, compared with 13% in 
the monotherapy arm (Figure 7).47 “In other words, if you want 
to reduce treatment burden, immediate PDT with ranibizumab 
seems to do better than ranibizumab alone,” said Prof. Koh. 

In the DRAGON study (NCT01775124), the efficacy and 
safety of two different dosing regimens of ranibizumab mono-
therapy (either monthly or prn injections based on visual stabil-
ity) were investigated in Chinese patients with nAMD.39 In the 
subgroup with PCV, mean VA gains at 24 months were 12.3 
letters in the monthly treatment arm and 9.7 letters in the prn 
arm.39 The results of the PLANET study confirmed that similar 
visual gains of approximately 11 letters and rates of complete 
polyp regression of 33% could be achieved with aflibercept 
monotherapy at 24 months in patients with PCV. Results were 
comparable with or without rescue PDT.50

A practical approach to the management of patients with 
nAMD who may or may not have PCV, based on the evidence 
available, should first consider the risk of PCV in the population 
in question. In a low-risk population with no suspicious features 
of PCV, treatment could start with anti-VEGF monotherapy, with 
indocyanine green angiography (ICGA) performed only if there 
was no response to therapy after three initial injections. If ICGA 
showed the presence of PCV, PDT could then be added.46 

In a high-risk population and/or in those with suspicious 
features of PCV, ICGA should be performed at baseline.46 
Clinical features that should raise the suspicion of PCV include 
the absence of large soft drusen, the presence of pachydrusen 
(sharply demarcated, irregularly shaped drusen), and clinically 
visible orange-red subretinal nodules.46,51,52 OCT features of PCV Figure 5. VA outcomes in the EVEREST II study. 

Figure 6. Polyp regression in the EVEREST II study. 
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include an inverted V sign caused by a peaked PED, separation 
of the retinal pigment epithelium, and thickening of the 
choroid with dilation of the choroidal vessel.53,54 If PCV is found 
to be present, either combination or monotherapy can be 
chosen as first-line therapy, with PDT to be added in the case 
of patients given monotherapy who fail to respond to three 
injections. Anti-VEGF monotherapy might be preferred as the 
initial treatment option in patients with good initial vision, a 
single, nonpulsatile polyp, a thin choroid or pre-existing retinal 
pigment epithelium atrophy, micropolyps, recurrent activity 
from the branching vascular network, or the presence of a 
massive submacular hemorrhage.46 “There are scenarios where 
I do not recommend PDT,” said Prof. Koh. “But, whenever you 
have an unsatisfactory response to anti-VEGF monotherapy, I 
would still consider it.”

In conclusion, current level 1 evidence shows that ranibizumab, 
either alone or in combination with PDT, achieves excellent 
visual outcomes in PCV. The addition of PDT is likely to reduce 
injection frequency, increase polyp closure rate, decrease dis-
ease activity, and prolong the disease-free interval. “However,” 
said Prof Koh. “PCV management is not all about closing down 
polyps, and the choice of monotherapy or combination therapy 
depends on the underlying cause of recurrence (active polyps, 
branching vascular network, or both). Both treatment options are 
thus important during different phases of PCV management.”

Does Choice of Regimen Influence 
Patient Outcomes in Neovascular  
Age-Related Macular Degeneration?

Prof. Ramin Tadayoni  
Université Paris 7-Sorbonne Paris Cité, France

Early modelling based on 12-month data from the ANCHOR, 
MARINA, and PIER studies of ranibizumab in nAMD predicted that 
approximately eight injections would be required in the first year in 
order to maintain the gains achieved following the initial phase of 
treatment.55 “Interestingly, many studies since this analysis was per-
formed have showed exactly that,” said Prof. Ramin Tadayoni. 

Clinically significant gains in VA have consistently been 
reported in trials of ranibizumab, whether the treatment 
regimen used was monthly, prn, or T&E. However, outcomes 
with a prn regimen in real-world use are often limited due to 
undertreatment.56 In contrast, the T&E regimen, in which the 
time between injections is extended or reduced based on dis-
ease activity has become increasingly popular. It offers similar 
VA outcomes to monthly dosing with a reduced treatment 
schedule, and the proactive nature of the regimen means that 
patients know that they are going to receive an injection at 
every visit. In a retrospective case series of treatment-naïve 
patients who were initially treated with 0.5 mg ranibizumab 
prn and subsequently switched to T&E, patients experienced a 
decline in vision during prn treatment after the initiation phase, 
with a sustained improvement in BCVA following the switch to 
T&E. This was achieved with 1.8 more injections but 3.9 fewer 
clinic visits in the T&E phase.57

The CAN-TREAT study, which compared ranibizumab given 
according to a T&E regimen and given monthly, reported simi-
lar gains between study arms at 24 months of 6.5 and 6.1 letters, 
respectively (Figure 8).58 However, those gains were achieved by a 
mean 23.6 injections over 24 months in the monthly dosing arm 
compared with just 17.7 in the T&E arm.58 “That reduction in 
the number of injections means that the number of visits to the 
patient is also decreased, as—unlike with a prn regimen–there are 
no nontreatment monitoring visits with T&E,” said Prof Tadayoni. 
The CAN-TREAT study also demonstrated that treatment intervals 
can be extended beyond 8 weeks in many patients. At 24 months, 
nearly three-quarters of patients had a treatment interval of at least 
8 weeks, and 43% had a treatment interval of 12 weeks, at which 
extension was capped by the study protocol (Figure 9).58

The RIVAL study compared T&E regimens of ranibizumab 
and aflibercept in patients with nAMD. At 12 months, patients 
given ranibizumab had a mean BCVA gain of 7.1 letters with 
9.7 injections, while those in the aflibercept arm had a mean 
gain of 4.9 letters with the same number of injections.41 Long-
term real-world evidence from the Fight Retinal Blindness! 

Figure 7. Number of injections in the EVEREST II study. 

Figure 8. VA gains in the CAN-TREAT study.
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group shows that visual gains with T&E can be maintained over 
time (up to 60 months) in clinical practice, with greater gains 
achieved by patients with lower VA at baseline.59

To conclude, a T&E regimen respects the variable needs of 
patients and is a simple protocol consisting of extension or 
reduction of treatment intervals based on disease activity. T&E 
reduces treatment burden and is an effective alternative to prn, 
which can often lead to undertreatment in real-world settings. 
“We have good therapeutic options available to treat nAMD. 
However, it’s not only the drug–it’s also important to choose a 
good regimen to be sure to realize the best possible results for 
our patients,” said Prof. Tadayoni.

Does Intensive Treatment in Year 1 
Maximize Outcomes in Diabetic 
Macular Edema?

Prof. Patricio Schlottmann 
Organización Medica de Investigación, Buenos Aires, Argentina

Clinical trials of ranibizumab in DME have shown that early 
and sustained gains in BCVA can be maintained over the long 
term with a reducing injection burden over time.35,60,61 “We have 
solid evidence to show that if you heavily treat your patient in 
the first year, the second year and the third year will be easier 
for them,” said Prof. Patricio Schlottmann. For example, in the 
DRCR.net Protocol I study, patients treated with ranibizumab and 
deferred laser achieved a mean of 9 letters at 1 year and 9.8 letters 
at 5 years.35 During this period, the median number of injections 
decreased from nine in the first year, to three in the second, two in 
the third, one in the fourth, and zero in the fifth.35

“When thinking about how best to manage our patients 
with diabetes, we know that they often have poor compliance 
and will not come to all of their scheduled appointments,” said 
Prof. Schlottmann. “T&E provides a solution for that.”  

The RETAIN study demonstrated that T&E is a feasible treatment 
option for patients with DME who require long-term treatment 
and follow-up. At 12 months, the primary endpoint of this study 
was met as the two T&E regimens investigated were both found 
to be noninferior to prn.17 The results remained similar between 
groups at 24 months. Patients in the T&E arms had a 46% reduc-
tion in the number of clinic visits compared with those in the prn 
arm, and over 70% of these patients maintained their BCVA with 
treatment intervals of at least 2 months (Figure 10).17

Outcomes and injection requirements in patients with 
DME appear similar between anti-VEGF agents. The DRCR.net 
Protocol T study compared the efficacy and safety of aflibercept 
in DME with that of ranibizumab (albeit at a dose of 0.3 mg, 
lower than the 0.5 mg dose used outside the United States).62 
Mean gains of 12.8 and 12.3 letters were reported at 2 years 
for aflibercept and ranibizumab, respectively, achieved with a 
median of 15 injections over 2 years with both agents.62 In the 
subgroup of patients with poor baseline VA (worse than 20/50), 
a significant difference in VA gain in favor of aflibercept over 
ranibizumab observed at 1 year (18.9 vs 14.2 letters, P = .003) 
was no longer statistically significant at 2 years (18.1 vs 16.1 let-
ters, P = .18).62 Evidence from the RISE and RIDE studies, which 
included both 0.3 mg and 0.5 mg ranibizumab arms, suggests 
that the two doses are not comparable in terms of efficacy out-
comes.63 Dose comparison plots and analysis of the proportion 
of patients gaining at least 15 letters by various subgroups show 
a consistent trend towards greater efficacy with the 0.5 mg dose, 
suggesting that visual gains in Protocol T may have been greater 
if the 0.5 mg dose of ranibizumab had been used.63 Indeed, in 
the Protocol I study, where the 0.5 mg dose was used, patients 
with baseline VA worse than 20/50 achieved a mean VA gain of 
17 letters at 5 years (Figure 11).35

Anti-VEGF therapy has proven benefits in terms of improving 
the underlying diabetic retinopathy (DR) across a number of 
studies, including Protocol I, RISE and RIDE, and BOLT.31,64 In 
RISE and RIDE, over 75% of ranibizumab-treated patients with 
moderately severe or severe nonproliferative DR at baseline had 
at least a two-step improvement over 12 months, sustained 
to 36 months.31 Protocol I was the only one of these studies 

Figure 9. Treatment extension in the CAN-TREAT study. 

Figure 10. The RETAIN study.
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to directly compare DR regression with laser, steroids, and 
anti-VEGF. At 2 years, the percentage of patients with at least 
a two-step improvement on the DR severity scale was 21% in 
the ranibizumab arm, 17% in the triamcinolone arm, and just 
7% in the laser arm.34 “The advantage is that when you treat 
patients with anti-VEGF instead of steroids or laser, you’re not 
only treating the DME, you’re giving a positive benefit to the 
overall retina by inducing some regression of DR,” said Prof. 
Schlottmann. Overall VA outcomes are also consistently better 
with anti-VEGF therapy than with steroids. In the Maggiore 
study, a direct head-to-head comparison between ranibizumab 
and dexamethasone in patients with DME resulted in VA gains of 
7.6 and 4.3 letters, respectively, at 12 months (NCT01492400). 

In conclusion, intensive treatment in the first year leads to 
better outcomes and less treatment burden in later years in 
patients with DME. The use of a T&E regimen with ranibizumab 
can also reduce the visit burden. Ranibizumab treatment yields 
better VA gains and DR regression than steroids and can induce 
regression of DR as early as 3 months. Visual gains and number 
of injections with ranibizumab are comparable with other 
licensed anti-VEGF agents, even for patients with VA worse 
than 20/50.

Summary
Prof. Nicole Eter  
University of Münster Medical Center, Münster, Germany

Ranibizumab provides consistent VA outcomes, improving 
patient care in nAMD, DME, BRVO, CRVO, mCNV, and other 
CNV. Ranibizumab studies have also demonstrated efficacy in 
difficult-to-treat patients, including those with PED, PDR, ischemia, 
or PCV. 

“Ranibizumab has allowed us to transform the life of our 
patients with retinal diseases,” said Prof. Eter. n

Figure 11. VA outcomes in patients with poor baseline vision in Protocol I.

Summary
     •  A wealth of evidence shows that ranibizumab 

continues to improve patient care and 
outcomes in six major retinal diseases.

     •  Ranibizumab, either alone or in combination 
with PDT, achieves excellent visual outcomes 
in PCV. The choice of monotherapy or 
combination therapy depends on the 
underlying cause of recurrence.

     •  T&E reduces treatment burden and is an 
effective alternative to prn, which can often 
lead to undertreatment in real-world settings.

     •  Ranibizumab treatment yields better VA gains 
and DR regression than steroids or laser.
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