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Abstract 
Diabetic retinopathy (DR) is a common complication of dia-

betes with potentially devastating effects on vision. However, 
approved treatment options for DR in Europe are currently lim-
ited and associated with a number of potential adverse effects. 
Evidence from several clinical trials and a recent meta-analysis has 
demonstrated that anti-VEGF agents can lead to VA gains and 
improvements on measurable parameters of disease severity in 
patients with DR. The ranibizumab (Lucentis, Novartis) summary 
of product characteristics (SmPC) now provides information on 
this evidence for clinicians, and a submission to include DR in 
the product label will be filed in the near future providing a new 
treatment option for patients with DR. This supplement provides 
an overview of DR including the current treatment options and 
management practices along with a summary of the key clini-
cal findings available for ranibizumab in the treatment of visual 
impairment due to DR.

Introduction
The estimated global prevalence of diabetes was 425 mil-

lion in 2017, and this figure is expected to rise to 629 million by 
2045 (Figure 1).1 DR is a common microvascular complication of 
diabetes,2 present in approximately 35% of patients with diabe-
tes,3 and is a leading cause of vision loss in working middle-aged 
adults (Figure 2).4 “I see patients with DR extremely frequently. 
In my retina clinic, around 25% of our patients have DR,” said 
Prof. Anat Loewenstein. “We have patients with all levels of 
DR, from those with early disease who have just been referred 
for screening to those with advanced disease who have already 
undergone several surgeries for their condition.”

DR is distinguished by a number of characteristic lesions 
including retinal microaneurysms and neovascularization and 
can be divided into two subtypes: nonproliferative DR (NPDR) 
and proliferative DR (PDR) (Figure 3).5 Diabetic macular edema 

(DME) is a further complication that can be present in both 
NPDR and PDR.5 “More than 30% of patients with DR have DME, 
and this may have an important impact on their daily lives,” said 
Prof. Maria Isabel López Gálvez. “These patients can have prob-
lems with activities like reading, cooking, and working, and they 
often report an important worsening in quality of life.”

Without treatment, DR develops over time in individuals with 
diabetes, progressing from the milder stages of NPDR to more 
advanced, vision-threatening levels of DR that include PDR and 
DME.4 PDR is present in around 7% of patients with diabetes3 
and is associated with serious complications including vitreous 
hemorrhage, tractional retinal detachment, and neovascular glau-
coma, which may result in potentially irreversible loss of vision.5,6 
“These patients may not only lose their central vision, but they 
are also in danger of losing their vision as a whole. Without treat-
ment, they can progress rapidly to complete blindness,” said 
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Figure 1. The global burden of diabetes. 
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Prof. Loewenstein. “For this reason, it is crucial to diagnose cases 
of DR early in the course of the disease. Patients with diabetic eye 
disease such as macular edema (ME) or PDR need to be treated 
as promptly as possible. We know that the earlier a patient is 
treated, the better the VA outcomes are.”

In clinical trials, the progression of DR is typically measured 
using the DR severity scale (DRSS), as defined by the Early 
Treatment Diabetic Retinopathy Study (ETDRS) group 
(Figure 4).7,8 The DRSS is graded on the basis of the appearance 
of the retina visualized using fundus photographs and progresses 
through 11 steps from no or questionable DR (levels 10 to 
20) through increasing severity of NPDR (levels 35 to 53) 
to PDR (levels 60 to 85). The risk of developing PDR and its 
complications and/or DME increase with the DRSS level.7,9 
The ETDRS study showed that eyes with DRSS levels 47 to 
53 are at highest risk of PDR (Figure 5).10 In contrast, stability 
or improvement of DRSS levels upon treatment is associated 

with greater gains in VA, better edema resolution, and greater 
reductions in retinal thickness.9 DRSS is therefore a clinically 
relevant measure that correlates with functional and anatomical 
outcomes such as change in VA or in the area of fluorescein 
angiography leakage.9 

Current Management of DR
Clinical management of DR includes strategies to slow disease 

progression including improving control of glycemia, blood lipids, 
and blood pressure.2 Effective screening programs that enable 
early diagnosis are important for these systemic strategies to be 
successful. “Patients with DR are initially asymptomatic. They are 
often unaware of their condition and so may not attend regular 
fundus examinations, increasing their risk of blindness. The pro-
motion of educational and screening programs is essential,” said 
Prof. Lopez.

Once the disease reaches the stage of advanced NPDR or PDR, 

Figure 2. Prevalence of DR.

Figure 4. The DRSS, as defined by the ETDRS. 

Figure 3. Clinical presentation of DR.

Figure 5. Progression to PDR by baseline DRSS in the ETDRS study.
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the current standard of care is panretinal photocoagulation 
(PRP),5,11 which has been shown to reduce the risk of severe 
vision loss in eyes with severe NDPR or PDR by around 50%.12 

However, PRP has a destructive effect on tissues and is associated 
with a range of potential adverse effects including peripheral 
visual field loss, reductions in night vision, contrast sensitivity, 
color perception, and reduced central acuity from exacerbation 
of concomitant DME.5,13 “PRP has long been considered the first-
line treatment for PDR because it reduces the risk of blindness 
by about half in patients with proliferative disease, but it is also 
a destructive treatment with several important side effects 
that can have an impact on the patient’s quality of life,” said 
Prof. Lopez. “Visual field loss is clinically present in approximately 
10% of patients who receive PRP for DR, but it is probably 
present at a subclinical level in a much greater proportion,” said 
Prof. Loewenstein. “In addition, patients may experience night 
blindness and, less commonly, complications from the laser 
procedure itself.”

Intravitreal VEGF levels are significantly increased in eyes with 
DR, providing a rationale for the use of anti-VEGF agents in 
these patients.14 “VEGF is a crucial factor in the development of 
DR and DME. High levels of VEGF are involved in the rupture of 
blood retinal barriers and the development of new vessels, and 
there is an important increase in the intraocular levels of this fac-
tor in diabetic patients with DR or DME,” said Prof. Lopez. The 
anti-VEGF agent ranibizumab was approved for the treatment 
of visual impairment due to DME in 2011 (Europe) and 2012 
(United States).15 Ranibizumab was specifically designed for use 
in the eye.16 It potently and selectively blocks VEGF-A signalling, 
reducing endothelial cell proliferation, new vessel growth, and 
vascular leakage, thus helping to control ME and the progres-
sion of pathological neovascularization.15,17 Ranibizumab was 
approved for the treatment of DR (with or without the presence 
of DME) in the United States in April 2017.18 However, there are 
currently no anti-VEGF agents approved for the treatment of DR 

without DME in Europe. “As it stands, the only approved treat-
ment for DR without DME is a destructive procedure which by 
its mechanism of action destroys a large part of the retina,” said 
Prof. Loewenstein. “The main unmet need is for an option which 
is not destructive of the retinal tissue.”

Current Clinical Evidence for Ranibizumab in DR
Improvements in DR Severity

Across a number of clinical trials, ranibizumab has demon-
strated improvements on the DRSS in patients with DR with 
visual impairment.5,15,19,20 In the DRCR.net Protocol S study, 
394 eyes from patients with PDR with and without DME were 
assigned to ranibizumab as needed (with PRP in case of treat-
ment failure) or PRP (with ranibizumab as needed for DME).19 

At 2 years, ranibizumab treatment improved DR severity in nearly 
50% of patients.19 The improvement in DR was maintained, with 
46% of patients in the ranibizumab group having a reduction of 
two or more steps in DRSS at 5 years.21 “The Protocol S study 
demonstrated that monotherapy with ranibizumab is not infe-
rior to PRP in PDR, providing a potential new option to control 
this stage of the disease without the risks associated with laser 
therapy,” said Prof. Lopez.

As part of the DRCR.net Protocol I study, DR regression was 
compared in patients treated with laser, steroids, and anti-VEGF 
therapy. At 2 years, 21% of patients in the ranibizumab arm, 
17% in the triamcinolone arm, and 7% in the laser arm had at 
least a two-step improvement on the DRSS.20

In the RISE and RIDE studies, patients receiving ranibizumab 
0.5 mg were significantly more likely to improve at least two or 
at least three DRSS steps from baseline to month 24 compared 
with sham ( ≥ two-step improvement: 35.9% vs 5.4%, P <.001; 
≥ three-step improvement: 14.5% vs 1.3%, P < .001) (Figure 6).5 

Over 75% of ranibizumab-treated patients with moderately severe 
or severe NPDR at baseline had at least a two-step improvement 
over 12 months, which was sustained at 36 months (Figure 7).10,22

Figure 6. Reduction in DR severity in RISE and RIDE. Figure 7. Patients with a ≥ two-step improvement in DR in RISE and RIDE.
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Recently, a meta-analysis of three active-controlled phase 3 
DME studies comparing ranibizumab 0.5 mg PRN with laser 
(RESTORE, REFINE, and REVEAL) was performed. A total of 
875 patients were included, of whom approximately 75% were 
of Asian origin.15 Of the 315 patients with gradable DRSS scores 
and moderately severe NPDR or worse at baseline, 48.4% of those 
treated with ranibizumab (n = 192) versus 14.6% of those treated 
with laser (n = 123) experienced a ≥ two-step improvement 
in the DRSS at month 12.15 The estimated difference between 
ranibizumab and laser was 29.9% (95% CI, 20.0 to 39.7). In the 
405 DRSS-gradable patients with moderate NPDR or better, a 
≥ two-step DRSS improvement was observed in 1.4% and 0.9% of 
the ranibizumab and laser groups, respectively.15 “Based on the 
findings of all these studies, we know that with ranibizumab we 
are often able to achieve meaningful improvements in VA and 
DR severity,” said Prof. Loewenstein.“The fact that there are sev-
eral studies with long-term follow-up as well as a meta-analysis 
showing consistent results makes me feel happier with the idea 
of using anti-VEGF agents in these patients.”

Reduced Rate of Retinopathy Worsening
In the Protocol S study, PRP resulted in a greater rate of PDR 

worsening compared with ranibizumab, especially when compar-
ing eyes not required to receive ranibizumab for center-involved 
DME (45% vs 31%; HR, 1.62; 99% CI, 1.01 to 2.60; P = .008).23

 An exploratory analysis of data from Protocol I examined the 
probability of retinopathy worsening, defined as follows: conver-
sion from no PDR to PDR, worsening of two or more DR severity 
levels in eyes with no PDR at baseline, the requirement for PRP, 
occurrence of vitreous hemorrhage, or the requirement for vit-
rectomy for PDR.13 For eyes with no PDR at baseline, the 3-year 
cumulative probability of retinopathy worsening in patients who 
received ranibizumab with deferred laser was just 7%, compared 
with 23% in those who received sham with prompt laser (P = 
.001).13 In eyes with PDR at baseline, these values were 18% and 

40%, respectively (P = .02) (Figure 8).13 The authors concluded that 
intravitreal ranibizumab appears to be associated with a reduced 
risk of DR worsening in eyes with or without PDR.13 “Protocol I 
provides us with evidence that ranibizumab can alter the course of 
DR, halting disease progression and improving the severity of the 
disease in a significant proportion of patients,” said Prof. Lopez.

In the RISE and RIDE studies, an analysis of time to first 
DR progression from baseline showed that the rate of DR 
progression was significantly reduced by treatment with 
ranibizumab. At month 24, the cumulative probability of DR 
progression was 33.8% of patients in the sham group and 11.5% 
of patients in the ranibizumab 0.5 mg group.5 A post-hoc analysis 
of RISE and RIDE revealed that ranibizumab induced regression 
of DR in most patients who were at high risk of progression to 
proliferative DR.24 In patients with moderately severe or severe 
NPDR at baseline, ranibizumab treatment reduced the risk of a 

Figure 8. Cumulative probability of DR worsening at 3 years in Protocol I. Figure 9. Probability of a new proliferative event in patients with moderately severe to severe 
NPDR in RISE and RIDE.

Figure 10. VA outcomes in Protocol S in patients with DME at baseline.
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new proliferative event at 36 months by three times compared 
with sham (11.9% vs 35.2% for ranibizumab 0.5 mg and sham, 
respectively) (Figure 9).24 “Anti-VEGF agents such as ranibizumab 
are able to slow the progression of DR and lead to improvements 
on the DRSS,” said Prof. Loewenstein. “In addition, many patients 
with DME treated with anti-VEGF agents never go on to develop 
PDR, due to the effect of treatment on the progression of the 
underlying retinopathy.”

VA Outcomes
The Protocol S study demonstrated that ranibizumab treatment 

can provide VA benefits in all types of patients with PDR, including 
both those with and without DME at baseline. Patients with DME 
at baseline who received ranibizumab gained a mean of 7.9 letters 
at 24 months, compared with 1.9 letters in patients treated with 
PRP (Figure 10).19 Patients without DME at baseline who received 
ranibizumab gained a mean of 1.8 letters at 24 months, compared 
with -0.5 letters in patients treated with PRP (Figure 11).19

What Does This Mean in Clinical Practice?
“This clinical evidence has changed the way I treat my 

patients with DR and DME. I am now more comfortable 
when treating a diabetic patient with ranibizumab because I 
know it halts the progression of the underlying disease,” said 
Prof. Lopez. “I now use ranibizumab, not only in patients with 
DME, but also in patients with PDR who are not candidates 
for PRP. Also, in young patients I often combine PRP and 
ranibizumab.” Based on the increasing scientific evidence 

available on the use of ranibizumab in DR, section 5.1 of the 
ranibizumab SmPC now includes information on the meta-
analysis of RESTORE, REFINE and REVEAL.15 Next, in 2019, the 
submission of a new indication for the use of ranibizumab 
for the treatment of moderately severe or severe NPDR and 
PDR will be filed with the European Medicines Agency. These 
developments provide additional information to help clinicians 
better manage their patients with DR and DME and will, in 
time, provide a new approved treatment option for patients 
with DR without DME. “This will be a very significant change 
for physicians when treating PDR, even early PDR,” said Prof. 
Loewenstein. “However, it may take more time and experience 
before physicians become convinced by the idea of treating 
patients with NPDR with no ME with anti-VEGF agents.” n

Figure 11. VA outcomes in Protocol S in patients without DME at baseline. Summary and Conclusions
DR is a common microvascular complication of 
diabetes which can result in irreversible vision 
loss.2,5 The current standard of care for advanced 
NPDR or PDR is PRP, but this is associated with a 
range of potential adverse effects.5,13 Increased 
intravitreal VEGF levels in eyes with DR provide 
a rationale for the use of ranibizumab,14 which is 
supported by scientific evidence from a number of 
clinical trials and a meta-analysis.5,15,19,20 

The ranibizumab SmPC now includes information 
for clinicians on the current clinical evidence 
for ranibizumab in DR. Submission of a new 
indication for the treatment of moderately 
severe or severe NPDR and PDR is planned for 
the near future to provide clinicians with greater 
flexibility when treating patients with DR without 
DME. “We have been treating patients with 
DME with anti-VEGF therapy for many years, but 
there have been no new treatment options for 
PDR,” said Prof. Loewenstein. “A new approved 
therapy for patients with DR without DME will 
be a breakthrough which will help us provide our 
patients with the best possible VA outcomes.”
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