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Part 1 
Clinical Considerations in Macular Edema

Catherine Creuzot-Garcher

The incidence of diabetes is increasing worldwide, with an 
estimated 9.3% of the world population between the ages of 
20 and 79 thought to have diabetes in 2019.1 In adults with 
diabetes, the prevalence of diabetic retinopathy (DR) is approxi-
mately 35%, while that of diabetic macular edema (DME) is 7%.2,3 

“Extrapolating this rate to the global population gives a total 
estimated 20.6 million individuals with DME,” said Prof. Catherine 
Creuzot-Garcher. “This is a significant burden of disease.” DME 
usually occurs in the working-age population, with an average 
age at diagnosis of 50 years.4 Approximately 39% of patients with 
DME over the age of 12 years have visual impairment associated 
with their condition.3

Retinal vein occlusion (RVO) is the second most common reti-
nal vascular disease, with an estimated 16 million people affected 
in one or both eyes. Most of these individuals (13.9 million) have 
occlusion of a branch retinal vein (BRVO), while in 2.5 million the 

occlusion is in the central retinal vein (CRVO).5 The prevalence of 
RVO increases with age, occurring in 0.7% of the population under 
the age of 60 and in 4.6% of individuals aged 80 years or older.6

VEGF plays an important role in the pathogenesis of both DME 
and RVO (Figure 1).7 In DME, sustained hyperglycemia leads to 
an increase in VEGF expression,7 while in RVO, this occurs as 
a result of retinal ischemia.8 In both cases, the increased VEGF 
expression can lead to microvascular changes that result in 
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Figure 1. The role of VEGF in the pathogenesis of DME and RVO.
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leakage and edema or in neovascularization and the breakdown 
of the blood-retinal barrier.7,8

Key risk factors for the development of DME include high 
HBA1c levels, high systolic blood pressure, and increased total 
serum cholesterol.9 Equivalent risk factors for RVO include the 
presence of cardiovascular disease, hypertension, hyperlipidemia, 
increased IOP or glaucoma, increased age, and smoking.10

“Patients with DME and RVO usually present with a complex 
profile of comorbidities, which we need to take into account 
when selecting a treatment,” said Prof. Creuzot-Garcher. For 
DME, these comorbidities include stroke, retinopathy, cardiovas-
cular complaints, nephropathy, dyslipidemia, and neuropathy,11-13 
and for RVO they include cardiovascular disease and hyperten-
sion, diabetes, renal disease, and dyslipidemia (Figure 2).14-18

The effective management of DME and RVO poses both 
administrative and clinical challenges (Figure 3). From the admin-
istrative perspective, potential constraints to effective manage-
ment include patient compliance to the treatment and monitor-
ing schedule, the cost of treatment or medical insurance or other 
health care access limitations, long-term follow-up and manage-
ment, and the time burden to the clinician and patient. Clinical 
challenges include variation in the patient response to treat-
ment, variation in treatment frequency and intensity, and the 

issues involved in treating a high-risk population with complex 
comorbidities.19-23 “Each of our patients is different, and there is a 
huge variation in patient response, treatment requirements, and 
comorbidity profile,” said Prof. Creuzot-Garcher.

Fortunately, intravitreal anti-VEGF therapy has been demon-
strated to have no association with significant increases in the 
rates of major cardiovascular events or non-ocular hemorrhagic 
events. A meta-analysis of 21 studies with 9557 patients showed 
no significantly increased risk of major cardiovascular events or 
non-ocular hemorrhagic events with anti-VEGF therapy com-
pared with control, independent of anti-VEGF agent, duration 
of treatment, study, or disease (neovascular age-related macular 
degeneration [nAMD], DME, or RVO).24 “A wealth of evidence 
supports the use of ranibizumab in DME and RVO patients, as 
shown in many clinical trials,” said Prof. Creuzot-Garcher.

In conclusion, DME and RVO are retinal vascular diseases 
which, if left untreated, may result in permanent vision loss. 
Patients with DME and RVO are a high-risk population requiring 
long-term management, and their conditions can greatly affect 
the functional activities of daily living, impacting patient quality 
of life and adding to their economic burden. “Ranibizumab has 
revolutionized the clinical management of DME and RVO,” said 
Prof. Creuzot-Garcher.

Part 2
Clinical Perspectives in the Management of DME 

Patricio Schlottmann

“When we want to treat vision-impairing macular edema in 
DME, we have several options,” said Dr. Patricio Schlottmann. 
“Initially only laser treatment was used to treat DME, but then 
anti-VEGF therapy and steroids were added to the choices avail-
able to clinicians.” 

A comparison between anti-VEGF therapy and steroids was 
performed in the MAGGIORE study, in which patients treated 
with ranibizumab gained a mean 7.6 letters over 12 months, 
and those treated with the dexamethasone intravitreal implant 
gained 4.3 letters. This met the study criteria for non-inferiority to 
ranibizumab in terms of average change from baseline BCVA over 
12 months. However, the overall incidence of treatment-related 
adverse events was significantly higher in the dexamethasone 
group, with higher rates of IOP increase and cataract compared 
with ranibizumab.25 The trend for better VA outcomes with 
ranibizumab compared with dexamethasone can be seen in 
a comparison of available data from published clinical trials, 
including in the pseudophakic population (Figure 4).25-30 However, 
it should be noted that, aside from MAGGIORE, these are cross-
trial comparisons and should be interpreted with caution. 
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Figure 2. Comorbidities in DME and RVO.

Figure 3. Administrative and clinical challenges in the management of DME and RVO.
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Clinical trials of up to 5 years in duration support the effi-
cacy of ranibizumab in the treatment of visual impairment due 
to DME. RISE and RIDE,26,31,32 Protocol I,29,33,34 RESTORE,28,35,36 
RETAIN,27 and REVEAL37 all demonstrate the superiority of 
0.5 mg ranibizumab over a sham or laser comparator (Figure 5).

 The RESTORE study showed that treatment with ranibizumab 
provided rapid VA gains of 7.9 letters at 12 months that were 
sustained at 3 years.35 Similarly, patients in the Protocol I study 
sustained vision gains over 5 years, with a mean gain of 9.8 let-
ters at 5 years for patients given ranibizumab with deferred 
laser (Figure 6).38 “We can see that the gains in VA happen 
very early on and are sustained for either 3 or 5 years,” said 
Dr. Schlottmann. “We can also see that those patients in the 
RESTORE trial that were managed with laser treatment only did 
not gain much vision and only achieved some visual gains after 
they were switched to ranibizumab.” In both studies, the number 
of injections of ranibizumab required reduced over time, with 
patients in RESTORE receiving a mean of 7.4 injections in year 1 
and 2.9 in year 3,35 and with patients in the ranibizumab plus 
deferred laser arm of Protocol I receiving a median of nine injec-
tions in year 1 and zero injections in year 5.38  

Treat-and-extend regimens are increasingly being employed in 
DME in order to reduce the anti-VEGF treatment burden. The 
RETAIN study showed a 46% reduction in patient monitoring vis-
its with a treat-and-extend versus a prn regimen in months 3 to 
24.27 In both the treat-and-extend and the treat-and-extend plus 
laser arms, over 70% of patients were able to maintain their VA 
with a treatment-monitoring interval of at least 2 months.27,39

The Protocol T study compared ranibizumab, aflibercept, 
and the unlicensed anti-VEGF agent bevacizumab in DME.40,41 

Results at 1 and 2 years showed similar visual gains and injection 
numbers between the two approved anti-VEGF agents (Figure 7). 
“However, we have to bear in mind that Protocol T was a study 
conducted in the United States using the 0.3 mg dose of ranibi-
zumab used only within the United States,” said Dr. Schlottmann. 
“There’s a potential dose effect, and that may be why the VA gain 
was slightly lower in the first year for those patients being treated 
with ranibizumab.” Good VA outcomes were achieved even in 
the subgroup of patients with a poor baseline vision of 20/50 or 
worse (16.1 and 18.1 letters for ranibizumab 0.3 mg and afliber-
cept 2 mg, respectively, at 2 years).41 Similarly, in the Protocol I 
study, patients with a baseline vision of 20/50 or worse treated 
with ranibizumab 0.5 mg and deferred laser achieved a mean 
visual gain of 17.0 letters at 5 years.38

In addition to providing sustained visual gains in DME, anti-
VEGF therapy has been demonstrated to provide improvements 
in the underlying DR, with a number of trials including RISE and 
RIDE and VIVID and VISTA reporting significantly greater propor-
tions of patients achieving a two or more step improvement on 
the DR severity scale (DRSS) with anti-VEGF therapy compared 
with laser or sham.26,42

Real-world evidence from treatment-naïve patients with DME 
enrolled into the LUMINOUS study from a number of different 
countries showed visual stabilisation or gains with ranibizumab. 
One-year results varied according to injection frequency, from 
a small loss of 0.3 letters with 2.2 injections in Russia, to a gain 
of 6.9 letters with six injections in the United Kingdom.43 These 
gains were maintained from year 1 to year 2 and were greater in 
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Lower overall VA outcomes achieved with 
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pseudophakic population

Based on available data – only the MAGGIORE study is a direct ranibizumab vs dexamethasone head-to-head trial.5 Cross-trial comparisons should be interpreted with caution. *Values 
estimated from graph of the original publication; †total population; ‡pseudophakic population. 
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Wealth of evidence supports the efficacy of 
ranibizumab
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treatment-naïve patients with lower baseline VA. In patients with 
a VA of less than 23 letters at study entry, across all countries, 
the mean gain in VA was 13.2 letters at year 1 and 11.5 letters at 
year 2.43

In conclusion, comparative data from the MAGGIORE trial 
show that ranibizumab provides greater VA gains than dexa-
methasone with a lower incidence of IOP increase and cataract, 
while the Protocol T study showed that there is no statistically 
significant difference between the VA gains and injection num-
bers observed with aflibercept and ranibizumab. “Early intensive 
treatment with ranibizumab provides VA gains that are sustained 
over time with reduced treatment burden,” said Dr. Schlottmann. 
“This efficacy can be observed in real-world studies, but adequate 
follow-up and an optimum number of injections are required to 
achieve better VA outcomes.”

Part 3
Ranibizumab in the Clinical Management of RVO

Adrian Koh

Anti-VEGF therapy is now the standard of care for patients 
with visual impairment due to RVO. “It is not difficult to under-
stand the rationale for the efficacy of these anti-VEGF agents,” 
said Prof. Adrian Koh. “Looking at various retinal diseases such as 
nAMD, vascular occlusions, and DME, it is clear that VEGF plays 
a central role in the development of complications of these dis-
eases including macular edema.”44

The pivotal trials providing evidence on the efficacy of ranibi-
zumab in the treatment of BRVO and CRVO were BRAVO and 
CRUISE, respectively (Figure 8).45,46 In BRAVO, patients with BRVO 
treated with ranibizumab achieved a mean visual gain of 18.3 let-
ters at the 6-month primary endpoint, compared with a gain of 

7.3 letters in the sham arm.45,46 In the CRUISE study, patients with 
CRVO in the ranibizumab arm achieved a mean gain of 14.9 let-
ters at 6 months, compared with 0.8 letters for sham.47,48 In both 
studies, these gains were maintained to 12 months.45-48

BRIGHTER was the first randomized controlled trial compar-
ing ranibizumab with laser in patients with BRVO,49 while the 
CRYSTAL study was an open-label study investigating the efficacy 
of ranibizumab in patients with CRVO treated according to a 
prn regimen driven by stabilization criteria with monthly (year 1) 
or the option for less frequent (year 2) monitoring.50 In both 
BRIGHTER and CRYSTAL, patients achieved rapid and sustained 
VA gains with ranibizumab (Figure 9).49,50 “As patients in the laser 
arm of BRIGHTER started to receive ranibizumab after month 6, 
we can see that VA began to increase, but never reached the 
same extent as those who received ranibizumab from the begin-
ning,” said Prof. Koh. VA gains were observed regardless of the 
duration of disease, although the highest gains were observed 
in patients with shorter disease duration. VA gains were not 
affected by the presence of retinal ischemia.49,50 In BRIGHTER, the 
median time to gain at least 15 letters was significantly lower with 
ranibizumab compared with laser.51 Patients with lower baseline 
BCVA achieved higher VA gains at month 24 across all study arms 
(Figure 10).51 “While those patients with better baseline VA had 
slightly lower visual gains, overall those who started with better 
VA ended up with better final vision than those with initially poor 
vision. This means that there is good reason to treat RVO patients, 
even when they have not yet lost a lot of vision,” said Prof. Koh.

The long-term efficacy of ranibizumab in DME was investigated 
in the HORIZON and RETAIN studies.52,53 HORIZON included 
608 patients who completed the BRAVO and CRUISE studies. 
Following a year of prn follow-up with visits every 3 months, 
patients with BRVO maintained stable vision, while patients with 
CRVO lost approximately 1 line of vision, which the investiga-
tors considered to be a result of insufficient monitoring.52 In the 
RETAIN study, a subset of patients who completed the HORIZON 
study were followed with monitoring every month in year 1 and 
at least every 3 months in year 2.53 Patients with BRVO for whom 
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Figure 8. Mean change in BCVA over 12 months in BRAVO and CRUISE.

Figure 7. Visual gains and injection numbers in the Protocol T study.
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BRAVO (BRVO) & CRUISE (CRVO): Pivotal trials 
demonstrated the efficacy of ranibizumab in RVO
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4-year data was available achieved a mean gain of 20.1 letters from 
the baseline of BRAVO, while those with CRVO achieved a mean 
gain of 14.0 letters from the baseline of CRUISE.53 

Real-world evidence on the use of ranibizumab in RVO comes 
from the observational LUMINOUS study.54 In treatment-naïve 
patients with BRVO and CRVO, increasing ranibizumab treat-
ment frequency resulted in greater VA gains, with those receiving 
between six and nine injections achieving mean gains of 13.6 and 
10.4 letters for BRVO and CRVO respectively (Figure 11).54 “We 
are quite confident in saying that the appropriate use of ranibi-
zumab for the treatment of macular edema in BRVO and CRVO 
will give you good results in your patients,” said Prof. Koh.

In conclusion, ranibizumab has demonstrated well-established 
efficacy in clinical trials in patients with macular edema 
secondary to RVO, and it is effective in treating RVO irrespective 
of disease duration and baseline macular ischemia status. Early 
intensive treatment of RVO with ranibizumab leads to better 
visual outcomes with reduced injection requirements. Finally, the 
efficacy of ranibizumab is also seen in real-world studies; however, 
better follow-up and adequate injection frequencies are required 
to achieve better VA outcomes.

Part 4
Clinical Perspectives on the Management of 
Macular Edema in DME and RVO 

Prof. Creuzot-Garcher leads a discussion about the clinical 
management of macular edema in patients with DME and RVO 
treated with anti-VEGF therapy.

We know that many of our patients are currently 
under treated and that we need to help them to 
stay on treatment. Can you give us some tips to 

improve adherence?
Dr. Schlottmann: Maintaining adherence to treatment can be 

difficult, particularly in those individuals who have not initially 
gained a lot of vision, perhaps due to damage to the photorecep-
tors or the macula. Sometimes I show such patients OCT images 
and fundus photographs to demonstrate the secondary benefits 
of treatment to the rest of the retina. Usually, sharing the images 
and explaining the positive changes that we are seeing is enough 
to reinforce the importance of continuing treatment.

However, for some patients we need to adapt the way that 
they are treated. If a patient is highly likely to fail to adhere to 
treatment, I try to extend their treatment intervals to give them 
a little more flexibility. While I don’t take any risks with the man-
agement of the patient, in DME we have a little time: this is not 
nAMD where treatment success is very time sensitive. 

What are the reasons for the higher number of injec tions in 
the first and second years of Protocol T compared with the 
RETAIN study? 

Dr. Schlottmann: The protocol-defined treatment regimens 
were different between these two trials. The retreatment regi-
men in Protocol T was very stringent, which resulted in patients 
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receiving a high frequency of injections, particularly in the first 
year.40,41 The RETAIN study used a different treatment regimen 
and its results, though good, are not comparable to those of 
Protocol T due to the different patient population and lower 
number of injections.27

We know that a treat-and-ex tend regimen can help to avoid 
under treatment. Can you remind us how to provide anti-VEGF 
therapy according to a treat-and-ex tend regimen in prac tice?

Dr. Schlottmann: The treat-and-extend regimen initially 
requires either a defined loading phase of several injections or 
continuous monthly injections until stable vision and anatomy 
are reached. This may take as many as five injections in some 
patients. Following this initial phase of injections, the patient 
enters the maintenance phase, during which they receive an 
injection at each visit, but the time between visits varies accord-
ing to whether the patient shows signs of disease reactivation 
or not. Where there are no signs of reactivation, the treatment 
interval can be extended by 2 weeks at a time. On the other 
hand, if OCT shows any signs of fluid or disease reactivation, the 
treatment interval may be reduced by 2 weeks. If there are sev-
eral signs of reactivation, the treatment interval may be reduced 
back to 4 weeks. 

Compared with prn treatment, where the frequency of visits 
is fixed but the decision on whether or not to inject is taken 
at every visit, some patients find treat-and-extend a preferable 
approach since the frequency of visits is reduced, and they know 
that every time they attend a visit they will receive an injection.

Patients with ischemic macula, recent past histor y of stroke, 
and recent myocardial infarc tion are excluded from most trials 
of anti-VEGF agents. Would you treat such patients with anti-
VEGF therapy? 

Prof. Koh: The BRIGHTER and CRYSTAL studies showed 
that the presence of macular ischemia does not preclude treat-
ment with ranibizumab in patients with RVO.49,50 The final 
visual prognosis was worse in the presence of macular ischemia, 
but both groups of patients (those with and without macular 
ischemia) had similar gains in VA. The presence of macular isch-
emia is therefore not a reason to withhold anti-VEGF therapy. 
A further advantage of treating these patients is they often also 
have significant peripheral capillary non-perfusion, in which 
case timely treatment with anti-VEGF therapy can reduce 
the risk of complications such as retinal neovascularization or 
neovascular glaucoma. 

Dr. Schlottmann: In patients with DME, a subanalysis of 
data from the RIDE and RISE studies showed that patients with 
macular ischemia took a little longer to gain vision but eventu-
ally caught up with the overall study population.55 I therefore 
wouldn’t preclude anti-VEGF treatment in a DME patient that 
shows signs of macular ischemia, although I would explain to the 

patient that recovery of their vision may take some additional 
time. Most patients with macular ischemia respond very well to 
treatment and gain around the same amount of vision as those 
patients without macular ischemia.

Prof. Koh: With regard to stroke and myocardial infarction, 
since patients with DME and RVO are at a very high risk of 
cardiovascular comorbidities, it is important to take a compre-
hensive history. If a patient has had a cardiac event or stroke 
within the past 3 months, I am very cautious about treating with 
anti-VEGF therapy. However, the advantage that ranibizumab 
has over other anti-VEGF agents in this respect is its safety pro-
file. The low risk of cardiovascular events with ranibizumab has 
been proven in over 10,000 patients in the LUMINOUS study,56 
and I’m quite confident using ranibizumab even in patients with 
comorbidities such as myocardial infarction or stroke.

Dr. Schlottmann: Since patients with DME can afford to wait 
a little longer for treatment than those with conditions such as 
nAMD, I delay anti-VEGF therapy for 3 months after a stroke 
or myocardial infarction. Of the available anti-VEGF agents, 
ranibizumab has the least impact on systemic VEGF levels. For 
this reason (and given there is no difference between agents in 
terms of efficacy), I prefer to use ranibizumab in these patients, 
although we do not yet have robust data linking reduced levels 
of systemic VEGF with an increased risk of stroke or myocardial 
infarction.

Comparing the different anti-VEGF agents, is there any evidence 
of a difference in terms of efficacy in DME?

Dr. Schlottmann: The Protocol T study showed that for the 
first year there was a slight advantage for patients with poor 
vision with being treated with aflibercept versus ranibizumab, 
but this advantage disappeared in the second year.40,41 However, 
it should be remembered that the US-based Protocol T study 
used a dose of ranibizumab (0.3 mg) that is 60% of the 0.5 mg 
dose normally used everywhere outside the United States for 
DME. I am therefore reluctant to directly extrapolate the data 
from that study into my practice as I believe that the differences 
in efficacy between study arms are related to the dose of study 
drug used.

Do you use a treat-and-ex tend regimen in patients with RVO?
Prof. Koh: In patients with RVO the problem is unpredictabil-

ity and large fluctuations of macular edema. When the disease 
recurs, it recurs suddenly very quickly over a period of days or 
weeks, and macular edema can manifest without any warning. 
In patients with a high visit burden, I’m tempted to switch to 
a treat-and-extend regimen, although in practice I use almost 
monthly visits as well as monthly injections, at least in the first 
year. I think we still need better evidence on the advantage of 
treat-and-extend over prn in RVO. n
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Conclusions: Catherine Creuzot-Garcher
To conclude, DME and RVO are chronic retinal vascular diseases that require early intervention and long-term management to 

save the vision of our patients. The efficacy and safety profile for ranibizumab has been demonstrated by a wealth of clinical evidence 
in both DME and RVO. Early intensive and personalized treatment with ranibizumab provides VA gains that are sustained over time 
with a reduced treatment burden. “Finally, ranibizumab has also demonstrated effectiveness in a real-world setting, with optimal 
treatment translating to better visual outcomes.” said Prof. Creuzot-Garcher.


