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Statement of need 

Diabetic retinopathy (DR) is one of the most signifi-
cant ocular complications of diabetes and represents the 
leading cause of blindness in the working population.1 
Macular edema (ME) is a common consequence of non-
proliferative DR and is the result of abnormal capillary 
permeability, which causes fluid leakage into surrounding 
retinal tissue. If left untreated, ME leads to proliferative 
DR (PDR) and retinal neovascularization, subsequent 
hemorrhaging, and permanent loss of vision. It has been 
estimated that without treatment, approximately 50% 
of patients with PDR will become blind within 5 years of 
the initial diagnosis.2 

Thermal laser has been the primary treatment for 
DME for decades. However, some alternative therapies 
are being investigated, initially as adjunctive therapy but 
now as first-line alternatives to laser therapy. 

The Diabetic Retinopathy Clinical Research Network 
(DRCR.net) published data showing that patients 
treated with 0.5 mg ranibizumab plus prompt (n=187) 
or deferred (≥24 weeks) laser (n=188) had better visual 
acuity (VA) outcomes at 1 year than those treated with 
sham injection plus prompt laser (n=293).3 Outcomes 
measures in the study were change in VA and mean 
central subfield thickness measurements. VA improve-
ment (± standard deviation) was significantly better in 
the ranibizumab plus prompt laser group (+9 ± 12, P < 
.001) and the ranibizumab plus deferred laser group (+9, 
± 12, P < .001) compared with sham plus prompt laser 
(+3 ±13), but not significantly better compared with the 
triamcinolone plus prompt laser group (+4 ±13, P = .3). 
Reduction in mean central subfield thickness was similar 
among all groups. Cataract progression and intraocular 
pressure rises were more frequent in the triamcinolone 
plus laser group. 

More recently, the 2-year primary outcomes of RISE 
and RIDE, the 2 phase 3 studies evaluating 2 different 
doses (0.3 mg and 0.5 mg) of ranibizumab compared 
with sham injection (those randomized to sham treat-
ment could receive focal/grid laser) for the treatment of 
DME, were presented. The RISE and RIDE studies clearly 
demonstrated that monthly injection of ranibizumab 
was associated with significant improvement in visual 
acuity: 40% to 45% of patients gained 3 or more ETDRS 
lines of vision.4 In addition to the gain in VA, patients 
who were treated with ranibizumab overall had fewer 
complications from their underlying DR and less progres-
sion of the DR than those treated with sham injection. 

Another finding of the RISE and RIDE studies was 
that there were no statistically significant differences in 

side effects, serious systemic or ocular adverse events 
between the groups treated with ranibizumab or those 
with sham injection.

In READ 3, which evaluated patients with DME who 
were treated with multiple injections of either 0.5-mg 
or 2-mg ranibizumab, the mean increase in VA was 8.7 
letters for the 0.5-mg group and 7.5 letters for the 2-mg 
group. VA and central retinal thickness changes were 
maintained up to the 1-year evaluation.5

The DA VINCI study, a phase 2 randomized clini-
cal trial, showed that all doses and dosing regimens of 
aflibercept that were tested were superior to laser for 
centrally involved DME.6 These positive results were seen 
both at the primary outcome of the study at month 
6 and also at 1 year. The significance of the DA VINCI 
study lies with the dosing regimen of aflibercept. The 
study showed that, when aflibercept was administered 
every 2 months or on an as-needed (prn) basis, these 
regimens were just as effective as monthly treatment. 

The FAME Study found that 2 doses of the fluocino-
lone implant significantly improved visual acuity in DME 
over 2 years.7 The insert can be administered in an out-
patient procedure through a 25-gauge needle. However, 
the US Food and Drug Administration indicated that it 
would require 2 additional clinical trials to resolve the 
issue of safety concerns that have been deemed not out-
weighed by the benefit of the insert.8

Although photocoagulation remains the gold stan-
dard for the treatment of DME, the increase in stud-
ies evaluating different therapies may lead to a better 
understanding of the pathophysiology and lead to more 
efficacious treatments.

Like other medical professionals, ophthalmologists 
routinely turn to expert colleagues for knowledge that 
will help them to develop the most effective therapeu-
tic strategies. This CME activity will provide evidence-
based knowledge from experts who will present the 
most critical clinical data for consideration in making 
treatment-planning decisions for patients with DME. 
The activity will also provide perspectives to help clini-
cians plan for near-term future developments in this 
area. Expert opinions regarding emerging clinical data 
can help close the learning and practice gaps identi-
fied above, allowing more patients to benefit from 
technology advancements that can improve treatment 
outcomes. Translation of DME therapy research into 
clinically focused advice is needed because of predicted 
increases in blindness and continuing therapeutic 
advancements in this area. This expert-developed edu-
cational activity designed to address DME management 
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can provide education that is immediately applicable 
to the care of this at-risk population.
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target audience
This certified CME activity is designed for retina specialists 

and general ophthalmologists involved in the management of 
retinal disease.

Learning objectiveS
Upon completion of this activity, the participant 

should be able to:
• change screening and history-taking techniques and 

comanagement techniques to improve the percentage of 
patients with diabetes who receive adequate preventive 
care and treatment for their eyes;

• implement alternative therapies into practice, as 
determined by settings, patient histories, and other rel-
evant factors; and

• communicate effectively with primary care physicians 
and others who care for patients with diabetes to avoid 
vision disability.

accreditation and deSignation
This activity has been planned and implemented in 

accordance with the Essential Areas and Policies of the 
Accreditation Council for Continuing Medical Education 
(ACCME) through the joint sponsorship of UCI School 
of Medicine and Retina Today. UCI School of Medicine is 
accredited by the ACCME to provide continuing educa-
tion for physicians. UCI School of Medicine designates this 
enduring material for a maximum of 1 AMA PRA Category 
1 Credit.™ Physicians should claim only the credit com-
mensurate with the extent of their participation in the 
activity.

method of inStruction
After reviewing the material, please complete the self- 

assessment test, which consists of a series of multiple-

choice questions. To answer these questions online, 
please visit http://www.meded.uci.edu/cme/test_DME.
html. Upon completing the activity and achieving a pass-
ing score of over 70% on the self-assessment test, you 
may print out a CME credit letter awarding 1 AMA PRA 
Category 1 Credit.™ The estimated time to complete this 
activity is 1 hour.

diScLoSure
In accordance with the disclosure policies of University 

of California, Irvine School of Medicine and to conform 
with ACCME and US Food and Drug Administration 
guidelines, anyone in a position to affect the content of a 
CME activity is required to disclose to the activity partici-
pants (1) the existence of any financial interest or other 
relationships with the manufacturers of any commercial 
products/ devices or providers of commercial services and 
(2) identification of a commercial product/device that is 
unlabeled for use or an investigational use of a product/ 
device not yet approved.

facuLty credentiaLS
Neil M. Bressler, MD, is Chief of the Retina Division, 

Wilmer Eye Institute, and the inaugural James P. Gills 
Professor of Ophthalmology at Johns Hopkins University 
School of Medicine in Baltimore. He is also Chair of the 
Data and Safety Monitoring Committee for the National 
Eye Institute’s (NEI’s) intramural clinical trials, and is 
a member and former chair of the US Food and Drug 
Administration’s Ophthalmic Devices Panel.
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entities (not including the National Institutes of Health): 
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but may receive salary or other support from the institu-
tion to support their effort on the project(s).

All of those involved in the planning, editing, and  
peer review of this educational activity report no relevant 
financial relationships. 
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Anti-VeGF Therapy for  
Diabetic Macular edema
An update on clinical trial results.

By Neil Bressler, MD

T he United States in the past 20-plus 
years has seen a startling rise in rates 
of obesity. Population surveys since 

1990 show this rise, as seen in Figure 1.1 
Obesity carries many health-related impli-
cations, one of which is increased risk for 
diabetes mellitus and its associated oph-
thalmic conditions, diabetic retinopathy 
(DR) and diabetic macular edema (DME). 
It is estimated that approximately half of 
the obese population will have some form 
of DR that will result in damage to the 
retina.2 Thus, the ophthalmic complica-
tions of the obesity epidemic and resulting 
rise in diabetes represent a widespread and 
significant public health issue. 

For decades, laser photocoagulation was 
the standard care for DME.3,4 In recent years, 
however, several phase 3 trials have defini-
tively demonstrated that anti-VEGF treat-
ment is superior to laser for treatment of DME. 

The Protocol I study by the Diabetic Retinopathy 
Clinical Research Network (DRCR.net) evaluated intra-
vitreal ranibizumab or triamcinolone acetonide plus 
prompt or deferred focal/grid laser vs laser alone in 854 
eyes of patients with DME.5-8 Ranibizumab injection 
with deferred or prompt laser was found to be superior 
to laser alone and laser with triamcinolone injection at 
the primary endpoint of 1 year,5 and again at 2 years.7 
Sustained visual acuity improvements were seen in the 
ranibizumab arms through 3 years.7 Retreatments in this 
trial were based on a detailed algorithm using both opti-
cal coherence tomography (OCT) and best corrected 
visual acuity (BCVA) and facilitated by a web-based 
management system.8

In RIDE and RISE, 2 methodologically identical phase 3 
trials sponsored by Genentech, intravitreal ranibizumab 
(Lucentis, Genentech) given every 4 weeks for 2 years 
was superior to sham injection in patients with DME.9 
The data from these trials were used to support US Food 
and Drug Administration (FDA) approval of ranibizumab 
for treatment of DME. 

RESTORE and REVEAL,10,11 conducted in Europe and 
Asia, respectively, evaluated 3 initial monthly injections 
of ranibizumab followed by as-needed (prn) injections 
of ranibizumab, with the primary endpoint at 1 year. 
Patients were randomized to ranibizumab plus sham 
laser, ranibizumab plus laser, or sham injection plus laser. 
Both studies showed that the anti-VEGF injections, either 
alone or with laser, were superior to laser alone. No dif-
ferences were seen between the ranibizumab alone and 
the ranibizumab plus laser arms.

While all of these studies support the superiority of 
ranibizumab injection over laser in DME, several differ-
ences in trial design and treatment principles are worth 
noting. The RIDE and RISE trials were intended to sup-
port FDA approval, and their design dictated mandatory 
monthly injection for 2 years. The REVEAL and RESTORE 
trials, conducted outside the United States, mandated 
ranibizumab injection every 4 weeks for 3 doses, and 
then injections were continued at monthly visits unless 
the patient’s vision reached 20/20. That regimen was 
found to be superior to laser alone, although no differ-
ence was seen between the 2 arms in which ranibizumab 

Figure 1. increase in obesity as illustrated by population surveys.
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was given. Also, those trials lasted only 1 year, so they 
were lacking longer-term data.

The DRCR.net Protocol I study used a more compli-
cated design in order to try to differentiate the effect 
of anti-VEGF injection from that of laser. Patients were 
randomized to receive laser at baseline or to have laser 
deferred for at least 6 months. The rationale for this was 
that, as the current standard care, laser’s effectiveness 
was already established, but it was not known whether 
ranibizumab would provide further benefit over laser 
alone. With some patients receiving laser at baseline and 
some deferred for at least 6 months, the effect of the 
drug could be evaluated separately from that of the laser.

Another difference between the DRCR.net study 
and REVEAL and RESTORE was that the non-US trials 
based retreatments on visual acuity alone, whereas in 
the DRCR.net study retreatments were based on a com-
bination of OCT and visual acuity. Study investigators 
entered patient data into a software program at each 
visit, and an algorithm determined whether the patient 
should be treated or not.11

The retreatment principles used in the study can be 
interpreted as follows. Improvement was defined as a 
decrease in OCT central subfield thickness (CST) by 
10% or more or improvement in BCVA letter score by 
5 letters or more since the preceding visit. Worsening 
was defined as CST increased by 10% or more or BCVA 
decreased by 5 letters or more since the preceding visit. 

If the patient had improved since the last visit, an 
injection was given. If the patient worsened after treat-
ment was withheld at the last visit, an injection was 
given. If the patient was stable, neither improving nor 
worsening since the last visit, the decision tree became 
more complex. If the patient was stable only since the 
last visit, an injection was given. If the patient was stable 
for at least 2 consecutive injections, if the OCT was flat 
(CST less than 250 µm), and BCVA was 20/20, injection 
was deferred. The patient was brought back in 4 weeks, 
and if the condition was stable or improved, the follow-
up interval was doubled to 8 weeks; if worsening was 
seen, an injection was given. 

If the patient was stable but the OCT was thickened 
(CST 250 µm or greater) or BCVA was worse than 20/20, 
the decision tree ramified further: If the patient had less 
than 6 months of injections, an injection was given; but, 
at the 24-week visit or thereafter, injection was deferred 
until worsening, and the investigator could consider add-
ing laser. In the latter scenario, at the next visit 4 weeks 
later, if the patient had worsened an injection was given, 
and if the condition was stable or improved follow-up 
was doubled to 8 weeks.

Different paths were specified for those with fewer 
than 6 months of injections and those with 6 months 
or more of injections because some patients with DME 
do not begin to respond immediately to anti-VEGF 

therapy. After 6 months, if the patient is still not improv-
ing, subsequent improvement is less likely. At that point 
clinicians may want to consider another therapeutic 
approach, such as laser or vitrectomy.

treatmentS Prior to 3-year viSit
Using this algorithm, the theoretical maximum num-

ber of injections prior to the 3-year visit in the DRCR.net 
study was 39. In year 1 of the study, the median number 
of injections in the ranibizumab plus prompt laser group 
(n=144) was 8 (6 injections in the first 6 months, 3 in the 
second 6 months). In the ranibizumab plus deferred laser 
group (n=147), the median number was 9 (6 injections in 
the first 6 months, 3 in the second 6 months). That is to 
say, most people did not respond completely in the first 6 
months, but most people needed less than monthly injec-
tion frequency by the second 6 months of the study. The 
numbers were similar with and without prompt laser. This 
is noteworthy because some investigators thought laser 
might reduce the number of injections needed. 

In year 2, the median number of injections was 2 in 
the prompt laser group and 3 in the deferred laser group. 
This suggests that, regarding response to anti-VEGF 
therapy, DME is a very different disease from neovascular 
age-related macular degeneration (AMD). It may take 
some time to get DME under control, but once control 
is achieved that control can be sustained for several 
months, and when edema comes back 6 or 9 months 
later it generally takes only a few injections to control it 
once again. In AMD, by contrast, if treatment is withheld, 
the vision tends to worsen over time on average unless 
patients are carefully monitored. 

Did the reduced treatment schedule in year 2 allow 
the vision to deteriorate? No. In year 3 the median num-
ber of injections was 1 in the prompt laser group and  
2 in the deferred laser group. 

The median total number of injections prior to 
the 3-year visit was 12 with prompt laser and 15 with 
deferred laser. So prompt laser did not reduce by much 
the number of injection procedures needed, and in fact, 
the total number of procedures (injection plus focal/grid 
laser) was the same in both groups at the end of 3 years. 

Focal/grid laser could be added when retinal thicken-
ing persisted and there was no longer improvement 
after a series of injections. Injection could be withheld at 

In recent years, several phase 3 trials  
have definitively demonstrated that  

anti-VEGF treatment is superior to laser 
for treatment of DME. 
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the time of laser application and resumed if the edema 
still worsened following laser. Focal/grid laser could be 
repeated as often as every 3 to 4 months if edema was 
not improving with anti-VEGF therapy, as long as the 
investigator thought laser could be beneficial. 

Typically in focal/grid laser, treatment is applied only to 
thickened areas of retina, with direct laser to microaneu-
rysms within thickened areas and grid treatment to other 
thickened areas without microaneurysms that have not 
been treated previously. Laser treatment decisions were 
made based on OCT, not on fluorescein angiography.

By the 3-year visit in the DRCR.net trial, theoretically, 
patients in the prompt laser group could have had a maxi-
mum of 12 laser treatments and those in the deferred laser 
group a maximum of 10. The median number of focal/
grid laser treatments in year 1 in the prompt laser group 
was 2 and in the deferred laser group was 0. After 3 years, 
the median number in the prompt laser group was 3 and 
in the deferred laser group was still 0. That is to say, 40% 
of patients in the deferred group received at least 1 laser 
treatment during the 3 years; because the percentage was 
less than half, the median for the group was 0.

viSuaL acuity change
The main efficacy outcome measure in DRCR.net 

Protocol I was BCVA at the 1-year visit (Figure 2). With 
sham injection and prompt laser, patients gained on 

average between 3 and 4 letters from baseline at 1 year.8 

This is essentially the same result that was seen with laser 
in the ETDRS almost 30 years ago.4

In the anti-VEGF therapy arms, with either prompt or 
deferred laser, at 1 year BCVA improved by approximately 
9 letters, superior to laser alone (P < .001 for each arm). 

In the triamcinolone plus prompt laser arm, at 1 year 
the improvement was the same as laser alone, approxi-
mately 3 or 4 letters. Assuming most patients developed 
cataract during year 1 due to the steroid injections and 
underwent cataract surgery during year 2, one might 
expect results in the triamcinolone arm to be better at 
the year 2 visit, but they were not; both the laser alone 
and triamcinolone arms ended year 2 at about 3 letters 
above baseline. 

By 2 years, the curves for the prompt and deferred 
laser groups began to separate, although not by much. 
The gain in the prompt laser group was about 9 letters, 
vs 11 letters in the deferred laser group. By the 3-year 
visit, there is still a similar separation between the 2 arms 
(Figure 3). Remember that this is with only a mean 1 to  
3 injections per year in years 2 and 3. 

Investigators also analyzed the percentages of patients 
in each group whose BCVA improved and worsened. 
Some regulatory studies use criteria of 15 or more letters 
gained or lost to indicate improvement or worsening. 
The study Protocol I designers chose 10 letters because 

Figure 2. Mean change in BCVA from baseline.

Figure 3. Mean change in BCVA in the 2 ranibizumab arms, 

out to 3-year follow-up.

Figure 5. BCVA loss of 10 letters or more.Figure 4. BCVA gain of 10 letters or more.
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on average patients entered this study with 20/50 BCVA 
at baseline. At 20/50, a gain of 2 or more lines represents 
a substantial improvement in function. 

At 1 year, about 50% of eyes in both anti-VEGF arms 
gained 10 or more letters (Figure 4). In the steroid with 
laser and laser alone arms, that level of improvement was 
seen in 25% to 30% of eyes. 

Regarding vision loss, in both ranibizumab arms 
fewer than 5% of eyes lost 10 letters or more of BCVA 
(Figure 5). This includes loss of vision due to cataract 
development, epiretinal membrane development, and 
other causes. With laser alone or steroid plus laser, 
about 10% to 15% of eyes lost that degree of vision. 
There are currently no predictive markers to forecast 
which patients with DME will lose vision following laser 
or steroid treatment. 

PracticaL imPLicationS
These results highlight the ways that treatment of 

patients with DME has changed in recent years. Laser used 
to be the only treatment option. Now when we see a dia-
betic patient with a thickened macula and impaired vision, 
we can discuss starting treatment with anti-VEGF therapy—
not anti-VEGF therapy plus laser, but anti-VEGF therapy 
alone, with the possibility of adding laser at a later point. 

We can treat every month, as was done in the RIDE 
and RISE trials, but we now know that the outcome in 
those trials was no better than the outcome using the 
prn regimen described above. Why treat every month 
when we can look at the eye and make a decision based 
on OCT and vision? 

In patients with DME, the DRCR.net investigators do 
not recommend that clinicians give up treating with 
anti-VEGF therapy in the first 6 or 8 months if improve-
ment is not seen. The study results suggest that, even if 
initial response is delayed, by the second year only 2 to 3 
injections may be needed. 

These results also suggest that there is no reason in 
most cases to consider treating with triamcinolone 
and laser rather than laser alone. Regarding the choice 
between prompt or deferred laser plus ranibizumab, the 
use of prompt laser did not greatly reduce the number 

of injections, and the prompt laser arm needed more 
laser treatments on average, with no better visual results. 
Therefore there seems to be no reason to recommend 
starting treatment with laser plus anti-VEGF therapy. 

SubgrouP anaLySeS
Several subgroup analyses of the Protocol I study were 

performed. Before randomization of each eye, investiga-
tors were asked to grade, according to their own defini-
tions, whether they eye had predominantly focal edema, 
predominantly diffuse edema, or if this was indetermi-
nate. Change in BCVA at 2 years was stratified according 
to these gradings (Figure 6). Whether the edema was 
focal, diffuse, or indeterminate, the results with the 2 
ranibizumab strategies were better than laser alone and 
laser plus steroid injection. Therefore there seems to be 
no reason to consider laser at the outset of treatment 
because of the focal or diffuse status of the edema. 

Looking at the subgroup of eyes that were pseudopha-
kic at baseline (Figure 7), results with laser were good, 
but results with the ranibizumab strategies were better, 
and results with steroid plus laser were similar to the 
ranibizumab results. Some might ask, given the similar-
ity of results with steroid and anti-VEGF, if a patient is 
pseudophakic at baseline, should treatment start with 
steroid injection plus laser? There are several reasons not 
to recommend this approach. First, results with laser and 
steroid were similar, not superior to the ranibizumab 
strategies in this subgroup. Second, because it is a sub-
group we cannot have the same level of confidence in 
this analysis as in the primary outcome measure. Third, 

Figure 6. Change in BCVA stratified by diffuse or local edema.

Figure 7. Change in BCVA in eyes pseudophakic at baseline.

Figure 8. Change in BCVA stratified by baseline BCVA.
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even with similar visual results, steroid injection still 
carries greater risks of intraocular pressure increase and 
need for pressure-lowering medication, laser treatment, 
and even glaucoma filtering surgery in rare cases. 

Finally, results were stratified by baseline BCVA, with 
subgroups consisting of eyes better or worse than the 
median of 20/50 (Figure 8). In both subgroups, both ranibi-
zumab strategies improved BCVA. In the subgroup below 
the median, with 20/50 or worse BCVA at baseline, BCVA 
improved by 9 letters in the prompt laser group and 15 let-
ters in the deferred laser group, on average. 

This analysis is relevant in relation to the RIDE and 
RISE trials, in which patients gained an average of 13 to 
15 letters. Some may interpret the RIDE/RISE outcome as 
a better rate of improvement resulting from the use of 
a monthly treatment strategy rather than the prn strat-
egy used in the DRCR.net study. However, the median 
baseline BCVA in the RIDE and RISE trials was 20/80, not 
20/50—2 lines worse, on average, than in the Protocol 
I study. In this context, the gains seen in the DRCR.net 
study are comparable to those in RIDE and RISE.

further Study
Another study by the DRCR.net, Protocol T, is cur-

rently enrolling patients to compare the safety and 
efficacy of the 3 VEGF inhibitors currently in clinical use 
in ophthalmology: 0.3 mg ranibizumab, 1.25 mg beva-
cizumab (Avastin, Genentech), and 2.0 mg aflibercept 
(Eylea, Regeneron). Enrollment should be complete this 
summer, and year 1 results may be available in fall 2014. 
Eyes with center-involved DME with BCVA of 20/32 to 
20/320 will be randomized to intravitreal injections of 1 
of the 3 agents, and the same retreatment regimen used 
in Protocol I will be employed in this study.

The manufacturers are supplying the 2 ophthalmic 
drugs, with agreement that the DRCR.net controls the 
design of the study, owns the data generated, and will 
report all the results. The DRCR.net is buying the beva-
cizumab and having it prepared for ophthalmic use at 1 
central compounding pharmacy, supplying it to investi-
gators in sterile vials, to try to minimize the safety issues 
involved in compounding. 

ProtocoL i: concLuSion 
In eyes with DME involving the fovea and causing 

vision impairment, BCVA results with focal/grid laser 
performed at the initiation of anti-VEGF ranibizumab 
therapy are no better, and may be worse, than when 
laser is deferred for at least 6 months.  Using the prn 
regimen described above, fewer injections were needed 
in years 2 and 3 to sustain BCVA gains observed in year 
1. More injections were needed in the ranibizumab 
plus deferred laser group than in the ranibizumab plus 
prompt laser group. 

In the study design of Protocol I there were 26 pos-

sible injections in years 2 and 3. Of those 26, a median of 
3 injections was given in the ranibizumab plus prompt 
laser group in years 2 and 3, with an average decline in 
BCVA of 1 letter. In the ranibizumab plus deferred laser 
group in years 2 and 3, a median of 6 injections was 
given, with an average increase in BCVA of 1 letter. 

The DRCR.net investigators11 recommended that, for 
DME involving the central macula, treatment with ranibi-
zumab with prompt or deferred laser was more effective 
than laser alone or corticosteroids plus laser through at 
least 2 years, and that anti-VEGF therapy with ranibizum-
ab should be considered for patients with characteristics 
similar to those in the clinical trial. The closer the clinical 
approach is to the algorithm used in the study, the more 
likely the outcomes will be similar to the trial results.

Similar results have been seen in a phase 2 trial of afliber-
cept in patients with DME, and a phase 3 trial of that drug 
has been initiated,12 but comparison across all 3 drugs will 
have to wait for the results of the Protocol T trial.  

WorSening of diabetic retinoPathy: 
exPLoratory anaLySiS

Previous reports have suggested that anti-VEGF 
therapy for DME can lead to regression or resolution of 
proliferative diabetic retinopathy (PDR).13-16 To further 
elucidate this previously observed phenomenon, the 
DRCR.net investigators performed an exploratory anal-
ysis of the Protocol I results to evaluate the effect of 
intravitreal ranibizumab or triamcinolone on worsening 
of diabetic retinopathy for up to 3 years.17

The DRCR.net had already reported, from the first 
year of Protocol I, some clues that treatment for DME 
was having an impact on diabetic retinopathy. In the 
laser alone group (n=293), 8% of eyes experienced 
vitreous hemorrhage or received panretinal photoco-
agulation (PRP). In the 2 ranibizumab groups (n=375) 
and the triamcinolone group (n=186), only 3% had 
these events reported (P = .002 for ranibizumab, .02 for 
triamcinolone).

For this exploratory analysis, worsening of retinopathy 
in eyes with non-PDR at baseline was defined by any of 
these 5 criteria:

•	 Worsening from non-PDR (level 53 or lower) to PDR 
(level 60 or higher) as determined by a reading cen-
ter grading of standard fundus photographs;

Intravitreal ranibizumab appears  
to reduce risk of worsening of  

diabetic retinopathy in eyes with DME 
with or without PDR. 
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•	 Worsening by 2 or more levels on the ETDRS dia-
betic retinopathy severity scale (eg, from mild non-
proliferative to severe proliferative) based on read-
ing center grading of fundus photographs;

•	 Application of PRP;
•	 Occurrence of vitreous hemorrhage;
•	 Vitrectomy for PDR.
There were not enough fundus photographs in eyes with 

baseline PDR to evaluate for retinopathy improvement at 
year 2. Therefore, worsening of retinopathy in eyes with PDR 
at baseline was defined as any of the following:

•	 Application of PRP;
•	 Occurrence of vitreous hemorrhage;
•	 Vitrectomy for PDR.
For statistical analysis, cumulative probability of out-

come at each study visit up to the 3-year visit was cal-
culated using the life-table method. Data were included 
only up to and including the first visit when all investiga-
tors were unmasked to primary outcome results of this 
protocol. This was done because knowledge of 1 year 
results could bias results of this analysis, such as the deci-
sion to apply PRP. A proportional hazards model, adjust-
ing for baseline BCVA and baseline severity of retinopa-
thy, was used to compare treatment groups.

The outcome was evaluated in 2 subgroups based on 
the absence or presence of PDR at baseline: the non-PDR 
subgroup included diabetic retinopathy severity levels 
10, 12, 14, 20, 35, 43, 47, 53, and 53E and the PDR sub-
group included diabetic retinopathy severity levels 60, 61, 
65, 71, and 75. No substantial deviations from propor-
tional hazards assumptions were detected.

reSuLtS and concLuSionS
Baseline characteristics in both subgroups were rela-

tively well-balanced across the 4 Protocol I treatment 
groups. 

In eyes with non-PDR at baseline, the cumulative prob-
abilities of retinopathy worsening (probability values com-
pared with laser alone) were 23% in the laser alone group, 
18% in the ranibizumab plus prompt laser group (P = .25), 
7% in the ranibizumab plus deferred laser group (P = .001), 
and 37% in the triamcinolone group (P = .10). In eyes with 
PDR at baseline, the 3-year cumulative probabilities for 
retinopathy worsening were 40%, 21% (P = .05), 18%  
(P = .02), and 12% (P < .001), in the same groups respec-
tively. It should be noted that there were small numbers of 
eyes left for analysis by 2 and 3 years due to the life-table 
analysis design. 

The results of this exploratory analysis found that 
ranibizumab reduced the risk of worsening of retinopa-
thy, as has been observed in other trials evaluating anti-

VEGF treatment of DME. Intravitreal triamcinolone also 
reduced the risk of worsening of diabetic retinopathy in 
eyes with PDR in this analysis. These results should be 
evaluated with the caveat that the original study proto-
col was not designed primarily to determine the effect of 
intravitreal ranibizumab or triamcinolone on preventing 
worsening of retinopathy.

Worsening of retinopathy was decreased in the 
DRCR.net study without the mandated 4-weekly injec-
tions of ranibizumab used in the RISE and RIDE studies. 
Determining the frequency of injections needed to slow 
the worsening of retinopathy will require further study. 

Intravitreal ranibizumab appears to reduce risk of 
worsening of diabetic retinopathy in eyes with DME with 
or without PDR. Further study is necessary to assess the 
risks and benefits of this approach before considering 
routine use of these treatments to prevent the worsen-
ing of diabetic retinopathy.

Following are 2 case presentations to illustrate how 
some of the principles discussed in this article can be 
applied in clinical situations.
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A 64-year-old man presents for evalua-
tion of DME in his right eye. He had previ-
ously been followed at another center. His 
chief complaint is blurriness and decreased 
vision in the right eye, with BCVA of 20/32. 
Presenting vision in the left eye is 20/250 due 
to a central retinal artery occlusion years ago.  

Figure 9 shows the edema in the right eye. 
Baseline OCT (Figure 10) shows that the 
entire macular area is thickened, including 
the center. It is not just a circinate ring of 
edema. This patient could have been includ-
ed in the DRCR.net trial, but this case is not 
from the trial. 

Therapy with ranibizumab is initiated. At this time the 
macular volume is 13.5 and CSF is 500 µm (Figure 11). 
At the next visit 1 month later, the BCVA and CSF have 
improved, and according to the algorithm the patient 
receives another injection (Figure 12).

At the next visit, the BCVA is decreased and the CSF 
increased (Figure 13). The algorithm calls for injection if 

the patient worsens, so a third injection is given. 
Treatment continues every 4 weeks, with BCVA main-

tained at 20/25 for several months while CSF changes from 
visit to visit—30 µm better, 20 µm worse, etc. (Figures 
14-17). The algorithm calls for continuing treatment in the 
first 6 months, even when improvement is not seen. 

Following the sixth injection, finally a foveal depression 
is seen, CSF falls to 388 µm, and BCVA improves to 20/20. 

Case RepoRt No. 1

Figure 9. Edema in the right eye. 

Figure 10. Baseline OCT shows a thickened macula, including the central macula.

Figure 11. After 1 injection of ranibizumab, macular volume is 13.5 and central subfield thickness (CSF) is 500 µm. 

A B

Figures 9-11 ©
 2011 Johns Hopkins University.
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Once again, as dictated by the algorithm, another injec-
tion is given.

Now the BCVA is 20/20 in the right eye, the macula is 
still somewhat thickened, and with more treatment there 

may be further improvement in macular thickness. At 
some point, when the BCVA is stable and the OCT is flat, 
treatment can be stopped. If the macula is still thickened, 
since more than 6 injections have now been given, we 

Case RepoRt No. 1 (CoNtiNued)

Figure 12. At the next visit 1 month later, BCVA and CSF have improved, and according to the algorithm the patient 

receives another injection.

Figure 13. At the next visit, BCVA is decreased and CSF increased. The algorithm calls for injection if the patient worsens, 

so a third injection is given. 

Figure 14. Fourth injection is given.
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may choose to add laser. But an important factor in this 
case is that we kept treating in the first 6 months and 
did not give up early as the thickness was fluctuating. It 

takes time to get this disease under control, but once it is 
better it tends to stay better. The clinician must be very 
persistent. 

Case RepoRt No. 1 (CoNtiNued)

Figure 15. Fifth injection is given.

Figure 16. Sixth injection is given.

Figure 17. Following the sixth ranibizumab injection, finally a foveal depression is seen, CSF falls to 388 µm, and BCVA 

improves to 20/20. Once again, the algorithm calls for injection.

Figures 15-17 ©
 2011 Johns Hopkins University.
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A patient presents with BCVA of 20/63 in the right eye 
and 20/80 in the left. The right eye (Figure 18) has had 
previous laser, so there is residual peripheral thickening 
on OCT (Figure 19). The patient has tolerated this level of 
BCVA for years, and there is no central thickening, so at 
this visit she is observed. 

At her next visit, about 5 months later, there is some 
improvement of BCVA, to 20/40 in the right eye, 20/50 in 
the left (Figure 20). The periphery in the right eye is still 
somewhat thickened (Figure 21), but the central macula 
has not thickened, so again the patient is observed. 

At the next visit, 1 month later, the vision is still fluctuat-
ing, 20/50 in the right, 20/40 in the left (Figure 22). At this 
visit, more thickening nasally is noted in the right eye (Figure 
23), but the center is not affected. The patient is observed. 

Two months later, the BCVA is still fluctuating, this 
time 20/40 in the right eye, 20/63 in the left (Figure 24). 
Further thickening is noted in the same nasal area in the 
right eye, at least a 10% increase at this point, but the 
center is still not thickened (Figure 25). Once again the 
patient is observed, but the thickening is definitely some-
thing to be watched.

One month later (Figure 26), the thickening has spread 
to the central macula. This is when anti-VEGF treatment 
is started. 

The moral of this case is that we do not have to treat 
every patient who shows slight thickening, or every 
patient who has a little edema off to the side. Not every 
patient will develop central macular thickening, but when 
they do, that is the time to start anti-VEGF treatment.

Case RepoRt No. 2

Figure 18.  A patient presents with BCVA of 20/63 in the right eye and 20/80 in the left. Right eye color fundus (A) and 

fluorescein (B) images are shown.

Figure 19.  The right eye has had previous laser, so there is 

residual peripheral thickening on OCT.

Figure 20. At the next visit 5 months later, there is some 

improvement of BCVA, to 20/40 in the right eye.
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Case RepoRt No. 2 (CoNtiNued)

Figure 21. The periphery in the right eye is still somewhat 

thickened, but the central macula has not thickened, so 

again the patient is observed.

Figure 23. More thickening nasally is noted in the right eye, 

but the center is not thickened. The patient is observed.

Figure 25. Further thickening is noted in the same nasal 

area in the right eye, at least a 10% increase, but the center 

is still not thickened. Once again the patient is observed.

Figure 22. At the next visit 1 month later, vision is 20/50 in 

the right eye. 

Figure 26. One 

month later, the 

thickening has 

spread to the cen-

tral macula. Anti-

VEGF treatment is 

initiated.

A

B

Figure 24. Two months later, BCVA is 20/40 in the right eye. 

Figures 21-26 ©
 2011 Johns Hopkins University.



JUlY/AUGUST 2013 SUppleMenT To ReTInA ToDAY 15 

Anti-VEGF Therapy for Diabetic Macular Edema

iNstRuCtioNs foR CMe CRedit

1. Which is true about the data from DRCR.net Protocol I?
a. Ranibizumab with deferred or prompt laser is inferior to triam-
cinolone injection plus laser at 1 and 2 years.
b. Ranibizumab with deferred or prompt laser is superior to tri-
amcinolone injection plus laser at 1 and 2 years.
c. Ranibizumab and laser had equivalent efficacy for the treat-
ment of DME.
d. B and C
e. None of the above

2. What were some of the differences between DRCR.net 
Protocol I and the REVEAL and RESTORE studies?
a. The DRCR.net study used a more complicated design to differ-
entiate the effect of anti-VEGF from that of laser. 
b. REVEAL and RESTORE based retreatments on visual acuity 
alone.
c. The DRCR.net study based retreatment on a combination of 
visual acuity and anatomic data. 
d. A and B
e. all of the above

3. In Protocol I, the mean number of injections in the ranibi-
zumab plus prompt laser was ___ and ___ in the ranibizu-
mab plus deferred laser. 
a. 3 and 6
b. 3 and 2
c. 2 and 3
d. 1 and 3

4. Intravitreal ranibizumab appears to reduce the risk of 
worsening of diabetic retinopathy in eyes with DME with or 
without PDR.
a. true
b. false

5. In RISE and RIDE, patients who were treated with  
ranibizumab gained an average of how many letters  
of vision?
a. 3 to 5 letters
b. 10 to 15 letters
c. 10 to 13 letters
d. 13 to 15 letters
e. none of the above

6. In the exploratory analysis of the DRCR.net Protocol I, 
worsening of retinopathy in eyes with PDR at baseline was 
defined as any of the following:
a. application of PRP
b. occurrence of vitreous hemorrhage
c. vitrectomy for PDR
d. none of the above
e. all of the above

CMe QuestioNs

Post-test and CME credit are available electronically via http://www.meded.uci.edu/cme/test_DME.html. To answer the questions 
online, please visit http://www.meded.uci.edu/cme/test_DME.html. If you are experiencing problems with the online test, please email 
us at cme@uci.edu. Certificates are issued electronically once the post-test is passed.  

Name ____________________________________________________________________    o MD participant   o non-MD participant

Phone (required) ___________________________________________  o E-mail (required) ____________________________________  

City ___________________________________________________________________________  State _________________________

1 AMA PRA Category 1 Credit™ Expires August 2014

Supported by an unrestricted educational grant from GenentechJointly Sponsored by University of California, Irvine School of Medicine  
and Retina Today

Did the program meet the following educational objectives? Agree Neutral Disagree

Change screening and history-taking techniques and comanagement techniques to  _____ _____ _____ 
improve the percentage of patients with diabetes who receive adequate preventive care  
and treatment for their eyes. 

Implement alternative therapies into practice, as determined by settings, patient histories,  _____ _____ _____        
and other relevant factors.  

Communicate effectively with primary care physicians and others who care for patients  _____ _____ _____ 
with diabetes to avoid vision disability.
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Jointly Sponsored by University of California, Irvine School of Medicine and Retina Today

aCtivity evaLuatioN

Your responses to the questions below will help us evaluate this CME activity. They will provide us with 

evidence that improvements were made in patient care as a result of this activity as required by the 

Accreditation Council for Continuing Medical Education (ACCME). Please complete the following course 

evaluation and return it via fax to FAX # 949-824-3037.

Name and email  ____________________________________________________________________________________

Do you feel the program was educationally sound and commercially balanced?       r Yes   r No
Comments regarding commercial bias:

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

Rate your knowledge/skill level prior to participating in this course: 5 = High, 1 = Low _____   

Rate your knowledge/skill level after participating in this course: 5 = High, 1 = Low _______   

Would you recommend this program to a colleague?       r Yes   r No

Do you feel the information presented will change your patient care?       r Yes   r No
If yes, please specify. We will contact you by email in 1 to 2 months to see if you have made this change.

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

If no, please identify the barriers to change. 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

Please list any additional topics you would like to have covered in future University of California, Irvine School of Medicine 
CME activities or other suggestions or comments. 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________


