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Diabetic retinopathy (DR) is common, preventable, and treatable,
with blinding consequences that affect working-aged adults, mak-
ing it a major focus of public health internationally.'** More than
30 million people live with diabetes in the United States, accord-
ing to the 2017 National Diabetes Statistics Report.’ The National
Eye Institute estimates that 7.7 million also have DR based on
2010 census data, and projects the prevalence to double by 2050.*
DR affects more people in the United States than age-related
macular degeneration and glaucoma combined.

Although the prevalence of DR has been surging,” the sever-
ity of encountered disease overall may have decreased,’ owing
to significant strides in the past several decades in screening,
diagnostic imaging, and medical management. This under-
scores the importance of continued implementation of up-to-
date management for patients with diabetes.

This clinical practice guidelines from the American Society
of Retina Specialists (ASRS) summarize major clinical studies
with discussion that may help guide retina specialists in tailor-
ing the treatment of patients with DR. The topic of DR is
extensive. Therefore, we focus on the treatment of nonproli-
ferative (NPDR) and proliferative diabetic retinopathy (PDR)

without diabetic macular edema (DME) in this article. DME is
the most common cause of visual impairment in patients with
DR, and separate ASRS clinical practice guidelines have been
previously published on the topic.® Screening, imaging, and
vitreoretinal surgery are also notable clinical themes within
DR that will not be detailed in this article.

Systemic Optimization

DR is a microvascular end-organ complication of diabetes mel-
litus. The evidence for optimizing systemic glycemic and car-
diovascular factors is well established for decreasing mortality
and morbidity, and should be reinforced with visits with the
retina specialist.”® The American Diabetes Association (ADA)
recommends glycemic, blood pressure, and serum lipid opti-
mization to reduce the risk or slow the progression of DR.’

Glycemic Goals

The Diabetic Control and Complications Trial (DCCT) defin-
itively established the relationship between hyperglycemia and
DR in patients with type 1 diabetes.'” Intensive glycemic
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control resulted in less retinopathy progression, and earlier
initiation of glycemic control resulted in improved outcomes.
The Epidemiology of Diabetes Interventions and Complica-
tions study followed the DCCT cohort longitudinally and found
that the initial intensive glycemic control had lasting effects
decades later.'! The United Kingdom Prospective Diabetes
Study Group showed similar benefits of glycemic control in
patients with type 2 diabetes.'> Numerous subsequent clinical
trials have also demonstrated the importance of glycemic con-
trol in controlling DR."*"'?

Hemoglobin A, (HbA,,.) is an indirect measure of average
glycemia over approximately 3 months, and is currently the
primary method of assessing glycemic management. The ADA
currently recommends a target of HbA . less than 7 for many
nonpregnant adults, but the goal is tailored for individual
patients, and HbA . is only one dimension of the glycemic
index.'® Conditions that affect red blood cell turnover may
cause inaccurate values, and patients with severe insulin defi-
ciency who are prone to glycemic variability and hypoglycemia
are best evaluated by also incorporating continuous glucose
monitoring or results from self-monitored blood glucose test-
ing. Of note, glycemic control needs to be balanced with hypo-
glycemic episodes, which can be life-threatening. These
complexities underscore the importance of continued regular
follow-up with the primary care and endocrinology teams.

Blood Pressure Targets

Hypertension is an important comorbidity for patients with dia-
betes, and nonpregnant patients are recommended to maintain
blood pressures of less than 140/90 mm Hg to minimize cardio-
vascular events and microvascular complications.!” Lower tar-
gets may be appropriate for individuals with cardiovascular risk
factors, but this needs to be achieved with safety in mind.

Various clinical trials have found that blood pressure control
decreases the risk of developing new retinopathy both in type 1
and type 2 diabetes.'>'*! A meta-analysis of several studies
calculated a 20% reduction in the incidence of retinopathy with
blood pressure intervention.”> Whereas hypertension is a defi-
nite risk factor for DR,?""?* the data are mixed regarding the
association between blood pressure control and the progression
of retinopathy that is already established.'*** Nevertheless, the
benefits of blood pressure optimization are evident, and should
be reinforced with patient encounters.

Serum Lipid Control

Lipid management is also integral to overall diabetes care.
Nonpregnant patients aged 40 years or older, or those of any
age with atherosclerotic cardiovascular disease risk factors, are
currently recommended to initiate statin therapy of varying
intensities to lower low-density lipoprotein cholesterol.®
However, the link between traditional serum lipids and DR
has not been reliably established in epidemiological
studies.”*?” The ACCORD studies found that fenofibrate in
combination with simvastatin significantly decreased the

progression of retinopathy in patients with type 2 diabetes, and
simvastatin alone did not."*'* This protective effect was most
pronounced in participants with baseline mild NPDR. Similar
benefits of fenofibrate were evident in the FIELD study.?®

Diabetic Retinopathy Severity Scale

The US Food and Drug Administration (FDA) recently
approved DR grading as an approvable end point for clinical
trials targeting pharmaceutical registration. The Airlie House
classification was one of the initial standardizations of nomen-
clature.”® It was a consensus reached by expert deliberation that
took place in 1968. The Airlie House classification was mod-
ified for the Diabetic Retinopathy Study (DRS),*” and again for
the Early Treatment Diabetic Retinopathy Study (ETDRS).!

The ETDRS Diabetic Retinopathy Severity Scale (DRSS)
has become the gold standard for research purposes (Table 1).
Reference images can be found in the original publications.®'**
Levels 47 and 53 are bold because they are key levels to
remember for potential treatment of NPDR without DME,
which will be discussed in subsequent sections.

The ETDRS defined the natural history of the different
levels of retinopathy in the treatment-deferred arm.** Table 2
summarizes the 1- and 5-year risks for progression to PDR or
high-risk PDR, stratified by the DRSS. There is increasing risk
over time, with higher risk in those with more severe retino-
pathy at baseline.

The American Academy of Ophthalmology devised a sim-
plified severity scale, published in 2003,** to provide a more
user-friendly system for routine clinical use (Table 3).

There is a classification for DME in this publication as
well,* but it is outside the scope of this article.

Laser for Proliferative Diabetic Retinopathy

Diabetic Retinopathy Study and Early Treatment
Diabetic Retinopathy Study

Panretinal photocoagulation (PRP) has been the standard of
care in the treatment of PDR for decades, based on the findings
from the DRS and the ETDRS. In the DRS, patients with PDR
in at least 1 eye or severe NPDR in both eyes had 1 eye ran-
domly assigned to prompt PRP (either argon or xenon arc), and
the other eye observed. The study found that prompt PRP for
patients with high-risk PDR decreased the risk of severe vision
loss (< 5/200) by 50%.%¢

The DRS laser burns were large (500 or 1000 pm for argon,
3 or 4.5° for xenon) compared to modern lasering techniques.
Constriction of the visual field to 45° or less occurred in 5%
and 25% of eyes treated with argon and xenon, respectively,
and a decrease in 1 or more lines of visual acuity (VA) occurred
in 14% and 30% of eyes treated with argon and xenon,
respectively.

The ETDRS subsequently addressed the timing and intensity
of PRP for PDR, and focal laser for DME. A total of 3711 patients
with moderate or severe NPDR or early PDR (“early” PDR
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Table |. Early Treatment Diabetic Retinopathy Study: Diabetic Retinopathy Severity Scale.

Level Severity Characteristics

10 No retinopathy -

20 Very mild NPDR MAs only

35° Mild NPDR MAs + HEs, CWS, and/or mild RHs

43 Moderate NPDR 43A: moderate RHs in 4 quadrants or severe in |
43B: mild IRMA in | to 3 quadrants

47 Moderately severe NPDR 47A: 43A + 43B

47B: mild IRMA in 4 quadrants
47C: severe RH in 2-3 quadrants
47D: venous beading in | quadrant
53 Severe NPDR 53A: > 2 level 47 characteristics
53B: severe RH in 4 quadrants
53C: moderate to severe IRMA in |+ quadrant
53D: venous beading in 2+ quadrants

Very severe NPDR 53E: > 2 level 53A-D characteristics
6l Mild PDR NVE < 0.5 DA in |+ quadrants
65 Moderate PDR 65A: NVE > 0.5 DA in |+ quadrants
65B: NVD < 1/4 to 1/3 DAs
71,75 High-risk PDR Larger NVD, or NVE > 0.5 DA with VH or PRH, or VH or PRH obscuring > | DA
81,85 Advanced PDR View partially obscured by VH or PRH from NV, or macula involving retinal detachment

Abbreviations: CWS, cotton-wool spots; DA, disc area: HE, hard exudate; IRMA, intraretinal microvascular abnormality; MA, microaneurysm; NPDR, non-
proliferative diabetic retinopathy; NV, neovascularization; NVD, neovascularization of the disc; NVE, neovascularization elsewhere; PDR, proliferative diabetic
retinopathy; PRH, preretinal hemorrhage; RH, retinal hemorrhage; VH, vitreous hemorrhage.

Source: Adopted from reference 32.

Levels 43 and higher all required MAs.

Bold indicates key levels to remember for potential treatment of NPDR without diabetic macular edema.

Table 2. Risk of Progression to Proliferative Diabetic Retinopathy (PDR)3? and High-Risk PDR3* in the Early Treatment Diabetic Retinopathy
Study.

DRSS Level I-y, Any PDR 5-y, Any PDR I-y, High-Risk PDR 5-y, High-Risk PDR
43 (moderate NPDR) 12% 44% 3% 27%
47 (moderately severe NPDR) 26% 66% 9% 39%
53a to d (severe NPDR) 44% - 51% 75% - 81% 15% 56%
53e (very severe NPDR) 75% 90% 45% 71%
61 (mild PDR) - - 22% 64%
> 65 (moderate PDR) - - 46% 75%

Abbreviations: DRSS, Diabetic Retinopathy Severity Scale; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

Table 3. International Clinical Diabetic Retinopathy Disease Severity immediate PRP and/or focal laser, followed by purposely
Scale. “delayed” but routinely administered focal laser for DME, or PRP
when severe NPDR or early PDR developed (ie, not waiting until
high-risk PDR). “Deferred” treatment was the control arm, for
Mild NPDR MAs only which PRP was not administered until high-risk PDR developed.
Moderate NPDR  More than just MAs, but less than severe NPDR Treatment involved 1 of 4 combinations of mild or full PRP,

Severe NPDR DBH in 4 quadrants (> 20/quadrant), and/or ) . . . ..
venous beading in 2 quadrants, and/or IRMA plus direct or grid focal laser, with various timings of laser

No Apparent DR No Abnormalities

in I+ quadrants, without PDR application. There were 3 categories of eyes:
PDR Neovascularization, and/or preretinal/vitreous
hemorrhage 1. Eyes without clinically significant macular edema

Abbreviations: DBH, dot blot hemorrhage; DR, diabetic retinopathy; IRMA, (CSME) underwent early photocoagulatlon (immedi-

intraretinal microvascular abnormality; MA, microaneurysm; NPDR, nonproli- ate mild PRP and delayed [at least 4 months] focal
ferative diabetic retinopathy; PDR, proliferative diabetic retinopathy. laser if CSME developed [n = 590], or immediate full

PRP and delayed focal [n = 583]), or deferral of
referred to DRSS levels 61 [mild PDR] or 65 [moderate PDR]) in photocoagulation (full PRP only when the eye devel-
both eyes had 1 eye assigned to “early” treatment, and the fellow oped high-risk PDR and/or focal if CSME developed

eye to “deferred” treatment. “Early” treatment referred to [n = 1179)).
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2. Eyes with mild or moderate NPDR with CSME under-
went early photocoagulation (immediate focal laser and
delayed mild PRP [until severe NPDR or worse devel-
oped] mild PRP [n = 365], or immediate mild PRP and
delayed focal [delayed for at least 4 months] [n = 365],
or immediate focal and delayed full PRP [n = 362], or
immediate full PRP and delayed focal [n = 356]),
or deferral of photocoagulation treatments as above
(n = 1429).

3. Eyes with severe NPDR or mild PDR with CSME
underwent early photocoagulation (immediate mild
PRP and immediate focal [n = 276], or immediate mild
PRP and delayed focal [n = 272], or immediate full
PRP and immediate focal [n = 272], or immediate full
PRP and delayed focal [n = 270]), or deferral of photo-
coagulation treatments as above (n = 1103).

Mild PRP settings used 500 pm spot sizes, 0.1-second dura-
tion, placed 1 or more spot sizes apart, greater than 2 disc
diameters from the fovea, to the equator. Full PRP was also
500 um for 0.1 seconds, but placed half-spot sizes apart.

Early photocoagulation (2.6%) and deferred treatment
(3.7%) both resulted in similar low risks for severe vision loss
at 5 years.>® In eyes without macular edema, the 5-year rate of
converting to high-risk PDR was 18.8% for early full PRP,
26.9% for early mild PRP, and 38.5% for those with deferred
treatment. The study concluded that if patients are able to
maintain good follow-up, PRP should be deferred for mild
and moderate NPDR, that PRP can be considered for severe
NPDR or mild PDR depending on the circumstances, and that
prompt PRP is recommended for high-risk PDR.

Mild or Full Panretinal Photocoagulation

Between mild and full PRP in the ETDRS, mild PRP resulted in
less moderate vision loss, and less visual field constriction, but
double the rate of progression to high-risk PDR.>* These data
demonstrated the importance of balancing the symptomatic
benefits of milder laser with the risk of progression. These
findings may also imply that PRP intensity may be titrated
based on severity of disease, where milder PRP may be
employed for milder PDR, and more intense PRP may be
applied for more severe PDR. However, there is an absence
of clinical data to directly support the practice of varying laser
intensity based on DR severity.

Diabetic Macular Edema Progression After Panretinal
Photocoagulation

The ETDRS also confirmed that concurrent DME may develop
or worsen after PRP, and that the best approach to prevent
vision loss was to treat the DME first, before PRP.>* Focal
laser treatment of DME is performed less often in today’s era
of pharmaceutical interventions for DME, but the concept of
treating concurrent DME in eyes with PDR remains relevant. In
the Diabetic Retinopathy Clinical Research Network’s

(DRCR.net) Protocol J, 354 eyes with center-involving DME
and severe NPDR or PDR were randomly assigned to 2
monthly ranibizumab (Lucentis; Genentech, Inc) 0.5 mg injec-
tions, or 1 triamcinolone acetonide 4 mg injection, or sham,
after which they underwent focal laser treatment followed by
PRP.*” The study showed that both pharmaceutical treatments
of the DME prior to the laser sessions resulted in superior
visual and anatomic outcomes at 14 weeks.

Single-Spot vs Pattern Lasers

There are several methods of delivering PRP today: single-spot
slit-lamp delivery, single-spot indirect laser delivery, and mul-
tispot pattern laser slit-lamp delivery. The theoretical benefit of
pattern lasers is increased efficiency and therefore patient com-
fort, and milder burns that may result in less visual field con-
striction. Chaleplow et al raised concerns about decreased
efﬁcacy,3 8 however, the data is conﬂicting3 % and overall of low
quality.**

In the DRCR.net Protocol S study, patients with PDR were
randomly assigned to antivascular endothelial growth factor
(anti-VEGF) injections or PRP. Details of the main outcomes
are discussed in the following section, but the study allowed the
use of single-spot or pattern laser for the PRP arm. Those
treated with pattern PRP had higher rates of PDR progression
(60%) compared to single spot (39%), regardless of the number
of spots.*! This was neither a major outcome nor a randomized
variable, with limited sample size, so it is unclear how to
extrapolate these data to real clinical practice. In general, it is
recommended that pattern delivery systems require a higher
number of spots compared to conventional single-spot lasers.*?

Single vs Multiple Sessions

The number of treatment sessions is also an area of variability,
with no strong evidence to suggest that the difference between
multiple and single sessions impacts outcomes.*® There were
previous concerns about complications of extensive treatment
with single sessions, such as exudative retinal detachment and
choroidal effusion.* But subsequent studies demonstrated the
safety of modern lasers employed in a single session,*!**
including DRCR.net Protocol F, which showed that there were
no clinically significant differences in macular edema after
PRP completed in 1 or 4 sessions.*

Antivascular Endothelial Growth Factor for
Proliferative Diabetic Retinopathy

Prospective Studies

DRCR.net Protocol S compared PRP vs intravitreal ranibizu-
mab 0.5 mg given monthly through 12 weeks followed by
protocol-specified retreatment.*® This study, with a primary
outcome of mean VA improvement at 2 years, demonstrated
noninferiority of ranibizumab (+2.8 ETDRS letters in the rani-
bizumab group vs +0.2 in the PRP group).
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Additionally, secondary outcomes in the ranibizumab group
were superior. Visual field sensitivity was higher in the rani-
bizumab group (23 dB vs —422 dB), the rate of vitrectomy was
lower (4% vs 15%), and there was a lower occurrence of DME
(9% vs 28%). Rates of residual neovascularization were similar
(35% vs 30%). Although the study was a noninferiority trial,
these findings demonstrated the efficacy of ranibizumab for
PDR. At 5 years, however, the VA and visual field benefits
were not as pronounced.*’ The mean change in VA letter scores
was +3.1 for ranibizumab and +3.0 for PRP, and approxi-
mately 20/25 Snellen equivalent for both. The respective visual
field scores were —330 dB and —527 dB. These findings sup-
ported either anti-VEGF or PRP as viable treatments for PDR.

Similar results were reported in the CLARITY study, a phase
2b, single-blind, noninferiority trial comparing PRP with intra-
vitreal aflibercept (Eylea; Regeneron Pharmaceuticals, Inc) in
patients with active PDR.*® Patients received 3 consecutive
monthly injections and were treated thereafter as needed based
on protocol-guided retreatment. CLARITY, with a primary
outcome of VA at 1 year, demonstrated noninferiority of afli-
bercept vs PRP. Although patients with baseline DME were
excluded, at 2 years, 11% of eyes in the aflibercept and 29% of
eyes in the PRP groups had center-involving DME.

Progression of Retinopathy

In Protocol S, at 2 years, 42% of PRP-treated eyes and 34% of
ranibizumab-treated eyes demonstrated progression of PDR,
with the most common adverse event being vitreous hemor-
rhage.*! Thus, it is imperative that eyes receiving either PRP or
intravitreal ranibizumab be followed closely and managed
appropriately.

Drawbacks and Unknowns

Although anti-VEGF therapy has demonstrated excellent effi-
cacy in regression of retinopathy, there are potential drawbacks
and situations for which PRP may be the preferred modality, or
in combination. First, although the risk of postinjection endo-
phthalmitis is relatively low and reported to be approximately 1
in 1000 to 1 in 3000, there is a cumulative increase in this risk
with sequential injections. The costs of ranibizumab are also
higher relative to PRP.*’ Longitudinally, it is unclear whether
injections will be required indefinitely or if there is a “burn-
out” window as seen in advanced PDR treated with PRP.

Five-year results of Protocol S demonstrated the durability
and efficacy of ranibizumab relative to PRP with average VAs
of 20/25 Snellen in both groups and improved visual field
sensitivity and lower likelihood of developing vision-
impairing DME in the anti-VEGF group. However, injection
frequency remained relatively constant in years 2 through 5,
with more than 40% of eyes requiring 4 or more injections at
year 5.7 On the other hand, 49% of the PRP arm underwent
PRP once, and the remaining participants required another PRP
on average 7 months after the initial PRP.

Perhaps the most compelling reason that anti-VEGF cannot
supplant PRP as a universal monotherapy is that patients with
PDR may be unable to strictly maintain scheduled clinic visits.
The loss-to-follow-up rate was relatively high, with only two-
thirds of living participants completing 5 years in Protocol S.
This raises concerns about the potential adverse outcomes that
may occur during this window of treatment nonadherence. A
real-world study examined more than 2000 patients with PDR
and reported lost-to-follow-up rates of 25% at 4 years,” and
those lost to follow-up after anti-VEGF treatment had worse
anatomic and visual outcomes compared to those lost to
follow-up after PRP.>!

Finally, although many of the studies compare laser vs
anti-VEGF in a binary fashion, in reality, many patients in our
practices are receiving a combination of treatments. This is the
case in the clinical trial setting as well. In Protocol S, 58% of
those randomly assigned to PRP received anti-VEGF treatment
for DME also. In CLARITY, 40% of the participants had PRP
at baseline before random assignment to anti-VEGF or PRP.
This combination approach is practical in addressing both
DME and PDR, and may be a good approach when considering
reliability of follow-up as a factor.

Laser for Nonproliferative Diabetic
Retinopathy

Most of the literature on laser photocoagulation for NPDR is
regarding focal macular laser treatment for DME. The use of
PRP as a technique to decrease the risk of progression to PDR
has been less studied since the DRS and the ETDRS. PRP for
NPDR was not the main focus of either of these clinical trials,
but embedded within the data of these landmark studies are
valuable insights on how PRP may play a role for some patients
with NPDR.

The DRS included patients with severe NPDR; this sub-
group had a 3.2% rate of significant vision loss at 2 years
without treatment, and 12.8% at 4 years.”> With prophylactic
PRP, the respective rates decreased to 2.8% and 4.3% (with
corresponding risk reductions of 12.5% and 66.4%). Because
the absolute rates of vision loss were still low at 2 years despite
the substantial risk reduction at 4 years, the investigators sug-
gested that it was unclear whether the benefit outweighed the
risks in treating all patients with severe NPDR. Note that the
adverse events related to the intense PRP in the DRS protocol
were not negligible, so the threshold to recommend treatment
was high.

However, the DRS investigators outlined several scenarios
that would warrant consideration of PRP for severe NPDR:
treatment of 1 eye in patients with bilateral severe NPDR,
eyes with significant retinal ischemia, fellow eyes of patients
whose first eyes had progression from deferring treatment,
and pregnancy or development of renal failure—2 systemic
situations that may accelerate the progression of retinopathy
and for which logistic challenges may prevent timely PRP.>?
These are insightful considerations that still hold true today.
We would also add that PRP could be considered for patients
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with severe NPDR who have difficulty maintaining scheduled
clinic visits.

The levels of NPDR were more granular in the ETDRS.
Eyes with moderate NPDR had a 44% risk of developing PDR
in 5 years, 66% for moderately severe NPDR, 75% to 81% for
severe NPDR, and an alarming 90% for very severe NPDR
(Table 2).** The respective 5-year rates for conversion to
high-risk PDR were 27%, 39%, 56%, and 71%. Early prophy-
lactic PRP did not have a significant enough effect on VA
outcomes at 5 years, but the conversion rates to high-risk PDR
were reduced: 8.5% to 13.7% for full PRP and 16.6% to 21.4%
for mild PPR in eyes with mild to moderate NPDR, and 26.3%
to 28.8% for full PRP and 40.3% to 46.7% for mild PRP in eyes
with severe NPDR or early PDR (values are from eyes with
concurrent CSME).

Because PDR is an established risk factor for vision loss, it
would intuitively seem that visual benefits may have become
apparent with longer follow-up, but this is unknown. Interest-
ingly, in a very long-term follow-up examination of the ETDRS
cohort a median of 16.7 years after the initial treatments, all
patients with severe NPDR or higher at the closeout visit of the
original study had required PRP treatment after the study.>®

Antivascular Endothelial Growth Factor
for Nonproliferative Diabetic Retinopathy

Regression of DR refers to the reversal in the severity of the
retinopathy, such as severe NPDR improving to mild NPDR.
Such regression has been a longstanding goal, and we have
recently accumulated enough convincing evidence to demon-
strate that it is possible to achieve. The patient-centered bene-
fits and the potential risks involved to achieve this are
important ongoing conversations in our field.

Diabetic Retinopathy Regression: Post Hoc Analysis
of Diabetic Macular Edema Trials

Initial reports demonstrating the efficacy of anti-VEGF therapy
for NPDR regression were determined via post hoc analyses of
anti-VEGEF trials for DME. All clinical trials used the ETDRS
DRSS as the standard method of grading retinopathy. In post
hoc analyses of the RISE/RIDE clinical trials, the phase 3
parallel studies resulting in the FDA approval of ranibizumab
for the treatment of DME, 36% to 37% of ranibizumab-treated
eyes demonstrated a 2 or more step improvement in DRSS
levels compared to 5% in the sham group.>*

This difference was more pronounced for eyes with higher
DRSS scores at baseline. Patients with DRSS levels 47 to 53
(moderately severe and severe NPDR) were particularly sensi-
tive or responsive to anti-VEGF therapy because a larger pro-
portion of these patients (78% to 81%) were able to achieve 2
or more step DRSS improvements at 2 years with treatment
than patients with milder NPDR (10% to 16% for levels 35 to
43), which was possibly attributable to a ceiling effect.”® Based
on these data, the FDA approved ranibizumab 0.3 mg for the
treatment of any level of DR in the presence of DME in 2015.

Two years later in 2017, based on Protocol S data combined
with data from RISE/RIDE, the FDA approved ranibizumab
0.3 mg for any level of DR, even in the absence of DME.
Similar outcomes were reported in post hoc analyses of the
VIVID/VISTA trials, the studies leading to FDA approval of
aflibercept for the treatment of DME.>® At the 100-week visit,
2 or more step regression in DRSS levels in VIVID was seen in
34% of eyes receiving aflibercept every 4 weeks, 38% of eyes
receiving aflibercept every 8 weeks (after loading doses),
compared to 10% of eyes receiving macular focal laser.

Comparison of Retinopathy Regression Between
Antivascular Endothelial Growth Factor Agents

A post hoc analysis of the DRCR.net Protocol T study com-
paring intravitreal aflibercept, bevacizumab (Avastin; Genen-
tech, Inc), and ranibizumab for DME was conducted to assess
for differential rates of DR regression.>’ At 2 years, there were
no differences between the medications for eyes with NPDR at
baseline; 25% of eyes receiving aflibercept, 22% receiving
bevacizumab, and 31% receiving ranibizumab had DR
improvement. However, in eyes with PDR at baseline, the
respective improvement rates were 70%, 30%, and 38% at 2
years. These data suggest that aflibercept may have an edge in
eyes with PDR and DME regarding DR regression, however,
confirmation is necessary.

Diabetic Retinopathy Severity Scale Improvement
in Nonproliferative Diabetic Retinopathy Without
Diabetic Macular Edema

There are relatively limited data examining outcomes of anti-
VEGF treatment for NPDR without DME. The ETDRS defined
the natural history of these eyes, and the landmark study
remains invaluable to our understanding of NPDR to this day
(Table 2). Twenty-six percent and 52% of eyes with DRSS
levels 47 and 53 will progress to PDR in 1 year, and these
numbers increase annually.*?

The PANORAMA study is the only large, prospective trial
in the anti-VEGF era with public data targeting eyes with
NPDR (DRSS 47 and 53 as determined by a reading center)
without DME.*® The phase 3 global multicenter trial ran-
domly assigned 402 anti-VEGF-naive patients with 20/40
Snellen vision or better with no center-involving DME, to
sham, aflibercept every 8 weeks after 5 monthly loading
injections, or aflibercept every 16 weeks after 4 loading injec-
tions. The primary end point was the proportion of patients
improving 2 or more steps on the DRSS in the aflibercept
arms combined at 24 weeks and in each aflibercept arm indi-
vidually at 52 weeks. Significantly more patients in the afli-
bercept arms (80% of every 8 weeks, and 65% of every 16
weeks) achieved a 2 or more step DRSS improvement, com-
pared to sham (15%) at 52 weeks.”®

A secondary end point examined vision-threatening compli-
cations. PDR or anterior segment neovascularization developed
in 3% and 4% of patients in the respective aflibercept arms,
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compared to 20% for sham—this finding was consistent with
prior anti-VEGF and corticosteroid studies for DME.>**° Fur-
thermore, center-involving DME developed in 8% and 7%,
respectively, compared to 26% for sham. Combined, vision-
threatening complications occurred in 41% of sham patients,
compared to approximately 10% in the aflibercept arms
through 52 weeks. Based on these data, in May 2019 the FDA
approved aflibercept for treatment of any level of DR. This was
an update to the label from 2015, when aflibercept was
approved for DR in eyes with coexisting DME.

DRCR.net Protocol W

Protocol W is an ongoing phase 3 study that examines the use of
aflibercept vs sham for prevention of PDR or center-involving
DME in eyes with level 47 or 53 NPDR.®! Aflibercept is being
administered for 3 monthly loading injections, and then every 4
months until the 2-year primary end point, when the composite
time-to-event outcome of development of PDR or visually sig-
nificant DME will be assessed. At and after the 2-year visit,
retreatment will be based on prespecified criteria.

There are several differences between Protocol W and
PANORAMA: 1) Protocol W’s entry criterion for vision is
20/25 Snellen or better, compared to approximately 20/40
Snellen or better for PANORAMA; 2) Protocol W’s primary
end point is at 2 years and the patients will be followed for
a total of 4 years, compared to the 6-month and 1-year primary
end points of PANORAMA; 3) PANORAMA used change in
DRSS level as the primary outcome, whereas Protocol W
examines prespecified clinically relevant transitions. Protocol
W is currently ongoing, with an estimated study completion
date in January 2022.°!

Should We Consider Treating Nonproliferative Diabetic
Retinopathy Without Diabetic Macular Edema?

There is mounting evidence that anti-VEGF treatment can
improve the DRSS in patients with NPDR without DME. Rani-
bizumab and aflibercept are both FDA approved to treat any
degree of NDPR. Does this mean we should be injecting all DR
patients with anti-VEGF agents? Under most circumstances,
most retina specialists likely would not recommend invasive
treatment for mild or moderate NPDR.

However, the clinical trials indicate that there is statistically
significant anatomic benefit in using anti-VEGF therapy to
treat eyes with NPDR without DME with DRSS levels 47 or
53. It is important to consider whether this improvement is
clinically meaningful and the extent to which this finding
should alter practice patterns.

Currently, there is no definitive answer. What we have now
are meaningful data to help inform discussions with patients,
with decisions tailored to each patient’s clinical needs. Obser-
vation remains a strong option, and PRP can be considered as
well.

Arguments for Treating Nonproliferative Diabetic
Retinopathy Without Diabetic Macular Edema With
Antivascular Endothelial Growth Factor Agents

There are arguments for, and against, using anti-VEGF agents
to treat levels 47 and 53 NPDR without DME. The following
are considerations supporting treatment:

1. Perhaps the most compelling evidence for treating
NPDR is that through year 1 of PANORAMA, treat-
ment significantly decreased the probability of devel-
oping PDR and center-involving DME, which are
thresholds traditionally used to initiate anti-VEGF or
laser therapies. A cumulative risk of 41% of vision-
threatening progression in moderately severe and
severe NPDR is not negligible.

2. Numerous studies have demonstrated that for many
exudative conditions such as center-involving DME
causing visual loss, earlier intervention can achieve bet-
ter outcomes at a population level.**%*

3. Anti-VEGEF treatment may be able to slow the develop-
ment and progression of retinal nonperfusion, the core
vascular pathology underlying DR.®>%® Further studies
are required to better understand this possible
phenomenon.

4. NPDR itself, even when controlling for DME, may be
associated with reduced visual function and quality-of-
life measures on a population basis in epidemiologic
studies. '

Arguments Against Using Antivascular Endothelial
Growth Factor Agents to Treat Nonproliferative Diabetic
Retinopathy Levels 47 and 53 Without Diabetic Macular
Edema

1. Through 1 year in PANORAMA, 59% of control eyes
did not develop PDR or DME; therefore, many patients
will be treated who may not have required injections
based on these end points.

2. Although complications are rare, intravitreal injections
do carry risks, the most common and pertinent being
acute bacterial endophthalmitis.®

3.  We have no data from PANORAMA or any other trial
to demonstrate that treating early, before eyes develop
PDR or DME, achieves better functional outcomes or
reduces treatment burden for these patients. The DRSS
is ultimately an anatomic severity scale, which is dis-
tinct from the VA of patients.

4. Longer-term data are needed because DR is a lifelong
disease. It is unknown whether the benefits are durable,
and whether there is need for ongoing treatment, and if
so, for how long.

5. For patients and society, the short-term cost of anti-
VEGEF therapy is likely higher than that of observation
or photocoagulation. However, the economics of
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potential long-term visual benefits of anti-VEGF treat-
ment is unknown.*’

6. Patients with NPDR without DME are largely asymp-
tomatic patients who will have to undergo multiple
ongoing procedures with potential risk. This may be
a relatively difficult paradigm for patients to under-
stand, compared to visually impairing exudative dis-
eases for which the benefits to vision may be more
noticeable for the patient. Similarly, DRCR.net Proto-
col V recently demonstrated that there is no benefit in
treating DME in patients with good vision (20/25 Snel-
len or better), whether with aflibercept, laser, or obser-
vation, as long as rescue treatment with aflibercept is
possible if vision declines.®

7. Patients with diabetes tend to have comorbidities and
are at risk for missing scheduled appointments because
of medical issues and other barriers.”®”! Therefore,
there is a substantial risk of loss to follow-up during
anti-VEGF treatment for DR, which may result in
adverse events.”!

Conclusions

These clinical practice guidelines have outlined what the
authors deem to be the most relevant data at the time of
writing regarding the management of patients with NPDR
or PDR without DME. Every patient is unique, and our hope
is that individual patients will receive the best treatment for
their particular ophthalmic, systemic, and social needs. One
universal recommendation, however, is to discuss the impor-
tance of glycemic and cardiovascular optimization with all
patients.

NPDR without DME has accumulated strong evidence that
anti-VEGF treatment can improve the DRSS level, particu-
larly in severe disease. Whether this translates into long-term
visual benefit with improvement in quality of life in the real
world is yet to be determined, but it stands as a legitimate
treatment option. We should remember that PRP could be
considered for some patients also as the DRS outlined, and,
of course, close observation would be appropriate for many
patients.

PDR without DME traditionally has been treated with PRP,
but there is now strong evidence that anti-VEGF treatment is
a noninferior option. PRP and anti-VEGF agents are both
useful tools, either as monotherapies or in combination,
depending on patient variables that need to be considered.
Strong suggestions for incorporating anti-VEGF treatment
include concurrent visually significant DME, and strong sug-
gestions for incorporating PRP include inability for close
follow-up and/or preference to avoid frequent injections over
the long term.

As retina specialists, we play an integral role in the diabetes
management team. Landmark studies have established practice
patterns, and recent advances hold promise in further improving
patient outcomes. Many treatment options are available now, and
we recommend a thoughtful approach for the individual patient.
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