


D iabetic retinopathy (DR) is a leading cause of blind-
ness globally.1,2 Disease severity ranges from non-
proliferative DR (NPDR) to proliferative DR (PDR), with

13 distinct categories on the Diabetic Retinopathy Severity
Scale (DRSS) developed in the Early Treatment Diabetic Reti-
nopathy Study (ETDRS).3 The microvascular ischemia associ-
ated with DR leads to vision loss, primarily through patho-
logic neovascularization of the retina and/or anterior segment
and diabetic macular edema (DME). Increasing NPDR sever-
ity is associated with an increased risk of progression to PDR
and vision loss.3

Among patients with untreated eyes in the landmark
Diabetic Retinopathy Study, after 4 years, 12.8% of eyes with
severe NPDR, 20.9% of eyes with non–high-risk PDR, and
44.0% of eyes with high-risk PDR developed severe vision
loss.4 The Diabetic Retinopathy Study established panretinal
photocoagulation (PRP) as the cornerstone of treatment for
PDR, providing a 57% reduction in the development of se-
vere vision loss.5,6 Several clinical trials, including the phase
2 CLARITY (Clinical Efficacy and Mechanistic Evaluation of
Aflibercept for Proliferative Diabetic Retinopathy) study and
the DRCR Network Protocol S (Prompt Panretinal Photoco-
agulation Versus Intravitreal Ranibizumab With Deferred Pan-
retinal Photocoagulation for Proliferative Diabetic Retinopa-
thy) study, have found vascular endothelial growth factor
(VEGF) inhibition to be highly effective, with some indica-
tions of superiority in specific outcomes compared with PRP.7-9

For patients with DME, intravitreal VEGF inhibitors have
delivered substantial long-term visual gains compared with
focal laser photocoagulation, establishing anti-VEGF therapy
as the standard of care.10-13

To date, DR treatment guidelines remain predominantly
reactive,14,15 with treatment recommended only when center-
involved DME (CI-DME) and/or PDR develop. However, once
PDR has developed, retinal damage from fibrosis and contrac-
tion may not be reversible, even with intervention, and can be
associated with permanent vision loss.7,9 Subsequent treat-
ment with PRP leads to visual field loss because the proce-
dure is inherently destructive.16 Therefore, prevention of
progression to PDR and DME represents an important public
health goal. Patients with NPDR (even those without DME)
have experienced a progressive decrease in vision-related
quality-of-life functioning as retinopathy severity worsens.17

The Study of the Efficacy and Safety of Intravitreal Afliber-
cept for the Improvement of Moderately Severe to Severe Non-
proliferative Diabetic Retinopathy (PANORAMA) was a ran-
domized clinical trial conducted to compare intravitreal
aflibercept injections with sham injections in eyes with mod-
erately severe to severe NPDR (referred to as severe NPDR
hereinafter) and no DME.

Methods

Study Design
The PANORAMA study was a phase 3 double-masked 100-
week randomized clinical trial of adult participants who had
diabetes and severe treatment-naive NPDR (DRSS level of 47

or 53) with no DME and best-corrected visual acuity (BCVA)
of 20/40 (Snellen equivalent) or better. The study was con-
ducted at 87 sites in the US, Japan, Germany, Hungary, and
the United Kingdom. The trial protocol was approved by the
institutional review board and/or ethics committee at each
participating site, and the study was performed in adherence
with the principles of the Declaration of Helsinki18 and local
regulations. All participants provided written informed con-
sent. This study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline for randomized
clinical trials.

Data for this article were collected between March 2016
and July 2019. Full details of the clinical trial design are pro-
vided in Supplement 1, and information about the PANORAMA
investigators and patient eligibility is available in eMethods 1
and eMethods 2 in Supplement 2.

Treatments
Eyes were randomized to 1 of 3 groups. The first group re-
ceived intravitreal injections of aflibercept, 2 mg, every 16
weeks after 3 initial monthly doses and one 8-week interval
(aflibercept 2q16 group). The second group received intravit-
real injections of aflibercept, 2 mg, every 8 weeks after 5 ini-
tial monthly doses during year 1, with flexible pro re nata (PRN)
dosing in year 2 if the investigator (D.M.B., C.C.W., W.L.C., A.E.,
or P.M.H.) determined the DRSS level was worse than 35
(aflibercept 2q8/PRN group). The third group received sham
injections with observation (control group) (Figure 1). Ran-
domization was stratified by baseline DRSS level (47 or 53). All
participants were evaluated monthly through week 16, then
every 8 weeks through week 96, with additional evaluations
at weeks 52 and 100 (eFigure 1 in Supplement 2).

Participants in all groups could receive rescue treatment
at the discretion of the masked investigator (D.M.B., C.W.,
W.L.C., A.E., or P.M.H.). Those with vision-threatening com-
plications (including events of PDR and/or anterior segment

Key Points
Question Does treatment of moderately severe to severe
nonproliferative diabetic retinopathy (NPDR) with intravitreal
aflibercept injections result in 2-step or greater improvement on
the Diabetic Retinopathy Severity Scale in more eyes, fewer
vision-threatening complications, and fewer center-involved
diabetic macular edema events from baseline through 100 weeks
compared with sham injections?

Findings In this randomized clinical trial of 402 patients with
moderately severe to severe NPDR without diabetic macular
edema, more eyes treated with intravitreal aflibercept injections
showed a 2-step or greater improvement on the Diabetic
Retinopathy Severity Scale at 24, 52, and 100 weeks, with
significantly fewer vision-threatening complications and
center-involved diabetic macular edema events. No differences
in mean change in best-corrected visual acuity at weeks 52
and 100 were observed.

Meaning In this study, anatomic improvement was more likely to
occur in eyes with moderately severe to severe NPDR that were
treated with intravitreal aflibercept injections; in year 2, fixed
dosing appeared necessary to maintain anatomic benefit.
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neovascularization) received 1 intravitreal aflibercept injec-
tion, PRP, and/or vitrectomy; those with CI-DME received PRN
intravitreal aflibercept injections or laser photocoagulation.
After rescue treatment, randomized treatment was discontin-
ued for patients with CI-DME but continued for those with
vision-threatening complications.

Outcome Measures
The primary efficacy end point for the PANORAMA study was
the proportion of eyes with a 2-step or greater improvement
in DRSS level from baseline to week 24 (both aflibercept groups
combined vs the control group) and week 52 (each aflibercept
group vs the control group) (Figure 1). Secondary end points
included the proportion of eyes that developed vision-
threatening complications or CI-DME at week 52. Additional
end points included the proportion of eyes with a 2-step or
greater worsening in DRSS level from baseline to week 52 and
week 100. This article presents the 24-week, 52-week, and 100-
week results. Further methodologic details are available in
eMethods 2 in Supplement 2.

Statistical Analysis
All efficacy end points for week 100 were exploratory, and
P values were nominal. Missing or nongradable postbaseline
values were imputed using the last observation carried for-
ward procedure. Baseline values were carried forward if all
postbaseline observations were missing or nongradable. For
participants receiving rescue treatment, data from the last ob-
servation before administration of rescue treatment were car-
ried forward. The primary end point analyses were tested at a
significance level of 1.67% (P < .0167); P values for primary end
points were calculated using a 2-sided Cochran-Mantel-
Haenszel test adjusted by baseline DRSS stratification vari-
able. The significance thresholds for the secondary end points
were dependent on the outcomes of the primary end points.
For the sensitivity analysis, the primary efficacy analysis
was also performed using all observed measurements (re-
gardless of whether rescue treatment was administered).
All analyses were performed using SAS software, version 9.4
(SAS Institute Inc).

Results
Of 759 participants assessed for eligibility, 402 participants with
severe NPDR (1 eye per participant) were randomized. The
mean (SD) age was 55.7 (10.5) years; 225 participants (56.0%)
were male, 177 (44.0%) were female, 310 (77.1%) were White,
41 (10.2%) were Black or African American, and 23 (5.7%) were
Asian. Baseline characteristics were similar across treatment
groups (Table). A total of 135 participants were randomly as-
signed to the aflibercept 2q16 group, 134 participants to the
aflibercept 2q8/PRN group, and 133 participants to the con-
trol group (eFigure 2 in Supplement 2). Enrolled eyes had near-
normal mean vision (Snellen equivalent, 20/25) and central
subfield thickness (CST; mean [SD], 247.4 [34.8] μm). Over-
all, 355 participants (88.3%) completed week 52, and 320 par-
ticipants (79.6%) completed week 100, with higher comple-
tion rates in the aflibercept groups vs the control group at weeks
52 and 100 (Table; eFigure 2 and eTable 1 in Supplement 2).
The most common reasons for discontinuation were loss to
follow-up and participant withdrawal from the study (eFig-
ure 2 in Supplement 2).

Efficacy Outcomes
Change in DRSS Level
The proportion of eyes with a 2-step or greater improvement
in DRSS level from baseline was significantly higher in the com-
bined aflibercept groups vs the control group at week 24 (157
of 269 eyes [58.4%] vs 8 of 133 eyes [6.0%], respectively; [ad-
justed difference, 52.3%; 95% CI, 45.2%-59.5%]; P < .001) and
in the aflibercept groups individually (88 of 135 eyes [65.2%]
in the 2q16 group [adjusted difference, 50.1%; 95% CI, 40.1%-
60.1%] and 107 of 134 eyes [79.9%] in the 2q8/PRN group [ad-
justed difference, 64.8%; 95% CI, 55.8%-73.9%] vs 20 of 133
eyes [15.0%] in the control group; P < .001 for both compari-
sons) and at week 100 (84 of 135 eyes [62.2%] in the 2q16 group
vs 67 of 134 eyes [50.0%] in the 2q8/PRN group vs 17 of 133
eyes [12.8%] in the control group; nominal P < .001 for both

Figure 1. Study Design

759 Patients assessed for inclusion of eyes 
with moderately severe to severe NPDR
(DRSS levels 47 and 53)

357 Excluded

402 Randomized

133 Control group 
(sham injection)

135 Aflibercept 
2q16 group

134 Aflibercept 
2q8/PRN group

400 Assessed at week 24
133
267

Control group
Aflibercept groups combined

355 Assessed at week 52
109
122
124

Control group
Aflibercept 2q16 group
Aflibercept 2q8/PRN group

122 PRN dosing in 2q8/PRN 
group beginning at week 56
41
42
25
14

Received 0 injections
Received 1-2 injections
Received 3-4 injections
Received 5-6 injections

320 Followed up through week 52
197
111
104

Control group
Aflibercept 2q16 group
Aflibercept 2q8/PRN group

One eye was assessed per participant. Aflibercept 2q16 group: intravitreal
injection of aflibercept, 2 mg, every 16 weeks after 3 initial monthly doses
and one 8-week interval. Aflibercept 2q8/PRN group: intravitreal injection
of aflibercept, 2 mg every 8 weeks after 5 initial monthly doses, with pro re nata
(PRN) dosing beginning at week 56. DRSS indicates Diabetic Retinopathy
Severity Scale; NPDR, nonproliferative diabetic retinopathy; and PRN,
pro re nata.
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dence of vision-threatening complications increased to 9.8%
among the 33.6% of participants in the aflibercept 2q8/PRN
group who received no PRN injections. Thus, although 1 year
of aflibercept therapy substantially decreased the occurrence
of PDR and CI-DME compared with sham treatment and ob-
servation in the PANORAMA study, discontinuation or reduc-
tion in the frequency of therapy may lead to PDR-related com-
plications. In both treated groups, fewer participants
experienced both vision-threatening complications and CI-
DME plus vision loss of 5 or more letters compared with the
control group (regardless of whether rescue treatment was

administered), indicating a greater avoidance of both these
events and clinically substantial vision loss with proactive
treatment.

With continued dosing of intravitreal aflibercept at a fixed
interval of every 16 weeks, the proportion of participants with
a 2-step or greater improvement in DRSS level at week 52
(65.2%) was maintained through week 100 (62.2%), with a
similar reduction in vision-threatening complications. This
finding suggests that, at a population level, to maintain DRSS
improvement and minimize the risk of vision-threatening
events, treatment at a fixed frequency (eg, 3-4 times annu-

Figure 4. Cumulative Incidence of Events Indicative of Diabetic Retinopathy Progression
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Eyes in the aflibercept 2q16 group
(n = 135) received intravitreal
injections of aflibercept, 2 mg, every
16 weeks after 3 initial monthly doses
and one 8-week interval; eyes in the
aflibercept 2q8/PRN group (n = 134)
received intravitreal injections of
aflibercept, 2 mg, every 8 weeks after
5 initial monthly doses, with pro re
nata (PRN) dosing beginning at week
56; and eyes in the control group
(n = 133) received sham injections.
A, VTCs through week 100.
The cumulative event rate at week
100 was 9.1% in the aflibercept 2q16
group (hazard ratio [HR], 0.23;
P < .001) and 6.9% in the aflibercept
2q8/PRN group (HR, 0.17; P < .001)
compared with 30.6% in the control
group. B, CI-DME through week 100.
The cumulative event rate at week
100 was 11.3% in the aflibercept 2q16
group (HR, 0.24; P < .001) and 14.4%
in the aflibercept 2q8/PRN group
(HR, 0.32; P < .001) compared with
38.4% in the control group. CI-DME
indicates center-involved diabetic
macular edema (diagnosed by the
investigator); VTC, vision-threatening
complication (including proliferative
diabetic retinopathy and/or anterior
segment neovascularization
diagnosed by the investigator
and/or the reading center).
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ally) allows alteration of the natural history of disease pro-
gression in this patient population without increasing the man-
agement burden relative to the recommended follow-up of
every 3 to 4 months.14

These results are consistent with previous studies
reporting DRSS level improvements in eyes with PDR or DME
that were treated with anti-VEGF therapeutics7,12,20 and
demonstrate that treatment with intravitreal aflibercept
injections improves DRSS levels and prevents disease pro-
gression in eyes with NPDR without concomitant DME.
A recent single-masked randomized clinical trial investi-
gated aflibercept therapy every 16 weeks vs sham treatment
for the prevention of PDR and DME in a similar patient popu-
lation, although the study included patients with milder
forms of NPDR (DRSS level of 43).20 Consistent with findings
from the PANORAMA study, the proportion of eyes that
developed PDR or CI-DME with vision loss was significantly
lower with aflibercept vs sham treatment through at least 2
years. The proportion of eyes with a 2-step or greater
improvement in DRSS level was also significantly higher
with aflibercept vs sham treatment.20

Once PDR has developed, damage to the retina may no
longer be reversible, as suggested in several studies.7,9 In the
Protocol S study, 70% and 65% of eyes treated with PRP and
intravitreal ranibizumab, respectively, remained at the PDR
level (DRSS level of 61 or worse) and did not improve to the
NPDR level after 2 years of treatment.7 In the CLARITY
study, 90% and 78% of eyes treated with PRP and intravit-
real aflibercept injections, respectively, remained at the PDR
level (DRSS level of 61 or worse) and did not improve to the
NPDR level after 1 year of treatment.9 Although these results
may represent undertreatment (both studies used PRN dos-
ing regimens), the evidence suggests that there is value in
targeting the disease process at the nonproliferative stage to
reduce the development of PDR and CI-DME.

Without intervention, proliferative disease can cause rapid,
irreversible vision loss. To halt progression and prevent vi-
sion loss, clinicians typically initiate treatment once PDR de-
velops. Many ophthalmologists employ PRP treatment at this
stage and do not treat PDR with anti-VEGF monotherapy be-
cause of concerns about patient adherence, although it re-
mains unknown whether outcomes are generally better if PRP
is administered as initial treatment (eg, the Protocol S study
found that 15% of eyes needed vitrectomy and 30% of eyes
needed anti-VEGF therapy for CI-DME with vision loss by 2
years after PRP7). The Diabetic Retinopathy Study found that
untreated eyes with PDR have a 37% rate of severe vision loss
at 72 months, and a patient who does not adhere to the treat-
ment regimen may have a similar outcome.5 Although the
current standard of care for severe NPDR is observation, the
risk of patients with severe NPDR developing potentially irre-
versible PDR and associated vision loss (approximately 30%
at 2 years in the control group of PANORAMA) suggests that
implementing anti-VEGF therapy should be considered and
discussed with these patients.

Although the underlying mechanisms of DR are not yet
completely understood, vascular damage from diabetes is a
well-established mechanism that leads to vision loss. Anti-

VEGF treatment can improve or reverse many of the clinical
findings associated with assessing DR severity; however, it is
not yet clear what impact these improvements may have on
the underlying disease processes. Of the photographic fea-
tures that compose DRSS grading, it is likely that reductions
in dot/blot hemorrhage do not correlate with actual improve-
ments in retinal vascular perfusion; however, reductions in
cotton-wool spots and resolution of vascular tortuosity ap-
pear more likely to represent physiologically relevant improve-
ment in retinal ischemia. Despite these unanswered and im-
portant questions, the PANORAMA study has demonstrated
that treatment with aflibercept meaningfully reduced the risk
of clinically relevant manifestations of DR and that this ben-
efit was seen with an injection frequency consistent with cur-
rent practice guidelines for patient evaluation.

The overall safety of intravitreal aflibercept injections
through 100 weeks in the PANORAMA study was consistent
with the known safety profile.21 The most frequent ocular
adverse events were consistent with those associated with in-
travitreal injections and the progression of DR, and there
were no cases of endophthalmitis.

Limitations
This study has limitations. The study population was limited
to eyes with moderately severe to severe NPDR. It would be
useful to know whether eyes with more or less severe reti-
nopathy respond differently to either dosing regimen. In
addition, the group receiving 2 mg of aflibercept every 8
weeks was switched to PRN dosing in the second year, limit-
ing the ability to determine whether continued dosing every
8 weeks through week 100 has additional benefit. Partici-
pants were evaluated on a fixed schedule, with more fre-
quent visits than are typically used in a clinical setting out-
side of a clinical trial; thus, the diagnosis and treatment of
NPDR and anterior segment neovascularization and/or DME
may have occurred earlier than in a typical clinical setting, in
which visits may be less frequent. In addition, the 100-week
clinical trial design provided a relatively short duration of
follow-up for a chronic disease.

Conclusions
Treatment of severe NPDR with intravitreal aflibercept injec-
tions in the PANORAMA clinical trial improved the severity of
retinopathy and reduced the risk of progression to CI-DME and
vision-threatening complications vs sham treatment with ob-
servation. No differences in visual acuity were noted at the
2-year visit. However, in a post hoc analysis of participants who
had vision-threatening complications and/or CI-DME, more
participants in the control group experienced a letter loss of 5
or more over the course of the clinical trial, although differ-
ences across groups were not seen for 10 or more or 15 or more
letters lost over the course of the study. Nonproliferative DR
represents a potential window of opportunity to slow disease
progression, thereby preventing the development of poten-
tially irreversible damage that may lead to vision loss and have
a meaningful impact on quality of life. Treatment at a fixed
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interval may be an optimal strategy compared with reactive
PRN dosing. Fixed intravitreal aflibercept injection dosing in
a patient population who adhered to the treatment regimen
was demonstrated to be safe and effective in preventing vision-

threatening complications and CI-DME in eyes with severe
NPDR; however, no differences in visual acuity were noted,
at least at the 2-year visit, suggesting that longer-term follow-up
of this approach may be insightful.
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