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Abstract

Background This study evaluated impact of anti-vascular endothelial growth factor (VEGF) treatment on prolifera-
tive diabetic retinopathy (PDR) development among patients with non-proliferative diabetic retinopathy (NPDR) in US
real-world clinical practice.

Methods This was a retrospective analysis of electronic medical records (Vestrum Health; January 2013 to June 2019)
of eyes with baseline NPDR, without DME, and naive to anti-VEGF treatment at index DR diagnosis. Eyes that received
anti-VEGF and/or laser treatment over the course of study before development of PDR constituted the treated cohort
while the remaining including those treated with laser constituted the anti-VEGF naive cohort. Survival analysis

via Kaplan-Meier method evaluated time to DME and PDR development by baseline NPDR severity, with anti-VEGF
treatment as censoring variable. Baseline factors affecting PDR development were analyzed using Cox multivariable
regression, censoring for anti-VEGF treatment.

Results Among anti-VEGF-naive eyes, cumulative incidence of DME in eyes with mild (n=70,050), moderate
(n=39,116), and severe NPDR (n=10,692) at baseline was 27.1%, 51.2%, and 60.6%. Multivariable regression analysis
identified baseline NPDR severity as the most significant predictor of PDR development over 48 months (hazard ratio
[HR] [95% confidence interval {Cl}] of 2.69 (2.65-2.72) for moderate vs mild NPDR and 6.51 (6.47-6.55) for severe vs
mild NPDR). Cumulative incidence (95% Cl) of PDR was 7.9% (7.4%—8.3%), 20.9%, (20.0%—-21.7%) and 46.8% (44.4%—
49.2%) over 48 months in eyes with mild, moderate, and severe NPDR at baseline, respectively. Among treated eyes
with baseline severe NPDR, cumulative incidence of PDR at 48 months was 50.1% in eyes treated with laser (n=>546;
HR [95% Cl] vs no treatment: 0.8 [0.7-1.0]), 27.4% in eyes treated with anti-VEGF (n=923; HR [95% Cl]: 0.4 [0.4-0.5]),
and 25.6% in eyes treated with anti-VEGF plus laser (n=293; HR [95% Cl]: 0.5 [0.4-0.7]) compared with 49.9% in eyes
with no treatment (n=8930).

Conclusions DME and PDR development rates increased with increasing baseline NPDR severity. Approximately half
of anti-VEGF—naive eyes with severe NPDR progressed to PDR within 4 years in US clinical practice. The progression
rate from severe NPDR to PDR was approximately halved with anti-VEGF versus no treatment.
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diabetic retinopathy, Proliferative diabetic retinopathy
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Background

Diabetic retinopathy (DR) is the most common microvas-
cular complication of diabetes [1] and the leading cause
of vision impairment and blindness among working-age
adults in the United States, primarily due to development
of diabetic macular edema (DME) and proliferative DR
(PDR) [1, 2]. Factors associated with an increased risk of
DR include longer duration of diabetes and poorer glyce-
mic control [3, 4].

DR is a progressive disease, and in clinical practice is
classified as mild to moderate to severe non-prolifer-
ative DR (NPDR) to PDR [4]. According to one large
electronic health records—based analysis, the risk of
sustained blindness, defined as visual acuity (VA) read-
ings of <20/200 at two separate visits >3 months apart
that did not improve beyond 20/100, increased with the
severity of DR [5]. Compared with mild NPDR cases,
there was a 2.6 times increased risk of sustained blind-
ness in patients with moderate NPDR after 2 years of DR
diagnosis, and a 3.6 times increased risk among patients
with severe NPDR [5].

Earlier studies reported that the risk of DME and PDR
development increased with greater severity of NPDR
[6-8]. However, even though management of DR and
DME has improved over the last decade, only a limited
number of studies have examined rates of these vision-
threatening complications in the general DR population,
particularly since the approval of anti—vascular endothe-
lial growth factor (VEGF) therapies for treatment of DR
and DME [9]. Although the impact of anti-VEGF therapy
on the rate of DR progression has been demonstrated in
clinical trials [10, 11], there is little evidence for this in
the real-world from large databases.

The primary objective of this retrospective analysis was
to evaluate the impact of anti-VEGF treatment on the
development of PDR in eyes with NPDR in real-world
clinical practice in the United States.

Methods

Data source

De-identified electronic medical records of patients with
DR were obtained from the Vestrum Health Treatment
and Outcomes database (Vestrum Health, Naperville,
IL, USA). The Vestrum database comprised patient data
obtained from 251 retina specialists at 54 private clinics
from diverse geographic regions across the United States
[12]. Data collected between January 1, 2013, and June
30, 2019, were extracted from the database using Struc-
tured Query Language queries. The records provided
information about patient demographics, procedures,
diagnoses, medications, and treatment outcomes. Patient
electronic health records with pseudo-anonymized
site and clinician data were de-identified in accordance
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with the Health Insurance Portability and Accountabil-
ity Act prior to being made available for analysis in this
study. The study was reviewed and considered exempt
from institutional review board (IRB) approval by the
WCG IRB (Seattle, Washington, USA), under 45 CFR §
46.104(d)(4).

NPDR, type 1 and type 2 diabetes, DME, vitreous hem-
orrhage, retinal detachment, retinal edema, and PDR
were identified using International Classification of Dis-
eases (ICD)-9 and ICD-10 codes and physician notes.
Alternative definitions for PDR included the combination
of codes for NPDR plus vitreous hemorrhage or retinal
detachment.

Study population

Eligible patients were > 18 years of age with a diagnosis of
NPDR without DME and were anti-VEGF naive at index
DR diagnosis (defined using ICD-9 and ICD-10 diagno-
sis codes). Patients with age-related macular degenera-
tion (AMD) or retinal vein occlusion (RVO) at index or
during the study period, or those who developed DME or
progressed to PDR within 1 week of index NPDR diagno-
sis, were excluded. This attrition resulted in a cohort of
eyes with NPDR without DME that had not received anti-
VEGF therapy prior to baseline (Fig. 1). In this cohort,
eyes that received anti-VEGF therapy over the course of
study before development of PDR were censored from
the analyses, hence, constituting the anti-VEGF-naive
cohort. Of note, eyes that received laser treatment during
the study were included in this cohort. Eyes that received
anti-VEGF therapy during the course of study before
development of PDR were evaluated separately as the
treated cohort.

In the treated cohort, eyes received anti-VEGEF, laser,
or both anti-VEGF and laser during the study before
progressing to development of PDR. Anti-VEGF treat-
ment refers to the use of ranibizumab, aflibercept, or
bevacizumab. The type of laser treatment used was not
available. Untreated eyes received no laser or anti-VEGF
treatment prior to development of PDR.

Outcomes

Cumulative incidences of DME and PDR development
were assessed through 48 months by baseline NPDR
severity (mild, moderate, or severe) in the anti-VEGF-
naive eyes group (Fig. 1). Eyes that received anti-VEGF
therapy over the course of study before development of
PDR were censored from the analyses (eyes that received
laser treatment during the study were included). Baseline
factors affecting development of PDR were examined in
the anti-VEGF-naive eyes group, censoring for anti-
VEGF treatment. Cumulative incidence of PDR devel-
opment by baseline NPDR severity was also assessed
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Fig. 1 Study inclusion and exclusion criteria and eye flow diagram. ®Eyes with diagnosis codes for PDR or DME within 1 week of their NPDR
diagnosis were excluded in addition to those with evidence of vitreous hemorrhage, retinal detachment, or retinal edema during the same period.
AMD = age-related macular degeneration; DME =diabetic macular edema; DR =diabetic retinopathy; NPDR =non-proliferative diabetic retinopathy;
PDR = proliferative diabetic retinopathy; RVO =retinal vein occlusion; VEGF =vascular endothelial growth factor

through 48 months in treated eyes by the treatment
received during the study: no treatment, laser, anti-VEGE,
or combination of anti-VEGF and laser.

Statistical analysis

In the anti-VEGF—-naive cohort, survival analysis by the
Kaplan—Meier method was used to evaluate the cumu-
lative incidence of DME by baseline NPDR severity,
which was statistically compared using a log-rank test.
Baseline factors associated with development of PDR in
anti-VEGF-naive eyes were determined by multivariate
analysis, and included age (per 5-year increments from
45-85 years), sex (male vs female), diabetes type (type 1
vs type 2), hypertension (yes vs no), presence of cataracts
(yes vs no), VA (per 10-letter increments), intraocular
pressure (<21 mm Hg vs>21 mm Hg), and NPDR sever-
ity (moderate vs mild, and severe vs mild). Hazard ratios
(HRs) with 95% confidence intervals (ClIs) for develop-
ment of PDR were determined using a Cox multivariable
regression model for adjusted analyses.

As a sensitivity analysis, the rate of PDR development
in anti-VEGF-naive eyes was evaluated after censoring
eyes that developed DME from the analysis (i.e., data
from eyes that developed DME were not included in the
analysis from that time point on).

Development of PDR by diabetes type and NPDR stage
was assessed using a survival analysis in the anti-VEGF-
naive cohort, with HR and 95% CI determined using Cox
multivariable regression model. Development of PDR by
different treatment types, stratified by baseline NPDR
severity, was assessed using a survival analysis, with HR
and 95% CI determined using unadjusted Cox regression.

Results

Study population

A total of 263,438 eyes with a diagnosis of DR and
no AMD or RVO were identified in the database and
assessed further for eligibility (Fig. 1). After applying
inclusion and exclusion criteria, 135,324 eyes remained
eligible for the study and were included in the anti-
VEGF-naive cohort. Of these, 10,142 eyes were treated
with laser and/or anti-VEGF before development of PDR
during the study and were included in the treated cohort.

Baseline characteristics

Among the anti-VEGF-naive eyes, 51.8% had mild
NPDR, 28.9% had moderate NPDR, 7.9% had severe
NPDR, and 11.4% had NPDR of unspecified severity
at baseline (Table 1). Type 2 diabetes was markedly
more common than type 1 diabetes (range: 55-62%
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vs 20—27% across NPDR severity groups, respectively)
and was similar between NPDR severity groups. For
the subset of eyes with available best-corrected VA
measurements, mean (standard deviation [SD]) base-
line VA was 73 (13.6) letters, with no notable differ-
ences between NPDR severity groups. Other baseline
characteristics were similar across the NPDR severity
groups.

Among treated eyes, 27.5% had mild NPDR, 39.4% had
moderate NPDR, 17.4% had severe NPDR, and 15.7% had
unspecified NPDR at baseline (Table 1). Patients who
received treatment for severe NPDR at baseline were
relatively younger, more often male, and more often with
type 1 diabetes compared with treated eyes with mild or
moderate baseline NPDR severity. For the subset of eyes
with available best-corrected VA measurements, mean
(SD) VA was 69 (19.3) letters, with no notable differences
between NPDR severity groups. The incidence of DME
during follow-up was 78-88% across baseline NPDR
severity groups in treated eyes. Anti-VEGF therapy was
the most frequently used treatment across all NPDR
severity groups (52—62%), followed by laser alone (21—
31%) and anti-VEGF plus laser (13-18%). Use of laser
alone was most common in eyes with severe baseline
NPDR (31%) compared with other NPDR severities.

Cumulative incidence of DME by baseline NPDR severity

in anti-VEGF-naive eyes

Cumulative incidence of DME in anti-VEGF—naive eyes
over 48 months increased with the severity of NPDR at
baseline (Fig. 2). Cumulative incidence of DME in eyes

Page 5 of 11

with mild, moderate, and severe NPDR at baseline was
14.7%, 33.7%, and 44.1% at 24 months, and 27.1%, 51.2%,
and 60.6% at 48 months, respectively (Fig. 2).

Baseline characteristics affecting development of PDR

in anti-VEGF-naive eyes

Baseline factors significantly affecting development of
PDR over 48 months are shown in Fig. 3. Among them,
diabetes type (type 1 vs type 2) and baseline NPDR sever-
ity were the factors most strongly associated with devel-
opment of PDR. Eyes of patients with type 2 diabetes had
a 29% lower risk of developing PDR compared with those
with type 1 diabetes (HR: 0.71; 95% CI: 0.68—0.74), while
an increased risk of developing PDR was observed in eyes
with moderate NPDR (HR: 2.69; 95% CI: 2.65-2.72) and
severe NPDR (HR: 6.51; 95% CI: 6.47-6.55), compared
with eyes with mild NPDR (Fig. 3).

Incidence of PDR by diabetes type and NPDR severity

in anti-VEGF-naive eyes

Cumulative incidence of PDR with versus without cen-
soring for DME was 8.4% versus 8.7% at 24 months and
14.9% versus 15.5% at 48 months, indicating DME had
no significant impact on the rate of development of
PDR. Therefore, eyes were excluded from analysis for the
period following DME development.

Cumulative incidence (95% CI) of PDR development
in eyes of patients with type 2 versus type 1 diabe-
tes was 7.2% (6.9%—7.5%) versus 12.3% (11.7%—12.8%)
at 24 months, and 12.8% (12.4%-13.3%) versus 21.1%
(20.2%-22.0%) at 48 months (p <0.001 for both compari-
sons) (Fig. 4a). Cumulative incidence (95% CI) of PDR
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Fig. 2 Cumulative incidence of DME by baseline NPDR severity in anti-VEGF-naive eyes. Anti-VEGF-naive eyes included eyes that received laser
treatment during the study. DME =diabetic macular edema; NPDR = non-proliferative diabetic retinopathy; VEGF =vascular endothelial growth

factor
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Fig. 3 Baseline characteristics affecting development of PDR in anti-VEGF-naive eyes. This analysis included only eyes with vision of >20/1000
(ETDRS letters=0). Anti-VEGF-naive eyes included eyes that received laser treatment during the study. Cl=confidence interval; ETDRS =Early
Treatment Diabetic Retinopathy Study; HR=hazard ratio; NPDR = non-proliferative diabetic retinopathy; PDR= proliferative diabetic retinopathy;

VA =visual acuity; VEGF =vascular endothelial growth factor

development in eyes with mild, moderate, and severe
NPDR was 4.2% (3.9%—4.4%), 11.1% (10.6%—11.6%), and
28.6% (27.2%-30.1%) at 24 months, and 7.9% (7.4%—
8.3%), 20.9% (20.0%—21.7%), and 46.8% (44.4%—49.2%)
at 48 months, respectively (p <0.001 for all comparisons)
(Fig. 4b).

Development of PDR in treated eyes

Given that the length of follow-up was variable, exposure
was analyzed as number of treatments per eye-year of
observation. Overall, number of treatments per eye-year
over 24 and 48 months of follow-up were similar within
each level of DR severity but trended higher across
increasing levels of DR severity from mild to severe
(Fig. 5 inset). Over 48 months of follow-up, the number
of treatments per eye-year with laser, anti-VEGEF, and
combination of anti-VEGF and laser was, respectively,
0.5, 2.0, and 2.0 in eyes with mild NPDR, 0.5, 2.2, and 2.6
in eyes with moderate NPDR, and 0.9, 2.8, and 3.0 in eyes
with severe NPDR.

Cumulative incidence of PDR development at Months
24 and 48 increased with greater NPDR severity more
distinctly in the no-treatment and laser groups com-
pared with the anti-VEGF group (Fig. 5). A lower cumu-
lative incidence of PDR in eyes treated with anti-VEGF
agents compared with those not treated or that received
laser alone was evident at moderate NPDR severity and

became more pronounced with severe NPDR, as seen by
the increasing separation between the cumulative inci-
dence curves in Fig. 5.

In eyes with severe NPDR, cumulative incidences of
PDR at 24 months were 31.8% with no treatment, 30.0%
with laser, 15.3% with anti-VEGE, and 9.6% with anti-
VEGF plus laser. Corresponding incidences at 48 months
were 49.9%, 50.1%, 27.4%, and 25.6%, respectively. At
48 months, HRs for development of PDR were 0.8 (95%
CI: 0.7-1.0) with laser versus no treatment (p=0.02), 0.4
(95% CI: 0.4-0.5) with anti-VEGF versus no treatment
(p<0.0001), and 0.5 (95% CI: 0.4-0.7) with anti-VEGF
plus laser versus no treatment (p <0.0001). Median time
to development of PDR was also significantly longer
with anti-VEGF treatment (40 months) and anti-VEGF
plus laser (47 months) compared with no treatment
(18 months; p<0.001 for both comparisons). Median
time to development of PDR with laser alone was
17 months, which was not statistically different versus no
treatment (p >0.05).

Discussion

This retrospective study of eyes with NPDR found pre-
senting disease severity as a key predictor of DME and
PDR development among anti-VEGF-naive eyes. The
incidence of PDR development was significantly lower
in eyes treated with anti-VEGF agents compared with
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Fig. 4 Cumulative incidence of progression from NPDR to PDR in anti-VEGF-naive eyes. Shown are cumulative incidence of progression from NPDR
to PDR in anti-VEGF-naive eyes by (a) diabetes type and (b) baseline NPDR severity. Anti-VEGF-naive eyes included eyes that received laser
treatment during the study. Cl=confidence interval; HR=hazard ratio; NPDR = non-proliferative diabetic retinopathy; PDR= proliferative diabetic
retinopathy; VEGF =vascular endothelial growth factor

(See figure on next page.)

Fig. 5 Cumulative incidence of PDR development by treatment during the study and baseline NPDR severity. Shown are cumulative incidences
of PDR development by treatment during the study with baseline NPDR severity: a mild, (b) moderate, and (c) severe. The horizontal dotted

line represents the 25th percentile. Treated eyes included eyes that received anti-VEGF, laser treatment, or anti-VEGF plus laser treatment prior

to developing PDR. Cl=confidence interval; HR=hazard ratio; NE=not evaluable; NPDR = non-proliferative diabetic retinopathy; PDR= proliferative
diabetic retinopathy; VEGF =vascular endothelial growth factor

eyes that were untreated or received laser alone. These 4 years, which is approximately twice the proportion of
findings suggest that when left untreated, approximately  eyes treated with anti-VEGF progressing to PDR in rou-
50% of eyes with severe NPDR progressed to PDR within  tine clinical practice in the United States.
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Few studies have evaluated the rate of PDR develop-
ment in the general NPDR population in the United
States. Earlier studies such as that conducted by the
Early Treatment Diabetic Retinopathy Study (ETDRS)
group reported that 79.5% of eyes with severe NPDR
developed PDR over 5 years of follow-up from enroll-
ment (1980-1985) [6]. This rate is higher than that
found in the present study and likely reflects improve-
ment in management of diabetes and DR since the time
the ETDRS study was conducted. More recently, an
analysis of retrospective claims data of treatment-naive
US patients with mild or moderate NPDR reported
5-year progression rates to severe NPDR or PDR (5.8%
for patients with mild NPDR, 17.6% for patients with
moderate NPDR) that were similar to the 4-year PDR
development rates reported in the present analysis
(7.9% for patients with mild NPDR, 13.5% for patients
with moderate NPDR) [9]. Several other studies have
reported rates of PDR development, but for subpopu-
lations of patients such as African Americans or only
individuals with type 1 diabetes [13, 14]. Among previ-
ous studies that included both patients with type 1 and
2 diabetes, relative risk of PDR development was not
examined by diabetes type [6, 9, 15]. Our study found
that type 2 diabetes was associated with 29% lower risk
of PDR development compared with type 1 diabetes.
Older age was also associated with lower risk of PDR
development, suggesting that PDR events were more
associated with younger patients who presumably had
a shorter duration of diabetes. However, the impact of
duration of diabetes as well as markers of disease con-
trol such as glycosylated hemoglobin levels on the rate
of PDR development could not be evaluated as data for
these risk factors were not available. Regardless, these
findings highlight the importance of diabetes type
among other risk factors for development of PDR [15].

Another important finding of the current study is the
impact of anti-VEGF therapy on development of PDR.
Our results indicate that, in eyes with moderate or severe
NPDR at baseline, treatment with anti-VEGF (with
or without laser) resulted in a lower incidence of PDR
development, with a longer time to PDR development,
compared with eyes that received laser alone or no treat-
ment. The number of anti-VEGF treatments per eye-year
was ~ 2.5, which was lower than the number of scheduled
injections in the first year of PANORAMA or Protocol W
(approximately 6 injections with initial dosing followed
by injections every 16 weeks) but was similar to a mean
of 2.6 injections with a maintenance regimen of injec-
tions every 16 weeks in the second year of PANORAMA
[10, 11]. This suggests that a few anti-VEGF injections per
year may help improve the prognosis of these patients.
In contrast, laser alone provided no benefit compared
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with no treatment in preventing development of PDR in
patients with moderate or severe NPDR.

The finding of a reduced risk of PDR development in
eyes with severe NPDR with proactive anti-VEGF treat-
ment compared with no treatment is consistent with
recent results from clinical trials that showed a similar
extent of reduction in disease progression with anti-
VEGF treatment in similar patient populations [10, 11,
16, 17]. Among patients with severe NPDR in this study, a
small proportion were treated (17%), although the major-
ity of those (69%) received treatment with an anti-VEGF
agent (with or without laser). This low usage of anti-
VEGF agents for treating severe NPDR in clinical prac-
tice likely reflects current DR treatment guidelines that
support monitoring of patients with severe NPDR with-
out DME [4, 18]. However, these results may have under-
estimated the benefit of anti-VEGF treatment versus no
treatment, as the use of anti-VEGF agents was relatively
lower in this study compared with PANORAMA and
Protocol W [10, 11]. This low number of treatments likely
reflects early adoption by clinicians using these treat-
ments in select patients with NPDR perceived as having a
high risk of progression. Further research is warranted to
evaluate whether wider use of anti-VEGF agents among
patients with NPDR yields greater benefit at the popula-
tion level in routine clinical practice.

Strengths of this analysis include the large sample size
drawn from clinical settings over an extended period
of time (4-year follow-up) during a recent time period
from 2013 to 2019. Such real-world evidence is likely to
be reflective of the heterogeneity of a US NPDR patient
population and current management of NPDR. Limita-
tions include the retrospective nature of the study and
use of electronic medical records as a data source. This
restricted the ability to identify factors associated with
DR progression, considering the limited availability of
baseline patient demographics and eye characteristics,
fluorescein angiography/fundus photography images,
and socioeconomic information. Similarly, the type of
laser used was not available. The Vestrum database was
limited to data from 54 private clinics, unlike national
registries and insurance data that have larger data sets
[5, 19, 20]. This analysis excluded a subset of patients
(1.9%) with AMD or RVO who were diagnosed with
NPDR during the follow-up time, as potential manage-
ment of AMD or RVO could have impacted interpre-
tation of the results. It is unlikely that this exclusion
impacted the conclusions given the small size of this
subpopulation. There were no corrections for multi-
ple comparisons. Reliance solely on ICD codes as the
primary source for disease severity was a further limi-
tation. The study was not designed to compare effects
of different anti-VEGF agents, and the analysis of
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treatment effect was performed without accounting for
the timing of the treatment during follow-up, the num-
ber of injections administered, or the stage of NPDR
at the time of treatment. Furthermore, treatment pat-
terns such as alternative loading dose periods and dos-
ing schedules were not captured in the database, and
the treating clinicians’ reasons for initiating treatment
(laser or anti-VEGF) were not available. A possible
source of bias may have arisen from clinicians choos-
ing to treat patients deemed more likely to respond to
treatment, particularly when a new treatment became
available. The results of this study should be interpreted
with caution and may not be used to establish a causal
relationship between treatment with anti-VEGF ther-
apy and reduced rates of PDR development.

Conclusions

Among patients with NPDR in routine US clinical prac-
tice studied over a 4-year period, higher NPDR severity
at baseline was associated with increased rates of PDR
development, consistent with prior studies [6, 9]. In
eyes with severe NPDR, development of PDR occurred
in approximately half of patients in the absence of treat-
ment. However, the rate of PDR development was sub-
stantially lower in eyes with severe NPDR that received
anti-VEGF therapy compared with eyes that were
untreated or received laser alone. Findings from this cur-
rent analysis that reflects current trends may help inform
management of patients with NPDR and highlight the
potential benefits of using anti-VEGF therapies, particu-
larly to treat eyes with severe NPDR, on an individualized
basis.
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