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Purpose: To evaluate anti-VEGF treatment patterns and the influence of patient demographic and clinical
characteristics on up to 6-year vision outcomes in neovascular age-related macular degeneration.

Design: Retrospective, multicenter, noninterventional registry study with up to 6 years of follow-up.
Participants: A cohort of 254 655 eyes (226 767 patients) with first anti-VEGF injection and at least 2 years of

follow-up; 160 423 eyes had visual acuity (VA) data.
Methods: Anonymized patient data were collected in the United States through the IRIS� Registry (Intelligent

Research in Sight).
Main Outcome Measures: Changes in VA from baseline; frequency of and gaps between intravitreal anti-

VEGF injections; treatment discontinuations; switching anti-VEGF agents; and influence of baseline clinical and
demographic characteristics on VA.

Results: After a mean VA increase of 3.0 ETDRS letters at year 1, annual decreases led to a net loss from
baseline of 4.6 letters after 6 years. Patients with longer follow-ups had better baseline and follow-up VA. From a
mean of 7.2 in year 1 and 5.6 in year 2, mean injections plateaued between 4.2 to 4.6 in years 3 through 6.
Treatment was discontinued in 38.8% of eyes and switched in 32.3%. When adjusting for differences at baseline,
every additional injection resulted in a 0.68 letter improvement from baseline to year 1; thus, multiple injections in
a year have the potential to be clinically meaningful. Older age, male gender, Medicaid insurance, and not being
treated by a retina specialist were associated with a higher likelihood of vision loss at year 1. Of the patients,
58.5% lost � 10 letters VA at least once during follow-up, with 14.5% of patients experiencing sustained poor
vision after a median of 3.4 years.

Conclusions: After modest mean VA improvement with intravitreal anti-VEGF injections at year 1, patients
netted a loss of VA by year 6. Injection frequency decreased over time, and this was paired with a relatively high
rate of discontinuation. Modeling suggested that more frequent injections were associated with better VA. Dif-
ficulty with continuous adherence to frequent intravitreal injections may have contributed to undertreatment
resulting in less-than-optimal vision outcomes.
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Age-related macular degeneration (AMD) is a leading cause
of blindness in people aged > 60 years.1e4 Neovascular
AMD (nAMD) is characterized by pathologic macular
neovascularization with VEGF identified as a critical signal
driving this process.5,6 Anti-VEGF agents, such as ranibi-
zumab, bevacizumab, aflibercept, and brolucizumab, as well
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as the dual-pathway, anti-VEGF and angiopoietin-2 inhibi-
tor faricimab, can inhibit the growth of neovascular lesions,
resolve retinal edema, and have demonstrated positive
vision outcomes in clinical trials7e13 and clinical practice
studies in nAMD.14e16 To maintain the benefits of anti-
VEGF, most patients must continue to receive regular
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anti-VEGF therapy; however, frequent injections and
monitoring visits pose a substantial treatment burden, which
often leads to undertreatment.14e17

Many studies of clinical practice treatment patterns and
outcomes in patients with nAMD have had limited follow-up
(1e2 years)18e20 or have been impacted by a loss of patients
to follow-up21,22 and also may not be generalizable to
patients in the United States (US).23 The IRIS� Registry
(Intelligent Research in Sight) database is the first US-
based national comprehensive eye disease database and is
the largest ophthalmic registry worldwide based on electronic
health records (EHRs). The IRIS Registry is a representative
data source of US patients because it collects information
from approximately 70% of ophthalmology practices across
all payers and all populations, even those without insur-
ance.24 A 2021 study of IRIS Registry data by MacCumber
et al25 in patients with nAMD with up to 3.5 years of
follow-up found that overall, patients received 5.6 in-
jections in year 1, 3.4 in year 2, and 3.1 in year 3.25 Visual
acuity (VA) had increased slightly by a mean of 0.7
ETDRS letters from baseline at the end of year 1 (baseline
mean 55.4 letters) but by the end of year 3, had decreased
by a mean of 3.1 letters from baseline, and more than one
third of eyes had discontinued treatment by the end of the
year 3.25 The 2021 study was largely descriptive and did not
investigate gaps and discontinuation of treatment, causes of
sustained poor vision (SPV) or considerable vision loss
(CVL), or evaluate the association of intravitreal anti-
VEGF injection frequency or patient baseline characteristics
on VA outcomes in nAMD.25

There is wide variability in clinical practice treatment pat-
terns based on patients’ anatomic and visual response to in-
jections, clinician and patient treatment preferences, agent
options, and potentially conflicting expert opinions and evi-
dence. Because nAMD is a chronic, life-long disease,7 it is
important to describe patients’ persistence and VA over time
with intravitreal anti-VEGF injections beyond 3 years in
clinical practice. Furthermore, there is a need to identify factors
that may lead to better or worse outcomes for these patients.

Methods

Study Design and Objectives

This was a retrospective, noncomparative, cohort study of patients
with nAMD from the IRIS Registry receiving intravitreal anti-
VEGF injections for nAMD in the US. The objective was to
evaluate treatment patterns and outcomes after up to 6 years of
follow-up. To meet this objective, we assessed treatment patterns
and VA over time and evaluated the baseline demographic and
clinical factors that influenced vision outcomes.

Data Source

To date, the IRIS Registry has integrated with up to 60 different
EHR systems in the US. As of October 2021, the Registry included
data on > 412 million patient visits from > 70.8 million unique
patients, with approximately 16 000 eye clinicians reporting data.24

Importantly, the Registry captures a unique patient visiting
multiple participating physicians. Data from January 1, 2013, to
June 6, 2020, from the Registry, which included the most recent
data available, were included in this study. Because the IRIS
2

Registry data are deidentified, no patient-level consent or institu-
tional review board approval was required. All research adhered to
the tenets of the Declaration of Helsinki.

Study Population

The study population included patients with nAMD treated with
intravitreal anti-VEGF injections between the index period of July
1, 2013, and June 30, 2018. The index date is defined as the date of
the first documented anti-VEGF injection within the IRIS Registry
during the index period.

Inclusion and Exclusion Criteria

Patients aged at least 50 years at their index date were required to
have a first nAMDdiagnosis within 6months (180 days) before or on
the date of their first anti-VEGF injection and no documented anti-
VEGF injections before their index date in the IRIS Registry.
Diagnostic International Classification of Diseases Ninth and Tenth
Revision codes utilized to identify nAMD diagnoses in the Registry
are listed in Table S1 (available at www.ophthalmologyscience.org).
Inclusion in the study also required the practicewhere the patient was
being treated to have an IRIS Registry data contribution for at least 6
months before the index date.

To be included in the VA study cohort, patients were required
to have received 3 doses of intravitreal anti-VEGF within 180 days
of starting treatment, a minimum of 2 years follow-up after their
index date, VA measurement before the index date within 6 months
(180 days), and at least 1 VA measurement after 1 year (� 60
days). Patients were not required to have a VA at each year time
point to be included in each annual analysis (e.g., the patient could
have missed VA at year 2 but still be included in VA analysis
because VA reading was available at year 3). Patients were
excluded from the study if they had unknown laterality of either
nAMD diagnosis or of anti-VEGF treatment.

Outcomes

Visual acuity was evaluated at annual intervals for study eyes up to
6 years (� 60 days). Visual acuity change from baseline was
calculated as best-documented visual acuity in approximate
ETDRS letters from reported measures and were converted from
either Snellen (ETDRS ¼ 85 þ 50 � log [Snellen fraction]) or
logarithm of the maximum angle of resolution values.26

The frequency of intravitreal anti-VEGF injections by follow-
up year and the duration of gaps between injections were deter-
mined for the overall cohort. At the time of the study, all anti-
VEGF agents were indicated for treatment intervals � 16 weeks;
therefore, a period of > 18 weeks (up to 52 weeks) without an anti-
VEGF injection was defined as a treatment gap. Not receiving anti-
VEGF injection for > 52 weeks was defined as treatment
discontinuation. Treatment discontinuations were evaluated for the
overall cohort. The proportions of patients who switched between
anti-VEGF agents, as well as subsequent switching back to the
original agent, were also evaluated. For this outcome, switching
was defined as at least 3 consecutive intravitreal injections of a
different anti-VEGF agent from the original (or prior) agent.

Relationships between changes in VA from baseline to year 1
and baseline clinical and demographic characteristics were inves-
tigated. The characteristics examined included age, sex, race,
clinician specialty, the historical presence of glaucoma, the his-
torical presence of cataract, follow-up time, and injection intervals.
Clinical specialty was defined as the treating provider at the first
anti-VEGF injection.

Finally, we sought to explore 2 separate measures of vision loss
events over the 6-year period. To explore vision loss over time, 2
separate time-to-event analyses using KaplaneMeier curves were
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performed to examine the time likelihood of (1) CVL and (2) SPV
of VA over time. A loss of � 10 ETDRS letters from baseline was
used as an approximate measure of CVL and was evaluated for
patients stratified by baseline VA. Development of SPV was
defined as a Snellen VA of 20/200 or worse at 2 separate VA
readings at least 3 months apart that subsequently did not improve
beyond 20/100. Patients with a baseline VA of 20/200 or worse
were not eligible for this outcome.

Statistical Analyses

Means, standard deviations (SDs), and medians were calculated for
continuous variables, and counts and percentages for categorical
variables. For comparative analyses, hypothesis testing; statistical
modeling; t, chi-square, and Wilcoxon rank sum tests; and 95%
confidence intervals (CIs) were used as was appropriate for each
variable type. For statistical analyses of VA, Snellen values were
converted to VA logarithm of the minimum angle of resolution
values.Unadjusted linear regression analyseswere utilized to identify
demographic and clinical covariates of interest, with adjusted linear
regression analyses then performed to examine the relationship be-
tween changes in VA at 1 year and both baseline characteristics and
first-year treatment patterns (i.e., number of injections received).

For the KaplaneMeier time-to-event analyses, patients were
censored when the event was reached (time of either SPV or CVL
or when data were no longer available, i.e., end of follow-up).
Additionally, 2 Cox proportional hazards models stratified by
baseline VA were applied to evaluate hazard ratios (HRs) of var-
iables associated with the time-adjusted risk of CVL and SPV out
to 6 years, with patients being censored at the end of their follow-
ups. The variables included in the Cox proportional hazards models
were baseline age, sex, race, payer type, physician specialty, his-
torical presence of glaucoma, and historical presence of cataract.
Patients with a baseline VA of 20/200 or worse were not included
in the KaplaneMeier or Cox proportional hazards model analyses
for SPV. PySpark (Apache Spark), Amazon EMR (Amazon Web
Services Inc) cluster, Python, and R statistical tools were utilized
for the statistical analyses as appropriate.
Results

Patient Population

A total of 1 336 988 eyes from 1 108 707 patients with a first
intravitreal anti-VEGF injection were documented in the IRIS
Registry between July 1, 2013, and June 30, 2018. Of these,
254 655 eyes from 226 767 patients met the eligibility criteria
for the overall study cohort. Within the overall study cohort,
197 622 eyes (78%) from 181 062 patients had received 3
injectionswithin 180 days of starting treatment, and 160 423 of
these eyes (147 888 patients) also had a baseline VA mea-
surement and were therefore eligible for inclusion in the VA
cohort (Fig 1). For the year 1VAanalysis, 135 384 patient eyes
were available.At eachof the following year’sVAanalyses, an
increasing number of patient eyes were excluded because of
missing data or for not having reached the longer follow-up
duration by the study cut-off date, resulting in only 6878
patient eyes having VA measurements at year 6.

The baseline demographic and clinical characteristics of
patients included in the VA cohort are shown in Table 2. The
mean patient age at baselinewas 79.6 (SD8.7) years, 62.5%of
patients were female, and the majority (89.6%) were White.
Most patients (82.0%) had at least their first treatment
provided by a retina specialist. The most common primary
insurance or payer types were Medicare (45.5% of patients)
and Medicare Advantage (31.4% of patients). The mean
length of follow-up was 3.7 (SD 1.3) years from the index
date (median, 3.3 years; interquartile range, 2.6e4.6 years).
There were no meaningful differences in demographics be-
tween patients with and without VA measurement.

VA

Mean VA at baseline and annually in the VA cohort are
shown by length of follow-up in Figure 2A. Patients in the
1- and 6-year follow-up cohorts had baseline VA of 57.5
and 61.9 ETDRS letters (Snellen equivalents of approxi-
mately 20/70 and 20/60), respectively, with patients with
longer total follow-up time having both better baseline and
better follow-up VA. Analysis of changes in VA from
baseline over time showed that although the mean change in
VA after 1 year was an increase of 3.0 ETDRS letters,
subsequent years showed decreases of approximately 1 to 2
letters each year (Fig 2B).

Injection Frequency

In the overall cohort, mean anti-VEGF injection frequency
decreased over time. Mean SD injection frequency was 7.2
(2.4) per year in year 1, 5.6 (2.7) in year 2, and reached a
plateau around year 3, with a mean injection frequency of
4.2 to 4.6 injections in years 3 through 6. Median injection
frequency per year was 7 for year 1, 5 for year 2, and 4 for
years 3 through 6. The mean time between intravitreal anti-
VEGF injections was 7.1 (SD 2.2) weeks in year 1,
increasing to 11.5 (9.6) weeks in year 2 and 13.1 to 15.0
weeks in years 3 to 6 (Fig 3). Injection frequency over time
according to the number of years of follow-up is shown in
Figure S4 (available at www.ophthalmologyscience.org.). In
years 3 through 6 in the overall cohort, the most common
injection frequency in patient eyes (39.1%e46.3%) was 1
to 3 injections per year, followed by 4 to 6 injections
(34.7%e37.6% of patient eyes) and 7 to 9 injections
(14.4%e17.4% of patient eyes) (Fig 5). The mean annual
injection frequency by agent according to patients’ follow-
up duration is shown in Figure S6 (available at
www.ophthalmologyscience.org.). Patients with 1 to 2
years of follow-up had mean annual frequency 6.8 (SD
2.2) for aflibercept, 5.4 (SD 2.2) for bevacizumab, and 6.2
(SD 2.0) for ranibizumab; for 3 to 4 years’ follow-up, 5.5
(SD 1.9) for aflibercept, 4.9 (SD 1.8) for bevacizumab, and
5.4 (SD 1.8) for ranibizumab, and for 5 to 6 years’ follow-
up, 5.5 (SD 2.0) for aflibercept, 4.7 (SD 1.8) for bev-
acizumab, and 5.2 (SD 1.9) for ranibizumab.

Treatment Duration and Discontinuation

The mean duration of treatment in the VA cohort was 148
(SD 83) weeks. Visual acuity cohort patients persisted with
treatment for 61.2% (98 235/160 423) of eyes, with 21.8%
(34 988/160 423) of eyes having at least 1 treatment gap.
The mean time from starting treatment to the first gap in
treatment was 97 (SD 57) weeks. Treatment was dis-
continued (i.e., the patient had > 1 year in the Registry
3
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1st anti-VEGF inj documented in  
IRIS® Registry 7/1/13–6/30/18

Exclude bilateral pts with anti-VEGF inj in unknown eye laterality   
and pts with all anti-VEGF injs in unknown eye laterality

Pts with ≥ 6 months of IRIS® Registry data contribution before index date or 
practice ≥ 6 months of IRIS® Registry data contribution before the index date 

Documented nAMD diagnosis with eye  
laterality within 6 months before index date

Age ≥ 50 years

Overall cohort: ≥ 2 years of any type of follow-up data in IRIS® Registry

3 doses within 180 days 
of beginning anti-VEGF 

VA cohort: pts have a baseline VA measurement

Eyes, n = 1,336,988 (100.0%); patients, n = 1,108,717 (100.0%)

Eyes, n = 1,231,794 (92.1%); patients, n = 1,003,523 (90.5%)     

Eyes, n = 1,217,961 (91.1%); patients, n = 992,828 (89.6%)  

Eyes, n = 346,790 (25.9%); patients, n = 307,664 (27.8%)

Eyes, n = 344,468 (26.8%); patients, n = 305,554 (27.6%)

Eyes, n = 254,655 (19.1%); patients, n = 226,767 (20.5%)  

Eyes, n = 197,622 (14.8%); patients, n = 181,062 (16.3%)  

Eyes, n = 160,423 (12.0%)  
Patients, n = 147,888 (13.3%)  

Figure 1. Patient eye/patient attrition. Index date defined as the date of the first documented anti-VEGF injection within the IRIS Registry (Intelligent
Research in Sight) during the index period July 1, 2013, to June 6, 2018. inj ¼ injection; nAMD ¼ neovascular age-related macular degeneration;
pts ¼ patients; VA ¼ visual acuity.
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without an injection) for the remaining 38.8% (62 188/160
423) of eyes, with a mean time to discontinuation of 89 (SD
68) weeks after starting treatment.

Treatment Switching

A switch between anti-VEGF agents occurred in 32.3% (51
756/160 423) of eyes in the VA cohort, with a time from
treatment initiation to the first switch of 81.2 (SD 64.1)
days. The proportion of patients treated with multiple agents
decreased from year 1 to year 4, whereas the proportion of
patients receiving aflibercept increased over the years of
follow-up (Fig 7). Switching from bevacizumab to
aflibercept or ranibizumab occurred in 21.1% (33 781/160
423) of eyes in this cohort with a mean time to first
switch of 74.7 (SD 60.9) days. A switch from aflibercept
or ranibizumab to bevacizumab occurred in 5.9% (9485/
160 423) of eyes with a mean time to first switch of 81.9
(SD 63.0) days. Among those who switched, 11.8%
(6111/51 756) of eyes were subsequently switched back to
their original agent.

Influence of Baseline Demographic and Clinical
Characteristics on Changes in VA

The relationships between change in VA from baseline to
year 1 and baseline demographic and clinical characteristics
are shown in Figure 8. Older age (effect size [95% CI]
e0.20 [e0.21, e0.19], P < 0.01); male sex (e0.33
4

[e0.51, e0.16], P < 0.01); receiving Medicaid rather than
Medicare insurance (e2.23 [e3.08, e1.38], P < 0.01);
not being treated by a retina specialist for at least their
first treatment, but by a general ophthalmologist (e0.34
[e0.65, e0.03], P ¼ 0.03) or nonretina specialist (e0.70
[e1.21, e0.18], P ¼ 0.01); worse baseline VA (e0.33
[e0.33, e0.33], P < 0.01); and history of having
glaucoma (e1.35 [e1.66, e1.05], P < 0.01) were all
found to be significantly associated with a loss of VA
(loss of ETDRS letters). Conversely, Black race (1.62
[0.80, 2.45], P < 0.01) and the history of cataracts (0.57
[0.39, 0.75], P < 0.01) were found to be significantly
associated with higher VA. The number of anti-VEGF in-
jections was also positively associated with better VA out-
comes when adjusted for other baseline characteristics, with
a 0.68 ETDRS letter improvement for every additional anti-
VEGF injection.
Time to Vision Loss of � 10 ETDRS Letters (CVL)
and to SPV

KaplaneMeier curves for time to CVL, defined as loss of
� 10 ETDRS letters at any time during follow-up, are
shown in Figure 9 (stratified by baseline VA category). Of
the patients, 58.5% experienced CVL, with a median time-
to-event of < 3 years and < 2 years when excluding the
20/200 or worse baseline VA cohort. Median (95% CI)
time-to-event for eyes with baseline VA of 20/20 or better



Table 2. Demographic and Clinical Characteristics of Patients
Included in the Visual Acuity Cohort

Characteristic Patients (N [ 147 888)*

Age, yrs, mean (SD) 79.55 (8.74)
Age group, yrs, n (%)
50e59 2966 (2.01)
60e69 16 947 (11.46)
70e79 48 403 (32.73)
80e89 61 991 (41.92)
90þ 17 581 (11.89)

Sex, n (%)
Female 92 407 (62.48)
Male 54 932 (37.14)
Unknown 549 (0.37)

Race, n (%)
White 132 505 (89.60)
Unknown 10 777 (7.29)
Asian 1894 (1.28)
Black or African American 1667 (1.13)
Other 1045 (0.71)

Ethnicity, n (%)
Non-Hispanic 125 964 (85.18)
Unknown 16 720 (11.31)
Hispanic 5204 (3.52)

Ophthalmic conditions, n (%)
Glaucoma 11 376 (7.69)
Cataract 55 418 (37.47)

US census region, n (%)
South region: MD, DE, WV, VA, DC,

NC, SC, KY, TN, FL, GA, AL, MS,
LA, AR, OK, TX

53 776 (36.36)

Midwest region: ND, SD, NE, KS,
MO, MN, IA, WI, IL, IN, OH, MI

37 837 (25.58)

West region: NM, AZ, CO, UT, WY,
MT, ID, NV, CA, OR, WA, AK,
HI

28 809 (19.48)

North region: ME, NH, VT, PA, NY,
NJ, MA, RI, CT

26 687 (18.05)

Unknown region 779 (0.53)
Insurance payers, n (%)y

Medicare 67 267 (45.49)
Medicare Advantage 46 423 (31.39)
Commercial 23 749 (16.06)
Other/Unknown/No insurance 8829 (5.96)
Medicaid 1620 (1.10)

Provider specialty, n (%)z

Retina specialists 121 205 (81.96)
Unknown/Other 11 487 (7.77)
General ophthalmologist 11 179 (7.56)
Nonretina specialist 4017 (2.72)

SD ¼ standard deviation; US ¼ United States.
*To show demographic characteristics at the patient level, 1 eye was
selected among patients with 2 eyes enrolled in this study. If eyes were
enrolled on the same day, the worse eye was selected. If eyes were enrolled
on different days, the first eye enrolled was selected.
yPayer type at baseline.
zAt first anti-VEGF injection.
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was 1.69 (1.57, 1.78) years, worse than 20/20 to 20/40 was
1.66 (1.63, 1.69) years, worse than 20/40 to 20/80 was 2.41
(2.37, 2.46), worse than 20/80 to 20/160 was 1.63 (1.56,
1.71) years, and worse than 20/160 was 1.88 (1.79, 1.97)
years. Patients with a baseline 20/200 or worse did not
experience a median time-to-event. Adjusted Cox
proportional hazards models for estimating the risk of CVL
showed that older age at baseline (HR [95% CI] 1.01 [1.01,
1.01], P < 0.001), male gender (1.03 [1.01, 1.04],
P < 0.001), receiving Medicaid rather than Medicare in-
surance (1.07 [1.00, 1.14], P ¼ 0.05), being treated by a
nonretina rather than a retina specialist (1.05 [1.03, 1.04],
P < 0.001), and the history of glaucoma (1.16 [1.13, 1.19],
P < 0.001) and cataracts (1.02 [1.01, 1.04], P ¼ 0.004) were
significantly associated with an increased risk of > 10
letter VA loss (Fig 10, Table S3, available at
www.ophthalmologyscience.org.).

The results of a KaplaneMeier analysis for SPV (defined
as a Snellen VA of 20/200 or worse at 2 separate VA
readings at least 3 months apart that subsequently did not
improve beyond 20/100) are shown in Figure 11. Sustained
poor vision was observed in 14.5% (23 220/160 380) of
eyes, with a median (interquartile range) of 3.44
(2.55e4.71) years to SPV. Adjusted Cox proportional
hazards models for estimating the time-adjusted risk of
SPV showed that older age at baseline (HR [95% CI] 1.04
[1.04, 1.04], P < 0.001); male gender (1.07 [1.04, 1.10],
P < 0.001); race other than White (1.11 [1.06, 1.16],
P < 0.001); payer or insurance types other than Medicare, in
particular Medicaid (1.26 [1.11, 1.43], P ¼ 0.001); not be-
ing treated by a retina specialist (1.23 [1.18, 1.28];
P < 0.001); and the history of glaucoma (1.26 [1.21, 1.32],
P < 0.001) were all associated with an increased risk of
SPV during the follow-up period (Fig 12, Table S4,
available at www.ophthalmologyscience.org.). The
presence of cataract at baseline was the only variable
evaluated associated with a significantly lower risk of
SPV (0.92 [0.89, 0.95], P < 0.001).
Discussion

This study, which evaluated treatment patterns and vision
outcomes over a follow-up period of up to 6 years, repre-
sents the largest and longest follow-up study to date in pa-
tients with nAMD from the IRIS Registry, following
> 160 000 patients with baseline VA measures for up to
6 years. This study utilized statistical models to evaluate
predictors of VA change and assess the impact of baseline
characteristics and the number of anti-VEGF injections
received on vision outcomes and investigated long-term
treatment patterns. It also evaluated the likelihood of CVL
(loss of � 10 letters) and SPV (20/200 or worse), stratified
by baseline VA over a 6-year period, as well as variables
contributing to SPV.

Visual acuity decreased over time after the first year of
treatment, as had been reported from other clinical practice
studies of anti-VEGF therapy in nAMD.27e29 In clinical
practice, visual outcomes with anti-VEGF therapy may be
worse than those observed in clinical trials, possibly as a
result of less frequent and less consistent treatment in
routine clinical practice.23,30,31 Treatment interruptions of >
6 months can result in a permanent VA loss even after
treatment is restarted.32 It is also likely that many patients
treated in clinical practice may not have been eligible for
clinical trials.28,29,33e35 Similar to previously reported
5
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clinical practice studies, in the current study, average VA
improved over the first year of treatment, but VA then
worsened in each follow-up year. Intravitreal anti-VEGF
therapy can place a considerable burden on patients due to
the need for regular injections and associated clinic
visits.14,15,17 A safe anti-VEGF treatment modality that
would meaningfully reduce this burden represents a sub-
stantial unmet need.

Mean anti-VEGF injection frequency decreased over time.
This may reflect the increasing use of treat-and-extend pro-
tocols, which gradually increase the interval between in-
jections. Overall, patients received relatively few intravitreal
anti-VEGF injections in years 3 through 6 (a mean of
approximately 4 injections), with an increasing proportion of
eyes receiving 3 or fewer injections per year and the
6

proportion of eyes treated with 7 or more injections
decreasing. It may be that patients requiring more frequent
treatments experience more rapid declines, leading to their
eventual discontinuation of treatment. When evaluating in-
jection frequency by agent, patients generally received a
similar number of injections annually. Numerically, patients
on aflibercept received the most injections and experienced
the shortest intervals between injections, whereas patients on
bevacizumab received the fewest injections and experienced
the longest intervals between injections at each follow-up
year (Fig S6). Over time, the variance from the mean
increased for each agent, suggesting that treatment intervals
became more customized with prolonged treatment.

The rate of treatment discontinuation was substantial at
38.8% of eyes within 2 years, although this was consistent
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with the findings of 39% to 42% after 3 years and lower than
62% after 18 months reported in other analyses of data from
clinical practice.25,36 However, the eligibility requirement
for a minimum of 3 injections within the first 180 days
may have skewed discontinuation rates in the current
analysis because prior studies may have reported on
patients who discontinued after just 1 or 2 injections.
Although the precise reasons for discontinuation in the
current analysis are not known, prior studies have reported
patients not seeing value in the treatments because of
stable or good vision, the occurrence of an adverse event,
the development of other ocular and systemic
comorbidities, and simply the burden that patients
experience with repeated injections.16,37e40 It is also
possible that there was no recurrence of fluid requiring
treatment when the physician elected pro re nata treatment.
For some patients, the high rate of discontinuation may
underscore the need for less burdensome approaches to
nAMD management.

Switching between anti-VEGF agents occurred in
approximately one third of patient eyes evaluated in this
study. As with discontinuation, it is not possible to know the
7
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exact reasons for medication switching. However, a lack of
response or an incomplete response to treatment, patient or
physician preference, or desire to reduce injection frequency
have been cited as important factors in guiding the decision
to switch agents.41 There is, however, limited evidence for
substantial improvements in outcomes after switching
among the agents evaluated in this study.41e44 Payer and
formulary restrictions may also play a role in the decision to
switch treatments.41,45,46 Additional research is needed to
provide a better understanding of the clinical reasoning,
physician treatment strategies, and patient preferences that
underlie decisions to switch between anti-VEGF agents in
nAMD.
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Statistical models identified several factors associated
with loss of VA after 1 year of anti-VEGF treatment, with
poorer baseline VA supportive of prior analyses.47 In the
adjusted model, there was an association of an increasing
number of injections leading to improved vision, with
each additional anti-VEGF injection leading to an addi-
tional 0.68 ETDRS letters of VA gained in year 1. Patients
who receive 8 injections per year are thus likely to experi-
ence a clinically meaningful increase in ETDRS letters (i.e.,
0.68 � 8 ¼ 5.44). Improvement in VA with an increasing
number of injections was also reported in a smaller retro-
spective study in nAMD.29 Black race and the history of
cataracts at baseline were the only variables significantly
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associated with a gain of ETDRS letters after 1 year, with
the mechanisms driving these findings being unknown.
Notably, compared with White patients, Black patients
experienced a significant increase in ETDRS letters gained
after treatment initiation. When considering the impact of
the history of cataracts, it should be noted that it is
unclear how long it has been since such a diagnosis was
received; it is possible that treatment for cataracts during
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For SPV, factors associated with increased risk were older
age, male gender, insurance/payer type, not being treated by
a retina specialist, and the historical presence of glaucoma.
Interestingly, a history of cataracts was fairly protective of
patients experiencing SPV (even though it was not protec-
tive in those experiencing CVL). Race other than White was
also a significant factor associated with SPV; however, non-
White patients represented < 10% of the study cohort. The
association of certain modifiable risk factors with increased
risk of these 2 vision outcomes found in these modeling
exercises suggests that patients could benefit from earlier
intervention, treatment of other ocular conditions, and
improved access to specialist care.
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The findings of this up to 6-year study build upon pre-
vious studies of patients with nAMD who had up to 5 years
of follow-up. A previous IRIS Registry study involving >
100 000 eyes with up to 3.5 years follow-up reported that
VA was slightly better at the end of the first year of treat-
ment but then declined through the remainder of the study.25

The SIERRA-AMD clinical practice US cohort study of
nAMD included anonymized EHRs for approximately 80
000 patients from clinical practices that utilized the Vestrum
Health Retina database. Overall, the mean year 1 letter gain
in SIERRA-AMD was 1.1 letters from a mean baseline of
53.1 letters,28 compared with an increase of 3.0 letters in our
analysis from baseline VA of up to 61.9 ETDRS letters in
a

Year 3 Year 4 Year 5 Year 6

95,700 (60) 54,853 (34) 28,938 (18) 9776 (6)

Follow-Up

SPV) over time (visual acuity [VA] cohort). SPV was defined as a Snellen
did not improve beyond 20/100. Cohort excludes patients with VA worse
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the current analysis. In both studies, both VA and anti-
VEGF injection frequency declined among patients with 4
years of follow-up.28 Similarly, a study using the Vestrum
database that included 5208 eyes with nAMD with 5
years of follow-up reported a year 1 gain of 3.1 letters
from a baseline of 54 to 57 letters but then losses of 0.2 and
2.2 letters at years 3 and 5, respectively.29

The current study had several meaningful differences
compared with these previous studies, including the data-
bases utilized, follow-up durations, inclusion criteria, and
evaluation of clinical and demographic characteristics asso-
ciated with vision loss or improvement using linear regres-
sion and Cox proportional hazards models. Most studies have
not required a minimum of 3 injections in the first 180 days to
be included. Nevertheless, the year 1 means of 5.6 (SD 3.0)
and 7.6 (2.1) injections in the previous IRIS Registry study
and in SIERRA, respectively,25,28 were comparable with the
year 1 mean of 7.2 (SD 2.4) in the current study.

The current work highlights some of the challenges with
our current approach to nAMD management using relatively
short-duration intravitreal anti-VEGF treatments. Most pa-
tients do not seem to be realizing the maximal potential
benefit of anti-VEGF therapy through 6-years of follow-up,
some of which could be due to chronic undertreatment
arising from poor patient adherence, limited availability of
physicians or clinics, and insufficient patient awareness that
their chronic disease will require prolonged therapy to
maintain their vision.16 Other possible reasons for not
reaching maximal benefit include poor response to
treatment and the development of additional ocular
conditions, such as geographic atrophy or glaucoma that
contribute to loss of vision.41,48 New approaches that
require fewer treatments over time and/or those that
provide continuous delivery of an anti-VEGF therapeutic
over at least several months may have the potential to
improve patient outcomes relative to the current manage-
ment paradigm.
Limitations

This was a retrospective analysis of patient registry data
from routine clinical practice and is therefore associated
with multiple inherent limitations that preclude definitive
identification of the cause of declining VA. As a registry of
clinical practice data, by year 3, only 42% of the initial
cohort reported VA, limiting the results presented beyond
year 2. There are inherent flaws in all general practice
measures of VA, such as the large gaps in VA at the
lower end of the Snellen chart and the increased time
required for nonophthalmic specialists to perform the
ETDRS chart.49 Additionally, provider reporting of VA was
not standardized in the Registry, and values used were
approximate ETDRS letters for the VA analyses.

Major limitations of this analysis were that it was not
known if patients included had either missed visits or had
treatment extensions planned and that reasons for treatment
discontinuation or treatment gaps, such as poor or no
treatment response, were also not known. A further limita-
tion is that it is not possible in all cases to know the reasons
for medication switching when it occurred. Because injec-
tion treatment patterns (including the number of anti-VEGF
injections, treatment intervals, and switching of agents) were
extremely variable from year to year; they therefore could
not be reliably associated with the outcome at the end of the
follow-up period. Thus, it was not possible to determine if
increased frequency of treatment gaps was associated with
worse visual outcomes nor if any of the factors for poten-
tially worse or better outcomes were associated with greater
or lower frequency of treatment gaps. Additionally, the
timing of historical diagnoses of comorbidities (e.g., pres-
ence of glaucoma and presence of cataracts) and related
treatment are unknown, complicating the interpretation of
results. Furthermore, with regard to VA, there are conditions
other than AMD that could have led to poor VA that may
not have been captured in the current study. Finally,
11
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information on anatomic outcomes, such as macular fluid
status by OCT, is not available.

It was possible that a patient could have been treated in a
previous practice setting before inclusion in the Registry. In
addition, the EHR look-back period was only 6 months
before the patient’s index date. Both factors could have led
to the previous treatment not being captured resulting in a
potential risk that eyes that were not treatment-naive at
baseline could have been included in this study. Outcomes
were also not evaluated separately for patients with bilateral
and unilateral nAMD.

Although the sample size of self-identified Black and non-
White patients with nAMD included in this analysis was low
comparedwith self-identifiedWhite patients, estimates reflect
previous population-based studies in which the incidence of
nAMD has been shown to be lower in Black patients
compared with White patients.50 Additional research into
racial and ethnic variations among patients with nAMD and
their response to treatment should be explored and may lead
to more accurate model estimates. However, given the size
and inclusivity of the IRIS Registry, these findings are
generalizable to the US population.

This retrospective study of data from a US-wide registry
of patients in routine clinical practice demonstrates that eyes
with nAMD that were treated with intravitreal anti-VEGF
12
injections showed initial modest gains in vision in the first
year of treatment, followed by a high rate of vision loss over
a period of up to 6 years of treatment, with a net loss from
baseline of 4.6 letters. Of the patients, 58.5% experienced
CVL at least once, and 14.5% experienced SPV. Injection
frequency decreased from a mean of 5.6 injections in year 2
and plateaued at 4.2 to 4.6 injections in years 3 through 6; of
the patients, 38.8% discontinued treatment. Statistical
modeling suggested, however, that patients who received
more frequent anti-VEGF injections in the first year had
better vision outcomes. Overall, these findings suggest that
most patients with nAMD may find it difficult to adhere to
the requirement for frequent intravitreal anti-VEGF in-
jections and could therefore be at risk of experiencing poor
vision outcomes. New therapies, including those with
different modes of action and/or new routes of administra-
tion, which safely reduce treatment burden by extending the
duration between retreatments while maintaining optimal
efficacy outcomes, could result in improved visual outcomes
for patients in routine clinical practice.
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