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Plain language summary

Geographic atrophy (GA) is an eye disease.
GA is the advanced form of dry age-related
macular degeneration (AMD). It can cause
permanent and irreversible vision loss. In
this study, patients with GA were found to
be at increased risk of going blind relative
to people without GA. Furthermore,
patients with GA who also had wet AMD,
another advanced form of AMD, were more
likely to have their disease progress than
those who just had GA.

Implications for
managed care pharmacy

According to this study, patients with GA have
greater risk of becoming blind than those
without GA. Those with comorbid wet AMD
have an increased risk of progression to GA
with subfoveal involvement. Differences were
not observed between GA and non-GA on
health care resource use, but patients with GA
will use recently approved GA treatments to
delay or prevent blindness. Further research
is necessary to understand real-world treat-
ment implications on health care resource
use, disease progression, and longer-term
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outcomes.

ABSTRACT

BACKGROUND: Geographic atrophy (GA) is a form of advanced age-
related macular degeneration (AMD) that can cause irreversible
vision impairment and is responsible for approximately 20% of legal
blindness in the United States. There is limited real-world evidence
assessing health outcomes and health care resource use (HCRU)
among individuals with GA.

OBJECTIVE: To examine the progression from GA without subfoveal
involvement (SFl) to GA with SFI, progression to irreversible blindness,
and HCRU among older individuals with GA enrolled in Medicare
Advantage Prescription Drug (MAPD) plans.

METHODS: This retrospective study used claims data for MAPD-plan
enrollees aged at least 65 years with an AMD diagnosis between 2018
and 2021. To assess progression of GA, development of blindness, and
HCRU, propensity score matched cohorts of individuals with GA and
without GA were identified and compared. For GA progression analysis,
at least 12 months of follow-up was required, and patients were fol-
lowed until the end of either follow-up or study period.

RESULTS: Total 9,511 individuals with GA were matched 1:1 to indi-
viduals without GA. Among individuals with GA, initial diagnosis was
primarily by an ophthalmologist (58.6%) followed by an optometrist
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(30.9%). The most common diagnostic imaging procedure at index

was optical coherence tomography (53.0%). Mean follow-up time was
2.3 years. At index, 4,781 (50.3%) individuals had GA without SFl and
4,697 (49.4%) had GA with SFI. Among individuals with GA without SFI
at index, 479 (10.2%) progressed to GA with SFI during the 12-month
follow-up. Among individuals with GA without SFI at index, 173 (3.6%)
developed irreversible blindness, compared to 312 (6.6%) of those with
SFI, and 51 (0.5%) individuals without GA. Kaplan-Meier analysis indi-
cated fastest progression to irreversible blindness among individuals
with GA with SFI, followed by those without SFI (Log-rank test P<0.001).
Both diagnosis of GA without SFI (hazard ratio [HR] [Cl]=6.77 [4.98-9.35],
P<0.001) and diagnosis of GA with SFI (HR [CI]=12.59 [9.43-17.16],
P<0.001) were strongly associated with increased risk of developing
irreversible blindness. Significant predictors of progression to GA with
SFI were wet AMD at baseline (HR [CI]=5.70 [4.63-6.99], P<0.001),
Elixhauser comorbidity score of 4-5 (HR [Cl]=1.46 [1.12-1.91], P=0.006),
and more than 5 (HR [CI]=1.40 [1.02-1.89], P=0.035).

CONCLUSIONS: GA with or without SFI was associated with progres-
sion to irreversible blindness in an MAPD-plan population. Patients
with GA with SFI progressed to irreversible blindness faster than
patients with GA without SFI. With the recent approval of GA treat-
ments, future research is needed to assess the impacts on disease
progression, including blindness.
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Age-related macular degeneration (AMD) is a chronic, pro-
gressive degenerative disorder of the macula affecting older
individuals and causes loss of central vision.! AMD is one of
the leading causes of visual impairment and blindness glob-
ally? and can be classified broadly into the following 2 types:
nonneovascular (dry) and neovascular (wet).! Wet AMD is indi-
cated by the development of choroidal neovascularization (ie,
the growth of new blood vessels under the macula that could
potentially leak). Dry AMD, the nonexudative form, accounts
for the majority of all diagnosed cases of the disease.

Geographic atrophy (GA) is the advanced form of dry
AMD and is characterized by the loss of cells in the macula
resulting in atrophic lesions. On imaging, these areas of
atrophy often resemble a map, hence the name GA. GA
can cause irreversible loss of vision, especially once the
fovea, the central point of the macula responsible for sharp
central vision, is affected by the GA lesion. GA typically
begins outside of the fovea (without subfoveal involvement
[SFI]) and expands into the fovea (with SFI) where central
visual acuity is most impacted by the progression.® There
are more than 1 million people in the United States who
have GA in at least 1 eye.* This disease causes progressive
loss of the retinal pigment epithelium, photoreceptors, and
underlying choriocapillaris, and is responsible for approxi-
mately 20% of legal blindness in North America.®

Therapies indicated for the treatment of GA have
only recently received US Food and Drug Administration
(FDA) approval. In February 2023, pegcetacoplan injection
(Syfovre; Apellis Pharmaceuticals) was approved by the FDA
for the treatment of GA, representing the first FDA approved
medication with this indication.® This drug is a complement
inhibitor targeting components of the complement cascade,
C3 and C3b, to slow the progression of GA lesion growth.’
The Syfovre phase 3 clinical trials included patients with GA
lesions either with SFI or without SFI. Another treatment
was approved by the FDA in August 2023: avacincaptad
pegol intravitreal solution (Izervay; Astellas Pharma US,
Inc.), a complement C5 inhibitor indicated for treating
GA secondary to AMD.*? In contrast to the Syfovre trials,
Izervay phase 3 clinical trials only included patients having
GA lesions without SFI.

Progression of GA may take place over a prolonged
period; however, limited evidence exists assessing changes
in the use of health care services during the period of
initial identification and diagnosis. In the Age-Related Eye
Disease (AREDS) study, among individuals with median age
of 71 years, the median time to development of central GA
after any GA diagnosis was found to be 2.5 years.? In arecent
study among patients aged at least 50 years, based on data
from the American Academy of Ophthalmology Intelligent
Research in Sight (IRIS) Registry, 12.8% of study eyes that
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had GA without SFI at baseline progressed to GA with SFI at
the end of 2 years of follow-up.” Prior to the availability of
treatment, a claims analysis assessing a commercial popu-
lation concluded patients with GA have significantly higher
health care resource use (HCRU) and spending in the first
year after diagnosis; however, there is little contemporary
research on GA progression among Medicare Advantage
Prescription Drug (MAPD) plan enrollees.”?

To assess outcomes among MAPD-plan enrollees with
GA, we examined progression from GA without SFI to GA
with SFI, progression to irreversible blindness, incidence
of depression, incidence of fall-related injuries, and HCRU.

Methods

DATA SOURCE

This retrospective study was conducted using the Humana
Research Database that contains health care administrative
claims data for MAPD and commercial health plan enrollees.
For this study, member enrollment data, medical claims,
and pharmacy claims for older individuals enrolled in MAPD
plans were examined. Claims data included information
regarding physician visits, outpatient visits, emergency
department (ED) visits, and inpatient hospitalizations.
Pharmacy claims data included detailed information for
each prescription fill.

STUDY POPULATION AND STUDY DESIGN

This study was a longitudinal historical cohort study that
examined outcomes among propensity score (PS)-matched
GA and non-GA cohorts. The GA cohort included individuals
enrolled in MAPD plans with at least 1 medical claim with
a diagnosis code for GA (International Classification of
Diseases, Tenth Revision, Clinical Modification [ICD-
10-CM] codes: GA without SFI [Right eye=H35.3113, Left
eye =H35.3123, Bilateral GA=H35.3133]; GA with SFI [Right
eye=H35.3114, Left eye=H35.3124, Bilateral=H35.3134])
(Supplementary Table 1) in any position during the identi-
fication period, July 1, 2018, to June 30, 2021 (Figure 1). Date
of the first claim with the diagnosis of GA was set as the
index date. Study participants were required to be aged at
least 65 years on index date, with continuous enrollment in
medical and pharmacy benefits for 12 months during the
pre-index period and for at least 12 months during the fol-
low-up period. Follow-up was continued beyond 12 months
for individuals with longer enrollment, until the end of the
study period (June 30, 2022) or end of enrollment. Individuals
with a diagnosis of GA during the pre-index period were
excluded. Similarly, individuals who had at least 1 claim with
a diagnosis of certain ophthalmic conditions (visual impair-
ment or blindness, glaucoma, diabetic retinopathy, and
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cataract) during the pre-index period were excluded; how-
ever, study participants could have wet AMD.

The non-GA cohort included MAPD-plan enrollees
without a diagnosis of GA during the study period. The
non-GA cohort was randomly assigned index dates such
that the distribution of the index dates in non-GA cohort
reflected the distribution of index dates in the matched GA
cohort. To be included in the non-GA cohort, individuals
were required to be aged 65 years or older on index date,
with at least 1 physician office visit during the 30 days
before the index date, and 12 months of pre-index and
post-index continuous enrollment. A variable follow-up
period was allowed beyond 12 months until the end of the
study period or end of enrollment. Individuals with at least
1 claim with a diagnosis of ophthalmic conditions (visual
impairment or blindness, glaucoma, diabetic retinopathy,
and cataract) during the pre-index period were excluded
as these conditions could lead to blindness, thereby con-
founding the results.

BASELINE MEASURES

All baseline measures were evaluated during the 12
months before index GA diagnosis, including index date.
Demographic characteristics measured at baseline included
age,sex,race,region, population density,low-income subsidy
status, and Medicaid /Medicare dual eligibility. Comorbidity
burden and severity among the matched cohorts was evalu-
ated using Deyo-Charlson comorbidity index (DCI) and
Elixhauser comorbidities. Additionally, presence of comor-
bidities like wet AMD, depression, and anxiety disorders at
baseline and during follow-up were also assessed. The DCI
score is based on 17 categories of comorbidities to calculate
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a score that reflects the cumulative increased likelihood of
1-year mortality.”® The Elixhauser comorbidity score uses 31
categories of ICD-9 and ICD-10 diagnosis codes to calculate
a score that is associated with hospital charges, length of
stay, and mortality.*"® The Elixhauser score is unweighted
for each of the comorbidities and can range from 0O to 31.

The specialty of the GA diagnosing provider was deter-
mined using National Provider Identifiers, and diagnostic
imaging procedures used for confirming GA diagnosis were
identified using Current Procedural Terminology codes
(Supplementary Table 2).

STUDY OUTCOMES

The primary outcome for GA vs non-GA comparison was
progression to irreversible blindness. Irreversible blindness
was defined as any patient with a diagnosis code for blind-
ness (ICD-10-CM=H54.0, H54.1, H54.4, H54.8) in the claims
database. Another primary outcome of interest was progres-
sion to GA with SFI, which only applied to those with GA but
without SFI at index. Progression of GA was defined among
patients with GA without SFI in both eyes at index by a sub-
sequent code for GA with SFI during the study period. GA
progression was not studied at individual eye level as sev-
eral inconsistencies were found in the eye-level coding of
GA. Additionally, fall-related injuries, depression, anxiety,
and HCRU were assessed during follow-up. These outcomes
were measured using ICD-10-CM codes (Supplementary
Table 1) observed on medical claims during the follow-up
period. Crude incidence rate (IR) per 1,000 person years and
95% ClIs were calculated for depression, anxiety disorders,
and fall-related injuries. Individuals with prevalent depres-
sion or anxiety during the baseline period were excluded
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from the IR calculations, and these rates reflect the rates of
new diagnosis of these conditions. Use of antivascular endo-
thelial growth factor (anti-VEGF) medications, laser therapy,
antidepressants, and other medications were also assessed.

STATISTICAL ANALYSIS

To mitigate selection bias and adjust for baseline differences
between GA and non-GA cohorts, the PS-matching method
was used. The PSs were estimated for each patient by
modeling the probability of being diagnosed with GA. The
logistic regression model used for calculating PS included
baseline demographic characteristics, selected medical
comorbidities, and baseline HCRU (Supplementary Table 3).
Individuals with and without GA were matched 1:1 using a
greedy matching algorithm for PS matching.’® To assess the
balance between the matched cohorts on variables used
for matching, the standardized differences for each vari-
able were evaluated both before and after the matching
(Supplementary Table 3).

Descriptive statistics (percentages, means, medians,
SDs) were used to describe baseline demographic/clinical
characteristics. Chi-square tests or Fischer’s exact tests
were used for comparisons of frequencies between the
cohorts, and Wilcoxon-Mann-Whitney tests were used for
continuous variables. Kaplan-Meier methods were imple-
mented to estimate median survival time for time to event
outcomes (progression from GA without SFI to GA with
SFI, progression to irreversible blindness from index date,
and time to first fall-related injury from the index date).
A log-rank test was performed for testing the difference in
proportion of patients with the outcomes of interest across
the various strata. A Cox proportional hazard model includ-
ing all individuals without evidence of irreversible blindness
at index was used to assess factors associated with progres-
sion to irreversible blindness. Likewise, a Cox proportional
hazard model was used to assess factors associated with
progression to SFI among the subgroup of individuals with
GA with no evidence of SFI. Proportional hazards were
assessed to understand the association between baseline
characteristics and the outcomes. The independent vari-
ables included in the model were age, sex, race, population
density (urban, suburban, and rural), Elixhauser comorbidity
score, wet AMD, pre-index anti-VEGF use, and HCRU
(inpatient stays, ED visits, and telehealth visits). Analyses
were performed using SAS Enterprise Guide v8.3.

Results

BASELINE CHARACTERISTICS
A total of 9,519 individuals with a diagnosis of GA were iden-
tified, and a total of 9,511 individuals with and without GA
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were successfully matched (Figure 2). Standardized differ-
ences associated with all baseline variables included in the PS
match were less than 0.10 after matching. For a complete list
of the variables used and the standardized differences before
and after matching, refer to Supplementary Table 3. The
mean [SD] age in the matched cohorts was 82.3 [7.4] vs 82.3
[7.6] years for GA and non-GA cohorts, respectively (P=0.638,
standardized difference=0.01). The majority of individuals
were female, White race, living in the South region of the
United States, and living in urban locations (see Table 1). DCI
score and Elixhauser condition count were similar among the
GA and non-GA cohorts. The proportion of patients with wet
AMD during the pre-index period was higher among indi-
viduals with GA (1,806 [19.0%] vs 366 [3.9%], GA and non-GA
cohort, respectively, P<0.001). GA was most commonly diag-
nosed during an encounter with an ophthalmologist (5,574
[58.6%]), followed by optometrists (2,935 [30.9%]). A total
73.3% of patients received at least 1 GA-related imaging
procedure on the index date. The most common diagnostic
imaging procedure was optical coherence tomography (5,042
[53.0%]), followed by fundus photography (2,039 [21.4%]) and
fluorescein angiography (600 [6.3%]). The mean (SD) follow-
up duration in days was 847 (320) vs 845 (321), for GA and
non-GA cohort, respectively (P=0.655).

During the study period, there was no treatment approved
for GA. In assessing therapies used to treat other ocular
conditions, there was higher use of laser therapy among
individuals with GA (464 [4.9%] vs 169 [1.8%]; GA and non-GA
cohort, respectively, P<0.001) (Supplementary Table 4). Use
of anti-VEGF agents, which are indicated for treating wet
AMD, was also higher among individuals with GA (bevaci-
zumab =961 [10.1%] vs 159 [1.7%], P<0.001; aflibercept=455
[4.8%] vs 109 [1.1%], P<0.001; ranibizumab =215 [2.3%] vs 53
[0.6%], P<0.001).

CLINICAL COMORBIDITIES AND OUTCOMES

The prevalence of wet AMD observed during the follow-up
period was higher among individuals with GA compared
with the non-GA cohort (2,805 [29.5%] vs 392 [4.1%],
respectively; P<0.0001) (Supplementary Table 5). A high
proportion of patients had GA with SFI at index in 1 or both
eyes (n=4,697, 49.4%). Hence, the progression to GA with
SFI during follow-up period was assessed among a subgroup
of patients with GA but without SFI at index in both the eyes
(n=4,781, 50.3%). Progression to GA with SFI was observed
in 479 (10.2%) of these individuals (see Table 2). The stron-
gest predictors of progression to SFI were wet AMD (hazard
ratio [HR] [CI]=5.70 [4.63-6.99], P<0.001), Elixhauser scores
of 4-5 (HR [CI]=1.46 [1.12-1.91], P=0.006), and an Elixhauser
score of more than 5 (HR [CI]=1.39 [1.02-1.89], P=0.035,
Supplementary Table 6).
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AMD =age-related macular degeneration; GA=geographic atrophy; MAPD =Medicare Prescription Drug Plan.

For assessing progression to irreversible blindness, 9,478
patients from the GA cohort and 9,511 from the non-GA
cohort were included; a total of 33 patients with GA were
excluded because of having a diagnosis of irreversible
blindness at index. A total of 173 (3.6%) individuals with GA
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without SF1 atindex, 312 (6.6%) with GA with SFTatindex, and
51 (0.5%) individuals without GA had claims-based evidence
of irreversible blindness during follow-up. Figure 3 presents
the Kaplan-Meier curves for progression to irreversible
blindness, indicating a statistically significant difference
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TABLE 1 Baseline Demographic and Clinical Characteristics

Standardized
Characteristic GA cohort Non-GA cohort P value difference
n 9,511 9,511
Demographic characteristics
Age on index date, mean (SD) 82.27 (£7.4) 82.34 (x7.6) 0.638 0.009
Sex, n (%) 0.263 0.016
Female 6,136 (64.5) 6,062 (63.7)
Male 3,375 (35.5) 3,449 (36.3)
Race, n (%) 0.853
White 8,886 (93.4) 8,860 (93.2) 0.011
Black 192 (2.0) 204 (2.1) 0.009
Other 248 (2.6) 262 (2.8) 0.009
Unknown 185 (1.9) 185 (1.9) 0.000
Geographic location, n (%) 0.457
Northeast 299 (3.1) 336 (3.5) 0.022
Mid-West 2,366 (24.9) 2,387 (25.1) 0.005
South 5,472 (57.5) 5,410 (56.9) 0.013
West 1,374 (14.4) 1,378 (14.5) 0.001
Population density, n (%) 0.515
Urban 5,566 (58.5) 5,483 (57.6) 0.018
Suburban 2,559 (26.9) 2,633 (27.7) 0.017
Rural 1,170 (12.3) 1,192 (12.5) 0.007
Unknown 216 (2.3) 203 (2.1) 0.009
Low-income subsidy status, n (%) 2,121 (22.3) 2,156 (22.7) 0.543 0.009
Dual eligibility status, n (%) 1,659 (17.4) 1,641 (17.3) 0.730 0.005
Clinical characteristics
GA without subfoveal involvement at index, n (%) 4,781 (50.3) — — —
GA with subfoveal involvement at index, n (%) 4,697 (49.4) — — —
Irreversible blindness at index, n (%)? 33(0.3) — — —
DCCI, mean (SD)b< 1.8 (2.0) 1.9 (2.0) 0.001 —
Elixhauser comorbidity score, mean (SD)b< 3.3(2.8) 3.3(27) 0.001 —
Wet AMD, n (%)® 1,806 (19) 366 (3.9) <0.0001 —
Depression, n (%)° 1,896 (19.9) 1,962 (20.6) 0.234 —
Anxiety disorders, n (%)® 1,807 (19) 1,817 (19.1) 0.854 —
Diagnostic characteristics
GA diagnosing provider specialty, n (%)°
Ophthalmologist 5,574 (58.6) — — —
Optometrist 2,935 (30.9) — — —
Primary care provider 243 (2.6) — — —
Other 327 (3.4) — — —
Unknown 432 (4.5) — — —

continued on next page

Vol. 31, No.1 | January 2025 | JMCP.org



m GA and factors associated with disease progression

TABLE 1 Baseline Demographic and Clinical Characteristics (continued)

Standardized
Characteristic GA cohort Non-GA cohort P value difference
GA diagnostic procedure received on index date, n (%)®
Any of the below procedures 6,968 (73.3) — — —

OCT 5,042 (53.0) — — —

FP 2,039 (21.4) — — —

FA 600 (6.3) — — —

ICG <11 (<0.1) — — —

FA & ICG (at same time) 97 (1.0) — — —
Length of follow-up
Follow-up duration (days), mean (SD)® | 8473200 | 845(32) | 0655 —

“Note that 33 patients with diagnosis of irreversible blindness at index were not included in some analyses.

bNot included in matching.

cAggregate score not used in matching, but individual comorbidities were used in matching.

AMD =age-related macular degeneration; DCCl=Deyo-Charlson Comorbidity Index; FA=fluorescein angiography; FP=fundus photography; GA=geographic
atrophy; ICG =indocyanine-green angiography; OCT =optical coherence tomography.

TABLE 2 Clinical Conditions During Follow-Up Period

Clinical outcome GA cohort Non-GA cohort P value
Comorbidities of interest, n (%)
Wet AMD 2,805 (29.5) 392 (4.1) <0.0001
Mental health conditions (depression or anxiety) 2,274 (23.4) 2,144 (22.0) 0.023
Depression 2,123 (22.3) 2,145 (22.6) 0.702
Anxiety disorders 1,948 (20.5) 1,865 (19.6) 0.133
Clinical outcomes, n (%)
Progression to GA with SFI? 479 (10.2) — —
Progression to blindness® 485 (5.1) 51 (0.5) 0.266
GA without SFI at index® 173 (3.6) — —
GA with SFI at index® 312 (6.6) — —
Fall-related injuries¢ 1,393 (14.7) 1,303 (13.7) 0.052
Crude incidence rate (per 1,000 person years)
Fall-related injuries (Cl) 74.7 (70.8-78.7) 68.8 (65.1-72.6) NS
Depression (Cl) 86.6 (82.1-91.3) 77.3(73.0-81.7) 0.004
Anxiety disorders (CI) 84.5(80.1-89.1) 78.9 (74.6-83.4) NS

Calculated among 4,781 individuals with GA without evidence of SFl at baseline.

bCalculated among 9,478 individuals in the GA cohort and 9,511 individuals in the non-GA cohort without evidence of blindness at baseline.

‘Calculated among 4,697 patients with GA with SFI at baseline.

dCalculated among 9,511 individuals in the GA cohort and 9,511 individuals in the non-GA cohort.
AMD =age-related macular degeneration; GA=geographic atrophy; NS=not significant; SFl =subfoveal involvement.
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m Kaplan-Meier Curves Comparing Blindness Between the GA and Non-GA Cohorts
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GA=geographic atrophy; SFl=subfoveal involvement.

between the cohorts (log-rank test P<0.0001). The stron-
gest predictors of progression to blindness were presence
of GA with SFI at index (HR [CI]=12.59 [9.43-17.16], P<0.001)
and GA without SFI at index (HR [CI]=6.77 [4.98-9.35],
P<0.001) (Supplementary Table 7).

There was no statistically significant difference in IR per
1,000 person years for prevalence of depression and anxiety
disorders during follow-up in the 2 cohorts (see Table 2);
however, new diagnosis of depression was higher among
individuals with GA than in the non-GA cohort (86.6 [82.1-91.3]
vs 77.3 [73.0-81.7], P=0.004). No statistically significant differ-
ences were observed in the IRs for fall-related injuries and
anxiety disorders between the matched cohorts (Table 2).

There was no statistically significant difference between
the 2 cohorts in the use of health care resources like inpa-
tient stays, length of stay, ED visits, and telehealth services,
except for higher number of outpatient visits in individuals
with GA (mean [SD]=18.3 [15.9] vs 16.7 [15.9]; GA vs non-GA
cohort, respectively, P<0.001) (Supplementary Table 8).

Discussion

AMD is one of the leading causes of blindness in the United
States and the leading cause of blindness among White indi-
viduals.>"” In our study, the average age of patients with GA
was 82.3 years, approximately 64% were female, and about
93% identified as White race.

In a past study using commercially available claims data,
it was reported that approximately 40% of all patients with
GA had wet AMD at the diagnosis of GA." The mean age of
patients in that study was 69 years, and both incident and
prevalent patients with GA were included, the latter of which
may include individuals with more advanced disease at
study entry. That study did not exclude patients with certain
ophthalmic conditions during the pre-index period (visual
impairment or blindness, glaucoma, diabetic retinopathy,
and cataract), unlike the current study. In our study, about
30% of the GA cohort had evidence of wet AMD during the
follow-up period, which was slightly lower than the afore-
mentioned study. The prevalence of co-occurring wet AMD
in our study may be a result of inclusion of only incident
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patients with GA, and exclusion of a significant number of
patients with aforementioned ophthalmic conditions during
the pre-index period. However, our study affirms that wet
AMD and GA are frequently co-occurring in patients with
AMD. These patients may require treatment with both
novel GA therapies and anti-VEGF therapy at the same time
because GA and wet AMD have differing pathophysiology.

Additionally, we observed approximately 10% of patients
progressed from GA without SFI to GA with SFI during
the follow-up period. The average follow-up period in the
current study was 2.3 years. In the AREDS study, which was
a prospective, randomized, interventional trial for treat-
ments of AMD, the median survival time for progression to
central GA was found to be 2.5 years (ie, the probability of
progression was 0.50 at 2.5 years).> Although the duration
of follow-up available in the current study was relatively
prolonged for a longitudinal study based on administrative
claims data, follow-up in the AREDS study continued for up
to adecade and allowed examination of the fundus at regular
intervals during follow-up. The IRIS registry also observed
higher rates of progression to GA with SFI, which suggests
that coding inconsistencies in real-world databases may
impact the rate of GA progression seen in this study.

In our study, we observed the risk of developing irrevers-
ible blindness double if a patient had GA with SFI at index
compared with patients having GA without SFI at index. In
the published literature, there are reports that the presence
of wet AMD in the fellow eye is associated with a higher
progression rate for GA."®" Although coding limitations pre-
cluded an eye-level analysis to determine whether patients
had GA and wet AMD in the same eye or fellow eye, our
study estimated that among the patients with GA without
SFI at index, co-occurring wet AMD increased the risk of
progression to GA with SFI by 5.7 times, compared with
those without wet AMD at baseline. Given that no treat-
ments have existed for GA until recently, there has likely
been little incentive for consistent and accurate diagnosis
coding by specialists, which might, to some extent, result in
potential underreporting of GA progression in claims data.
Park et al suggested this might be due to providers revising
their diagnostic coding from nonexudative to exudative
AMD when the patient develops choroidal neovasculariza-
tion resulting in the removal of nonexudative AMD from the
chart.” Subsequently, if the patient develops GA, the pro-
vider may not redocument the diagnosis of nonexudative
AMD. As GA has been shown to be underreported in medical
records, the availability of a treatment for this disease may
motivate improved reporting and coding of this condition.”

Another factor associated with increased progression
from GA without SFI to GA with SFI was an Elixhauser
comorbidity score of 4 or more. The Elixhauser score is
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made up of a total of 31 comorbidities; however, none of
the comorbidities are ophthalmic conditions. A higher
score indicates greater comorbidity burden and could be
characteristic of an aging population. The only factor found
to be associated with reducing the risk of progression to GA
with SFI was residence in an urban location, which may be a
proxy for health care access.

In this study, the prevalence of depression at baseline
was observed in one-fifth or more of the study sample
(ranged 19.9%-22.6%). Furthermore, the incidence of new
onset depression during the follow-up period was greater
in GA cohort than non-GA cohort (86.6 vs 77.3 per 1,000
person years, P=0.004). These results align with the find-
ings of Cimarolli et al,*® which concluded that depression
was common among patients with advanced macular
degeneration, with one-third reporting clinically significant
depressive symptomology. Additionally, approximately 20%
of patients with GA in the current study had evidence of an
anxiety disorder during the follow-up period, which aligns
with a systematic literature review based on prior research
that found the prevalence estimate of anxiety disorders
among individuals with AMD between 9.6% and 30.1%.*

In the current study, approximately 17% of patients
with GA with wet AMD received one of the anti-VEGF
agents during the follow-up period. As we observed co-
occurring GA and wet AMD increased the risk for GA
disease progression, treating these patients for both GA
and wet AMD may be crucial. We also found that 30.9%
of patients were diagnosed by optometrists, and 58.6% of
the patients with GA were diagnosed by ophthalmologists.
Ahigher proportion of patients in our study were diagnosed
by optometrists compared with the IRIS registry, in which
only 6.3% of patients with GA in both eyes were seen by an
optometrist.”” In the IRIS registry, it was also observed that
patients with fellow eye wet AMD were also more likely to
be seen by a retina specialist, probably related to anti-VEGF
treatment and associated monitoring, suggesting a gap
for patients with GA without AMD who may benefit from
the care of a retina specialist.”’ Increasing the awareness
of GA among optometrists, including the existence of GA
co-occurring with wet AMD, may increase referrals for
possible treatment by a retina specialist leading to more
positive outcomes for patients.

LIMITATIONS

This study is limited by the fact the study subjects included
individuals enrolled in the MAPD plan, aged at least 65 years,
and as such, the results cannot be generalized to other
populations. Individuals with claims for other ophthalmic
comorbidities were excluded from this analysis in an effort to
minimize confounding. Given that many patients with GA also



have these conditions, this may limit
generalizability of the results. For the
assessment of progression to GA with
SFI, we included only patients with GA
without SFI at index and did not exam-
ine progression at the individual eye
level because of the coding inconsis-
tencies found within the claims.

Mainly 2 types of inconsistencies
were observed in the claims data:
(1) biologically implausible temporal
sequences of codes were observed for
multiple combinations of unilateral and
bilateral diagnoses related to various
stages of AMD, implying reversal of
AMD whereas AMD is irreversible; and
(2) multiple claims with the same date
that contained inconsistent diagnoses
(ie, for the same patient on the same
date, different claims containing codes
for the same eye or eyes that indicated
multiple different disease severities,
and/or different claims indicating the
condition to be both unilateral and
bilateral on the same date). As such,
progression may be underestimated
in our study.

We assessed health care utiliza-
tion only during the first 12 months
of follow-up. However, over a longer
follow-up period, we may see differ-
ences in health care spending because
of GA. In this analysis, we could not
distinguish between ophthalmolo-
gists and retina specialists, as they
all show as ophthalmologists in the
claims data. Furthermore, limitations
common to studies using administra-
tive claims data apply. These include
lack of certain information in the data-
base (eg, changes in visual acuity over
time) and error in claims coding. No
causal inference can be ascertained
from this study, as it is an observational
study using retrospective claims data.
Because this study used data from a
single health plan and focused on a
senior population enrolled in the MAPD
plan, the results may not be generaliz-
able to other settings. Any comparisons
of GA with SFI to GA without SFI should
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be approached with caution because
the study was designed to compare
GA vs non-GA. GA with SFI and GA
without SFI subgroups were not PS
matched, so any comparisons would
be subject to bias because of lack of
control of confounders. GA with SFI
and GA without SFI subgroups were not
described separately in the manuscript
so readers cannot assess potential dif-
ferences on baseline measures.

Conclusions

In this analysis of patients newly
diagnosed with GA, GA was associ-
ated with development of blindness,
and the greatest rate of progression
to blindness was observed for indi-
viduals having GA with SFI. Wet AMD
was a commonly occurring comorbid-
ity in patients with GA and was the
strongest predictor of progression to
GA with SFI among patients who had
GA without SFI at baseline. With the
recent approval of treatments for GA,
it is critical that managed care plans
are aware of the burden of this disease,
rates of progression, and potential
outcomes in the absence of treatment
for their enrollees. Future real-world
evidence assessing the impact of ther-
apies on disease progression, HCRU,
and spending are needed.
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