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Abstract

Background: Exudative age-related macular degeneration (AMD), one of the leading causes of blindness, requires expensive
drugs such as anti—vascular endothelia growth factor (VEGF) agents. The long-term regular use of effective but expensive drugs
causes an economic burden for patients with exudative AMD. However, there are no studies on the long-term patient-centered
economic burden of exudative AMD after reimbursement of anti-VEGFs.

Objective: This study aimed to evaluate the patient-centered economic burden of exudative AMD for 2 years, including
nonreimbursement and out-of-pocket costs, compared with nonexudative AMD using the Observational Medical Outcomes
Partnership (OMOP) Common Data Model (CDM).

Methods: Thisretrospective cohort study was conducted using the OMOP CDM, which included 2,006,478 patientswho visited
Seoul National University Bundang Hospital from June 2003 to July 2019. We defined the exudative AMD group as patients
aged >50 years with a diagnosis of exudative AMD and a prescription for anti-VEGFs or verteporfin. The control group was
defined as patients aged >50 years without a diagnosis of exudative AMD or a prescription for anti-VEGFs or verteporfin. To
adjust for selection bias, controls were matched by propensity scores using regularized logistic regression with a Laplace prior.
We measured any medical cost occurring in the hospital as the economic burden of exudative AMD during a 2-year follow-up
period using 4 categories. total medical cost, reimbursement cost, honreimbursement cost, and out-of-pocket cost. To estimate
the average cost by adjusting the confounding variable and overcoming the positive skewness of costs, we used an exponential
conditional model with a generalized linear model.

Results: We identified 931 patients with exudative AMD and matched 783 (84.1%) with 2918 patients with nonexudative AMD.
In the exponentia conditional model, the total medical, reimbursement, nonreimbursement, and out-of-pocket incremental costs
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were estimated at US $3426, US $3130, US $366, and US $561, respectively, in the first year and US $1829, US $1461, US
$373, and US $507, respectively, in the second year. All incremental costs in the exudative AMD group were 1.89 to 4.25 and
3.50 to 5.09 times higher in the first and second year, respectively, than those in the control group (P<.001 in all cases).

Conclusions.  Exudative AMD had a significantly greater economic impact (P<.001) for 2 years on reimbursement,
nonreimbursement, and out-of-pocket costs than nonexudative AMD after adjusting for baseline demographic and clinical
characteristics using the OMOP CDM. Although economic poalicies could relieve the economic burden of patients with exudative
AMD over time, the out-of-pocket cost of exudative AMD was still higher than that of nonexudative AMD for 2 years. Our
findings support the need for expanding reimbursement strategies for patients with exudative AM D given the significant economic

burden faced by patients with incurable and fatal diseases both in South Korea and worldwide.

(JMIR Public Health Surveill 2023;9:e49852) doi: 10.2196/49852
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Introduction

Background

Age-related macular degeneration (AMD) isaprogressiveretinal
disorder that can lead to irreversibleloss of central vison. AMD
can be classified as dry or exudative (wet or neovascular).
Exudative AMD is less common; however, it causes faster and
more catastrophic vision loss than dry AMD. Anti—vascular
endothelial growth factors (VEGFs) have demonstrated
remarkable efficacy in averting blindness, converting once
unavoidably blinding conditions into chronic diseases [1].
Anti-VEGFs are currently suggested as the primary treatment
for exudative AMD [2], and 5 anti-VEGF agents (ie,
ranibizumab, aflibercept, brolucizumab, bevacizumab, and
faricimab) are clinically accessible. Photodynamic therapy with
verteporfin, which was the first-line treatment in the past, is
now used as adjuvant therapy for some subtypes of exudative
AMD because of the lack of expectation of improvement in
visual acuity [3]. All approved anti-VEGFs and modalities are
quite expensive, at least US $500, and should be used
repeatedly; however, bevacizumab, the only one used off-label,
has demonstrated equivalent efficacy to ranibizumab [4] and is
significantly inexpensive and widely used in patients [5].

In early randomized clinical trials, patients needed monthly
injections in the first year of treatment under a fixed regimen.
However, in real-world clinical practice, because of expensive
out-of -pocket costs and strict reimbursement criteria, the fixed
regimen was not affordable; thus, the treatment-and-extend
regimen was introduced, showing similar efficient treatment
outcomes with fewer injections[6]. Despite the introduction of
more affordabl e treatment regimens[ 7], patientswith exudative
AMD till need 7 to 8 injections in the first year of treatment,
which causes a substantial economic burden.

Although there are several studies [8-15] that have examined
the economic burden of exudative AMD, they have some
limitationsthat need to be addressed. First, most previous studies
were conducted before the introduction of effective drugs such
as anti-VEGFs, which have significantly affected the treatment
landscape for exudative AMD. Second, previous studies were
conducted through interviews, which may not provide an
accurate evaluation of thetrue economic burden. Third, although
a few studies analyzed rea-world data, they only included
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reimbursed interventions and had alimited follow-up period of
1 year. In addition, exudative AMD is characterized by the
common use of bevacizumab, an off-labe drug, and
nonrei mbursed measurements, which add to the patients’ burden
of disease. Given the intractable nature of exudative AMD,
which requires long-term treatment and management, there is
acritical unmet need to assess the long-term economic burden
of patientswith exudative AMD using real-world data, including
nonreimbursed interventions.

Objectives

Therefore, to fill this gap and generate real-world evidence to
understand clinical, economic, and policy implications, we
aimed to estimate the economic burden on patients with
exudative AMD, including nonreimbursement costs up to the
second year, using the real-world data from the Observational
Medical Outcomes Partnership (OMOP) Common Data Model
(CDM). Using electronic medical records (EMRs) transformed
into the OMOP CDM of amajor university hospital withalarge
number of patients with AMD is the best way to define
real-world patients with exudative AMD and encompass drugs
that are not reimbursed by the national health insurancein South
Korea. This approach will facilitate the estimation of the
economic burden, including nonreimbursed and out-of-pocket
costs, from the patients’ perspective with ahigh quality of data.

Methods

Study Design and Data Source

This retrospective cohort study used the Observational Health
Data Sciences and Informatics (OHDSI) OMOP CDM from
Seoul National University Bundang Hospital (SNUBH), which
is one of the largest and leading hospitalsin South Korea. The
OMOP CDM is a structured data model combined with
standardized vocabulary. All medica and cost data were
extracted, transformed, and loaded into the OMOP CDM version
5.3 following the OHDS| extract, transform, and load process
and contained not only the diagnosis, drug exposure, and
procedure occurrence for reimbursement but also all records
for medical practice with costs by order and receipt regardless
of reimbursement [16]. All datawere verified using Automated
Characterization of Hedth Information at Large-Scae
Longitudinal Evidence Systems and double-checked by data
analysts and clinicians [17,18].
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Study Population

We anadyzed the OMOP CDM database, which included
2,006,478 patientswho visited SNUBH from June 2003 to July
2019. To ensure a 1-year wash-out period and a2-year follow-up
period, the intake period started in August 2009 and ended in
July 2017. We established the €ligibility criteria for the
exudative and nonexudative AM D groups based on the opinions
of ophthalmologists. For the exudative AMD group, the index
date was the first prescription date for anti-VEGFs or
verteporfin. The exudative AMD group was defined asfollows:
(1) apatient who was prescribed anti-V EGFs or verteporfin by
an ophthalmologist for the first time between August 1, 2009,
the day ranibizumab was approved for reimbursement by the
National Health Insurance Servicein South Korea, and July 31,
2017; and (2) apatient aged >50 years who had been diagnosed
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with exudative AMD within 1 year before the index date plus
1 day. Among these patients, we excluded those with cancer or
other ophthalmic diseases using anti-VEGFs (choroidal
neovascul arization membrane, central serous chorioretinopathy,
diabetic macular edema, and retinal vein occlusion). The
nonexudative AMD group was defined as patients aged >50
yearswho had been diagnosed with any disease except exudative
AMD between August 1, 2009, and July 31, 2017. We defined
the index date for the nonexudative AMD group as the date of
the first diagnosis of any disease to compare the outcomes of
the 2 groups over time and investigate potential differencesin
disease progression and treatment efficacy. We also excluded
patients with any of the following conditions: (1) those who
were prescribed anti-VEGFs, (2) those diagnosed with cancer,
and (3) those diagnosed with other ophthalmic diseases using
anti-VEGFs (Figure 1).

Figurel. Anaysisscheme. Datawereincluded from June 2003 to July 2019. Theintake period was defined as August 2009 to July 2017. The follow-up
period was 2 years from the index date. CNV: choroidal neovascularization; CSC: central serous chorioretinopathy; DME: diabetic macular edema;
eAMD: exudative age-related macular degeneration; mCNVM: myopic choroidal neovascular membrane; RVO: retinal vein occlusion; VEGF: vascular

endothelial growth factor.
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Outcomes
The economic burden of exudative AMD was measured by
estimating the medical costs caused by any reason in the hospital
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in the first and second years after the index date (Figure 1).
Medical costswere grouped into 4 categories (Textbox 1): total
medical costs, reimbursement costs, nonreimbursement costs,
and out-of-pocket costs. We estimated the incremental costs of
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the exudative AMD group in comparison with those of the
nonexudative AMD group. Thetotal medical cost was calculated
as the sum of the reimbursement and nonreimbursement costs.
The reimbursement cost includes all expenses only limited to
reimbursed items, which comprise the costs of health care
benefits from the National Health Insurance Service and
copayment, in which patients bear part of the expenses of

Choi et d

reimbursement. Similarly, the nonreimbursement cost includes
all expenses for any nonreimbursed items. The out-of-pocket
cost was estimated as the sum of the medical costs paid by the
patient irrespective of reimbursement. All costswere cal culated
in Korean won and converted to US dollars (US $1=1200
Korean won).

Textbox 1. Definitions of cost categories for the patient-centered economic burden outcome.

1 year (sum of the reimbursement and nonreimbursement costs)

«  Total medical cost: al expenses associated with each patient at the hospital, encompassing both reimbursed and nonreimbursed expenditures for

« Reimbursement cost: all expensesincurred by patients restricted to items eligible for reimbursement for 1 year
«  Nonreimbursement cost: all expensesincurred by patients restricted to items eligible for nonreimbursement for 1 year

«  Out-of-pocket cost: al expenses borne directly by the patient irrespective of any reimbursement for 1 year

Statistical Analysis

Data analyses were conducted using ATLAS (version 2.10.1;
Observational Health Data Science and Informatics), the R
software (version 4.0.3; R Foundation for Statistical
Computing), the Health Resources Econometric Analysis Tool
(HERMES), which we developed for cost analysis with the
OMOP CDM vocabulary in R environment, and Health
Analytics Data-to-Evidence Suite, formerly known as the
OHDSI Methods Library. The HERMES code and algorithm
are available on GitHub [19]. We evaluated the baseline
characteristics of the exudative and nonexudative AMD groups,
including demographics and clinical characteristics, drugs, and
conditions. To reduce selection bias in the quasi-experimental
design, we performed propensity score matching using
regularized logistic regression with a Laplace prior (least
absolute shrinkage and selection operator; LASSO) [20,21].
We used demographic data, conditions, drugs, procedures, and
Charlson Comorbidity Index scores as covariates in the
propensity score matching (Figure 1). We considered covariates
asunmatched variablesif the standardized difference was>0.10
after propensity score matching. We included single concepts
and concept groups within the parent categories for conditions
and drugsin the propensity score matching. We excluded highly
correlated covariates related to exudative AMD, including
visual- and retinal-related disorders, anti-VEGFS, verteporfin,
and ophthalmological drugs. We used an exponential conditional
model (ECM) with a generalized linear model to estimate the
average cost by adjusting the confounding variable and
overcoming the positive skewness of costs [22]. To determine
asuitabledistribution and link function, we performed modified
Park tests and the Box-Cox test. The goodness of fit of the ECM
was evaluated using the Akaike information criterion. Patients
with 0 costswho did not incur costs during 1 year after theindex
date were excluded. We considered demographic data; 1-year
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costs before the index date, which were defined as the preindex
costs; and unmatched variables from the propensity score
matching as covariates to adjust for remaining confounders. To
interpret the results, we exponentiated the coefficient. The
exponentiated coefficient representsthe expected changein the
response variable associated with a 1-unit increase in the
predictor variable when the other predictor variablesare at their
mean values.

Ethical Considerations

This study was approved by the institutional review board of
SNUBH (X-2012-657-902). The data were deidentified and
anonymized; thus, informed consent was not required.

Results

Patient Characteristics

Of the 2,006,478 patients who visited SNUBH, 931 (0.05%)
were newly diagnosed with exudative AMD, and 373,676
(18.62%) had nonexudative AMD. After 1:4 propensity score
matching, 84.1% (783/931) of patients with exudative AMD
and 0.78% (2918/373,676) of patientswith nonexudative AMD
were matched. After excluding patientswith O costsin the first
year, of the 2918 patients with nonexudative AMD, there were
2702 (92.6%) l€ft (Figure 2).

In the propensity score model, 1079 covariates were matched.
The standardized mean difference was <0.10 for al variables
that significantly affected medical costs, such as cardiovascular
disease and opioids. Intotal, 4 covariates (“ other antiepileptics’;
“ bi sphosphonates, combinations”; “ corticosteroids, potent, other
combinations’; and “drug affecting bone structure and
mineralization”) had a standardized mean difference of >0.10;
thus, we included these variables in the ECM to adjust for
remaining confounders (Table 1).
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Figure 2. Selection flow of patients with exudative age-related macular degeneration (AMD) and nonexudative AMD from June 2003 to July 2019.

VEGF: vascular endothelial growth factor.
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Table 1. Baseline demographic and clinical characteristics for the exudative age-related macular degeneration (AMD) group and nonexudative AMD
group in the index period from August 2009 to July 2017 before and after propensity score (PS) matching.

Characteristic® Before PS matching After PS matching
Exudative AMD  NonexudativeAMD g\pP  Exudative AMD  NonexudativeAMD SMD
group (n=931) group (n=373,676) group (n=783) group (n=2918)

Age (years), mean (SD) 72.47 (8.44) 62.48 (9.87) 1.01 71.52 (8.28) 72.16 (10.53) -0.06

Sex, n (%)
Female 425 (45.65) 215,184 (57.59) -024 348 (44.44) 1205 (40.55) 0.08

Medical history—general, n (%)°
Acute respiratory disease 3(0.32) 1144 (0.31) 0.00 1(0.13) 7(0.22) -0.02
Chronic liver disease 6 (0.64) 3499 (0.94) -003  3(0.39) 6 (0.42) 0.00
Chronic obstructive lung disease 8(0.86) 306 (0.22) 0.09 4(0.51) 7(0.22) 0.05
Dementia 16 (1.72) 4572 (1.22) 0.04 8(1.02) 21(0.67) 0.04
Depressive disorder 8(0.85) 3542 (0.95) -0.01 4(0.51) 9(0.29) 0.04
Diabetes mellitus 63 (6.77) 11,633 (3.11) 0.17 31(4) 105 (4) 0.00
Gastroesophageal reflux disease 11(1.18) 5942 (1.59) -0.04 6 (0.77) 24 (0.82) -0.01
Gastrointestinal hemorrhage 3(0.32) 1751 (0.47) -002 1(0.13) 3(0.11) 0.01
Hyperlipidemia 32 (3.44) 8838 (2.37) 0.06 19 (2.43) 63 (2.54) -0.01
Hypertensive disorder 63 (6.77) 18,839 (5.04) 0.07 29(3.7) 90 (3.61) 0.00
Lesion of liver 4(0.43) 3123 (0.84) -005 1(0.13) 6(0.33) -0.04
Obesity 2(0.21) 1155 (0.31) -002 2(0.26) 6 (0.19) 0.01
Osteoarthritis 16 (1.72) 13,706 (3.67) -012  6(0.77) 30 (1.4) -0.06
Pneumonia 16 (1.72) 2883 (0.77) 0.09 10 (1.28) 23(0.77) 0.05
Renal impairment 11(1.18) 1904 (0.51) 0.07 6 (0.77) 13 (0.56) 0.03
Rheumatoid arthritis 3(0.32) 1959 (0.52) -003  2(0.26) 11 (0.36) -0.02
Viral hepatitis C 3(0.32) 596 (0.16) 0.03 1(0.13) 1(0.03) 0.03

Medical history—cardiovascular disease, n (%)°

Atrial fibrillation 13 (1.4) 2702 (0.72) 007  6(0.77) 26 (0.84) -0.01
Cerebrovascular disease 41 (4.4) 21,165 (5.66) -006 26(3.32) 67 (2.72) 0.04

Coronary arteriosclerosis 11(1.18) 3866 (1.03) 0.01 3(0.38) 14 (0.55) -0.03
Heart disease 52 (5.59) 16,624 (4.45) 0.05 22(2.81) 82(3.22) -0.02
Heart failure 5 (0.54) 1501 (0.4) 0.02 2(0.26) 6 (0.29) -0.01
Ischemic heart disease 17 (1.83) 6067 (1.62) 0.02 10 (1.28) 36 (1.54) -0.02
Peripheral vascular disease 1(0.11) 193 (0.05) 0.02 1(0.13) 1(0.03) 0.03

Medication use, n (%)°

Agents acting on therenin-angiotensin 83 (8.92) 18,055 (4.83) 0.16 39 (4.98) 138 (5.23) -0.01

system

Antibacterials for systemic use 11(1.18) 7935 (2.12) -0.07 10(1.28) 29 (1.09) 0.02

Antidepressants 44 (4.73) 15,864 (4.25) 0.02 24.(3.07) 79 (2.89) 0.01

Antiepileptics 40 (4.3) 11,917 (3.19) 0.06 19 (2.43) 72 (2.61) -0.01

Anti-inflammatory and antirheumatic 134 (14.39) 47,361 (12.67) 0.05 61 (7.79) 243 (10.39) -0.09

products

Antithrombotic agents 124 (13.32) 31,233 (8.36) 0.16 62 (7.92) 238 (9.16) -0.04

Beta-blocking agents 51 (5.48) 14,149 (3.79) 0.08 25(3.19) 82(3.16) 0.00
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Characteristic? Before PS matching

After PS matching

Exudative AMD  NonexudativeAMD g\pP  Exudative AMD  NonexudativeAMD SMD

group (n=931) group (n=373,676) group (n=783) group (n=2918)
Calcium channel blockers 92 (9.88) 20,166 (5.4) 0.17 46 (5.87) 170 (6.69) -0.03
Diuretics 67 (7.2) 13,486 (3.61) 0.16 31(3.96) 111 (4.04) 0.00
Drugs for acid-related disorders 113 (12.14) 60,875 (16.29) -0.12  60(7.66) 207 (8.15) -0.02
Drugs for obstructive airway diseases 29 (3.11) 7911 (2.12) 0.06 17 (2.17) 50 (2) 0.01
Drugs used in diabetes 54 (5.8) 11,107 (2.97) 0.14 26 (3.32) 110 (4.38) -0.06
I mmunosuppressants 3(0.32) 1161 (0.31) 0.00 1(0.13) 6 (0.29) -0.04
Lipid-modifying agents 93 (9.99) 23,533 (6.3) 0.14 49 (6.26) 164 (6.15) 0.00
Opioids 67 (7.2) 36,821 (9.85) -0.10 36(4.6) 138 (5.23) -0.03
Psycholeptics 102 (10.96) 45,363 (12.14) -004 57(7.28) 192 (7.95) -0.03
Psychostimulants, agents used for AD- 8 (0.86) 2093 (0.56) 0.04 4(0.51) 14 (0.54) 0.00
HDY, and nootropics
Other antiepileptics®” 51 (5.48) 9697 (2.6) 0.15 19 (2.43) 116 (4.34) -0.11
Drugs affecting bone structureand min- 87 (9.34) 15,650 (4.19) 0.21 46 (5.87) 181 (8.63) -0.11
eralization'
Bisphosphonates (combinations)’ 87(9.34) 15,640 (4.19) 021  46(5.87) 181 (8.63) -0.11
Corticosteroids (potent; other combina- 64 (6.87) 11,736 (3.14) 0.178 33(4.21) 127 (6.83) -0.11

tions)f

#These covariates are a subset of the 1079 covariates used for PS matching.

bSMD: standardized mean difference.

®Medical history and medication use were identified through diagnosis and prescription within 1 year before the index date.

dADHD: attention-deficit/hyperactivity disorder.

®Medication use was identified through prescription any time before the index date.
"The covariates were considered unmatched covariates based on standardized differences, which were adjusted in the following exponentia conditional

model.

Thelncremental Health Care Cost of Exudative AMD
After Propensity Score Matching

Thetotal medical costsobservedin thefirst year were US $4565
in the exudative AMD group, US $3253 higher than those in
the nonexudative AMD group. Asaresult of the ECM adjusting
for remaining confounders, the total medical costs in the
exudative AMD group were estimated to be US $4738, which
was US $3426 more than those of the nonexudative AMD group.
The reimbursement costs in the exudative AMD group were
US $4038, which was approximately US $3130 more than the
reimbursement costsincurred in the nonexudative AM D group.

https://publichealth.jmir.org/2023/1/e49852
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Regarding the nonreimbursement costs, those incurred in the
exudative AMD group were US $776, which was US $366 more
than the nonreimbursement costs in the nonexudative AMD
group. The out-of-pocket costswere US $1241 in the exudative
AMD group, which was US $680 higher than thosein the other
group. In the second year, the exudative AMD group also had
higher medical costs than the nonexudative AMD group. Inthe
ECM estimation, the total medical costswere US $1829 higher
in the exudative AMD group. The exudative AMD group had
higher reimbursement, nonreimbursement, and out-of-pocket
costsof US$1461, US $373, and US $507, respectively (Table
2).
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Table 2. The observed and estimated incremental health care costs of the exudative age-related macular degeneration (AMD) group compared with
the nonexudative AMD group for 2 years after the index date.

Observed costs after propensity score matching (US$)  Egtimated costs from exponential conditional model?

(Us9)
Exudative AMD  Nonexudative AMD Incremental  Exudative AMD  Nonexudative AMD  Incremental
group (n=783%),  group (n=2702°%,  Costs group (n=783%), group (n=2702%),  COSiS
mean (SD) mean (SD) mean (SE) mean (SE)
First year
Total costs 4564.86 1311.86 (3201.04) 3253 4738.49(127.42) 1312.22 (62.14) 3426.27
(2702.37)
Reimbursement costs 3784.40 903.28 (2591.63) 2881.12 4038.44(195.37) 908.42 (54.08) 3130.02
(2313.04)
Nonreimbursement costs 780.46 (731.74)  408.58 (853.27) 371.88 776.46 (23.31)  410.52 (15.73) 365.94
Out-of -pocket costs 124421 677.80 (1233.55) 566.41 1240.54 (46.56) 680 (22.77) 560.53
(1470.13)
Second year
Total costs 1814.35 418.57 (2548.41) 1395.79 2489.11 659.91 (538.96) 1829.20
(2804.95) (1845.74)
Reimbursement costs 1385.39 311.03 (2240.33) 1074.36 2036.23 (747.24) 575.50 (520.54) 1460.73
(2336.94)
Nonreimbursement costs 428.96 (107.54) 107.54 (525.1) 321.42 491.74 (92.01) 119.08 (21.65) 372.66
Out-of-pocket costs 624.45 (1070.29) 194.36 (760.08) 430.09 736.81(109.57) 229.91 (46.04) 506.90

#The exponential conditional model used alog link function with gamma distribution adjusting for sex, age, preindex cost, and unmatched covariates
(“other antiepileptics”; “ drugs affecting bone structure and mineralization”; and “ corticosteroids, potent, other combination”). The SEs of the estimated

costs were calculated using bootstrapping.

bAfter propensity score matching, patients with 0 costsin the first year were excluded.

TheECM to Estimatethe Patient-Centered Economic
Burden of Exudative AMD After Propensity Score
Matching

In the ECM, the total medical costs, reimbursement costs,
nonreimbursement costs, and out-of-pocket costs in the first
year were significantly 3.52, 4.25, 2.05, and 1.89 times higher,
respectively, in the exudative AMD group. There were more
significant differencesin all costsin the second year than in the
first year. The total medical costs, reimbursement costs,
nonreimbursement costs, and out-of-pocket costs were
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significantly 4.93, 5.09, 4.68, and 3.50 times higher,
respectively, in the exudative AMD group. Age was found to
be a significant predictor of health care costs in the first year
(P<.001) but not in the second year (P=.14). Sex was hot a
significant factor for costs in the ECM. The preindex cost was
always a positive estimate and showed significance except for
the nonreimbursement costs and out-of-pocket costsin thefirst
year. Most of the unmatched covariates did not show
significance; however, there were cases of positive values with
significancefor antiepileptics and bone structure—affecting drugs
and negative values with significance for corticosteroids (Table
3).
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Table 3. The multivariable analysis of medical costsin the first and second years after the index date using the exponential conditional models with
propensity score matching in patients with exudative age-related macular degeneration (AMD).

Intercept® Exudative Age® Sexd Preindex cost® Drug group
AMD groupb
Other Drugs affect-  Corticos-
antiepilepticsf ingbonestruc-  teroids (po-
tureand miner-  tent; other
alizationd combina-
tions)?
B Pva- B Pva- B Pva- B Pva- B Pva- B Pva- B Pva- B P val-
ue ue ue ue ue ue ue ue
First year
Total costs 60146 <.001 1%6 <.001 0147 <001 0984 .16 0001 .002 1163 .54 2520 .16 -3 .59
Reimburse- 54161 <.001 144 <.001 .0172 <.001 .139%5 .09 0001 <.001 .0884 .68 2408 .24 0175 .88
ment costs
Nonreim- 53@ <.001 7172 <.001 0084 .007 0165 .79 <0 .63 1528 .36 4959 002 -3 <.001
bursement
costs
Out-of- 573l <001 6345 <001 .009%5 .004 .0621 .28 <L .09 2131 .16 3154 .03 -1/ .04
pocket
costs
Second year
Total costs 4818 <.001 198 <001 0156 .14 =148 .45 0002 .004 1024 .04 -1 .76 22 41
Reimburse- 4307 <.001 1628 <.001 0182 .10 216 .34 0002 .01 1®9 .09 -20 .69 -1 .73
ment costs
Nonreim- 4557 <.001 1540 <.001 .0008 .92 0424 .78 0001 .01 9547 .02 17 66 -3B41 .01
bursement
costs
Out-of- 19 <001 157 <001 .0032 .66 -4 .82 0002 <.001 .8716 .10 1453 .65 -3% .10
pocket
Costs

#The exponential conditional model used alog link function with gamma distribution adjusting for sex, age, preindex cost, and unmatched covariates.

PThe reference group was the nonexudative AMD group.

CAge was reported in years and is presented as a continuous variable in this table.
dsex was represented as a binary variable, with avalue of 1 indicating male and avalue of O indicating female.

®Preindex cost was calculated for 1 year before the index date.
A ny time before index date.
9For —365 days to index date.

Discussion

Principal Findings

In this study, we found that patients with exudative AMD had
a significantly higher economic burden than patients with
nonexudative AMD over a 2-year follow-up period, particularly
in terms of nonreimbursement and out-of-pocket costs. To
address potential bias and confounding from real-world data,
we used propensity score matching with LASSO and ECM. The
findings of this study are notable as practically nothing isknown
about the long-term economic burden of exudative AMD from
the perspective of patients (eg, nonreimbursement and
out-of-pocket costs) using real-world data. The economic burden
of patients with exudative AMD was significantly higher than
that of patients with nonexudative AMD for 2 years.
Specifically, the total medical costs adjusted for confounders
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after propensity score matching of the exudative AMD group
were US $3426 and US $1829 in the first and second years,
respectively. The incremental costs of reimbursement for
exudative AMD were US $3130 in thefirst year and US $1461
in the second year. The nonreimbursement cost was US $366
higher in the exudative AMD group in the first year, and the
incremental cost increased to US $373 in the second year. In
addition, the out-of-pocket cost of exudative AMD was US
$561 higher in the first year and continued to US $507 in the
second year. To the best of our knowledge, thisisthefirst study
to derive real-world evidence of the patient-centered economic
burden of exudative AMD. Our findings highlight the need for
improved reimbursement strategies that reduce out-of-pocket
costs for patients with exudative AMD, thereby reducing the
financial burden associated with this disease.
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Comparison With Previous Studies

Historically, the economic burden of exudative AMD has been
reported using various methods and outcomes but has not
adequately captured the patient perspective using real-world
data(Table 4). Theannual disease burden of AMD wasreported
to be €51.3 to €101.1 million (US $54.8-$108.01 million) in
France, Germany, Italy, and the United Kingdom in the study
by Bonastre et a [9] and €5300 to €12,445 (US
$5662.47-$13,296.10) in Canada, Germany, France, Spain, and
the United Kingdom in the study by Cruess et a [11]. The
annual cost of exudative AMD was 7 times higher than that of
the control group in the study by Lotery et al [14]. In addition,
high societal costs associated with exudative AMD were
reported in the United States in the study by Brown et a [10].
These 4 studies were conducted using a survey, in which the
burden of exudative AMD was very high even before the
anti-VEGF era. After anti-VEGF therapy appeared, 3 studies

Choi et d

reported the burden of the disease. Spooner et al [15] reported
that the direct medical cost of exudative AMD was Aus $199.20
(US $126.66) and theindirect cost was Aus $64.8 (US $41.20)
using questionnaires. Previous studies using self-reported
measures or surveys can provide valuable information, but they
have several limitations [23]. Research based on human
interaction is subject to recall bias. Respondents may not
remember or respond accurately, and it can be difficult to derive
representative values. These are limitations that can lead to
inaccurate results. Depending on the nature of the survey, there
may be alimited amount of timeto respond, and some questions
may be difficult to answer, resulting in missing or inaccurate
information. Furthermore, asit isimpossibleto survey the entire
population, a survey may not be representative and may be
subject to selection and social desirability biases, where
respondents may underreport certain behaviors or overreport
others because of perceived social norms. Finally, survey results
may not be generalizable to other populations or periods.

Table 4. Previous studies associated with the economic burden of exudative age-related macular degeneration.

Study, year Economic analysis QOutcomes

Price Quantity
Bonastreet al  Unit cost Consultation with an ophthalmol ogist Yearly budget impact on medical
[9], 2002 cost
Lotery et al Unit cost Survey Annual health resource use cost
[14], 2007
Cruess et a Unit cost Self-reported and medical chart Annual societal cost
[11], 2008
Brown et a Self-reported weighted average annual cost from  Self-reported weighted average annua cost from  Annual direct and indirect costs
[10], 20162 cohort cohort
Spooner etal  Interview Interview Annual direct and indirect costs
[15], 2018
Kimetal [13], Exponential conditional model with generalized Exponential conditional model with generalized Incremental reimbursement cost
20192 linear model using South Korean claimsdata  linear model using South Korean claims data
Jeonetal [12], Generalized linear model using South Korean ~ Generalized linear model using South Korean  1-year reimbursement cost
20202 claims data claims data
Almony etal  Generdized linear model using US claimsdata Generalized linear model using US claimsdata  1-year reimbursement cost
[8], 20212

3Economic burden was estimated using a macro-costing approach.

In contrast, analyzing real-world data can provide a more
accurate and comprehensive economic burden reflecting clinical
practice. The claims, EMR, and other administrative data can
be more representative of the entire population and less prone
to biases. There were several previous studies analyzing the
burden of exudative AMD using real-world data. In the study
by Kim et a [13] analyzing administrative data from South
Korea, the total reimbursement cost of exudative AMD was
2.13timesto 4.06 times higher than that of nonexudative AMD,
and the incremental reimbursement cost was estimated to be
US $3699 through the ECM in South Korea. They compared
controls as a nonheathy population with comparable
comorbidities using apropensity scoremodel. The methodol ogy
overcame the limitations of cost data through ECM and
generaizability by using the general population, and a
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significant 1-year economic burden was identified despite
applying a conservative approach through the propensity score
matching technique. However, the limitations of using claims
data are that they do not reflect uninsured treatment and,
therefore, do not define patients with exudative AMD in the
real clinical environment, do not reflect nonpayment items such
as bevacizumab and optical coherence tomography in the
economic burden, and do not estimate the economic burden of
real patients. Jeon et al [12] compared exudative AMD with
diabetic macular edema and reported only the reimbursement
cost with a 1-year follow-up using claims data. Owing to the
matching group and changes in reimbursement criteria with
exudative AMD, the cost was estimated to be higher than that
in the study by Kim et a [13]. The most recent study
investigated annual reimbursement costs [8]. Almony et al [8]
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reported the economic burden of exudative AMD by choroidal
neovascularization, and it is the only study to stratify the
economic burden by severity, patient-eyelevel in commercially
insured patients in the United States; however, it was a
short-term study with 18 months of follow-up and did not
compare exudative AMD with any other conditions. The lack
of acontrol group makes comparisons difficult, and the presence
of distorting outliers may have overestimated the economic
burden. In addition, asin previous studies, the patient-centered
economic burden, which comprises honreimbursed items or
out-of -pocket costs, was not calculated. Asin previous studies,
we aso found a high economic burden of exudative AMD and
verified its association with exudative AMD using real-world
data by adjusting for selection bias and skewed data. Compared
with previous studiesthat only included insurance-covered items
and underestimated the patients' economic burden, weincluded
nonreimbursement and out-of-pocket costs that directly affect
patients economic burden. Furthermore, as exudative AMD
requires long-term management, we stratified the economic
burden by the first and second year and found that there was
still a considerable economic burden in the second year.

Policiesfor Exudative AMD

The economic burden of patients with exudative AMD is
substantial worldwide. To address this issue, governments
worldwide have expanded theinsurance coverage for exudative
AMD. In the United States, Medicare covers 80% of the cost
of macular degeneration screening and anti-VEGF injections
such as aflibercept, ranibizumab, bevacizumab, and verteporfin
for Medicare beneficiaries. Similarly, in the United Kingdom,
evidence-based medical recommendations are provided through
organizations such asthe National Institute for Health and Care
Excellence, and cost-effectiveness analysis is used to cover
anti-VEGFs such as aflibercept and brolucizumab. However,
bevacizumab, which isas effective asranibizumab [4], relatively
inexpensive, and cost-effective [24], has not been approved and
reimbursed in the United Kingdom or South Korea. Inthe United
States, covering bevacizumab led to US $17.3-billion savings
for Medicare and patients from 2008 to 2015 [25].

In South Korea, the pricing system operates on afee-for-service
structure, with the national health insurance acting as a
third-party payer covering a portion of medical fees for items
digiblefor reimbursement [26]. Inpatient care typically involves
an out-of-pocket rate of up to 20%. Outpatient services exhibit
variations in out-of-pocket rates based on the hospital type
(clinicsat 30%, hospitals at 40%, general hospitals at 50%, and
tertiary hospitalsat up to 60% of the reimbursement costs[27]).
To mitigate the financial burden on patients with exudative
AMD in South Korea, the government has taken proactive
measures. Sustained reimbursement has been established for
optical coherence tomography measurements and anti-VEGF
treatments. In addition, an extended benefit coverage policy has
been introduced, reducing cost sharing to 10% for patientswith
rare and incurable conditions such as exudative AMD. However,
as this study showed, the out-of-pocket cost for patients with
exudative AMD remains significantly high, and this remains
true even in the second year. Therefore, there is a need for a
sustained, efficient, and sufficient reimbursement strategy for
a high economic disease burden that efficiently uses limited
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national health insurance finances while reducing the burden
on patients. Strategies include discovering new drugs via
randomized clinical trials or using real-world data, and
approving aswell asreimbursing affordable and effective drugs,
like bevacizumab, based on cost-effectiveness studies. Such a
strategy could help reduce the out-of-pocket cost for patients
with exudative AMD; improve their access to treatment; and,
ultimately, establish the financial health of insurance by
lowering the reimbursement cost. To establish this strategy,
real-world data and evidence are needed for diseases with
economic burden and rare and intractable diseases, including
cost and clinical data.

Economic Burden Analysis Using the OMOP CDM

It is difficult to analyze claims or EMR data because of the
sensitive patient information. However, the advent of the OMOP
CDM heas introduced an environment in which data can be
analyzed without disclosing sensitive information. Therefore,
many recent studieshave analyzed and published EMR or claims
data through the OMOP CDM. Previous studies [28-30] using
the OMOP CDM have investigated mainly clinical outcomes.
In this study, we conducted the first-ever analysis of economic
data that had been transformed and validated into the OMOP
CDM, and we found that the OMOP CDM could be used for
economic analysis with HERMES. The OMOP CDM allowed
us to verify the validity of the clinica and cost data and
HERMES made it easy to conduct econometric analysis under
the OMOP-CDM structure. Compared with previous studies,
we could estimate the patient-centered economic burden in the
long term by analyzing valid data on costs, including
nonreimbursed items, such as bevacizumab, or measurements.
By identifying patients who use nonreimbursable treatments
and estimating the long-term pati ent-centered economic burden,
our study has significant implications for policy and economic
evaluation studies of expensive drugs for rare and incurable
diseases such as exudative AMD. Overal, our research
highlights the power of the OMOP CDM for unlocking new
insights into health care economics and improving the lives of
patients with serious medical conditions.

Limitations

This study has a number of limitations. First, the data source
for this study was the medical records from a single tertiary
hospital, which may not be structured and representative of the
entire population of patientswith exudative AMD. Nonetheless,
to address thisissue, the datawere transformed into the OMOP
CDM and validated by experts in the fields of medicine, data
science, and economics. Furthermore, as patientswith exudative
AMD are more likely to seek treatment in tertiary hospitals, the
exudative AMD group is less likely to be overestimated. In
addition, to account for selection bias and confounding variables,
a propensity score model using LASSO and the ECM were
applied, and all the resultswere found to be robustly significant.
Second, we systematically excluded specific medical conditions,
including cancer and other ophthalmic diseases treated with
anti-VEGF agents, from the cohorts under investigation. Our
research focused on the meticulous assessment of the
patient-centered economic implications related to exudative
AMD. Given the pronounced economic impact associated with
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cancer, the substantial medical expenditures attributable to
cancer could potentially exert an undueinfluence on the overall
economic burden analysis. This influence has the potential to
introduce statistical anomalies and distortions within the
econometric model, thereby warranting their exclusion from
our study cohorts as potential outliers. Moreover, our intention
was to delineate the population of real-world patients with
exudative AMD with utmost precision. The exclusion of other
ophthalmic conditions served the purpose of averting potential
misspecifications in our analytical framework. Third, other
potential confounding variables such as the type and status of
patients' insurance, lifestyle habits, and the stage of exudative
AMD were absent from the data set. Therefore, wewere unable
to include unobserved confounding variables. As we adjusted
for selection bias using propensity score matching with LASSO
and assessed covariate balance through standardized mean
differences, we presume that this limitation’s influence on the
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Conclusions

In conclusion, exudative AMD had a significantly greater
economic impact for 2 years on reimbursement,
nonreimbursement, and out-of-pocket costs than nonexudative
AMD after adjusting for baseline demographic and clinical
characteristics. Although economic policies could relieve the
economic burden of patients with exudative AMD over time,
the out-of-pocket cost of exudative AMD was still higher than
that of nonexudative AMD for 2 years. Our findings support
the need for expanding reimbursement strategies for patients
with exudative AMD given the significant economic burden
faced by patientswith incurable and fatal diseases both in South
Korea and worldwide.
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