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Purpose: Choroideremia is a progressive, inherited retinal dystrophy that leads to blindness.
This study of choroideremia addresses health resource utilization (HRU) and costs from a US
payor perspective using insurance claims data. The retrospective analysis used data between
January 2013 and December 2018 from the IBM MarketScan Commercial, Medicare
Supplemental, and Multi-State Medicaid Databases.

Patients and Methods: Patients having >1 claim with an International Classification of
Diseases, Ninth or Tenth Edition, diagnostic code for choroideremia (363.55/H31.21) were
included; a control group was matched 3:1 to the choroideremia group. Patients were
followed for >6 months. All-cause HRU and costs were compared between cohorts using
generalized linear models adjusted for Charlson Comorbidity Index.

Results: There were 199 and 597 patients in the choroideremia and control groups,
respectively; the choroideremia group had a higher mean baseline Charlson Comorbidity
Index (0.47 vs 0.26). The choroideremia group had a significantly greater mean number of
hospital admissions (0.09 vs 0.06), outpatient visits (22.33 vs 11.22), and emergency
department visits (0.41 vs 0.26) per patient per year than the control group. The choroider-
emia cohort had higher all-cause total annualized costs than the control cohort ($15,372 vs
$9285), primarily driven by outpatient visits ($8306 vs $4702). This trend was observed
across age categories, particularly among patients aged 20 to 44 years (choroideremia,
$14,544 vs control, $5953).

Conclusion: The choroideremia group had higher all-cause HRU and total costs versus the
control group. These findings provide economic context around HRU associated with
choroideremia and help assess the potential impact of novel treatments.
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Plain Language Summary
® In individuals with choroideremia, a rare inherited disease of the retina, vision loss
progressively leads to blindness over time.
® Vision loss is associated with substantial economic burdens.
® To better inform US health insurance payors regarding the specific unmet medical
needs of people with this condition, this study analyzed US health-care costs from
insurance claims from people with choroideremia versus those without choroideremia.
® Specifically, this analysis used 3 different US health insurance claims databases (IBM
and Multi-State Medicaid
Databases) to estimate health resource utilization and costs among people with chor-

MarketScan Commercial, Medicare Supplemental,
oideremia as reported from January 2013 to December 2018.
® A total of 199 people with choroideremia and 597 control individuals were included in

this analysis.
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® People with choroideremia had a higher average number of
hospital admissions, outpatient visits, and emergency
department visits than people without choroideremia (ie,
higher health resource utilization).

® Pecople with choroideremia had higher all-cause total costs
per year compared with people without choroideremia
($15,372 vs $9285, respectively), and this difference was
driven by people with choroideremia also having higher
outpatient visit costs ($8306 vs $4702).

® This is the first claims analysis study in choroideremia
addressing health resource utilization and costs from a US
payor perspective, providing additional clarity about eco-
nomic burden for people with this rare disease.

Introduction

Choroideremia is a rare, X-linked, inherited retinal dystro-
phy (IRD) resulting in progressive vision loss that ulti-
mately leads to blindness.' Symptoms of choroideremia
begin as impaired night vision followed by declining per-
ipheral vision, eventually resulting in tunnel vision.*"*
Central vision progressively declines in male individuals
with choroideremia aged >40 years, leading first to severe
vision loss and complete blindness in late adulthood.'
Because of the X-linked nature of the disease, females
have either fewer or no symptoms despite obvious fundo-
scopic signs.”

Vision loss is associated with substantial functional and
emotional burden for patients and caregivers.’® In
a survey of 2044 adults from the general US population,
47% of respondents reported vision loss as the health
outcome with the most debilitating effect on daily
living.® Reduced quality of life and loss of independence
were reported by >60% of these respondents as the most
concerning consequences of vision loss.® In a study of
5186 individuals aged >40 years from the US population-
based National Health and Nutrition Examination Survey
(2005-2008) who underwent frequency doubling technol-
ogy perimetry testing, severity of visual defects was
directly associated with functional disabilities, in particu-
lar for activities such as walking and driving that require
peripheral vision.” In a Dutch cross-sectional survey of
166 patients with retinitis pigmentosa, vision loss was
associated with feelings of frustration, anger, stress, and
anxiety.® Furthermore, according to a French survey, 52%
of caregivers of patients with blindness reported effects on
their physical and mental welfare.’

Global studies show that vision loss incurs substantial
economic burdens, including high direct costs associated

with health resource utilization (HRU) and indirect costs
related to lost productivity, unemployment, and loss of
income.””'" An analysis of the socioeconomic impact of
IRDs in the United States by a consortium of patient
organizations and industry partners estimated costs related
to choroideremia between $484.5 million and $1.1 billion
in 2019.' However, no published claims analyses have
characterized the economic burden of choroideremia for
US payors. The objective of this analysis was to estimate
HRU and costs using claims data in US patients with
choroideremia. Evaluating the economic impact associated
with choroideremia may help better characterize the spe-
cific unmet medical needs of patients with this condition
and assess the potential impact of novel treatments or
services targeting choroideremia.

Materials and Methods

This retrospective analysis used data from January 2013 to
December 2018 in the IBM MarketScan Commercial,
Medicare  Supplemental, and Multi-State ~ Medicaid
Databases (Armonk, NY). Patients with choroideremia were
identified as those with >1 claim with the International
Classification of Diseases, Ninth or Tenth Edition, choroider-
emia diagnostic code (363.55/H31.21) after a 6-month base-
line period without any choroideremia claims. Selection
criteria for patients with choroideremia (before matching) are
summarized in Supplemental Table 1. A control group of

patients without choroideremia was exactly matched 3:1 to
the choroideremia group by birth year, sex, geographic region,
health-care plan type, and drug coverage. All patients were
followed for >6 months.

Outcomes included all-cause total health-care costs
(including costs not related to choroideremia or other ocular
conditions), comprising hospital admissions, outpatient phy-
sician office visits, emergency department visits, and phar-
macy resource use per patient/year. Out-of-pocket patient
share of costs included copays, deductibles, and coinsurance.

Characteristics of the study cohorts were summarized
with descriptive statistics. Bivariate analyses of all study
variables were performed; categorical variables were sum-
marized as the count and percentage of patients in each
category, and continuous variables were summarized with
the mean (standard deviation [SD]). Health resource utili-
zation and costs were compared using generalized linear
regression models and were adjusted by baseline Charlson
Comorbidity Index (CCI). Total annualized costs were also
examined by sex and by age category (<20, 2044, 45-64,
and >65 years).
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Institutional review board approval was not needed for
this retrospective claims analysis.

The claims database was compliant with the Health
Insurance Portability and Accountability Act of 1996,
and the data used for this study did not include any
identifiable patient or investigator information, nor did its
analysis involve clinical intervention for or interaction
with any patients.

The funder of the study had a role in data analysis and
data interpretation. All listed authors, including those
employed by the funding source, had the right to approve
or disapprove the manuscript, and all authors approved the
manuscript.

Results

There were 199 patients in the choroideremia group and
597 in the control group. Patients in the overall study
population had a mean (SD) age of 45.3 (22.4) years,
66% were male, and 65% had commercial health insur-
ance (Table 1). The choroideremia group had a higher
mean (SD) baseline CCI than the control group (0.47
[0.88] vs 0.26 [0.62]; p = 0.0002).

In the follow-up period after adjusting for CCI, the
choroideremia group had significantly higher all-cause
HRU versus the control group, including a greater mean
(standard error [SE]) number of hospital admissions (0.09
[1.16] vs 0.06 [1.12]; p = 0.0325), outpatient visits (22.33
[1.01] vs 11.22 [1.01]; p < 0.0001), and emergency depart-
ment visits (0.41 [1.07] vs 0.26 [1.05]; p < 0.0001), per
patient per year (Table 2). A larger percentage of patients
in the choroideremia group versus the control group filled
a prescription in the follow-up period (82% vs 74%,
respectively), with a numerically higher mean annualized
number of prescriptions filled (10.11 vs 9.84; p = 0.0973;
Table 2).

The choroideremia cohort had significantly higher all-
cause total health-care costs per patient per year than the
control cohort ($15,372 vs $9285; p = 0.0054). Differences
in costs were primarily associated with higher mean (SE)
annualized outpatient costs for the choroideremia group rela-
tive to the control group ($8306 [$1352] vs $4720 [$777] per
patient; p = 0.0221; Figure 1). A similar distribution of all-
cause costs was seen in both cohorts, with outpatient costs
accounting for a majority of annualized costs per patient in
the choroideremia (54%) and control (51%) groups, respec-
tively. In analyzing the choroideremia cohort by sex, females
were significantly older (p = 0.0021) and had a numerically
higher mean baseline CCI score than males (0.5 vs 0.4,

Dong et al
Table | Demographics and Characteristics of the Study
Population
Characteristics Choroideremia Control
(n=199) (n=597)
Age, mean (SD), y 45.3 (22.4) 453 (22.4)
Male, n (%) 131 (66) 393 (66)
Region, n (%)
Northeast 38 (19) 114 (19)
North Central 40 (20) 120 (20)
South 55 (28) 165 (28)
West 30 (15) 90 (I5)
Unknown 36 (18) 108 (18)
Payor, n (%)
Commercial 131 (66) 390 (65)
Medicaid 36 (18) 108 (18)
Medicare 32 (l6) 99 (17)
supplemental
Health plan, n (%)
PPO 87 (44) 261 (44)
HMO/POS 36 (18) 108 (18)
Other 76 (38) 228 (38)
CCl, mean (SD)* 0.5 (0.9)* 0.3 (0.6)
CClI group, n (%)
0 141 (71)* 482 (81)
| 35 (18) 90 (I5)
2 15 (8) 17 (3)
3 503) 3(D
24 3(2) 5()

Notes: *CCl based on data 6 months before the index. *p < 0.05.
Abbreviations: CCI, Charlson Comorbidity Index; HMO, health maintenance
organization; POS, point of service; PPO, preferred provider organization; SD,
standard deviation.

Table 2 Annualized Health Resource Utilization in the Follow-
Up Period

Per Patient per Year, Choroideremia Control p value
LSM (SE) (n=199) (n=597)

Inpatient admissions 0.09 (1.16) 0.06 (1.12) 0.0325

Outpatient visits 22.33 (1.01) 11.22 (1.01) <0.001

ED visits 0.41 (1.07) 0.26 (1.05) <0.001

Pharmacy prescriptions 10.11 (1.01) 9.84 (1.01) 0.0973

Abbreviations: ED, emergency department; LSM, least squares mean; SE, standard
error.

respectively [p = 0.3769]; Supplemental Table 2). Although
no significant differences in total health-care costs were

observed between males and females, females had signifi-
cantly higher emergency department costs whereas males
had significantly higher outpatient visit costs.
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Figure | Annualized costs per patient.
Notes: Error bars are the standard error. *p = 0.0221.
Abbreviations: ED, emergency department; LSM, least squares mean.

Within the total cost, patient’s out-of-pocket costs in
the choroideremia group were $1033 and $652 in the
control group (7% of total costs in both groups; Table 3).
Outpatient (choroideremia group, $707; control group,
$384) and pharmacy prescription (choroideremia group,
$231; control group, $168) costs accounted for the major-
ity of out-of-pocket patient costs.

When potential drivers of postindex total annualized
costs were explored, the percentage of patients with
comorbidities accruing costs was higher in the choroider-
emia cohort across multiple disease categories. Conditions
more prevalent in the choroideremia cohort versus the
control cohort that were associated with increased costs
(Supplemental Figure 1) included (unadjusted odds ratio
[95% CI]) ocular disorders (4.63 [3.30-6.51]), respiratory
infection (1.71 [1.22-2.38]), lower respiratory tract disease

Table 3 Patient Share of Annualized Costs®

Per Patient per Year, LSM Choroideremia | Control
(n=199) (n=597)
Total cost $15,372 $9285
Out-of-pocket patient share of $1033 (7) $652 (7)
annualized costs (% of total)
Inpatient admissions $43 $50
Outpatient visits $707 $384
ED visits $52 $49
Pharmacy prescriptions $231 $168

Note: *Includes copays, deductibles, and coinsurance.
Abbreviations: ED, emergency department; LSM, least squares mean.

(1.51 [1.03-2.22]), type 2 diabetes mellitus (1.67 [1.09—
2.56]), and anemia (2.52 [1.34-4.71]).

In an analysis of key subgroups, the choroideremia
group consistently had higher mean (SE) annualized all-
cause costs than the control group across age ranges,
particularly among patients aged 20 to 44 years ($14,544
[$2929] vs $5953 [$1685]; 144% difference between
groups; p = 0.0119; Figure 2). No significant differences
by sex were observed in mean annualized all-cause costs
among patients with choroideremia (males, $17,669;
females, $18,522; p = 0.8837).

Discussion

In this analysis of US claims data, the choroideremia
cohort had higher all-cause HRU and total costs compared
with the control cohort; these differences were primarily
driven by HRU and costs associated with outpatient visits.
The choroideremia group had consistently higher all-cause
total annualized costs than the control cohort across age
groups, with significant differences observed in patients
aged 20 to 44 years.

Visual impairment and blindness incur a substantial
overall cost burden for patients. Although it can be chal-
lenging to directly compare results of health economic
analyses due to variations in methodology, patient popula-
tions, and global patterns of HRU, findings from this
economic analysis of choroideremia were generally
equivalent with published estimates of mean annualized
costs associated with severe vision loss. A systematic
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Figure 2 Total annualized costs per patient by age category.
Notes: Error bars are the standard error. *p = 0.0119.
Abbreviation: LSM, least squares mean.

review of 22 studies related to visual impairment and
blindness found mean annualized expenses per person
were $12,175 to $14,029 for moderate visual impairments,
$13,154 to $16,321 for severe visual impairment, and
$14,882 to $24,180 for blindness, showing that cost
increases correlated with severity of impairment.'® In this
analysis, mean annualized costs per patient in the choroi-
deremia group were $15,372.

When underlying drivers of costs related to visual
impairment were examined in other studies, a breakdown
of the costs (millions, $) of choroideremia in the United
States in 2019 showed the greatest share ascribed to loss
of wellbeing as measured by years of healthy life lost
(301.0-715.8), followed by productivity losses (71.4—
169.7), caregiver costs (38.5-91.4), health-care system
costs (34.4-79.2), loss of taxation revenue (25.5-60.1),
and other costs (13.6-32.3)."% Other published analyses
show a large proportion of the direct costs of vision loss
were not associated to eye-related medical care per se, but
to falls or accidents due to visual impairment or exacer-
bation of comorbidities such as diabetes.!® Furthermore,
a study of patients with IRD demonstrated the substantial
impact of indirect costs associated with vision impair-
ment, estimated at >$1.9 million over a lifetime, that
was primarily attributable to caregiver burden (eg, assis-
tance with activities of daily living) and productivity
loss."?

In this study, costs of outpatient visits were consis-
tently associated with increased HRU and total costs.
The choroideremia group had a higher mean baseline
CCI (before first diagnosis in the database), and this

could factor into the increased odds observed for several,
particularly nonocular, comorbidities that could be a driver
of higher costs in this cohort. Additionally, whole meta-
bolomic profiling of 25 individuals with choroideremia
found altered lipid metabolism and increased oxidative
stress, supporting the possibility of systemic effects of
choroideremia, although further research is needed.'® In
published analyses, visual impairments, such as age-
related macular degeneration (AMD), have also been asso-
ciated with increased prevalence of chronic comorbidities.
For example, cardiovascular and renal conditions were
associated with an increased likelihood of early AMD in
the US general population.'® Studies of Medicare popula-
tions demonstrated links between neovascular AMD and
incident stroke, particularly among elderly patients'® and
>20% increased odds of hypertension, hypercholesterole-
mia, emphysema, chronic obstructive pulmonary disease,
arthritis, atherosclerosis, and coronary heart disease with
neovascular AMD relative to controls.'” In a large, retro-
spective study from Taiwan, incidence of stroke was sig-
nificantly higher in patients with normal-tension glaucoma
versus controls (hazard ratio 6.43; 95% CI: 4.80-8.38).'®
Additionally, it is possible that visual impairments could
impair ability to engage in regular exercise, indirectly
affecting susceptibility to comorbid conditions and poten-
tially health-care costs. Given this pattern of visual impair-
ment and chronic conditions, further investigation is
needed to characterize the associations among choroider-
emia and comorbidities potentially leading to increased
outpatient visits and total costs.
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No significant differences in HRU and costs per patient
were observed between males and females in this study.
This is noteworthy because choroideremia is an X-linked
disecase, with most female carriers expected to be
asymptomatic,'® and the present study included a study
population composed of >30% females. Although this sex
difference could be expected to translate into lower costs
for females, cost differences were not observed between
males and females, potentially because of age-related fac-
tors. Females were ~10 years older than males in this
analysis and had ~$3000 higher costs associated with
emergency department visits, as well as numerically
higher baseline CCI, compared with males. Males, how-
ever, had greater outpatient costs than females. Together
these data support the possibility that females in this study
accrued additional cost burden due to conditions common
with advanced age. Another possibility is that costs were
influenced by symptom severity. A study of 12 female
carriers of disease-causing variants in the CHM gene
found that choroideremia symptom severity could manifest
as mild, intermediate, or severe (n=4 in each category).?’
Because of the nature of the data in the present study, we
could not ascertain whether the females included in this
analysis were symptomatic or determine the severity of the
symptoms, highlighting the need for further studies to
assess the percentage of carriers who typically present to
the health-care system, to determine whether they are
symptomatic, and to investigate differences and similari-
ties in HRU profiles between female carriers and males
with choroideremia.

Limitations

This is the first published study in choroideremia addres-
sing HRU and costs in the United States using claims data;
however, there were some limitations to this analysis. The
commercial insurance database was primarily employer-
based and may not be representative of the overall popula-
tion. Because patients with more severe visual impairment
may be unable to continue employment,'® these indivi-
duals are likely under-represented in this database.
Clinical characteristics, symptoms, and patient age were
captured, but severity of choroideremia was not directly
assessed. To overcome this limitation, we evaluated out-
comes by age categories. Choroideremia is a progressive
disease, often leading to blindness in late adulthood,® and
age can be considered a reliable proxy measure for disease
with
choroideremia®’ and genetic testing results were not

stage. Because misdiagnosis is common

available to confirm diagnosis, these findings may not be
generalizable to the overall population of individuals with
choroideremia. Moreover, out-of-pocket costs incurred by
patients were evaluated as copayments, but functional
adjustments to daily living associated with reduced vision
and productivity losses were not assessed (identified as
contributing to overall costs of vision loss). Finally, there
are limitations inherent to retrospective analyses of claims
data that are relevant to the present study, including inabil-
ity to determine clinical outcomes (eg, extent of visual
loss) or implication of potential therapies on cost savings
based on claims data. For example, drawing conclusions
about costs related to comorbidities in the choroideremia
cohort would be supported by laboratory results and clin-
ical assessments, which are unavailable in insurance
claims data.

Conclusion

Choroideremia is a rare disease, and data about the finan-
cial burden of this condition are limited. This analysis
provides clarity about the economic burden of this condi-
tion on males and females. These findings can inform US
payors about the excess HRU and cost burden associated
with choroideremia and may help to assess the potential
impact of novel treatment options for appropriate patient
populations with choroideremia.
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