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What is already known
about this subject

» Duchenne muscular dystrophy
(DMD) is a severe progressive
neuromuscular degenerative disease;
afflicted patients require extensive
management over their lifespan.

« Claims-based studies of outcomes
among those with DMD are very
few; as a result, little is known about
outcomes among patients with DMD
covered by different payer types.

ABSTRACT

BACKGROUND: Duchenne muscular dystro-
phy (DMD) is a severe X-linked progressive
neurodegenerative disease characterized by
loss of ambulation, cardiomyopathy, respira-
tory insufficiency, and early mortality. Few
data are available that describe the direct
medical costs among patients with DMD in
the United States.

OBJECTIVE: To characterize the demograph-
ics, comorbidity burden, and direct monthly
costs of care among patients with DMD with
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What this study adds

* This large retrospective observational
study evaluated the characteristics of,
and the direct medical costs of care,
among almost 2,000 patients covered
under commercial or Medicaid plans in
the United States.

In this study, the distribution of
demographic characteristics was
comparable between DMD patients
with commercial coverage and those
with Medicaid coverage, and monthly
direct medical costs were similar,
providing contemporary data on the
characteristics of DMD patients and
their attendant economic burden.

Medicaid and with commercial insurance
coverage.

METHODS: IBM MarketScan Commercial and
Multi-State Medicaid claims (2013-2018) were
used to identify males aged 30 years or under
with diagnostic codes for muscular dystrophy
or DMD; additional exclusion criteria were
applied to identify those with probable DMD.
Baseline characteristics and comorbidities
were tabulated. The frequency of health care
resource use and median (interquartile range
[IQR]) monthly costs (in 2018 USD) were esti-
mated from those with at least 12 months of
continuous follow-up.
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RESULTS: Median (IQR) baseline ages were
similar between the Medicaid (14 [9-20]
years; n=2,007) and commercial (15 [9-21]
years; n=1,964) DMD cohorts. The frequency
of comorbidities over the period was slightly
higher with those on Medicaid. The median
duration of follow-up was 3.1 years among
members of the Medicaid DMD cohort

and 1.7 years among the commercial DMD
cohort. Median monthly resource use was
generally higher among the Medicaid DMD
cohort; nonetheless, median (IQR) monthly
costs were similar at $1,735 ($367-$5,281) for
the Medicaid DMD cohort vs $1,883 ($657-
$6,796) for the commercial DMD cohort.
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CONCLUSIONS: The demographic characteristics and median direct
medical costs were similar between patients with commercial vs
Medicaid coverage, even though patients with Medicaid coverage
had higher resource use. Despite challenges in definitively identify-
ing DMD patients using claims data, these findings help characterize
contemporary DMD populations in the United States and the related
direct economic burden to the payer.

Duchenne muscular dystrophy (DMD) is a rare, X-linked
neuromuscular disorder caused by mutations in the gene
for dystrophin.'? Patients typically present in early child-
hood with gait abnormalities, muscle weakness, and delayed
motor and cognitive function.*% Data from neuromuscular
patient registries, including the Cooperative International
Neuromuscular Research Group,” Duchenne Registry,® and
Centers for Disease Control and Prevention’s Muscular
Dystrophy Surveillance, Tracking, and Research Network
have documented the relentless progression of DMD.? When
left untreated, progressive muscular degeneration leads to
loss of ambulation often before age 12 years, cardiomyopa-
thy and respiratory insufficiency in late childhood or early
adulthood, and early mortality from the late teens into the
third decade of life.>"1°

Rare, severe conditions such as DMD are associated
with considerable patient burden and substantial economic
impact,? due to the progression of the disease and the
accompanying effects of the constellation of associated
comorbidities.’??! Despite rigorous evidence of the clini-
cal burden of DMD progression, and while it is clear that
patients with DMD require intensive follow-up and clinical
care,?9% little is known about outcomes among patients
with DMD managed under different care plans in the United
States. While claims database studies are often used to
characterize patient populations, understand treatment
patterns, and assess aspects of the economic burden of a
health condition, such assessments for DMD are limited.
The only claims-based study providing such estimates was
before the widespread use of corticosteroids and included
a small number of patients from 1 commercial plan only.?

Analyses of outcomes among those treated under dif-
ferent payer segments are lacking, specifically among
individuals accessing care through commercial plans
(eg, private or employer-sponsored health insurance) or
government-sponsored health programs (eg, Medicaid).
Broader assessments of patients with different payer types
are critical, since how treatment is funded would be an
important contributor to the economic burden of DMD.
Such data, as well as contemporary information on the

characteristics and duration of DMD patients within com-
mercial and Medicaid plans over time, is imperative to
understanding the unmet need and patient burden in DMD.
The objective of this study was to characterize DMD
populations in the United States with commercial and
Medicaid insurance coverage, including their demograph-
ics, comorbidity burden, and direct monthly costs of care.

Methods

This study was a US-based, real-world, retrospective cohort
study that described the clinical and economic burden
among those with DMD.

DATA SOURCE

Data were derived from the IBM MarketScan commer-
cial and Multi-State Medicaid databases,?*?* each of which
are large, nationally representative health care databases.
The 2 datasets are distinct and do not have a mechanism
to identify patients who are present in the datasets simul-
taneously (ie, they have dual coverage) or consecutively (ie,
they changed insurance coverage). These data have been
widely validated for clinical, pharmacoepidemiological, and
pharmacoeconomic research?2® and allow for robust esti-
mation of treatment patterns, health care resource use, and
costs. 3034

STUDY SAMPLE

The eligible DMD population included all males aged
30 years and under, with a hereditary progressive muscu-
lar dystrophy (MD) International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnos-
tic code 359.1 until September 30, 2015; MD International
Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) code G71.0 from October 1, 2015;
the Becker/Duchenne MD-specific ICD-10-CM diagnostic
code G71.01 from October 1, 2018, in any position on at least
2 outpatient DMD medical claims (with >30 days between
claims) or as the primary or secondary diagnosis of at least
1inpatient claim; or a dispensation for eteplirsen (specific to
exon 51 skip amenable patients only).

To remove those likely to have other congenital dystro-
phies (where loss of function would have occurred earlier)
and focus on those with “probable DMD,” individuals with
the following codes were excluded (see Supplementary
Table 1 for applicable codes, available in online article)?: at
least 2 medical claims for ventilator use at least 180 days
apart, before age 6 years; at least 1 medical claim with a
Current Procedural Terminology code for an orthopedic
procedure on the foot before age 3 years; at least 1 medical
claim for a power, power-assist, and /or manual wheelchair
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before age 5 years; or at least 1 medication fill (National
Drug Code number 64406005801) or an injection code
(Healthcare Common Procedure Coding System J2326) for
nusinersen at any point during the study period.

No exclusion criteria related to the duration of follow-up
were imposed, except when noted for resource use and
direct costs analysis. Commercially insured DMD patients
comprised the “commercial DMD cohort,” and Medicaid-
insured DMD patients made up the “Medicaid DMD cohort.”

An unaffected comparison group of registrants of each
insurance type was also included, with whom to compare
estimates of the duration of available follow-up, rates
of comorbidities, and economic burden. The comparison
group was drawn from all of those without a diagnostic
code for MD over the study period and matched to the
DMD group on age at index date, sex, and calendar month of
index date. Separate comparison groups were identified for
both the commercial and Medicaid DMD cohorts.

STUDY DESIGN

Because of differences in data availability, the identifica-
tion period for study enrollment was April 1, 2013, to March
31, 2018, for those with commercial coverage and January
1, 2013, to June 30, 2018, for those with Medicaid coverage.
All DMD cohort members were indexed via the first eligible
inpatient or outpatient visit with an MD code. All individuals
were followed until death (if known), deregistration, or the
end of the follow-up period.

OUTCOMES AND ANALYSIS

To characterize the population with and without DMD in
the commercial and Medicaid cohorts, the median age,
distribution of age, and geographic region at baseline
were described. Median follow-up time was estimated per
cohort. Health status of the cohorts over the study period
was described by the frequency and characteristics of cor-
ticosteroid use, an unweighted Elixhauser Comorbidity
Index score,® and the frequency of key neurologic/neu-
ropsychiatric and other comorbidities (identified from a
targeted literature review and clinical expert consultation,
as described in Supplementary Table 2, available in online
article).

Median follow-up time and attrition, defined by indi-
viduals exiting coverage in their respective payer insurance
type for any reason, was estimated over time using Kaplan-
Meier analysis based on individual time since cohort entry.
The reason for attrition (eg, due to mortality vs switching
insurance plans) was not available in the datasets.

All-cause resource use and direct medical costs
were summarized among the subgroup that had at least
12 months of continuous follow-up after index. Costs and
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resource use because of outpatient visits, hospitalizations,
and medication use were considered; costs for emergency
room visits are accounted for in the MarketScan datasets
within inpatient and outpatient costs. Total gross payment
to all providers (total eligible charges less any reason-
able and customary amounts and discounts for preferred
provider organization services, but before reductions for
deductibles, copayments, and other savings) were used to
estimate costs. Resource use was summarized by median
(with interquartile range [IQR]), as well as the percentage
using the resource. Median monthly costs were calculated,
and all costs were inflated to 2018 US dollars (USD).3¢

The impact of key design assumptions on the results
were tested in sensitivity analyses. To increase the likeli-
hood of eliminating uncertain DMD cases, the definition
of DMD was varied using 2 additional cohort definitions:
(1) adding an inclusion criterion of having at least 1 diagnosis
from a specialist and (2) adding an exclusion criterion of
having at least 2 claims with an ICD-9-CM or ICD-10-CM
diagnostic code for any of the following: myoneural dis-
order (358.x or G70.x), Guillain-Barre syndrome (357.0 or
G61.0), or hereditary motor and sensory neuropathy (356.2
or G60.0).

Results derived from the DMD cohorts identified by the
sensitivity analysis definitions were compared with those
from the base-case DMD cohorts using the median (IQR)
age at index, Elixhauser Comorbidity Index score, and
monthly costs. Two additional sensitivity analyses were
performed: (1) to reduce potential bias due to the impact
of varying follow-up time, resource use was estimated
from the subgroup with at least 12 months of continuous
follow-up after index for the first year of follow-up only and
(2) missing costs data for all encounters where a SO charge
was assigned were imputed by assigning the average cost
per resource type observed, and median monthly costs
were calculated and statistically compared using the Mann-
Whitney U Test. Statistical analyses were conducted using
R version 4.0.4. (R Foundation for Statistical Computing).

Results

PATIENT CHARACTERISTICS

Over the study period, 1,964 individuals with DMD were
identified from the commercial dataset and 2,007 from
Medicaid (Figure 1). The age distributions (Supplementary
Figure 1, available in online article) and median age at base-
line were similar between the DMD cohorts (Table 1). By
design, the age distribution was similar for the DMD cohorts
and their respective comparison cohorts. The median (IQR)
duration of follow-up was longer among members of the
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FIGURE 1 Study Design and Enrollment by Cohort

Male population in MarketScan aged <30 years
at any point during the study period
Commercial: n=18,701,194
Medicaid: n=>5,966,063

| Inclusion criteria:

Y

e 1 claim with diagnostic code for MD or prescription for eteplirsen

Eligible MD population in MarketScan
Commercial: n=_8,607
Medicaid: n=5,452

Inclusion criteria:
» <30years old at index
« >1inpatient or 22 outpatient MD claims with >30 days in

\ 4

Refined MD population in MarketScan
Commercial: n=2,020
Medicaid: n=2,107

between

Exclusion criteria:
» No enrollment data
» 22 claims for assisted ventilation/tracheostomy separated by
>180 days <age 6
« >1 claim with a CPT code for an orthopedic procedure on the
foot

\ 4

« >1 claim for a power, power-assist, and/or manual wheelchair
<age5

« 21 dispensation/injection for nusinersen at any point during the
study period

Eligible DMD population
in MarketScan

Eligible comparison population: age and sex
matched to index month of DMD population

Commercial: n=1,964
Medicaid: n=2,007

Y

Commercial: n=7,442
Medicaid: n=7560

4

Y

Economic cohort (minimum follow-up of 1 year)

Economic comparison cohort (minimum follow-up of 1 year)

Commercial: n=1,420
Medicaid: n=1,722

Commercial: n=4,486
Medicaid: n=5,395

CPT=Current Procedural Terminology; DMD =Duchenne muscular dystrophy; MD=muscular dystrophy.

Medicaid cohort (3.1 [1.6-4.7] years) compared with the
commercial DMD cohort (1.7 [0.9-3.4] years), with 68.9%
of the Medicaid DMD cohort (vs 47.4% of the commercial
DMD cohort) remaining in the cohorts at 3 years when
accounting for censoring. The percentage of the non-DMD
comparison cohorts remaining at 3 years was also higher
among the Medicaid cohort (57.7%) than the commercial
(37.2%) cohort.

Less than half of patients were observed to receive
corticosteroid treatment (and fewer in the commercial
DMD cohort [38.8%] than in Medicaid [46.1%]; Table 1) over

their available follow-up. Of those who received cortico-
steroids, the majority received prednisone/prednisolone,
and a minority received deflazacort (17.2% of the com-
mercial DMD cohort on any corticosteroid and 8.3% of the
Medicaid DMD cohort). Thirty patients in the commercial
DMD cohort (1.5%) and 16 (0.8%) in the Medicaid DMD
cohort were treated with eteplirsen.

The comorbidity burden, by median (IQR) Elixhauser
scale score, was lower among the commercial (1 [0-3])
compared with the Medicaid (2 [1-4]) DMD cohorts. A lower
percentage of patients in the commercial DMD cohort
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TABLE 1

Medicaid DMD, and Comparison Cohorts

Baseline Demographics, Health Status and Comorbidities Over Study Period, Commercial and

Commercial Medicaid
DMD Comparison DMD Comparison
(n=1,964) (n=7,442) (n=2,007) (n=7,560)

Follow-up, years, median (IQR)? 1.7 (0.9-3.4) 1.4 (0.6-3.0) 31 (1.6-4.7) 2.0 (0.8-3.8)
Age at cohort entry, median (IQR)? 15 (9-21) 15 (9-20) 14 (9-20) 14 (9-19)
Patients, by age category,® n (%)

0-3 88  (4.5) 317 (4.3) 14 (5.7) 391 (5.2)

47 260 (13.2) | 1,005 (13.5) 281  (14.0) | 1,054 (13.9)

8-13 497 (25.3) | 1922 (25.8) 534 (26.6) | 2,061 (27.3)

1417 379 (193) | 1,478  (199) 361  (18.0) | 1,427 (189)

18-25 527 (26.8) | 2,012 (27.0) 537 (26.8) | 1,988 (26.3)

26+ 213 (10.8) 708 (9.5 180  (9.0) 639 (8.5)
Patients, by region,® n (%)

Northeast 355 (18.1) | 1,332 (179) NA NA

North central 515 (26.2) | 1926 (25.9) NA NA

South 735  (374) | 2756 (37.0) NA NA

West 358 (18.2) | 1,367 (18.4) NA NA

Unknown - 61 (0.8) NA NA
Patients with CS use, by CS type,” n (%)

Any CS use 762 (38.8) 990 (13.3 926 (461) | 1343  (17.8)

Prednisone/prednisolone 694  (35.3) 990 (133 896  (44.6) 1343 (17.8)

Deflazacort 131 6.7) - 77 (3.8 -

None 1,202 (61.2) | 6452 (867) | 1,081 (539) | 6217 (82.2)
Age at first CS use,® median (IQR) 14 (9-19) 16 (11-21) 12 (8-18) 14 (919)

PDC among CS users 0.38 (0.04-0.95) | 0.02 (0.01-0.04) | 0.12(0.01-0.56) | 0.01 (0.01-0.02)

was observed to have neurological and neuropsychiatric
comorbidities (36.3% vs 58.3%) and non-neurological and
non-neuropsychiatric comorbidities (58.7% vs 66.8%), com-
pared with the Medicaid DMD cohort.

HEALTH CARE RESOURCE USE

The subset of patients with at least 1 year of continuous fol-
low-up was identified from each of the commercial (n=1,420;
72.3%) and Medicaid (n=1,722; 85.8%) DMD study cohorts.
While median (IQR) follow-up was longer for the DMD eco-
nomic cohort subsets (2.7 [1.7-4.0] years for the commercial
DMD; 3.6 [2.1-4.7] years for the Medicaid DMD cohorts),
demographic characteristics were similar to the main DMD
cohorts. Among the DMD patients included in the economic
analyses, the median (IQR) ages at cohort entry were also 15
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continued on next page

(9-21; commercial) and 14 (9-20; Medicaid) years; the median
(IQR) Elixhauser score was 2 (1-3; commercial) and 2 (1-4;
Medicaid; Supplementary Table 3, available in online article).

Median monthly resource use was generally higher
among the Medicaid DMD cohort than the commercial
DMD cohort (Table 2). A median of 3.8 outpatient visits per
patient per month was observed among the Medicaid DMD
cohort vs 1.4 among the commercial DMD cohort. Inpatient
visits were less frequent, with 31.1% of Medicaid and 25.9%
of commercial patients having at least 1 hospitalization
during their follow-up; the median length of stay was 4.3
(Medicaid) and 4.0 (commercial) days. More Medicaid DMD
patients had at least 1 emergency department (ED) visit
during their follow-up (64.6% of Medicaid DMD patients
vs 47.8% of commercial DMD patients). Among the DMD
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TABLE 1

Baseline Demographics, Health Status and Comorbidities Over Study Period, Commercial and
Medicaid DMD, and Comparison Cohorts (continued)

Commercial Medicaid
DMD Comparison DMD Comparison
(n=1,964) (n=7,442) (n=2,007) (n=7,560)
Comorbidity burden
Unweighted Elixhauser score, median (IQR) 1 (0-3) 0 (0-0) 2 (1-4) 0 (0-1)
Patients with neurological/neuropsychiatric comorbidities,” n (%) 713 (36.3) | 1,137 (15.3) 1,170  (58.3) 2,038 (27.0)
Anxiety, dissociative and somatoform disorders 302 (15.4) 475 (6.4) 329  (16.4) 587 (7.8)
Hyperkinetic disorders of childhood 207  (10.5) 584 (7.8) 297 (14.8) | 1,041 (13.8)
Learning disabilities 200 (10.2) 85 (11 679  (33.8) 487 (6.4)
Episodic mood disorders 185 (9.4) 266 (3.6) 301 (15.0) 583 (7.7)
Pervasive developmental disorders 116 (5.9 101 1.4 157 (7.8) 226 (3.0
Epilepsy 89 (4.5 57 (0.8) 136 (6.8) 147  (19)
Behavioral disorders 64 (3.3) 72 (1.0 154 (7.7) 474 (6.3)
Patients with non-neurological/neuropsychiatric 1153 (58.7) 2,818 (379) | 1,341 (66.8) 3183  (42.1)
comorbidities,® n (%)
Respiratory infectious disease 958  (48.8) 2569  (34.5) 1,176  (58.6) 2815 (37.2)
Asthma 285  (14.5) 594  (8.0) 424 (211) 952 (12.6)
Fracture and osteoporosis 148 (7.5) - 118 (5.9) -
Cataract 74 (3.8) - 37 (1.8) 7 0.1)
Diabetes mellitus 56 (2.9) 54 0.7) 78 (3.9 106 a
Cystic fibrosis 39 (2.0) 76 (1.0) 69  (3.4) 257

Note: Dash represents n<5.
Statistical significance estimated using Mann-Whitney U test.
bStatistical significance estimated using 2-sample Student's t-test.

CS=corticosteroid; DMD =Duchenne muscular dystrophy; IQR=interquartile range; NA=not available; PDC =proportion of days covered.

cohorts, 68.5% of Medicaid patients and 64.5% of commer-
cial patients had at least 1 general practitioner visit over the
follow-up period, and almost all (97.0%) of the commercial
DMD cohort visited a specialist during their follow-up
(compared with 75.1% of the Medicaid DMD cohort).

Resource use was substantially higher for the DMD
cohorts than for the comparison non-DMD cohorts. A
greater proportion of patients in the DMD cohorts had
hospitalizations, ED visits, and outpatient visits, along with
higher medications use, than in the non-DMD comparison
cohorts (Table 2).

DIRECT MEDICAL COSTS OF CARE

While average resource use tended to be lower among
members of the commercial DMD cohort, average total
monthly costs were higher than in the Medicaid DMD

cohort (Figure 2 and Supplementary Table 4, available in
online article). Median (IQR) monthly costs were $1,883
($657-$6,796) for the commercial DMD cohort vs. $1,735
($367-$5,281) for the Medicaid DMD cohort.

Among the commercial DMD cohort, outpatient resource
use was the largest driver of costs (median, $939), followed
by costs of medications ($333). Inpatient costs were negli-
gible for the majority of patients. Among those treated with
corticosteroids, corticosteroid use accounted for 30% of
medication costs. Median (IQR) costs in the DMD cohort
increased with age, ranging from $797 ($370-$2,230) among
boys aged 0-3 years (n=59) to $2,637 ($493-$9,518) among
those aged 26 years and older (n=141) at baseline.

Among the Medicaid DMD cohort, outpatient visits
were also the largest driver of costs (median, $728) fol-
lowed by medication use ($211) and inpatient costs. Among
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TABLE 2 Monthly Resource Use Over Study Period for DMD and Comparison Cohorts, by Type of

Insurance Coverage?

Commercial Medicaid
DMD Comparison DMD Comparison
Type of resource n=1,420 n=4,486 n=1,722 n=5,395

Medications

Distinct medications dispensed ‘ 2.4 (1.5-4.4) ‘ 1.3 (1.0-2.0) ‘ 3.5 (1.9-6.6) ‘ 1.5 (0.0-2.6)
Hospitalizations

Any hospitalization, n (%) 368 (25.9) 162 (3.6) 535 (31.1) 345 (6.4)

Hospitalizations among those with =1 hospitalization 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.0 (0.0-0.1)

Length of stay per hospitalization (days) 40 (2.0-7.0) 3.0 (2.0-5.0) 43 (2.0-8.2) 3.4 (2.0-6.0)
ED visits

Any ED visit, n (%) 679 (47.8) 1,215 (27.1) 1,113 (64.6) 2,625 (48.7)

ED visits among those with >1 visit 0.1 (0.0-0.1) 0.0 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.0-0.1)
Outpatient visits

Outpatient visits 14 (0.7-3.1) 0.2 (0.1-0.5) 3.8 (1.3-139) 03 (0.1-0.7)

>1 GP visit, n (%) 916  (64.5) | 2,074  (462) | 1179  (68.5) | 2,670 (49.5)

GP visits among those with >1 GP visit 0.1 (0.0-0.2) 0.0 (0.0-0.1) 0.1 (0.0-0.4) 0.0 (0.0-0.1)

>1 specialist visit, n (%) 1,378 (97.0) | 3,509  (78.2) | 1,293  (751) | 3441  (63.8)

Specialist visits among those with >1 specialist visit 0.5 (0.3-0.9) 0.1 (0.0-0.3) 0.2 (0.0-0.5) 0.1 (0.0-0.2)

Note: Data reported as median (IQR), unless otherwise stated.
eDMD and comparison cohorts with a minimum of 1-year follow-up.

DMD =Duchenne muscular dystrophy; ED=emergency department; GP=general practitioner; IQR=interquartile range.

those treated with corticosteroids, corticosteroid use
accounted for 18% of medication costs. Median (IQR) costs
in the DMD cohort ranged from $229 ($45-$923) among
boys aged 0-3 years (n=91) to $3,480 ($359-510,754) among
those aged 26 years and older at baseline (n=144; Table 3).
For members of both DMD cohorts, increases in out-
patient costs were the largest drivers of differences in
costs by age; the contribution of medication costs was
relatively consistent across age categories (Figure 2). Costs
as observed in the databases were substantially higher for
the DMD cohorts than the comparison non-DMD cohorts.
Median monthly costs among the commercial DMD cohort
were 25.8-fold higher than among the commercial compari-
son cohort and 64.3-fold higher among the Medicaid DMD
cohort vs the Medicaid comparison cohort (Table 3).

SENSITIVITY ANALYSES

The results of sensitivity analyses that used more spe-
cific definitions for DMD did not differ dramatically from
the base-case results (Supplementary Table 3). When
DMD was defined by additionally requiring at least 1
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specialist diagnosis, the median monthly cost per person
for the commercial DMD cohort increased from $1,883 to
$1,903 (P=0.8200) and from $1,735 to $1,969 for the Medicaid
DMD cohort (P=0.0060). When the DMD definition excluded
myoneural disorder and similar diseases, median monthly
costs per person decreased from $1,883 to $1,823 for the
commercial DMD cohort (P=0.5027) and from $1,735 to
$1,665 for the Medicaid DMD cohort (P=0.4783).

When the analyses of resource use were restricted
to data from the first year of follow-up per patient, the
percentages having at least 1 hospitalization, visit to the
general practitioner, or specialists were lower in both DMD
cohorts. While the rates of general practitioner visits and
hospitalizations remained higher among the Medicaid DMD
cohort than the commercial DMD cohort, the percentage
with at least 1 specialist visit remained higher among the
commercial DMD cohort (Supplementary Table 4).

The amount of missing costs data was higher in the
Medicaid DMD cohort than the commercial DMD cohort.
As an example, none of the commercial DMD cohort
patients were missing costs for all of their health insurance
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m Median Total Monthly Costs in Commercial and Medicaid DMD Cohorts

All Patients 0-3 years 4-7 years

8-13 years 14-17 years 18-25 years 26+ years

3,000

[ Medication
M Outpatient
M Inpatient

N
o
o
o

per patient (USD)

Median monthy direct medical costs

Note: Costs are presented in 2018 US dollars.
DMD =Duchenne muscular dystrophy.

claims, whereas this occurred for 67 (3.3%) members of the
Medicaid DMD cohort. When missing costs for all encoun-
ters with SO charges assigned were imputed, median (IQR)
monthly costs increased to $2,018 ($696-$7,053; P=0.4579
for comparison to base-case results) in the commercial
DMD cohort and to $2,071 ($663-$5,801; P<0.0001) in the
Medicaid DMD cohort.

Discussion

Few claims studies have yet characterized real-world popu-
lations of DMD, their treatment, and their attendant cost of
care in the United States, particularly considering patients
with different types of health insurance. The largest study
addressing these objectives to date used data from com-
mercially insured individuals and was conducted before the
release of guidelines recommending the use of corticoste-
roids as standard of care,'®?? which has resulted in a shift
in the clinical course, pattern, and timing of complications
in DMD.? Contemporary estimates of the demograph-
ics, comorbidity burden, and costs of care among patients
with DMD on either commercial and Medicaid plans are
presently lacking.

This real-world study used data from the large repre-
sentative MarketScan databases to identify almost 2,000
patients with DMD covered under commercial insurance
plans and a similar number of patients covered under
Medicaid insurance. DMD patients with commercial and
Medicaid coverage were similar in many respects, including
in their median age and age distribution. The comorbidity
burden in both DMD cohorts was high—higher among those
in the Medicaid DMD cohort than in the commercial DMD
cohort and higher in both the DMD cohorts than in their
respective non-DMD comparison cohorts.

Monthly resource use was higher for patients with
DMD than for patients without DMD and higher among
members of the Medicaid DMD cohort than the commercial
DMD cohort, including when stratified by age or when the
observation period was fixed to a 1-year duration post-
index in a sensitivity analysis. Resource use was higher
among the Medicaid DMD cohort, especially for outpatient
visits, possibly because of differences in comorbidity bur-
den, despite similarities in age distributions between the
2 DMD cohorts. In addition, there could have been innate
differences between the coding and billing practices in
Medicaid and commercial databases, as well as any local
regional differences in the states included in each database
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TABLE 3 Monthly Costs Among Commercial and Medicaid DMD and Comparison Cohorts, by Age Group

Baseline age group
All patients 0-3 years 4-7 years 8-13 years 14-17 years 18-25 years 26+ years
= hod = hd £ ] = ] 2 ) o © o ]
e | £ | & g | & 8| §E| B | £ & £ & E
DMD cohorts
I1=1,420 I1=1,722 n=59 n=91 n=184 | n=235 | n=378 | N=468 | Nn=259 | Nn=326 | N=399 | Nn=458 | n=141 | n=144
$333 $211 $58 $12 $268 $92 $282 $184 $372 $353 $444 $330 $730 $325
Medications | ($38- | ($12- ($6- ($0 ($47- ($0- ($26- | ($21- | ($78- | ($22- | (%40- | ($28- | ($72- ($4-
$2,437) | $1,533) | $386) | -$246) | $2,623) | $658) | $3,480) | $1,580) | $1,729) | $2,430) | $2,310) | $1,748) | $4,539) | $2,048)
$0 $0 $0 $0 $0 $0 $0 $0
: $0 $0 $0 $0 $0 $0
Inpatient ($0- ($0- ($0- ($0- ($0- ($0- ($0- ($0-
$117) | $93) (80-50) | (50-50) | ($0-$0) | (80-50) | (30-50) | (50-50) $478) | $270) | $392) | $352) | $401) | $585)
$939 $728 $642 $208 $977 $354 $923 $652 | $1,116 | $961 $947 | $1,447 | $795 | $1,571
Outpatient ($382- | ($192- | ($281- | ($36- | (3487- | ($97- | ($456- | ($245- | ($451- | ($267- | ($297- | ($284- | ($208- | ($150-
$1,948) | $2,301) | $1,532) | $467) | $1,715) | $797) | $1,767) | $1,606) | $1,801) | $2,581) | $2,275) | $3,426) | $2,605) | $5,413)
$1,883 | $1,735 | $797 $229 | $1,629 | $609 | $1,864 | $1,588 | $1,856 | $2,476 | $2,313 | $2,882 | $2,637 | $3,480
Total ($657- | ($367- | ($370 ($45- | ($698- | ($138- | ($685- | ($448- | ($732- | ($636- | ($592- | ($733- | ($493- | ($359-
$6,796) | $5,281) | $2,230) | $923) | $5,189) | $1,740) | $7,070) | $4,468) | $6,243) | $7,063) | $7,534) | $7,269) | $9,518) |$10,754)
Comparison cohorts
n=4,486/n=5,395| n=190 | n=262 | n=579 | n=817 |n=1,246 n=1,639| n=971 |n=1,128 n=1,135/n=1,149| n=365 | n=400
$6 $0 $12 $0 $11 $1 $10 $0 $7 $0 $2 $0 $6 $0
Medications ($0- ($0- ($1- ($0- ($0- ($0- ($0- ($0- ($0- ($0- ($0- ($0- ($0- ($0-
$85) $33) $76) $37) $79) $58) $130) $46) $131) $22) $41) $13) $91) $36)
Inpatient $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
P ($0-$0) | ($0-30) | ($0-%0) | ($0-%0) | ($0-$0) | ($0-$0) | ($0-30) | ($0-%0) | (30-%0) | ($0-$0) | ($0-$0) | ($0-$0) | ($0-%0) | ($0-%0)
$45 $19 $76 $23 $42 $32 $51 $22 $46 $16 $30 $9 $32 $13
Outpatient ($16- ($0- ($43- ($0- ($20- ($0- ($25- ($0- ($16- ($0- ($5- ($0- ($11- ($0-
$121) $75) $174) $77) $109) $82) $124) $71) $132) $66) $100) $75) $134) | $119)
$73 $27 $121 $30 $73 $46 $86 $34 $81 $23 $49 $12 $63 $17
Total ($21- ($0- ($52- ($0- ($27- ($0- ($32- ($0- ($23- ($0- ($7- ($0- ($14- ($0-
$308) | $161) | $261) | $162) | $245) | $178) | $348) | $177) | $409) | $134) | $219) | $151) | $358) | $261)

Notes: Data reported as median (IQR), unless otherwise stated. Costs are reported in 2018 US dollars.

that could have contributed to these observed differences
in resource use.* Given the uncertainty with exactly how

Despite the higher resource use and comorbidities among
members of the Medicaid DMD cohort, median direct medi-

payments occur for patients in different plans and whether
these are truly costs or charges, the resource use estimates
may be a better indicator of economic burden, with a view
to generalizability. Finally, observed differences between
the DMD cohorts could also be partly explained by factors
such as socioeconomic status that could also have affected
comorbidity burden or transition of patients through dif-
ferent types of insurance plans as DMD progresses,***° the
impact of which would need to be confirmed in a formal
comparative assessment using data that document more of
these potentially important covariates.
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cal costs per patient were similar between the DMD cohorts,
at approximately $1,800 per month, which corresponded to
an estimated median annual cost of approximately $22,000
per patient in either DMD cohort. Costs were also similar
between the DMD cohorts when considered according to
age at cohort entry. Direct comparison with other studies is
challenging because other studies of the economic burden
of DMD presented estimates of mean costs per month,
which can be heavily influenced by outliers, particularly in
smaller samples.*® Therefore, it is not surprising that the
cost estimates from those studies were slightly higher.
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The previous claims study of 75 commercially insured
patients estimated a mean cost of $23,005 per patient per
year (in 2010 USD),* and an international, cross-sectional,
survey-based study that included 284 US patients estimated
amean of $22,500 per patient per year (in 2012 international
dollars) based on self-reported resource use and not strati-
fied according to payer type.!

It is not clear whether the differences in costs observed
between commercial and Medicaid are attributable to dif-
ferent payment schedules or capitated costs; these details
were not available in the datasets. It is also notable that,
when stratified by age, older members of the Medicaid
DMD cohort had higher monthly cost estimates compared
with commercial DMD patients in the same age category,
although the opposite was true for younger DMD patients.
Overall, costs were higher among older DMD patients.

A number of methodological points warrant further
discussion to help guide the interpretation of the results
of this study. First, the generally short follow-up (2-4 years)
and differences in median follow-up duration between the
cohorts makes directly comparing some outcomes between
the commercial and Medicaid DMD cohorts challenging.
For example, while corticosteroids are known to delay pro-
gression of DMD,*#4* expected levels of corticosteroid use
were not observed in this study, presumably because not
all cohort members appeared in the data during the critical
window in which these would have been prescribed. Thus,
a comprehensive understanding of each individual’s lifetime
corticosteroid use was not possible and may impact the
interpretation of comparisons between the DMD cohorts.
It should be noted that the low rate of observed corticoste-
roid use in this study is consistent with other reports from
studies using real-world data and highlights the need for
additional treatment options for DMD.*

Identifying patients based on DMD-genotype specific
treatments (such as eteplirsen) or ICD-10-CM diagnositic
codes was also explored but did not identify any additional
patients beyond those already captured by the study
inclusion criteria. The number of patients identified with
eteplirsen use was low, since this treatment had only
become available for the subset of eligible DMD patients
towards the end of the study period.* Finally, all-cause
costs (rather than DMD-specific costs) were presented,
since it was assumed that in this young but severely
affected patient population, most observed health care
resource use would be targeted towards managing compli-
cations of DMD.

A key strength of these analyses was the use of well-
validated datasets that provided a large sample size of
DMD patients, including children and young adults, from
commercial and Medicaid insurance plans. Restricting

the economic analyses to cohorts with at least 1 year of
follow-up data allowed a more robust estimate of health
care resource use by reducing the impact of any potential
individuals with short follow-up but high costs on the
estimates. Results of sensitivity analyses that used different
definitions of DMD were very consistent with those of the
base-case analyses, providing support for the robustness of
the overall study findings.

LIMITATIONS

This study does have some limitations to consider. As with
any retrospective study, findings are limited by data avail-
ability and the duration of follow-up within the datasets,
which was relatively short. The period of data availability
for the Medicaid dataset was slightly longer (an additional
6 months) than for the commercial dataset. To ensure the
largest sample size and longest follow-up, the duration of
data availability was retained as provided by the data hold-
ers. Nonetheless, a person-time approach was used for the
data analysis such that any differences in the exact period
of data availability across datasets would not bias the find-
ings of the analysis.

The comparability of the Medicaid and commercial
cohorts were limited by numerous factors, including that
the eligible study pools were different (18.7 million in com-
mercial vs 6.0 million in Medicaid males aged 30 years or
under), as well as likely differences in unmeasured factors
(eg, socioeconomic status, transitions between plans, dif-
ferences in access, and geography) between the groups
that could also influence health care resource use and
costs. The availability of data on out-of-pocket costs in the
datasets was limited and varied between the commercial
and Medicaid datasets, and other potential elements of the
economic burden, such as family or societal costs, were not
reflected in these datasets.

Itis also important to note that reasons for attrition were
not specified in the datasets, so it was unclear if individuals
were lost to follow-up due to changing insurance plans,
moving, or mortality. Furthermore, it was unknown if the
distribution of reasons why patients were lost to follow-up
were similar in the commercial and Medicaid cohorts.

In addition, because claims data are collected for the
purposes of billing and not for research, errors in coding
may affect the estimates calculated. Also, claims datasets
do not contain the laboratory results required to confirm
a diagnosis of DMD, and there is no unique ICD diagnostic
code to identify DMD patients. To reduce the likelihood
of misclassification of exposure, previously validated
definitions for DMD were adapted for use in the current
analysis and were tested in sensitivity analyses.?*#%4 While
little variability in estimates was observed based on the
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sensitivity analyses, without com-
parison to a gold standard (eg, cases
identified from a chart review), the
optimal DMD case definition for use in
administrative data analyses could not
be confirmed.

Finally, the results of this study
are specific to individuals covered
under a subset of commercial and
Medicaid insurance plans and may
not be generalizable to all commercial
and Medicaid payer segments in the
United States.

Conclusions

In this large real-world study of
patients with DMD, the distribu-
tion of demographic characteristics
was comparable between the com-
mercial and Medicaid DMD cohorts,
and monthly direct medical costs
were similar, although patients
with Medicaid coverage had higher
resource use. This study provides
contemporary data on the character-
istics of DMD patients, their health
care resource use, and attendant
economic burden to the payer.
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