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uchenne muscular dystrophy (DMD) is a rare, inherited neuromuscular disorder. Methods: To describe the clinical characteristics and

healthcare resource utilization (HCRU) of male patients with DMD in commercial and Medicaid cohorts, this retrospective study identified

male patients in the Truven Health MarketScan® Commercial and Medicaid databases diagnosed with hereditary progressive muscular
dystrophy (HPMD) presumed to have DMD between 2011-2014. Patients with >2 medical claims with a diagnosis for HPMD (International
Classification of Diseases, 9th revision, Clinical Modification: 359.1) were included. Patients were followed for 12 months after diagnosis date,
during which clinical characteristics and HCRU were assessed. Results: In total, 2,285 patients met the selection criteria. In these patients,
corticosteroid and anti-infective agents were commonly utilized. Physician office visits were extremely common, with over 70% of all patients
having at least one visit. Wheelchairs were commonly used, with the incidence of use increasing with age. Mechanical ventilators and airway
clearance devices were underrepresented in the data. Conclusion: Patients with DMD had higher annual HCRU costs when compared with a
non-DMD age-matched cohort, with patients in commercial cohorts having a higher annual average cost than those in Medicaid cohorts.
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Duchenne muscular dystrophy (DMD) is a progressive, X-linked recessive neuromuscular disorder,
characterized by muscle weakness, wasting, and degeneration starting in early childhood.” DMD
is caused by a mutation in the dystrophin gene that leads to an absence of functional dystrophin
protein.® This disorder first affects muscles of the lower body, and progresses to the upper skeletal
and cardiac muscles. In the US, the estimated prevalence is approximately 1.02 per 10,000 male
persons, though as it is a rare disease, it may be underreported.

The associated muscle weakening leads to increased disability, with initial symptoms presenting as
difficulty walking, climbing stairs, and frequently falling.s DMD is incurable, and treatment is limited
to supportive measures. Children with DMD will typically utilize corticosteroids, as these have been
found to slow disease progression, and other support devices such as wheelchairs, ventilators, and
cough assist devices.® The real-world healthcare resource utilization of this condition is not well
represented in the literature, and inclusion criteria for patients with DMD often differs, and sample
sizes remain small.>¢ Further, a previous cost-of-illness study obtained data via patient survey,” which
is less accurate than administrative claims.? This study aims to describe the healthcare resource
use of patients with DMD in the commercial insurance and Medicaid populations, using a large
administrative claims database.

Methods

Study sample selection

As a specific International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM)
for DMD s not available, the code 359.1 (hereditary progressive muscular dystrophy [HPMD]) was
used. This code includes several other types of inherited muscular dystrophies (Appendix A), and the
patient cohort was refined in several ways to further include only those presumed to be patients
with DMD. Previous studies examining the cost of DMD used differing approaches for patient
identification; Thayer et al. captured patients with diagnosis codes for both congenital hereditary
muscular dystrophy and HPMD (ICD-9-CM: 359.0, 359.1),2 Miller et al. included patients diagnosed with
HPMD and other possible cases from specialist clinics that may not have a formal DMD diagnosis.”
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Table 1: Patient selection

Patient selection Commercial N (%) Medicaid N (%)
Patients diagnosed with hereditary progressive muscular dystrophy between September 30, 2011 and September 30, 2014*

(diagnosis date = first claim meeting all other criteria) 5,986 3,288

And continuous enrollment in a health plan with medical and pharmacy benefits in 12 months following diagnosis date 4,213 (70.4) 2,675 (81.4)
And male gender 2,778 (46.4) 1,782 (54.2)
Total eligible patients 1,137 (19.0) 1,148 (34.9)
Patients aged 6-10 years on diagnosis date 300 (5.0) 313(9.5)
Patients aged 11-14 years on diagnosis date 248 (4.1) 284 (8.6)
Patients aged 15-18 years on diagnosis date 277 (4.6) 260 (7.9)
Patients aged 19-25 years on diagnosis date 320 (5.3) 296 (9.0)

*To qualify, patients were required to have at least two medical claims, the first non-diagnostic, with a diagnosis of hereditary progressive muscular dystrophy (ICD-9-CM.: 359.1), the
second diagnosis occurring within 18 months of the first. ICD-9-CM = International Classification of Diseases, 9th revision, Clinical Modification; N = number of patients.

In this study, patients were required to have at least two diagnoses for HPMD
(ICD-9-CM: 359.1) between September 30,2011 and September 30,2014, and
the diagnoses had to be within 18 months of each other. The first captured
diagnosis could not be based on a laboratory claim, and patients were
required to have at least 12 months of continuous health plan enroliment
with pharmacy benefits following the date of the first DMD diagnosis. As
DMD is the most common form of muscular dystrophy to affect children and
because onset of disease is most often between the ages of three and five, ¢
patients aged 6-25 on their first captured diagnosis were included to assess
disease-related costs across the full spectrum of patients with DMD; the
cohort was restricted to males as DMD is an X-linked recessive condition.®

Study design

A retrospective, observational cohort design was used to describe male
patients presumed to have DMD who were identified in an administrative
claims database. From this cohort, patients were stratified based on age
at first captured diagnosis of DMD during the study period, into mutually
exclusive categories of males aged 6-10, 11-14, 15-18, and 19-25 years of
age. Clinical characteristics, treatment patterns, and healthcare resource
utilization were assessed in the 12 months following the diagnosis date.
Average utilization and costs were calculated for the calendar year 2014 for
a subset of the overall cohort with full benefit coverage during that calendar
year. A control cohort was established of male patients of the same ages
with commercial or Medicare insurance without a claim for DMD between
September 30, 2011 and September 30, 2015, who have at least 12 months
of continuous enroliment. The same characteristics and utilization was
captured and compared to the patients with DMD.

Data sources

This study utilized two distinct US insurance claims data from the Truven
Health MarketScan® Commercial Claims and Encounters and Medicare
Supplemental Database and the Truven Health MarketScan® Multi-State
Medicaid databases. Patient data sampled from the databases contain
medical claims for healthcare services performed in the inpatient and
outpatient settings, outpatient prescription drug claims, and enroliment data
including demographic information and eligibility data. The commercial and
Medicare databases contain administrative claims data for approximately
30 million covered lives in 2010-2014 from approximately 150 large
employers and health plans across the US. The Multi-State Medicaid
database provides access to comprehensive healthcare data on inpatient
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medical, outpatient medical and outpatient prescription drug claims for
several million Medicaid beneficiaries annually (approximately 8.2 million
patients in 2013 alone). All study data are de-identified and complied
with all aspects of the Health Insurance Portability and Accountability
Act of 1996 (HIPAA). As this study used only de-identified patient data,
it was exempted from Institutional Review Board approval. Claims are
fully-adjudicated and represent the full continuum of care across all settings
of care. Diagnosis, drug and procedure codes on claims are used to define
patient characteristics.

Outcomes

Clinical characteristics were captured in the 12-month follow up, including
fractures, pneumonia, and sleep disorders (see Appendix B for full
diagnosis code list). Use of anti-infective agents, corticosteroids, cough
assist devices, oxygen supply, ventilation support, or wheelchairs were
also captured. Medications were identified using National Drug Codes
and Healthcare Common Procedure Coding System (HCPCS) codes, and
medical devices were identified by Common Procedure Terminology
codes, HCPCS codes, and ICD-9-CM procedural codes. It should be noted
that this analysis did not include deflazacort (Emflaza®, PTC Therapeutics,
South Plainfield, NJ, US), as it was not approved for use in the US for the
study period in question. Full generic medications included are listed in
Appendix C.

Healthcare costs were captured over the 2014 calendar year, for a subset
of those patients from the overall cohort that had complete benefit
enrollment for that calendar year. Patients with an inpatient admission,
any pharmacy claim, and any healthcare service were flagged, and costs
were calculated as average payment among those who had a payment in
that category.

Results

Study sample characteristics

A total of 2,285 patients were presumed to have DMD in our study sample,
with 1,137 patients with commercial insurance and 1,148 patients enrolled
in Medicaid (full attrition results in Table 7). In the commercial cohort,
fractures were present in all DMD age groups, the highest percentage in the
15-18 age group, with 15.2% of patients having at least one medical claim
in the year after qualifying diagnosis. Sleep issues were also seen in all
cohorts and increased with age, from 10.3% of patients in the commercial
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Table 2: Clinical characteristics, commercial cohort

Patients
with DMD

Patients
without DMD
aged 6-10
N=566,599

Patients
with DMD
aged 6-10

N=300 N=248

Clinical characteristics

aged 11-14

Patients
without DMD
aged 19-25
N=1,005,395

Patients Patients
without DMD  with DMD
aged 15-18 aged 19-25
N=509,517 N=320

Patients Patients
without DMD  with DMD
aged 11-14 aged 15-18
N=483,704 N=277

Fracture, N (%) 30(10.0) 19,742 (3.5) 36 (14.5) 32,327 (6.7) 42 (15.2) 23,036 (4.5) 4(1.3) 23,344 (2.3
Pneumonia, N (%) 16 (5.3) 12,450 (2.2) 19(7.7) 6,117 (1.3) 38(13.7) 4,090 (0.8) 45 (14.7) 4,868 (0.5)
Sleep issues, N (%) 31(10.3) 2,998 (0.5) 66 (26.6) 1,722 (0.4) 20(7.2) 2,109 (0.4) 66 (20.6) 6,405 (0.6)

N (%)
Medical devices

Anti-infective agent, N (%) 33(11.0) 53,718 (9.5) 31(12.5) 31,194 (6.4) 42(15.2) 33,454 (6.6) 87(27.2) 77,445 (7.7)
Corticosteroid*, N (%) 130 (43.3) 71,623 (12.6) | 42(16.9) 40,498 (8.4) 38(13.7) 50,363 (9.9) 57 (17.8) 89,351 (8.9)
Corticosteroid and a wheelchair claim, 36 (12.0) 196 (0.0) 17(6.9) 204 (0.0) 20(7.2) 182 (0.0) 18 (5.6) 158 (0.0)

Utilization

Cough assist devices, N (%) 15(5.0) 25(0.0) 30 (12.1) 16 (0.0) 34(12.3) 14.(0.0) 42 (13.1) 15(0.0)
Oxygen or oxygen supplies, N (%) 13 (4.3 2,116 (0.4) 32(12.9) 1,218 (0.3) 34(12.3) 885(0.2) 67 (20.9) 1,240 (0.1)
Ventilation support, N (%) 20(6.7) 116 (0.0) 45(18.1) 133(0.0) 52(18.8) 154 (0.0) 91 (28.4) 435(0.0)
Wheelchair or accessories, N (%) 69 (23.0) 737 (0.1) 118 (47.6) 824 (0.2) 130 (46.9) 736 (0.1) 130 (40.6) 793(0.1)

Emergency room visits, N (%) 78 (26.0) 75,522 (13.3) | 65(26.2) 67,744 (14.0) | 74(26.7) 78,451 (15.4) | 110 (34.4) 143,319 (14.3)
Average Visits per person, mean (SD) 8.5(9.5 6.8 (6.9) 12.1(11.4) 7.7(7.6) 12.6 (14.2) 9.09.6) 14.4 (13.7) 10.5(12.2)
Home nursing visits, N (%) 20(6.7) 1,350 (0.2) 30 (12.1) 1,235(0.3) 31(11.2) 14.(0.0) 64 (20.0) 2,703 (0.3)
Inpatient admissions, N (%) 299.7) 5,533(1.0) 43(17.3) 6,122 (1.3) 47 (17.0) 9,311 (1.8) 61(19.1) 18,745 (1.9)
Average Visits per person, mean (SD) 1.5(10.6) 1.3(1.0) 1.6(1.1) 1.3(1.1) 1.6(1.2) 1.3(1.0) 1.9(1.6) 1.4(1.1)
Physician office visits, N (%) 290 (96.7) 409,909 (72.3) | 241(97.2) 345,085 (71.3) | 266 (96.0) 329,185 (64.6) | 305 (95.3) 489,772 (48.7)

*Deflazacort is not currently available in the US through prescription pharmacies; this analysis does not include this medication. Full corticosteroid list can be found in Appendix C.
Patient counts are reported as ‘N (%)’, averages are reported as ‘mean (SD)’. DMD = Duchenne muscular dystrophy, N = number of patients, SD = standard deviation.

cohort 6-10 year age group and 20.6% of patients in the commercial cohort
19-25 year age group with DMD. Corticosteroid use was just over 43% in the
youngest commercial cohort age group, but fell to 13.7% in the 15-18 age
group. Anti-infective use was common among all DMD age cohorts, and
increased from the 6-10 to 19-25 year age groups (11.0-27.2% in the
commercial cohort, 15.3-25.0% in the Medicaid cohort).

At least 25% of patients in all age groups, in both the commercial cohort
and Medicaid cohort, had at least one claim in the emergency department.
In the Medicaid cohort, 73.3-85% of patients had a claim for a physician
office visit, while home nursing services were utilized by a lower proportion
of patients in the commercial cohort (6-20% commercial versus 22-37%
Medicaid). Inpatient admissions were low and increased with age in both
commercial and Medicaid cohorts, with 9.7% of patients aged 6-10 versus
19.1% of patients aged 19-25 in the commercial cohort having at least one
inpatient admission with a diagnosis of DMD. The Medicaid cohort had
similar findings, with 8.3% of patients aged 6-10 versus 20.9% of patients
aged 19-25. Healthcare service utilization was frequently higher for each
category in the Medicaid cohorts than commercial cohorts.

All age cohorts of patients with DMD utilized medical devices in the year
following first diagnosis date at a higher rate than the patients without
DMD. Proportion of claims for wheelchairs or wheelchair accessories were
similar in the commercial cohorts above age 10, with 47.6% utilization in the

11-14 age group, 46.9% in the 15-18 age group, and 40.6% in the 19-25 age
group (versus 0.1-0.2% in the age-matched cohorts without DMD). Cough
assist devices were not frequently seen, with the highest percentage of
patients in the commercial cohort 19-25 age group with 13.1%. Emergency
department visit proportions were not significantly different between DMD
and non-DMD cohorts, while inpatient admissions were significantly higher
and increased with age (8.3% with DMD versus 1.2% without DMD in the
Medicaid cohort 6-10 age group, 20.9% with DMD versus 4.4% without
DMD in the 19-25 age group). Full commercial and Medicaid cohort's
clinical characteristics are available in Tables 2 and 3.

Costs

Costs were calculated as an average over the 2014 calendar year, of
those who had the specific service, and are reported as mean (standard
deviation) in Table 4. Average pharmacy costs among patients with DMD
remained fairly constant across commercial cohort age groups, ranging
from $2,189 ($4,843) in the 15-18 year age group to $2,868 ($9,123) in
the 11-14 age group. Average annual total cost of all healthcare services
among the commercial cohort were similarly high in the older age groups,
the highest costs were seen in the 11-14 age group ($33,344 [$81,070]), and
lowest in 6-10 age group ($12,248 [$36,147]). Similar trends were seen in
Medicaid cohorts, with the highest annual cost seen in the 15-18 age group
($58,411 [$293,493]). Full commercial and Medicaid cohorts” utilization and
expenditures are available in Table 4.
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Table 3: Clinical characteristics, Medicaid cohort

Patients
with DMD

Patients
without DMD
aged 6-10
N=167,648

Patients
with DMD
aged 6-10

N=313 N=284

Clinical characteristics

aged 11-14

Patients
without DMD
aged 19-25
N=59,581

Patients Patients
without DMD  with DMD
aged 15-18 aged 19-25
N=154,422 N=296

Patients Patients
without DMD  with DMD
aged 11-14  aged 15-18
N=122,583 N=260

Fracture, N (%) 12(3.8) 4,709 (2.8) 26(9.2) 6,452 (5.3) 19(7.3) 6,802 (4.4) 9(3.0) 1,864 (3.1)
Pneumonia, N (%) 22(7.0) 2,426 (1.4) 33(11.6) 915(0.7) 42 (16.2) 1,020(0.7) 40 (13.5) 583(1.0)
Sleep issues, N (%) 44 (14.7) 1,306 (0.8) 50 (17.6) 743 (0.6) 60 (23.1) 857 (0.6) 50 (16.9) 551(0.9)

N (%)
Medical devices

Anti-infective agent, N (%) 48 (15.3) 13,375 (8.0) 54 (19.0) 7,811 (6.4) 38 (14.6) 12,384 (8.0) 74 (25.0) 3,601 (6.0)
Corticosteroid*, N (%) 99 (31.6) 26,623 (15.9) | 41(14.4) 11,450 (9.3) 42(16.2) 14,297 (9.3) 50 (16.9) 4,040 (6.8)
Corticosteroid and a wheelchair claim, | 30 (9.6) 76 (0.0) 20(7.0) 44.(0.0) 27 (10.4) 64(0.0) 16 (5.4) 49 (0.1)

Utilization

Cough assist devices, N (%) 14 (4.5) 7(0.0) 30 (10.6) 3(0.0) 23(8.8) 2(0.0) 1@3.7) 6(0.0)
Oxygen or oxygen supplies, N (%) 17 (5.4) 435(0.3) 26(9.2) 179 (0.1) 38 (14.6) 135(0.1) 60 (20.3) 90(0.2)
Ventilation support, N (%) 25(8.0) 44.(0.0) 36(12.7) 37(0.0) 48 (18.5) 46 (0.0) 74 (25.0) 78(0.1)
Wheelchair or accessories, N (%) 93(29.7) 276 (0.2) 141 (49.6) 238 (0.2) 133(51.2) 295(0.2) 108 (36.5) 242 (0.4

Emergency room visits, N (%) 113 (36.1) 42,653 (25.4) | 102 (35.9) 30,229 (24.7) | 95(36.5) 46,341 (30.0) | 111(37.5) 19,245 (32.3)
Average Visits per person, mean (SD) 8.0(8.0) 6.8 (6.8) 11.3(12.4) 0.6 (3.0) 13.8 (16.0) 1.4 (4.7) 24.4 (40.5) 16.8 (27.2)
Home nursing visits, N (%) 71(22.7) 3,365 (2.0) 79 (27.8) 1,992 (1.6) 97 (37.3) 1,627 (1.1) 109 (36.8) 1,265 (2.1)
Inpatient admissions, N (%) 26 (8.3) 2,087 (1.2) 50 (17.6) 2,050 (1.7) 52(20.0) 3,743 (2.4) 62 (20.9) 2,611 (4.4)
Average Visits per person, mean (SD) 1.7(1.1) 1.3(1.0) 17(1.7) 1.3(1.1) 1.8(1.3) 1.4 (1.4) 2.1(1.9) 1.9 (2.0)
Physician office visits, N (%) 266 (85.0) 96,938 (57.8) | 234 (82.4) 70,553 (57.6) | 208 (80.0) 76,498 (49.5) | 217 (73.3) 17,812 (29.9)

*Deflazacort is not currently available in the US through prescription pharmacies; this analysis does not include this medication. Full corticosteroid list can be found in Appendix C.
Patient counts are reported as ‘N (%)’, averages are reported as ‘mean (SD)’. DMD = Duchenne muscular dystrophy, N = number of patients, SD = standard deviation.

Discussion

DMD is a rare, X-linked recessive disorder that disproportionately affects
males.* Disease burden can be accelerated as physical symptoms begin as
young as 3 years of age. As DMD is incurable, affected patients frequently
utilize medical devices to assist in disease management, as well as
supportive medication such as corticosteroids and anti-infective agents.
Corticosteroids have been found to maintain muscle strength and prolong
ambulation, even preserving upper limb strength after loss of ambulation.?
This manuscript sought to describe utilization practices and disease
morbidity based on a review of a large medical database. A number of
trends were seen and are described below.

As expected, many patients were on corticosteroids, the utilization on which
declined with age after 13 years of age, roughly corresponding with the age
at which most patients lose ambulation. Corticosteroids were seen in a
high percentage of patients aged 6-10 (43.3% and 31.6%, with commercial
or Medicaid coverage, respectively) and declined in ages 11-14 and 19-25
(16.9% and 17.8% in commercial, 14.4% and 16.9% in Medicaid aged 11-14
and 19-25 respectively). Of note, as deflazacort had not been approved for
use by the US Food and Drug Administration, it was not included in the list
of corticosteroids.

Airway clearance is of critical importance to patients with DMD,
particularly in advanced disease stages when respiratory muscles
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become compromised.™* Though intubation is necessary in a majority
of patients with DMD in time, use of mechanical percussive devices is
effective in delaying this step.™ In this analysis, we found documented
utilization of mechanical cough assist devices in database claims to
be surprisingly low. The reasons for this may be four-fold: first, this
study captured utilization claims for 1 year after the patient’s first
captured diagnosis within our study period; it is possible that patients
obtained a cough assist device following a previous, uncaptured
DMD diagnosis if said diagnosis was outside our timeframe; second,
as previously mentioned, our data is composed of administrative
medical and pharmacy claims, if patients do not obtain their cough
assist device through their insurance carrier, it will not be captured in
our analysis; third, physician variability in prescribing practices may
influence utilization of devices among patients; fourth, there may be
data coding limitations we are not aware of that confines our analysis.
Other literature sources describing utilization of cough assist devices
are scarce, as respiratory care for patients with neuromuscular disease
has improved dramatically over the last decade. The few studies that
examine ventilation use rates are limited to single-institution studies
and rely on retrospective medical chart analysis, as is seen in McKim et
al. 2013.7 This underrepresentation of cough assist devices in the data
highlights the need for continued research, especially given the updated
speed at which data are now available, which can assist in assessing the
full burden of disease in patients with DMD in the real-world.
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Table 4: Utilization and expenditure, 2014

Patients Patients Patients Patients Patients ENEII Patients Patients
with DMD without DMD = with DMD without DMD = with DMD without DMD = with DMD without DMD
aged 6-10 aged 6-10 aged 11-14  aged 11-14  aged 15-18  aged 15-18  aged 19-25  aged 19-25
Commercial cohort
Patients with insurance coverage in the 213 203,902 161 173,065 180 177,630 220 324,295
year 2014
Patients with an inpatient admission, 16 (7.5) 1,759 (0.9) 18(11.2) 2,069 (1.2) 31(17.2) 3,017 (1.7) 28 (12.7) 5,354 (1.7)
N (%)
Average cost of impatient services*, $49,197 $25,510 $97,426 $30,306 $55,960 $27,941 $54,755 $27,113
mean (SD) ($64,466) ($51,081) ($130,031) ($69,149) ($89,671) ($73,607) ($8,2617) ($61,159)
Patients with a pharmacy claim, N (%) 186 (87.3) 118,346 (58.0) | 140 (87.0) 97,006 (56.1) | 155 (86.1) 99,460 (56.0) | 184 (83.6) 151,594
(46.7)
Average cost of pharmacy services*, $2,723 $528 (32,370) | $2,868 $1,090 ($664) | $2,189 $945 ($5,408) | $2,739 $622
mean (SD) ($8,858) ($9,123) ($4,843) ($7,624) ($6,299)
Patients with any healthcare claim, N (%) | 213 (100.0) 179,538 (88.1) | 160 (99.4) 150,112 176 (97.8) 141,730 214(97.3) 216,614
(86.7) (79.8) (66.8)
Average cost of all healthcare services, $12,248 $1,130 $33,344 $2,705 $29,809 $3,181 $23,382 $1,653
mean (SD) ($36,147) ($6,864) ($81,070) ($14,004) ($59,086) ($17,489) ($64,981) ($13,166)

Medicaid cohort

Patients with insurance coverage in the 278 97,009 245 69,865 260 49,743 244 28,843

year 2014

Patients with an inpatient admission, 29 (10.4) 1,078 (1.1) 41(16.7) 1,012 (1.4) 28(10.8) 1,115(2.2) 41(16.8) 1,129 (3.9)

N (%)

Average cost of impatient services*, $48,494 $12,869 $66,212 $13,401 $50,768 $14,649 $39,380 $16,698
mean (SD) ($80,848) ($39,838) ($123,105) ($30,511) ($76,107) ($38,009) ($48,735) ($34,377)
Patients with a pharmacy claim, N (%) 249 (89.6) 59,420 (61.3) 223 (91.0) 39,521 (56.6) | 184 (70.8) 27,033 (54.3) | 211 (86.5) 11,926 (41.3)
Average cost of pharmacy services*, $1,186 $482 ($2,796) | $3,027 $953 (34,683) | $3,129 $1,013 $2,706 $1,048
mean (SD) ($3,190) ($8,574) ($7,530) ($11,589) ($7,965) ($6,060)
Patients with any healthcare claim, N (%) | 278 (100.0) 85,422 (88.1) | 239 (97.6) 59,670 (85.4) | 219 (84.2) 39,028 (78.5) | 242(99.2) 16,185 (56.1)
Average cost of all healthcare services, $12,013 $877 ($5,753) | $35,374 $1,860 $58,411 $2,402 $28,051 $2,845
mean (SD) ($38,899) ($73,519) ($8,490) ($293,493) ($13,619) ($42,488) ($14,030)

*Payments were calculated as average payment per patient among those patients with a claim in the specified area in the calendar year 2014. Patient counts are reported as ‘N (%),

averages are reported as ‘mean (SD)’. DMD = Duchenne muscular dystrophy; N = number of patients; SD = standard deviation.

Compared with the control group of patients without DMD, there
was a higher utilization of antibiotics in the DMD group; unsurprising
based on the challenges patients with DMD have in airway clearance.
Loss of respiratory function puts patients at risk for severe respiratory
complications; antibiotics used to treat the underlying impaired airway
clearance can delay this loss of function.” This is, in part, related to
the increase in the percentage of patients having a claim for hospital
admission increasing from 8.3% with DMD versus 1.2% without DMD in
the 6-10 age group, to 20.9% with DMD versus 4.4% without DMD in the
19-25 age group (Medicaid cohort).

While the average healthcare cost was highest in the 11-14 year old age
group, hospital admissions were most frequent in the older age groups.
Therefore, an alternate explanation for this increased cost is needed. One
explanation is introduction of equipment, with the most likely options as
costs of wheelchairs or other durable medical equipment, such as airway
clearance devices or non-invasive ventilators. Wheelchair claims did
not increase for patients in the 15-18 year old cohort compared to the
11-14 year old cohort, which is not consistent with the increased cost data
seen. Therefore, the more likely durable medical equipment cost would

be introduction of airway clearance devices, which would be in line with
recent standards of care.”"? Previously, Larkindale et al. estimated mean
annual DMD costs at $24,122 for commercial cohorts;” while this does
not drastically differ from our findings, patients were not stratified by age
and therefore does not display the increasing costs pattern with disease
progression. The present study shows lower costs in the youngest age
group, with increased costs in older patients. More research is needed
to accurately identify cost-driving factors in patients with DMD that can
explain the cost discrepancy among age groups.

Certain limitations of the study design are inherent in any retrospective,
administrative claims-basedcohortstudy.ldentifyingpatientswithDMDbased
on the presence of ICD-9-CM diagnosis codes recorded on medical claims
may be imprecise, particularly considering the current study cohort. A
specific ICD-9-CM diagnosis code does not exist for DMD and therefore
male patients with other muscular dystrophies could have been included in
these analyses; a number of restrictions were used during patient selection
to estimate the DMD population including age and gender restrictions.
Our results may underestimate costs, as DMD may be under coded. Only
those prescriptions that have been filled are available in our database.
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This analysis only captures claims submitted during the year following
diagnosis, and is not reflective of claims that may have been submitted
prior, such as prior medical device claims (i.e., wheelchairs). In addition,
patients in the study have healthcare coverage, either through commercial
insurance, Medicare, or Medicaid, and thus, findings may not be
generalizable to patients with DMD who are covered under other types of
insurance or are uninsured.

As treatment options for patients with DMD continue to improve with
medical advances, extending patient life expectancy will allow for the
ability to accurately describe the real-world utilization and outcomes
of these treatments. The cumulative cost of these medications and
equipment is substantially higher than in the unaffected population and
clearly represents a large financial burden that goes along with the burden
on quality of life of the patient with DMD. Q
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