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ABSTRACT

Introduction: Despite the increasing age of the
multiple sclerosis (MS) patient population, data
are lacking on MS patients in later life. This
retrospective study investigated treatment pat-
terns, healthcare resource utilization (HCRU),
and healthcare costs (HCCs) for patients enrol-
led in Medicare, in relation to disease-modify-
ing therapy (DMT) and corticosteroid treatment
as a marker for relapse.
Methods: Medical andpharmacy claims between
January 1, 2010 and July 31, 2015 identified MS
patients. The anchor datewas defined as themost
recent MS claim. Analyses were performed on
claims in the 12-monthbaseline periodbefore the
anchordate.Outcomeswere stratifiedbyDMTuse
and number (0, 1, or C 2) of corticosteroid
treatments.

Results: AmongMedicareMSpatients (n = 7072;
meanage 57 years), 66%receivedDMTduring the
baseline period; 31% had 1 claim and 16% had
C 2 claims for corticosteroids. Compared with
patients not receiving DMT, patients on DMT
were less likely to receive corticosteroids (39% vs
62%) and had fewer all-cause hospitalization epi-
sodes and ER visits. DMT use was associated with
lower HCRU but higher HCCs in patients both
with and without corticosteroid treatment. DMT
switching rates were low, both among patients
with no corticosteroid (5.6%) and patients with 1
(9.3%) or C 2 (11.1%) corticosteroid treatments.
DMT switches were most frequently from an
injectable to an oral therapy.
Conclusion: In Medicare patients with MS,
DMT use was associated with higher HCCs but
lower HCRU, indicative of better health out-
comes; however, low DMT switching rates may
be an indicator of possible clinical inertia.
Funding: Sanofi.
Plain Language Summary: Plain language
summary available for this article.
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• Disease-modifying therapy (known as DMT)
is used to treat MS and help prevent relapses.
There are several types of DMT.

• People taking DMT may still relapse. If so,
some may receive steroid treatment and can
switch to another type of DMT, which may
be more effective at preventing relapses.

• The researchers used health insurance
records of MS patients covered by Medicare
or by commercial insurance to see if DMT
helped people with MS to:
– Avoid having relapses.
– Avoid costly care, including hospital

visits.
Who took part in this study?
• The study included more than 8400 people

with MS living in the US.
What were the results of the study?
• MS patients in Medicare were not much

older than those with commercial insurance,
suggesting that they were in Medicare
because of disability instead of age.

• Two-thirds of people with MS received DMT
during the year-long study.

• Of these, almost half had one or more
relapses treated with steroids.

• People taking DMT had fewer relapses and
hospital visits compared with people not
taking DMT.

• Fewer than one in ten people in Medicare
who relapsed while taking DMT switched to
another DMT that could work better.

How could this study benefit MS patients?
• Shows that DMT can improve health of MS

patients, resulting in fewer relapses and
hospital visits.

• Raises awareness that doctors treating Medi-
care patients who relapse on DMT may not
be switching their patients’ DMT as much as
they could after patients relapse.

INTRODUCTION

Multiple sclerosis (MS) is a chronic and poten-
tially debilitating neurological disorder catego-
rized into several relapsing or progressive
subtypes [1]. It affects an estimated 2.3 million
people worldwide [2], and onset commonly
occurs between 20 and 50 years of age [3]. MS is

characterized by neurological damage that
could result in physical, social, and mental
dysfunction that negatively affects quality of
life and leads to disability and unemployment
[4–6]. The burden of MS is further exacerbated
by the onset of comorbidities, including
hypertension, hyperlipidemia, chronic pain,
gastrointestinal conditions, epilepsy, depres-
sion, anxiety, and diabetes [4, 7–9]. An increase
in the number or degree of comorbidities has
been associated with a lower likelihood of ini-
tiating treatment with a disease-modifying
therapy (DMT) for MS [8, 10].

A primary goal of a DMT for relaps-
ing–remitting MS is to reduce the relapse rate
and mitigate long-term disease progression and
cumulative disabilities [11, 12]. At the time of
this study, available DMTs for patients with MS
included injectable (interferon beta-1a and -1b,
glatiramer acetate, and peginterferon beta-1a);
infusible (natalizumab, alemtuzumab, and
mitoxantrone); and oral (fingolimod, dimethyl
fumarate, and teriflunomide) treatments [13].
Conventionally, injectable therapies have been
used as first-line treatments for MS [14, 15].
However, recent advances in DMTs have
enabled a shift in treatment patterns to newer
oral or high-efficacy infusible therapies [16–18].
Published studies of DMT treatment patterns
show that adherence and discontinuation rates
may vary [10, 14], and indicate that treatment
switching is fairly common through the course
of the disease [14, 15].

Although treatment guidelines recommend
use of an appropriate DMT for MS, patients may
receive treatments in addition to, or in place of,
DMT to address relapses, as well as physical and
mental symptoms [13]. Where appropriate,
concomitant short-term therapy with steroids is
recommended for patients experiencing relap-
ses [19]. Accordingly, in healthcare claims
databases, corticosteroid use in MS patients is a
likely indicator of relapse activity [20]. Failure to
initiate or switch DMT after relapse could indi-
cate clinical inertia, in which patients are not
provided with individually optimized treat-
ment. Consistent with this possibility, we pre-
viously observed that only a small percentage of
MS patients who received corticosteroid treat-
ment subsequently switched DMT [21].
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Although the lifespan of MS patients has
been extended in the past few decades [22, 23],
the proportion dropping out of the workforce
has not decreased [24, 25], and fewer than half
of patients maintain full- or part-time employ-
ment [26], suggesting a gap in awareness of the
burdens on patients with MS as they age into
their 40s and 50s. Furthermore, patients enter-
ing middle age are met with unique challenges
compared with those of younger patients,
including increased prevalence of physical
comorbidities [9]. As a result, MS treatment
choices may differ between middle-aged or
older patients, and younger patients.

A descriptive study was conducted to better
understand treatment patterns in MS patients
enrolled in Medicare, a federally subsidized
insurance program, as well as in a private
(commercial) insurance patient population. The
mean age of 57 reported for MS patients in
Medicare is younger than the typical Medicare
entry age of 65 years [21], suggesting that
enrollment is primarily due to disability rather
than age. The Medicare population therefore
provides a picture of MS patients who are mid-
dle aged or older, and allows further analysis of
this understudied population. The objectives of
this study were to complement the existing
body of evidence by describing demographic
and clinical characteristics, DMT adherence and
switching patterns, and healthcare resource
utilization (HCRU) and healthcare costs (HCCs)
for MS patients in Medicare, and to determine
whether the number of relapses correlated with
the choice of medication or switching patterns.

METHODS

Study Design

Medical and pharmacy claims recorded in the
Humana Medicare Advantage Plus (Part D) and
commercial insurance databases between Jan-
uary 1, 2010 and July 31, 2015 were used to
identify patients diagnosed with MS according
to the International Classification of Disease,
9th Revision, Clinical Modifications (ICD-9-
CM; code: 340). Medical claims data included
diagnosis codes based on the ICD-9-CM

associated with medical encounters and finan-
cial information. Pharmacy claims included
dates for prescriptions, national drug codes, and
drug cost data. The date of the most recent
claim with a diagnosis of MS during the iden-
tification period served as the anchor date, in
order to capture the most recent prescribing
behavior and treatment patterns. Eligible
patients were aged 18–80 years at the anchor
date, were continuously enrolled in either pro-
gram for 12 months before the anchor date
(baseline period), and had no claims for
rheumatoid arthritis, systemic lupus erythe-
matosus, end stage renal disease, cancer, preg-
nancy, or organ transplant. Patients were
categorized according to whether they received
a DMT and by the number of corticosteroid
treatments (0, 1, or C 2) received at any time
during the baseline period. A corticosteroid
treatment was defined as the presence of an
initial corticosteroid delivery; a refill or re-
injection within 45 days of the initial corticos-
teroid delivery was not considered a new corti-
costeroid treatment. Corticosteroid treatment
could be before or after DMT administration,
and the delay between the events could range
from 0 days (DMT and corticosteroid treatment
on the same day) to 365 days (maximum period
observed). Treatments were identified using
Current Procedural Terminology and Generic
Product Identifier codes. The current study was
submitted and approved by an institutional
review board, Schulman Associates IRB, Inc,
before study initiation. All procedures per-
formed in this study were in accordance with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Outcome Measures

Demographic characteristics included age (as of
the anchor date), gender, and race/ethnicity.
Clinical characteristics included the Deyo-
Charlson Comorbidity Index (DCCI) score, and
comorbidities of interest that were present
before the anchor date.

Outcomes included DMT adherence and
switching, and all-cause and MS-related HCRU
and HCCs. Adherence was determined using the
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proportion of days covered (PDC) for the DMT
most recent to the anchor date during the
12-month baseline period, and used a variable
denominator corresponding to the number of
days from the date of the first fill of the most
recent therapy identified to the anchor date.
Adherence was defined as PDC C 80%. DMT
switching was defined by the presence of at least
two distinct DMTs during the baseline period,
and assessed as the number of patients who
switched from one DMT to another. Analyses of
DMT switching did not allow for overlap of
supply of treatments, and no additional
switches after the first switch were considered.
Assessment of HCRU included the number of
patients with a magnetic resonance imaging
(MRI) scan, and whether the patient had an
office visit with their general practitioner or a
specialist, received blood work, undertook
physical therapy, or had a hospitalization or
emergency room (ER) visit. All DMT switching
and healthcare utilizations were analyzed for
the initial corticosteroid treatment in the case
of patients with C 2 corticosteroid treatments.

HCRU and HCCs were calculated for both
all-cause and MS-related claims. HCRU was
assessed in terms of inpatient visits and length
of stay, ER visits, outpatient visits, physician
encounters, imaging and MRI services, and
pharmacy services. Inpatient stays excluded
facility transfers contiguous to a stay. Outpa-
tient visits were calculated using distinct service
dates and distinct providers with place of
treatment listed as ‘‘outpatient including office
visits’’. Physician encounters were based on a
subset of outpatient visits where the place of
service was listed as ‘‘office’’. MRI services con-
stituted a subset of imaging services.

Pharmacy services were determined by the
counts of distinct service dates (fill date) and
national drug code. Services associated with
injectable DMTs were identified through phar-
macy claims using the national drug code
identifier, and services associated with infusible
DMTs were identified through medical claims
using Current Procedural Terminology codes.
All pharmacy services for injectable and infu-
sible DMTs were normalized to a 30-day supply
period. All drug services, whether associated

with a medical or pharmacy claim, were
assigned to pharmacy costs.

HCCs were determined using the allowable
amount remitted to providers on claims. HCCs
were categorized as pharmacy costs, medical
costs (including office visits, outpatient and
inpatient costs, ER service and imaging service
costs) and total costs (sum of medical and
pharmacy costs). All-cause HCRU and HCCs
were calculated using all medical, pharmacy,
and laboratory claims during the baseline per-
iod. MS-related HCRU and HCCs were calcu-
lated using claims that had an MS diagnosis
code in any of the nine diagnoses positions.

Statistical Analysis

Descriptive statistics were generated to describe
the demographic and clinical characteristics,
and proportions of patients receiving DMTs
and/or corticosteroid treatment during the
baseline period. General linear regression mod-
els were used for analysis of HCRU outcomes. A
generalized linear regression model with a log-
link and gamma distribution was used for the
analysis of HCCs. Both models used demo-
graphic (age, gender, geographical region, plan
type, and race/ethnicity) and clinical (DCCI
score, additional comorbid conditions, DMT
and corticosteroid treatment) characteristics as
covariates. HCRU and HCCs were aggregated
over the 12-month baseline period. HCCs were
adjusted to the 2015 Consumer Price Index
generated by the US Bureau of Labor Statistics.
All statistical analyses were performed using SAS
Institute Inc. Enterprise Guide 7.11 (base v9.4).

RESULTS

Patients

A total of 15,978 Medicare beneficiaries with a
diagnosis of MS were initially identified, of
whom 7072 met the criteria for study inclusion.
Of these, 2168 (30.7%) had 1 claim and 1136
(16.1%) had C 2 claims for corticosteroids dur-
ing the baseline period, and 4689 (66.3%)
received DMT during the baseline period.
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Medicare patients receiving DMT were less
likely to receive any corticosteroids than
patients not receiving DMT (38.8% vs 62.3%),
and less likely to receive C 2 corticosteroids
(13.1% vs 21.9%).

Of the 1484 MS patients covered by com-
mercial insurance and meeting the inclusion
criteria, 451 (30.4%) had 1 claim and 217
(14.6%) had C 2 claims for corticosteroids dur-
ing the baseline period, and 1157 (78.0%)
received DMT during the baseline period.
Commercial insurance patients receiving DMT
were also less likely to receive corticosteroids
than patients not receiving DMT (38.9% vs
66.7%).

Demographic and Clinical Characteristics

Demographic and clinical characteristics for
patients with MS in the Medicare population
are described in Table 1, stratified by DMT use
and by number (0, 1, or C 2) of corticosteroid
treatments (corresponding data for the com-
mercial insurance patient population are
reported in Table S1 in the electronic Supple-
mentary materials). The Medicare MS popula-
tion (mean age: 57 years) was younger than the
typical Medicare entry age of 65 years. Only
38% of the Medicare MS population was over
age 60. Average age for the commercial insur-
ance MS population was 47 years. Patients not
receiving DMT were 3 to 5 years older than
those who received DMT among the Medicare
population, and 5 to 7 years older among the
commercial insurance population. Medicare
patients were predominantly residing in the
Southern USA, and of white race/ethnicity; a
similar pattern was observed for commercial
insurance patients, except that a lower propor-
tion were of white race/ethnicity. DCCI scores
were low overall, with slightly higher scores
among Medicare patients who did not receive a
DMT and those who received corticosteroid
treatments. Approximately 92–97% of Medicare
patients had an additional comorbidity
(71–86% for commercial insurance MS
patients), with no differences in cormorbidity
incidence between DMT groups. Incidence of
certain comorbidities was higher for Medicare

patients with corticosteroid treatments (versus
those without corticosteroid), most notably
with regard to anxiety, pain, and fatigue.

Patterns of DMT Use

The majority of Medicare patients treated with a
DMT received an injectable treatment (53.8%),
whereas 35.7% received an oral treatment and
10.5% received an infusible treatment. The
most commonly used injectable treatments
among Medicare patients were glatiramer acet-
ate (24.3%) and interferon beta-1a (22.9%).
Dimethyl fumarate was the most common oral
treatment (21.4%) and natalizumab was the
most common infusible treatment (10.3%).

Among Medicare patients, mean PDC for
DMTs was high for oral (94%), injectable (90%),
and infusible (98%) treatments, and each indi-
vidual DMT also had PDC of at least 89%. Too
few patients were treated with mitoxantrone
(\10) to accurately calculate mean PDC.
Adherence (defined as PDC C 80%) was
achieved by 87% of patients (oral, 90%; inject-
able, 83%; infusible, 97%).

Of the 4689 Medicare patients receiving a
DMT, 341 (7.3%) had switched treatments.
Rates of DMT switching were low, both among
patients who did not receive corticosteroid and
patients with 1 or C 2 episodes of corticosteroid
use (Table 2). Among Medicare patients who
switched DMT, interferon beta-1a was the most
common pre-switch DMT, followed by glati-
ramer acetate (Table 2). Patients most often
switched to an oral DMT, including dimethyl
fumarate, teriflunomide, or fingolimod. There
was no trend for switching to an infusible DMT
with increasing number of corticosteroid
treatments.

Healthcare Resource Utilization

Among Medicare MS patients, a greater pro-
portion of those who received corticosteroid
treatment had MRI services, inpatient visits,
and ER visits compared with patients who had
no corticosteroid, and the proportion of
patients using these services increased with
increasing corticosteroid treatments (Table 3).
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DMT use was not only associated with fewer
corticosteroid treatments, but also with fewer
inpatient and ER visits across all corticosteroid
use categories. The impact of DMT use and
corticosteroid use on HCRU was similar in the

commercially insured patient population,
except that corticosteroid use in commercially
insured patients was also associated with a
higher frequency of physical therapy services
(Table S2).

Table 1 Demographic characteristics for patients with MS in the Medicare population

DMT No DMT

0 steroid
(n = 2870)

1 steroid
(n = 1206)

‡ 2 steroids
(n = 613)

0 steroid
(n = 898)

1 steroid
(n = 962)

‡ 2 steroids
(n = 523)

Age, mean (SD), median 56 (10), 56 55 (10), 55 54 (10), 55 61 (10), 61 60 (10), 60 59 (10), 61

Gender, female 74.4 77.9 84.2 74.6 78.2 81.3

Race/ethnicity

White 77.9 79.4 78.1 86.3 85.7 85.9

African American 17.4 16.3 18.8 10.0 10.7 10.5

Other 4.7 4.4 3.1 3.7 3.6 3.6

DCCI, mean (SD) 0.7 (1.3) 0.8 (1.3) 0.9 (1.2) 1.1 (1.7) 1.3 (1.7) 1.4 (1.8)

Any comorbiditya 91.6 95.0 95.9 94.9 95.0 96.7

Hypertension 49.8 53.6 55.8 61.1 62.4 66.2

Hyperlipidemia 43.2 43.5 43.7 48.0 49.9 50.5

Fatigue 34.8 46.5 51.7 39.0 45.7 45.9

Depression 32.5 39.7 44.4 33.1 33.2 35.8

Abnormality of gait 28.3 32.0 35.4 24.5 23.1 22.9

Anxiety 26.4 33.7 40.5 30.7 34.7 38.6

Painb 24.1 33.7 40.6 29.1 36.6 43.8

Thyroid disorder 22.9 26.1 24.0 25.3 29.1 28.1

Urinary incontinence 14.0 13.3 14.5 13.1 12.5 12.6

Insomnia 13.0 17.3 20.4 13.8 15.3 19.1

Fibromyalgia 8.8 14.7 18.3 12.7 18.6 23.1

Seizure 6.0 6.3 7.3 5.6 7.5 8.0

Fracture 4.4 4.2 5.2 3.9 6.5 5.0

Obstructive sleep apnea 3.0 4.4 4.6 3.8 5.0 6.5

Irritable bowel syndrome 2.3 2.3 3.9 3.1 5.0 8.2

Values are percentage unless noted otherwise
DCCI Devo-Charlson Comorbidity Index, DMT disease-modifying therapy, MS multiple sclerosis
a Specific comorbidities listed are those occurring in[ 5% of patients in any treatment group
b Spasticity, or gastrointestinal, back/neck, soft tissue
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MS-related utilization of pharmacy services,
outpatient visits, and physician encounters
were higher for Medicare patients on DMT than
those not taking a DMT (Table 4), and a similar
pattern was observed for the commercial insur-
ance patient population (Table S3). However,
the Medicare MS patient population who
received DMT had fewer all-cause ER visits,

fewer inpatient stays, and a shorter mean length
of inpatient stays, compared with patients not
taking a DMT. Among DMT-treated Medicare
patients, corticosteroid use was associated with
more MS-related and all-cause pharmacy ser-
vices, outpatient visits, physician encounters,
and ER visits. This pattern of increased utiliza-
tion of services among corticosteroid-treated

Table 2 DMT switching patterns for Medicare patients with MS

0 steroid
(n = 2870)

1 steroid
(n = 1206)

‡ 2 steroids
(n = 613)

Patients switching, n (%) 161 (5.6) 112 (9.3) 68 (11.1)

DMT before switching

Injectable therapies 75.2 71.4 58.8

Interferon beta-1a 41.0 33.9 26.5

Glatiramer acetate 26.1 29.5 26.5

Interferon beta-1b 8.1 8.0 5.9

Oral therapies 41.0 41.1 44.1

Dimethyl fumarate 12.4 9.8 16.2

Fingolimod 2.5 1.6 1.5

Infusible therapies 9.9 17.0 23.5

Natalizumab 9.9 12.5 22.1

Alemtuzumab 0 4.5 0

Mitoxantrone 0 0 1.5

DMT after switching

Oral therapies 87.6 88.4 82.4

Dimethyl fumarate 49.7 43.8 44.1

Teriflunomide 21.1 27.7 27.9

Fingolimod 16.8 17.0 10.3

Injectable therapies 12.4 11.6 16.2

Glatiramer acetate 7.5 9.8 13.2

Interferon beta-1b 3.7 0.9 0

Inteferon beta-1a 1.2 0.9 2.9

Infusible therapies 0 0 1.5

Alemtuzumab 0 0 1.5

DMT disease-modifying therapy, MS multiple sclerosis

Neurol Ther (2019) 8:121–133 127



patients was also observed for the commercial
insurance population.

Healthcare Costs

Costs and cost trends were similar in the
Medicare (Table 5) and commercial insurance
(Table S4) populations. Total MS-related and
total all-cause HCCs were higher for patients
receiving DMT than for those without DMT,
driven by higher pharmacy costs. MS-related
medical costs were slightly higher with DMT use
among Medicare patients. In contrast, all-cause
medical costs were lower with DMT use. MS-
related medical costs were similar across all
corticosteroid use categories, but all-cause
medical costs and total costs increased with
increasing corticosteroid treatments.

DISCUSSION

This retrospective claims-based study sought to
examine the cost and resource burden of MS in
patients in Medicare, as well as care and treat-
ment patterns in this understudied population.
The average age of the Medicare MS population
included in this study was younger than the
typical Medicare entry age of 65 years, and
about 10 years older than the commercially
insured MS population. This likely reflects that

the Medicare population included younger
patients, whose disability—rather than age—
was driving them into the Medicare program.
This observation highlights that for MS
patients, participation in Medicare is not nec-
essarily synonymous with older age and pro-
gressive disease.

Approximately two-thirds of Medicare MS
patients received treatment with a DMT; this
proportion is higher than reported DMT use in
other studies [27]. A majority of the Medicare
MS patients were adherent to their DMT, and
the mean PDC for each DMT was 89% or higher.
The adherence rate among DMT-treated Medi-
care patients in the present study is somewhat
higher than that reported in previous studies,
although methods to assess DMT adherence
varied [18, 28, 29]. DMT use among Medicare
MS patients lowered corticosteroid use (a proxy
for relapse), hospitalizations, and ER visits,
consistent with a previous study showing an
inverse association of DMT use and the risk of
relapse, hospitalizations, ER visits, and disease
progression [28].

The use of a corticosteroid by patients on a
DMT may be indicative of a relapse and that the
DMT may be suboptimal for those patients.
Patient response to a DMT may not be imme-
diate, so a mild relapse may occur while using a
DMT. However, failure to switch DMT following
multiple steroid treatments may indicate

Table 3 Proportions of Medicare patients with MS using healthcare resources

Treatment (%) DMT No DMT

0 steroid
(n = 2870)

1 steroid
(n = 1206)

‡ 2 steroids
(n = 613)

0 steroid
(n = 898)

1 steroid
(n = 962)

‡ 2 steroids
(n = 523)

MRI services 48.4 60.0 60.2 30.4 41.1 46.1

Physician services 99.5 99.5 100 99.0 99.6 99.6

Specialist services 98.4 99.3 98.7 96.5 97.5 98.7

Blood work 69.4 57.8 75.4 67.1 50.7 73.2

Inpatient visit 14.7 20.6 27.9 25.5 28.9 36.5

ER visit 31.5 47.9 57.3 45.8 58.2 62.3

Physical therapy 23.6 23.6 34.1 24.1 22.1 26.8

DMT disease-modifying therapy, ER emergency room, MRI magnetic resonance imaging, MS multiple sclerosis
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clinical inertia, in which treatment is not
changed despite apparent therapy failure [15].
The low proportion of patients changing their
DMT after receiving corticosteroids in the pre-
sent study possibly suggests clinical inertia
among the Medicare patient population, par-
ticularly among those who received C 2 corti-
costeroid treatments. However, most patients
treated with a corticosteroid during the baseline
period only received the corticosteroid once,
which may suggest that the study duration was
not long enough to detect multiple steroid
treatments, or alternatively, that the DMTs

patients are currently using are adequately
controlling their MS, depending on the
patient’s and physician’s limit of tolerance for
disease activity. DMT switching may also be
driven by factors other than disease activity, for
example, poor tolerability, which may con-
found the analysis of switching as it relates to
corticosteroid treatment. Another factor that
may affect treatment switching is immunose-
nescence that may occur as patients age, and
which represents a challenge when considering
immunosuppressive therapies [30]. We
observed patients switching away from

Table 4 MS-related and all-cause HCRU for Medicare patients with MS

DMT No DMT

0 steroid
(n = 2870)

1 steroid
(n = 1206)

‡ 2 steroids
(n = 613)

0 steroid
(n = 898)

1 steroid
(n = 962)

‡ 2 steroids
(n = 523)

MS-related HCRU

Inpatient stay 1.4 (1.1) 1.6 (1.2) 1.6 (1.1) 1.5 (1.0) 1.6 (1.0) 1.4 (1.1)

Inpatient length of stay (days) 8.4 (17.7) 6.6 (9.1) 6.0 (4.4) 12.5 (39.6) 9.4 (25.8) 6.2 (5.8)

ER visits 2.3 (2.3) 2.8 (2.7) 3.4 (3.5) 2.4 (1.9) 2.7 (3.3) 2.9 (3.0)

Outpatient visits 9.4 (8.6) 10.9 (8.7) 12.5 (8.7) 6.4 (7.5) 7.0 (6.9) 6.7 (5.7)

Physician encounters 6.4 (6.6) 7.5 (6.7) 8.2 (6.5) 4.8 (6.2) 4.8 (4.0) 4.8 (4.0)

Imaging services 1.9 (1.0) 2.0 (1.0) 2.0 (1.1) 1.7 (0.9) 1.9 (2.4) 1.8 (1.0)

MRI services 1.8 (0.9) 1.9 (0.9) 1.9 (1.0) 1.7 (0.9) 1.8 (1.0) 1.7 (0.9)

Pharmacy services 10.4 (4.3) 12.2 (4.9) 14.6 (5.1) 2.4 (2.1) 2.4 (3.8) 4.7 (4.2)

All-cause HCRU

Inpatient stay 1.5 (1.2) 1.6 (1.2) 1.7 (1.1) 1.7 (1.2) 1.8 (1.3) 1.8 (1.5)

Inpatient length of stay (days) 9.8 (30.0) 6.6 (9.0) 6.0 (4.4) 11.8 (36.8) 8.9 (23.3) 6.4 (5.3)

ER visits 4.7 (4.5) 5.5 (4.9) 6.5 (7.4) 5.9 (6.0) 6.9 (10.8) 8.4 (9.8)

Outpatient visits 19.9 (15.3) 25.8 (17.5) 31.8 (22.8) 20.2 (17.2) 25.0 (18.4) 29.4 (21.2)

Physician encounters 13.0 (11.3) 17.0 (13.0) 20.7 (17.5) 13.4 (12.4) 15.8 (12.2) 19.3 (14.8)

Imaging services 3.4 (2.5) 4.4 (3.0) 4.8 (3.3) 3.6 (2.6) 4.6 (3.6) 5.1 (3.8)

MRI services 2.0 (1.1) 2.2 (1.2) 2.3 (1.3) 2.0 (1.2) 2.1 (1.3) 2.1 (1.2)

Pharmacy services 54.1 (35.5) 63.1 (35.9) 77.8 (42.3) 45.2 (36.2) 52.6 (38.8) 61.0 (40.1)

Data shown are mean (SD) number of services per patient, except where noted
DMT disease-modifying therapy, ER emergency room; HRCU healthcare resource utilization; MRI magnetic resonance
imaging, MS multiple sclerosis
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natalizumab treatment in the Medicare popu-
lation, particularly those with C 2 episodes of
corticosteroid use. This suggests natalizumab
inefficacy in this population, but does not rule
out a potential safety concern. Of the Medicare
patients who did switch DMT, most switches
were from an injectable to an oral medication,
consistent with a trend toward oral therapies for
MS patients [16, 31].

HCRU and HCCs showed a different pattern
among Medicare MS patients receiving DMT
compared with those not receiving DMT. Phar-
macy service use, pharmacy costs, and total
costs were higher for those receiving a DMT
regardless of whether they received corticos-
teroid treatment. However, DMT use was asso-
ciated with fewer corticosteroid treatments
(potentially indicating fewer relapses), fewer all-
cause hospitalization episodes and ER visits, and
lower all-cause medical costs, indicative of bet-
ter health outcomes. The lower overall HCRU
and HCCs associated with DMT use were
observed both in patients who did and did not
receive corticosteroid treatments, raising the
possibility that DMT use lessens relapse severity.

Beyond its retrospective nature, this study
has several limitations that should be consid-
ered when interpreting the current findings.
These findings are only applicable to the
patients identified in the study population and
may not be applicable to a larger population.
Administrative claims data are limited in scope;
information on the severity and type of MS
disease is not readily available. Use of steroids
may not always reflect relapse, particularly in
patients with increased disability. However, the
data show decreased use of corticosteroids in
DMT-treated patients, regardless of the reason
for corticosteroid use. Furthermore, cormorbid-
ity incidence was similar in patients with and
without DMT, arguing against the possibility
that increased comorbidities in patients without
DMT drove their increased corticosteroid use.
Finally, a longer baseline period than the
12-month period utilized in the present study
may provide additional information on DMT
utilization patterns, frequency of corticosteroid
treatment, and treatment switching behavior.

Table 5 MS-related and all-cause HCCs for Medicare patients with MS

Costs,
USD ($)
–mean
(SD)

DMT No DMT

0 steroid
(n = 2870)

1 steroid
(n = 1206)

‡ 2 steroids
(n = 613)

0 steroid
(n = 898)

1 steroid
(n = 962)

‡ 2 steroids
(n = 523)

MS-related costs

Pharmacy

costs

50,597 (20,182) 50,498 (21,958) 52,373 (25,673) 4943 (25,624) 747 (11,812) 857 (7306)

Medical

costs

9240 (18,104) 7240 (13,088) 8629 (13,404) 6815 (1542) 6939 (13,572) 7159 (12,592)

Total costs 59,684 (27,489) 57,618 (25,347) 60,974 (28,472) 7644 (17,984) 7423 (17,384) 7702 (14,960)

All-cause costs

Pharmacy

costs

54,962 (22,030) 55,890 (24,671) 58,616 (29,349) 5220 (21,587) 3933 (13,828) 5354 (10,920)

Medical

costs

8037 (15,807) 11,252 (18,293) 13,688 (18,258) 13,604 (25,851) 15,333 (25,074) 18,728 (27,784)

Total costs 62,957 (26,677) 67,105 (30,672) 72,282 (34,354) 18,640 (34,781) 19,146 (30,642) 23,939 (32,037)

DMT disease-modifying therapy, ER emergency room, HCCs healthcare costs, MS multiple sclerosis, USD US dollars
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CONCLUSIONS

Given the chronic, progressive nature of MS,
resource utilization and costs are expected to
escalate as the patients age. This descriptive
claims-based study examining patients with MS
in Medicare shows a population with significant
HCRU and costs. The majority of the cost bur-
den was directly related to the treatments for
MS; however, DMT treatment lowered all-cause
medical costs. Although many Medicare
patients received corticosteroid treatment for
relapse, few switched their DMT during the
12-month timeframe, suggesting an opportu-
nity to further optimize therapy for this popu-
lation (as well as the commercially insured
population). Further studies are needed to
understand the factors driving these treatment
patterns.
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