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Abstract

Background Real-world studies of disease-modifying therapies (DMTs) in multiple sclerosis (MS) have reported suboptimal
adherence.

Objective We aimed to describe treatment patterns, relapses, healthcare resource utilization, and costs in MS patients expe-
riencing their first observed DMT switch.

Methods In this retrospective, claims database study, adult patients were selected if they had an MS diagnosis and DMT
claim during the study period (1 January 2009-31 March 2019). Patients who switched to a new DMT between 1 January
2010 and 31 March 2018 were included. Adherence, persistence, relapses, and all-cause and MS-related healthcare utiliza-
tion and costs were reported pre- and post-index.

Results In total, 1554 MS patients were identified; the mean age was 46 years and most (74%) were female. The majority of
patients switched from an injectable DMT (n = 1116; 71.8%), and patients generally switched to an oral DMT (n = 878; 57%).
Among patients who switched DMTs, 46.0% (n = 715) were nonadherent, 42% (n = 645) were nonpersistent, and 21.5%
(n = 334) relapsed in the 12 months post-switch. An increase in all-cause and MS-related healthcare costs was observed
pre- to post-index for all patients. Cost drivers included outpatient visit costs and pharmacy prescriptions. Compared with
patients who switched to an injectable DMT, those who switched to an oral DMT had significantly higher persistence and
adherence. No significant difference was observed in post-index relapse or all-cause and MS-related total cost of care.
Conclusion Low adherence and poor persistence remain following an initial DMT switch; however, patients who switched
to oral DMTs had higher persistence and adherence.

Plain Language Summary

Multiple sclerosis (MS) is a disabling disease that is treated with disease-modifying therapies (DMTs). Little is known about
how patients with MS take their medication, how disease progression may change with treatment, or what the impact of
switching to a new DMT is on the cost of care. In an analysis of commercially insured individuals, patients with MS were
examined before and after switching to a new DMT. Results showed that the patients most often switched from an injectable
medication to an oral DMT; however, a large proportion of patients did not take the prescription as directed by their physician.
Additionally, a large proportion of patients did not stay on their new therapy. Nearly one-third of patients experienced an
MS relapse after they switched to a new treatment, and healthcare costs increased following the treatment switch. A higher
proportion of patients switching to an oral DMT took their medication as prescribed by their physicians, stayed on therapy,
and incurred smaller increases in cost compared with patients switching to injectable medications. Despite such improve-
ments, additional treatments are needed for patients with MS.
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Overall, treatment adherence and persistence were low
among MS patients who switched to a second DMT, and
nearly one-third of patients relapsed within 12 months
following the switch; all-cause and MS-related costs
increased following the DMT switch.

Patients switching to an oral DMT had significantly
higher treatment adherence and persistence compared
with patients switching to an injectable DMT.

Although improvements in treatment measures and
relapses were observed after switching to a second DMT,
the incidence of non-adherence, non-persistence, and
relapse remain high and indicate the need for improved
treatment options.

1 Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease of
the central nervous system (CNS) characterized by inflam-
matory and neurodegenerative processes [1, 2]. The preva-
lence of MS in the USA, estimated at 900,000 individuals in
2017, has been increasing steadily, a trend thought to arise
from an aging population with improved survival [3]. The
clinical manifestations of MS include vision disturbance and
loss, fatigue, weakness, gait instability, bladder dysfunction,
and cognitive deficits [4]. The disease most commonly pre-
sents in alternating relapses and remissions in neurologic
dysfunction, as in relapsing-remitting MS (RRMS), and
relapses may be associated with development of long-term
disability and a poorer prognosis [4—6].

The economic and societal burden of MS is high owing to
increasing healthcare costs, caregiving costs, and productiv-
ity losses; for patients, MS lowers quality of life (QoL) and
leads to high levels of disability [4, 7]. Greater frequency
and severity of MS relapses, increased overall disease sever-
ity, and disability progression are all significantly associated
with a higher cost burden [4, 8, 9].

MS guidelines recommend that patients with RRMS be
treated with disease-modifying therapies (DMTs), which can
reduce the rate of relapse, slow disease progression, and
lead to better long-term outcomes [1, 10, 11]. The choice of
DMT is influenced by a variety of factors—mechanisms of
action, efficacy, dosing schedules, routes of administration,
tolerability, and safety—which differ by DMT [12]. Avail-
able DMTs for MS consist of injectable, oral, and infusion
therapies across nine drug classes [13]. Injectables were the
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first DMTs approved in the 1990s and include the immune
modulators interferon beta-1b and glatiramer acetate for
treatment for RRMS. In 2004, the first infusion therapeutic,
natalizumab, was approved, and since then, other immune
suppressant infusions such as alemtuzumab and ocrelizumab
have been approved. The first oral DMT, fingolimod, was
approved in 2010 and, as of April 2020, there were six addi-
tional approved oral treatments for MS, including cladribine,
dimethyl fumarate, diroximel fumarate, ozanimod, teriflu-
nomide, and siponimod [13]. Adherence and persistence
to DMT regimens are of critical importance in achieving
full efficacy; however, real-world studies of DMT treatment
patterns in MS have reported suboptimal adherence rates
[10, 12]. When making treatment decisions, clinicians may
be advised to address potential barriers to adherence, such
as cognitive impairment and depression, perceived lack
of efficacy, and adverse events [10, 14]. Nonadherence to
DMT regimens has been associated with an increased risk
of relapse, poorer health outcomes, and higher healthcare
resource utilization (HCRU) among patients with MS [1,
14]. Strategies to improve adherence may lead to better out-
comes in MS, as patients who are adherent to their treat-
ment regimens have lower relapse rates, reduced HCRU, and
lower healthcare costs than nonadherent patients [10, 12].

Initial choice of treatment and subsequent treatment
modifications are often driven by the risk of disease pro-
gression. Escalation—an approach to therapy that begins
with less potent and relatively safer DMTs—is most often
used for patients with MS [2, 15, 16]. Switches between
DMTs are considered after breakthrough disease activity
(evidence of continued relapses or activity on magnetic
resonance imaging). MS guidelines recommend that cli-
nicians also factor in patient preference, tolerability, and
likelihood of adherence when selecting a subsequent DMT
[10].

Several studies have examined recent real-world treat-
ment patterns, HCRU, and cost among patients with MS
treated with DMTs [1, 15, 17-19]. Given the speed at which
the treatment landscape is evolving [20], it is important
that we evaluate treatment patterns with the most current
DMTs. Furthermore, there is a need to clarify the experi-
ence of patients who have switched to a second DMT [15].
Currently, few studies have examined the real-world use of
second-line DMTs. One recent study found that patients who
switched to second-line MS treatment had approximately
50% persistence and adherence with a proportion (29%) of
patients still experiencing a relapse, highlighting the need
for additional treatment options [15]. The objective of this
study was to describe treatment patterns, relapses, health-
care costs, and HCRU in a MS patient population experi-
encing their first DMT treatment switch recorded in a large
claims database stratified by DMT route of administration.
We hypothesize that route of administration of new therapy
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following a DMT switch impacts adherence, persistence, and
patient outcomes in MS.

2 Methods
2.1 Study Design and Data Source

This retrospective, observational cohort study was con-
ducted using administrative claims data contained in the
Optum Clinformatics™ Data Mart database in the USA
(OptumlInsight, Inc., Eden Prairie, MN, USA). The Clinfor-
matics Data Mart database includes data from approximately
15-18 million lives with annual healthcare coverage. Data
for both commercial health plan and Medicare Advantage
members are included in this database.

Optum’s standard pricing algorithms were used to obtain
prices for each service provider to reflect the intensity of
care. Standard pricing reflected quantity of services pro-
vided, relative resource costs, and healthcare utilization
type. Facility inpatient pricing, estimated as cost per diem,
was based on aggregated diagnostic categories and length
of stay. Facility outpatient pricing was determined from rev-
enue codes and the reimbursement requested from the pro-
vider. Pharmacy costs were based on First Databank pricing
and adjusted according to therapeutic category and generic
indicator. Professional and ancillary service pricing was esti-
mated using Centers for Medicare and Medicaid Services
relative value units.

2.2 Multiple Sclerosis Patient Selection and Cohort
Assignment

The full study period (1 January 2009-31 March 2019) con-
sisted of a 12-month pre-index (baseline) period, a patient-
selection period, and a 12-month post-index (evaluation)
period (Fig. 1). Adults (age > 18 years on the date of a first
switch to a new DMT) were selected for inclusion during the
patient selection period if they had evidence of an MS diag-
nosis, defined as two nondiagnostic service claims (1-365
days apart) for MS (ICD-9 code 340 [1 January 2009-30
September 2015] or ICD-10 code G35 [1 October 2015-31
March 2018]) and a claim for an oral, injectable, or infusion
DMT (initial DMT) during the study period [21]. Eligible
patients who switched to a new DMT between 1 January
2010 and 31 March 2018 were included in the study, and the
date of switch was their index date. Continuous healthcare
plan enrollment was required for the 12 months pre-index
and 12 months post-index date. Patients were excluded if
there was evidence of any of the following: pregnancy or

malignancy during the 12-month pre- and post-index periods
or known use of any DMT prior to the date of starting the
initial DMT.

2.3 Outcomes

Clinical characteristics, DMT treatment patterns (adherence
and persistence), algorithm-based relapse rates, healthcare
costs, and HCRU were described. Adherence was measured
as the proportion of days covered (PDC) with the index
DMT during the 12-month post-index period, and the adher-
ence threshold was established as 0.8. Persistence on the
index DMT was defined as the number of days from the
index date until the earliest of either treatment discontinua-
tion (> 60-day gap in therapy after current supply ended) or
a switch to a new DMT. Patients who restarted their index
DMT or switched to a new DMT after meeting discontinu-
ation criteria were captured, as was the time to restart or
switch (i.e., date of discontinuation to date of restart or
switch).

Relapse was identified via a validated claims-based algo-
rithm [22, 23] as the presence of any of the following: (1)
MS-related inpatient stay (an inpatient admission with ICD-
9-CM 340 or ICD-10-CM G35 as the primary diagnosis) or
(2) an outpatient claim with an MS diagnosis code in the
primary or secondary position and a pharmacy or medical
claim for a qualifying corticosteroid or adrenocorticotropic
hormone on the day of or within 7 days after the outpatient
visit. The date of the relapse was recorded as the date on a
medical claim identifying one of these two criteria.

All-cause and MS-related healthcare costs were recorded
for all patients and among those with at least one service
for the 12-month pre-index (baseline) and 12-month post-
index (evaluation) periods. All estimates were inflated to
2018 dollars using the Medical Care Component of the Con-
sumer Price Index. Mean healthcare costs were reported as
total expenditures and by category for inpatient, emergency
department (ED), and outpatient visits and pharmacy costs.

All-cause and MS-related HCRU were recorded for all
patients for the 12-month pre-index and 12-month post-
index periods. HCRU outcomes for hospital admissions
included percentage of patients with inpatient admissions,
number of inpatient admissions, and the average length of
stay (LOS). ED visits were recorded as the number of ED
visits for the overall sample and the percentage of patients
with any ED visits. Outpatient office visits were recorded
as the percentage of patients with an office visit with a neu-
rologist, primary-care provider, or other provider. Outpatient
prescriptions were also recorded.
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Fig.1 Study flow. DMT
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2.4 Statistical Analysis 3 Results

Bivariate analysis for all variables was conducted, and
patients were stratified by DMT route of administration.
Infusion DMTs included alemtuzumab, mitoxantrone,
natalizumab, and ocrelizumab; injectable DMTs included
glatiramer acetate, interferon beta-1a, interferon beta-1b,
and peginterferon beta-1a; and oral DMTs included dimethyl
fumarate, fingolimod, and teriflunomide. Categorical vari-
ables were reported as the count and percentage of patients,
and continuous variables were reported as the mean, stand-
ard deviation, and median (when appropriate). A multi-
variate analysis was conducted using logistic regression to
examine the odds of post-index adherence, persistence, and
relapse. A Gamma model with log link function was used
to examine post-index all-cause and MS-related healthcare
costs. All models were adjusted for select patient character-
istics that included the initial DMT route of administration,
time from end of initial DMT to index date, number of base-
line relapses, age (by decade), sex, index year, geographic
region of residence, select comorbid conditions (depres-
sion, hyperlipidemia, hypertension, fatigue, and neuropathic
pain), and baseline medications (antidepressants, antispas-
modics, nonsteroidal anti-inflammatory drugs [NSAIDs]
or cyclooxygenase 2 [COX-2] inhibitors, neuropathic pain
medications, and opioids). For cost models, we controlled
for pre-index all-cause healthcare costs. Subgroup analyses
included data from patients who initiated an injectable DMT
and switched to another discrete DMT (either oral, inject-
able, or infusion), as these individuals composed the major-
ity of the study population.

All data programming and statistical analyses were per-
formed using SAS software (SAS Institute, Cary, NC, USA).

A\ Adis

3.1 Baseline Characteristics

Of 100,845 patients with MS, 1554 (1.5%) met the study
inclusion criteria and were included in the final sample
(Fig. 2). Patients had a mean age of 46 years at the index
date (DMT switch), and the majority of patients were female
(73.6%) (Table 1). Demographic characteristics for the over-
all population and by index DMT generally were consistent
across routes of administration (oral, injectable, and infu-
sion), with the exception of year, which varied because of
differences in regulatory approval of the individual agents.
The majority of patients were initially treated with inject-
able DMTs (71.8%); fewer patients initially received oral
(22.4%) and infusion (5.8%) DMTSs. Clinical characteristics
were also analyzed for the overall population and by index
DMT (Table 2). Fatigue was the most commonly reported
comorbidity in the overall population, and a greater percent-
age of patients with index infusion DMTs were reported to
have gait and mobility difficulties.

3.2 Treatment Patterns

At the time of the switch (index date), patients were primar-
ily initiated on oral (n = 878 [56.5%]), followed by inject-
able (n = 394 [25.4%]) and infusion (n = 282 [18.2%]),
DMTs. The most common index DMTs according to route of
administration were dimethyl fumarate (30.3%, oral), glati-
ramer acetate (14.4%, injectable), and natalizumab (12.9%,
infusion) (Fig. S1 in Online Supplemental Material [OSM]).
Across all routes of administration, the mean time between
initial and index DMTs was less than 5 months. Treatment
patterns of concomitant medication use in the post-index
period showed that opioids were most commonly prescribed
(40%), followed by NSAID/COX-2 inhibitors (28%) and
benzodiazepines (25%) (Table 2).
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Overall, 46.0% of the population was nonadherent, with a
mean (SD) PDC of 0.7 (0.31) over the 12-month post-index
period. Patients who switched to injectable DMTs had the
lowest rate of adherence (41.9%) compared with those who
switched to oral (54.1%) and infusion (70.6%) DMTs (Fig.
S2A in OSM).

Consistent with the results for nonadherence, 41.5% of
the population was nonpersistent. Patients who switched to
injectable DMTs had the lowest rate of persistence (44.4%)
compared with those who switched to oral (60.5%) and infu-
sion (72.0%) DMTs (Fig. S2B in OSM). The mean time
to nonpersistence was less than 5 months after the switch.
Among the nonpersistent patients, 90.2% discontinued
treatment, 9.8% switched to a different DMT, and 19.8%
of patients who discontinued their treatment restarted their
index DMT.

Fig.2 Patient disposition.

DMT disease-modifying
therapy, ICD-9-CM/ICD-10-CM
International Classification of
Diseases, Ninth/Tenth Revision,
Clinical Modification, MS mul-
tiple sclerosis

3.3 Relapse Rates

More than 20% of patients relapsed in the 12-month post-
index period (Fig. S3 in OSM). In the overall population,
the proportion of relapse-free patients increased from pre- to
post-index, from 67.6 to 78.5%. Additionally, relapse rates
decreased from 29.4 to 20.3% among oral DMT users, 33.8
to 24.1% among injectable DMT users, and 39.7 to 21.6%
among infusion DMT users in the 12 months post-index.
The percentage reduction in relapse rate was slightly higher
among patients who switched to oral DMTs (31%) com-
pared with those who switched to injectable DMTs (29%).
Patients who experienced a relapse in the pre-index period
were more likely to experience a relapse in the post-index
period; 85.5% of oral DMT users with no pre-index relapse
were relapse-free in the post-index period compared with
71.6%, 52.1%, and 45.0% of patients who had one, two,
and three pre-index relapses, respectively. Similar trends
were observed for the injectable and infusion DMT users
(Table S1 in OSM). Among patients with two pre-index

Patients in the database with 22 claims (=1 and <365 days apart) with an
ICD-9-CM/ICD-10-CM diagnosis of MS between January 1, 2009, and March 31, 2018

N=100,845

Patients initiating the first DMT between January 1, 2010, and March 31, 2018
(initial DMT date) and had only a single initial DMT

n=43,026

Patients with no prior DMT use

n=38,519

Patients with 212 months of continuous enrollment prior to the initial DMT date

n=9460

Patients switched to different DMT after initial DMT (switch date = index date),

with only one DMT on switch date

n=2883

Patients =18 years of age as of the index date

n=2873

Patients with continuous enrollment from initial DMT date to index date
and 212 months of continuous enroliment after the index date

n=1808

Patients without evidence of pregnancy during the study period

n=1689

Patients without a diagnosis of cancer during the study period

N=1554

Injectable Infusion
n=394 n=282
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Table 1 Baseline demographic characteristics

All patients (N = 1554)

Oral (n = 878)

Injectable (n = 394) Infusion (n = 282)

Age, mean (SD), years 46 (12) 47 (12) 46 (12) 45 (13)
Sex, n (%)
Male 411 (26.4) 233 (26.5) 102 (25.9) 76 (27.0)
Female 1143 (73.6) 645 (73.5) 292 (74.1) 206 (73.0)
Race, n (%)
Asian 19 (1.2) 9 (1.0) 6 (1.5) 4(1.4)
Black 178 (11.5) 102 (11.6) 48 (12.2) 28 (9.9)
Hispanic 112 (7.2) 71 (8.1) 24 (6.1) 17 (6.0)
White 1115 (71.8) 614 (69.9) 287 (72.8) 214 (75.9)
Unknown 130 (8.4) 82 (9.3) 29 (7.4) 19 (6.7)
Region, n (%)
Northeast 172 (11.1) 89 (10.1) 51 (12.9) 32 (11.3)
South 615 (39.6) 343 (39.1) 158 (40.1) 114 (40.4)
Midwest 385 (24.8) 217 (24.7) 99 (25.1) 69 (24.5)
West 379 24.4) 228 (26.0) 86 (21.8) 65 (23.0)
Payer, n (%)
Commercial 1169 (75.2) 648 (73.8) 297 (75.4) 224 (79.4)
Medicare 385 (24.8) 230 (26.2) 97 (24.6) 58 (20.6)
Index year, n (%)
2010 52 (3.3) 7 (0.8) 41 (10.4) 4(1.4)
2011 110 (7.1) 29 (3.3) 51 (12.9) 30 (10.6)
2012 137 (8.8) 27 (3.1) 71 (18.0) 39 (13.8)
2013 272 (17.5) 221 (25.2) 34 (8.6) 17 (6.0)
2014 251 (16.2) 188 (21.4) 46 (11.7) 17 (6.0)
2015 229 (14.7) 144 (16.4) 57 (14.5) 28 (9.9)
2016 205 (13.2) 119 (13.6) 44 (11.2) 42 (14.9)
2017 218 (14.0) 122 (13.9) 42 (10.7) 54 (19.1)
2018 80 (5.1) 21 (2.4) 8 (2.0) 51(18.1)

relapses, a higher proportion who switched to oral DMTs
(52.1%) were relapse-free in the post-index period compared
with those who switched to injectable (48.0%) or infusion
(50.0%) DMTs; results were similar among those with three
pre-index relapses (Table S1 in OSM).

3.4 Healthcare Costs

Mean all-cause and MS-related healthcare costs are pre-
sented in Table 3. While all-cause pharmacy costs were
similar in the post-index period across all routes of admin-
istration (oral: $62,021; injectable: $61,527; and infusion:
$62,299), all-cause total cost of care was higher among
patients who switched to infusion DMTs ($107,610) than
among those who switched to injectable ($76,076) and oral
($75,589) DMTs. Furthermore, patients who switched to
infusion DMTs had the greatest increase in all-cause total
cost of care from pre- to post-index ($38,325), followed
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by those who switched to injectable ($24,177) and oral
($21,696) DMTs. All costs are reported in US dollars.

The trend was similar for MS-related healthcare costs,
with total cost of care highest among patients who switched
to infusion DMTs ($84,551), followed by injectable
($68,867) and oral ($64,696) DMTs. Furthermore, patients
who switched to infusion DMTs had the greatest increase
in MS-related total cost of care from pre- to post-index
($28,993), followed by those who switched to injectable
($26,177) and oral ($19,655) DMTs.

3.5 Healthcare Resource Utilization

Analysis of all-cause HCRU showed a decrease in all-cause
medical utilization overall (with the exception of outpa-
tient office visits) from pre- to post-index across all routes
of administration (Table 4). There was a notable increase
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Table 2 Clinical characteristics

. o All patients  Oral (n = 878) Injectable (n =394) Infusion (n = 282)
and concomitant medications (N = 1554)
Comorbidity at index, n (%)
Bladder dysfunction 346 (22.3) 197 (22.4) 82 (20.8) 67 (23.8)
Bowel dysfunction 194 (12.5) 117 (13.3) 49 (12.4) 28(9.9)
Depression 395 (25.4)  225(25.6) 94 (23.8) 76 (27.0)
Diabetes 188 (12.1) 101 (11.5) 53 (13.5) 34 (12.1)
Dizziness and vertigo 237 (15.3) 120 (13.7) 67 (17.0) 50 (17.7)
Fatigue 558 (35.9) 303 (34.5) 147 (37.3) 108 (38.3)
Gait and mobility difficulties 403 (25.9) 214 (24.4) 93 (23.6) 96 (34.0)
Gastrointestinal disease 223 (14.4) 121 (13.8) 60 (15.2) 42 (14.9)
Hyperlipidemia 428 (27.5) 250 (28.5) 105 (26.6) 73 (25.9)
Hypertension 477 (30.7) 274 (31.2) 133 (33.8) 70 (24.8)
Neuropathic pain 276 (17.8) 160 (18.2) 73 (18.5) 43 (15.2)
Other chronic pain 161 (10.4) 95 (10.8) 38 (9.6) 28(9.9)
Pruritus 25 (1.6) 15 (1.7) 7 (1.8) 3(1.1)
Pseudobulbar affect 5(0.3) 4(0.5) - 1(0.4)
Sexual problems 43 (2.8) 26 (3.0) 7 (1.8) 10 (3.5)
Spasticity 108 (6.9) 56 (6.4) 25(6.3) 27 (9.6)
Tremors 29 (1.9) 18 (2.1) 3(0.8) 8(2.8)
Urinary tract infection 274 (17.6) 156 (17.8) 72 (18.3) 46 (16.3)
Concomitant medications post-index, n (%)
Antidiabetics 135 (8.7) 72 (8.2) 35(8.9) 28 (9.9)
Antihypertensives 390 (25.1) 234 (26.7) 100 (25.4) 56 (19.9)
Benzodiazepines 388 (25.0) 227 (25.9) 93 (23.6) 68 (24.1)
Antihyperlipidemics 302 (19.4) 193 (22.0) 69 (17.5) 40 (14.2)
NSAID/COX-2 inhibitors 441 (28.4) 251 (28.6) 111 (28.2) 79 (28.0)
Opioids 621 (40.0) 356 (40.5) 155 (39.3) 110 (39.0)
Dalfampridine 138 (8.9) 79 (9.0) 23 (5.8) 36 (12.8)

COX-2 cyclooxygenase 2, NSAID nonsteroidal anti-inflammatory drug

in mean (SD) inpatient LOS among patients who switched
to infusion DMTs from 12.1 (17.2) days in the pre-index
to 20.8 (38.3) days in the post-index period. A decrease in
MS-related medical utilization (proportion of patients with
inpatient admissions) was also observed from pre- to post-
index across all routes of administration. As with all-cause
HCRU, change in mean (SD) MS-related inpatient LOS was
greater among patients who switched to infusion DMTs at
8.6 (10.6) days in the pre-index period compared with 26.3
(26.9) days in the post-index period.

3.6 Multivariate Analyses

The multivariate analyses showed that patients who switched
to oral (odds ratio [OR]: 1.84; 95% confidence interval
[CI] 1.39-2.43; p < 0.0001) or infusion (OR: 3.77; 95%
CI 2.64-5.40; p < 0.0001) DMTs had significantly higher
adherence rates compared with patients who switched to

injectable DMTs (reference). Likewise, persistence was also
significantly higher for patients switching to oral (OR: 2.03;
95% CI 1.54-2.67; p < 0.0001) or infusion (OR: 3.62; 95%
CI 2.53-5.19; p < 0.0001) DMTs than for those switching
to injectable DMTs. There was no significant difference in
post-index relapse rates between patients who switched to
injectable DMTSs and those who switched to oral (OR: 0.85;
95% CI 0.61-1.20; p = 0.3682) or infusion (OR: 0.75; 95%
CI10.49-1.14; p = 0.1765) DMTs. However, each additional
pre-index relapse was associated with a 96% increase in odds
of a post-index relapse (p < 0.0001). Compared with patients
who switched to injectable DMTs, patients who switched to
infusion DMTs had significantly increased all-cause (OR:
1.27;95% CI1 1.18-1.38; p < 0.0001) and MS-related (OR:
1.19; 95% CI 1.08-1.31; p = 0.0004) total cost of care.
In contrast, there were no significant differences between
those who switched to oral versus injectable DMTs for all-
cause total cost of care (OR: 1.00; 95% CI10.94-1.107; p =
0.8820) or MS-related total cost of care (OR: 0.99; 95% CI
0.91-1.07; p = 0.7926).
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Table 4 All-cause and multiple sclerosis-related healthcare utilization in the 12-month pre- and post-index periods

All patients (N = 1554) Oral (n = 878)

Injectable (n = 394) Infusion (n = 282)

Pre-index Post-index Pre-index Post-index Pre-index Post-index  Pre-index Post-index
All-cause HCRU

Inpatient admission, 233 (15.0) 181 (11.6) 112 (12.7) 98 (11.2) 74 (18.8) 46 (11.68) 47 (16.7) 37 (13.1)
n (%)

LOS, mean (SD) 10.34 (20.55) 14.2(33.76) 11.75(25.78) 14 (38.56) 7.09 (11.38) 9.33(10.97) 12.11(17.28) 20.81 (38.28)

Patients with ED 525 (33.8) 457 (29.4) 284 (32.3) 260 (29.6) 143 (36.3) 108 (27.4) 98 (34.8) 89 (31.6)
visit, n (%)

Number of ED visits,  0.65 (1.38) 0.55 (1.30) 0.63 (1.39) 0.52 (1.24) 0.65(1.25) 0.58(1.43) 0.69 (1.51) 0.61 (1.3)
mean (SD)

Patients with outpa- 1542 (99.2) 1536 (98.8) 869 (99.0) 870 (99.1)  391(99.2) 386(98.0) 282 (100) 280 (99.3)
tient office visit,
n (%)

MS-related HCRU

Inpatient admission, 125 (8.0) 68 (4.4) 54 (6.2) 38 (4.3) 399.9) 22 (5.6) 32(11.4) 8 (2.8)
n (%)

LOS, mean (SD) 7.96 (20.56) 11.71 (27.07) 10.54 (29.99) 12.97 (33.19) 3.87 (2.69) 4.23 (3.54) 8.59 (10.57) 26.25 (26.92)

Patients with ED 298 (19.2) 298 (19.2) 160 (18.2) 155 (17.7) 78 (19.8) 78 (19.8) 60 (21.3) 65 (23.0)
visit, n (%)

Number of ED visits,  0.32 (0.09) 0.34 (1.02) 0.31 (0.83) 0.29 (0.92) 0.3(0.71) 0.39(1.22) 0.39 (1.25) 0.42 (1.03)
mean (SD)

Patients with outpa- 1520 (97.8) 1496 (96.3) 854 (97.3) 841(95.8) 385(97.7) 378(95.9) 281 (99.6) 277 (98.2)

tient office visit,
n (%)

ED emergency department, HCRU healthcare resource utilization, LOS length of stay, MS multiple sclerosis

3.7 Subgroup Analysis of Patients Switching
from Injectable Disease-Modifying Therapies

Baseline demographic and clinical characteristics were simi-
lar between the overall study population and the subgroup
of 1116 (71.8%) patients who switched from an injectable
DMT. The proportion of patients who switched from an
injectable to an injectable DMT (n = 268) and were adherent
(45.5%) was lowest compared with those who switched from
an injectable to an oral (n = 145; 56.5% adherent) or infu-
sion (n = 172; 70.9% adherent) DMT. Patients who switched
from an injectable to an oral DMT had higher persistence
(62.4%) than those who switched from an injectable to an
injectable DMT (48.1%). The primary reason for nonpersis-
tence was discontinuation.

Patients who switched from an injectable to an oral
DMT had the lowest mean all-cause and MS-related total
cost of care ($73,153 and $62,190, respectively) compared
with those who switched to another injectable ($78,355
and $71,654, respectively) or an infusion ($100,313 and
$81,594, respectively) DMT. Patients who switched to an
oral DMT had the lowest increase in mean all-cause total
cost of care ($17,956 vs. $20,384 [injectable DMT] and
$29,248 [infusion DMT]) and mean MS-related total cost
of care ($15,859 vs. $22,229 [injectable DMT] and $22,972
[infusion DMT]). Finally, a decrease in the proportion of

patients with all-cause and MS-related inpatient admis-
sion or ED visit was observed from pre- to post-index for
all patients initiating injectable DMTs, regardless of index
DMT route of administration. However, among patients who
switched from an injectable to an infusion DMT, there was a
greater increase in mean all-cause and MS-related inpatient
LOS (13.8 and 29.1 days, respectively) compared with those
who switched from an injectable to an oral DMT (0.2 and
4.3 days, respectively) or to another injectable DMT (1.0 and
—0.1 days, respectively).

4 Discussion

This retrospective, claims-based study is one of the few
to analyze treatment patterns, relapse, and economic out-
comes in a real-world population of MS patients who
switch to a second DMT and to describe the association
of route of administration with adherence, persistence,
relapse, cost, and HCRU after the switch. One key obser-
vation from this study was the high proportion of patients
with MS who switched to oral DMTs after initial treatment
with an injectable DMT. This study also demonstrated
that there are opportunities to improve compliance with
DMTs; among all patients who switched, adherence and
persistence were suboptimal in the year after the switch
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regardless of the new DMT route of administration. How-
ever, patients who switched to oral or infusion DMTs had
better adherence and persistence than those who switched
to injectable DMTs. Multivariate analyses corroborated
these descriptive trends. After adjustment for baseline
characteristics, patients who switched to oral or infusion
DMTs were more likely to be adherent and persistent than
those who switched to injectable DMTs. Research has
shown that adherence and persistence are important in the
reduction of relapses [14], which may slow the progres-
sion of MS.

This study also found that relapses continue to be an issue
of concern for those who switch DMT treatments—roughly
one of five patients who switched experienced a relapse in
the year after the switch. Patients treated with oral agents
showed improvements in percentage change in relapse
compared with patients treated with injectable or infusion
DMTs. Specifically, compared with patients who switched
to injectable DMTs, those who switched to oral DMTs had
a larger percentage reduction in relapse rate from pre- to
post-index. And among patients who had two or three pre-
index relapses, a higher proportion who switched to oral
DMTs were relapse-free in the post-index period compared
with those who switched to injectable or infusion DMTs.
However, it is important to consider that the difference we
observed between oral and infusion DMTs in the propor-
tion of patients who were relapse-free may be related to
differences in disease severity that cannot be accounted for
using insurance claims since they lack MRI scan results
(e.g., patients with more severe MS may be more likely
to be switched to an infusion therapy). A previous claims
analysis of data from MarketScan research databases from
MS patients who switched DMTs reported an increase in
the proportion of relapse-free patients post-switch, although
approximately one-third of patients still experienced at least
one relapse following the switch [15]. Specifically, relapse
rates were similar for patients who switched to oral and
injectable DMTs (48% and 45%, respectively) and highest
for those who switched to infusion DMTs (61%). Multivari-
ate analysis in this claims analysis showed that a patient who
switched to an oral DMT had a reduced risk of relapse [15].

Descriptive analysis of cost and HCRU showed a
marked increase in cost after switching, primarily driven
by the cost of DMTs and other MS-related treatments and
services. Although post-index outpatient pharmacy costs
were similar across all routes of administration, all-cause
total cost of care and medical costs were lowest for patients
who switched to oral DMTs, followed by injectable DMTs.
Patients who switched to infusion DMTs had the highest
post-index costs relative to patients who switched to oral and
injectable DMTs. These findings suggest that switching to
an oral DMT may confer some cost advantage, in addition to
possible improvement in patient adherence and persistence.

A\ Adis

Persistence and adherence remained suboptimal across
the DMTs that were available during the study period,
which pointed to the need for additional treatment options
and strategies to enhance compliance. Shared decision-
making particularly encourages increased patient-centered
education, active decision-making, and an individualized
approach to treatment, and may lead to increased satisfaction
and adherence [24, 25]. Additionally, a technology-based
tool is being developed to enhance treatment compliance
through the use of mobile and internet applications, which
can be used to determine adherence, monitor disease symp-
toms, and track relevant clinical outcomes [26]. The choice
of DMT is a complex decision; although current American
Academy of Neurology practice guidelines for patients with
MS provide minimal guidance regarding DMT selection,
they recommend that clinicians factor in benefit/risk profile,
patient preference, and likelihood of adherence when mak-
ing treatment choices [10]. DMT adherence and persistence
are critical components of a clinical management strategy
for MS — adherence is associated with improvements in
relapse outcomes and quality of life, decreased HCRU and
costs, and the slowing of disability progression [12]. Addi-
tionally, gaps in therapy of 90 days or longer increase the
probability of severe relapse twofold, and severe relapses
are associated with substantial increases in healthcare costs
[8, 14, 27]. While oral DMTs offer a more convenient route
of administration that has the potential to increase rates of
adherence compared with injectable DMTs, frequency of
dosing, efficacy, and adverse effects are also important fac-
tors that impact adherence and persistence [14]. There is a
need for development of new oral therapies for MS treat-
ment, and findings herein suggest switching to an oral DMT
may reduce relapses and be cost neutral.

Several limitations should be noted. Patients could have
switched treatments previously outside our retrospective
cohort study timeframe—and so this was the first observed
switch only. This study population was limited to those indi-
viduals with commercial health coverage or private Medi-
care supplemental coverage and may not be generalizable to
an uninsured population. As is inherent in all administrative
claims database analyses, there is a potential for misclas-
sification of MS disease status, clinical and demographic
characteristics, and study outcomes; with the use of claims
data, disease severity is unknown. Similarly, adherence and
persistence were based on filled prescriptions in the out-
patient pharmacy setting only and patients were assumed
to take medications as prescribed; therefore, data may not
reflect whether patients took their therapy as prescribed.
Adherence and persistence with medication use cannot be
captured in the inpatient or ED setting in a claims database.
The DMTs studied in this analysis were limited to US Food
and Drug Administration-approved products available dur-
ing the study period, and DMTs approved after or during
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the study period were not considered. Finally, restricting
the study to a 12-month follow-up period could potentially
bias the population to patients with less severe disease, since
patients who died or went on long-term disability because
of serious health conditions could have a follow-up period
of less than 12 months.

5 Conclusion

This retrospective real-world study examined treatment
patterns, relapse, and economic outcomes among patients
with MS and a first observed treatment switch in DMT. The
findings suggest that switching to an oral DMT may lead to
improvement in patient adherence and persistence. However,
low adherence, poor persistence, treatment discontinuation,
and relapse remain an issue for patients with MS. New treat-
ment options that optimize adherence and persistence while
maintaining a favorable risk-benefit profile at comparable
cost may improve outcomes and disease management for
patients with MS.
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