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Purpose: Early diagnosis and treatment of multiple sclerosis (MS) with disease-modifying
therapy (DMT) can reduce relapse number and severity, which has cost implications. We
describe treatment patterns, healthcare utilization, and cost among MS patients newly initiating
DMTs (index).

Patients and Methods: DMT-naive adults with 12 months’ continuous enrollment pre- and
post-index and >2 MS claims (2009-2018) were identified from the Optum Clinformatics Data
Mart database. Treatment adherence and persistence were measured as time on index DMT.
Relapses were identified using a validated claims-based algorithm. All-cause and MS-related
healthcare expenditures and utilization were captured pre- and post-index. Outcomes were strati-
fied by route of administration. Multivariate analyses assessed differences in outcomes and costs.
Results: The analysis included 5906 MS patients (mean age, 46.6 years). The majority
initiated injectable (63.5%) followed by oral (28.8%) and infusion (7.7%) DMTs. Post-index,
45.3% of patients were nonadherent and 39.4% were nonpersistent. Relapse rates decreased
from pre- to post-index (oral: 24.3%—16.1%; injectable: 25.0%—17.1%; infusion: 29.3%—
15.5%). Post-index mean (SD) all-cause total costs were lowest with oral ($70,970
[$36,681]) vs injectable ($82,521 [$58,569]) and infusion ($80,871 [$49,627]) DMTs. MS-
related total costs were lowest with oral ($65,149 [$65,133]) vs injectable ($76,197
[$60,204]) and infusion (872,703 [$47,287]) DMTs. Multivariate analysis showed no differ-
ences between oral and injectable DMTs in adherence, persistence, or relapse rate; however,
oral DMTs had significantly lower all-cause and MS-related costs.

Conclusion: With similar outcomes across DMT administration routes, initiating the least
costly DMT may be warranted for many patients. In newly treated MS patients, the need
exists to improve adherence and persistence.

Keywords: administrative claims, healthcare costs, treatment adherence and compliance,

drug administration routes

Introduction

Multiple sclerosis (MS) is a chronic, inflammatory disease of the central nervous
system.! MS has a mean age of onset of approximately 30 years and is the most
common progressive neurologic disease among young adults worldwide.' MS affects
an estimated 900,000 individuals in the United States.” Studies show that its prevalence
has increased steadily over the past 5 decades and is 2 to 3 times higher among women

than men.'?
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MS is characterized by the demyelination of axons and
other injury to the brain, optic nerve, and spinal cord.'?
Relapsing-remitting MS, the most common (80%-90%)
MS phenotype, is characterized by alternating periods of

disease relapse and remission.'*’

During relapses,
patients experience temporary exacerbations of neurologic
signs or symptoms.* Relapses can result in the incomplete
recovery of function and permanent disability, especially
when occurring early in the course of MS.>*®” MS causes
a high level of disability and impaired quality of life
(QOL).!

Furthermore, MS is associated with substantial costs,
both for society and patients."*® The total annual cost of
MS was estimated by the National Multiple Sclerosis
Society to be $28 billion in the United States,® with
a lifetime cost per patient of $4 million (2010 USD).’
After congestive heart failure, MS ranks as the chronic
condition with the second-highest all-cause direct medical
costs.” Not surprisingly, the cost of managing MS
increases with higher disease severity as disability
progresses. '’

While MS is incurable, multiple treatment options,
including disease-modifying therapies (DMTs), reduce
relapse rates and slow the progression of disability.'®!!
These DMTs vary in mechanisms of action, efficacy, dos-
ing schedules, routes of administration, tolerability, and
safety profiles, which are all considerations when selecting
a treatment course.'""'> For a DMT to provide full efficacy,
patients must adhere to therapy; however, research shows
that one-third of patients do not adhere to their prescribed
regimen and up to 40% stop using DMTs within 1 year of
initiating treatment.'>'? Treatment nonadherence corre-
lates with reduced effectiveness, increased relapse,

a decline in overall health, and higher healthcare

costs.'>'* Additionally, route of administration may influ-
ence treatment adherence and patient satisfaction.'*'?
Early diagnosis and treatment with a DMT can reduce
the number and severity of relapses and substantially
improve patient QOL."'*'® In addition, relapse is asso-
ciated with increased healthcare resource utilization
(HCRU) and expenditures.®'” Consequently, it is possible
that early diagnosis and treatment with DMTs may reduce
the cost burden for both patients and society. Thus, given
the growing prevalence of MS? and the ongoing develop-
ment of new DMTs,'® it is important to reassess MS
treatment costs, HCRU, and treatment patterns (eg, adher-
ence, persistence). This study uses real-world evidence to

describe DMT treatment patterns, rates of relapse, cost,

and HCRU in a treatment-naive patient population with
MS stratified by route of administration.

Patients and Methods
Study Design and Data Source

This retrospective, observational cohort study used admin-
istrative claims data from the Optum Clinformatics Data
Mart database, which includes claims for both commercial
and Medicare Advantage health plans. The database popu-
lation includes 15 to 18 million annual covered lives in all
50 states. The Optum database includes only data for
patients who have both medical and prescription drug
coverage.

Captured data include standard pricing for all medical
claims, pharmacy claims, and inpatient confinements.
Optum’s standard pricing algorithms estimate the
allowed payment amounts (ie, insurance plus patient
payment) across all services and account for the follow-
ing factors: quantity of services, relative resource costs,
and the nature of HCRU. Inpatient facility pricing was
determined using the estimated per diem cost based on
aggregated diagnostic categories and hospitalization
length. Outpatient facility pricing was based on revenue
codes and a percentage of reimbursement requested from
the healthcare provider. Professional and ancillary ser-
vices pricing was estimated using a resource-based value
scale that monetizes Centers for Medicare and Medicaid
Services relative value units. Pharmacy costs were based
on pricing from the First Databank (an integrated drug
and medical device database, including drug pricing
information for US Food and Drug Administration
[FDA]-approved prescription drugs) and were adjusted
according to therapeutic category.

Study Period and Study Population

The study period was January 1, 2009, to September 30,
2018, and comprised a patient selection period (January 1,
2010, to September 30, 2017), a 12-month pre-index per-
iod, and a 12-month post-index period (Figure 1). The
index date was the date of the first claim for DMT between
January 1, 2010, and September 30, 2017.

Adult patients (aged >18 years on the index date) were
included if they had >2 nondiagnostic claims (1-365 days
apart) for MS (ICD-9-CM code 340 or ICD-10-CM code
G35) and initiated treatment with a DMT (index event) for
MS between January 1, 2010, and September 30, 2017.
Patients were required to be continuously covered by
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Figure | Study periods.
Abbreviations: DMT, disease-modifying therapy; MS, multiple sclerosis.

a healthcare insurance plan for >12 months prior to and
after the index date. Claims for the following DMTs were
included: oral DMT (teriflunomide, fingolimod, and
dimethyl fumarate); injectable DMT (interferon beta-1a,
interferon beta-1b, glatiramer acetate, and peginterferon
beta-1a); and infusion DMT (alemtuzumab, mitoxantrone,
natalizumab, and ocrelizumab). Patients were excluded if
there was evidence of pregnancy or a primary malignancy
during the 12-month pre- or post-index period. Patients
were also excluded for known use of any DMT prior to the
index date.

Outcomes

Treatment patterns, adherence, persistence, and time to
index DMT.
Adherence was measured as the proportion of days cov-
ered (PDC) with the index DMT during the 12-month
post-index period. A PDC >0.8 (or 80%) was the threshold
for adherence. Persistence on the index DMT was defined

nonpersistence were reported for the

as the number of days from the index date until the earliest
of the following occurred: treatment discontinuation,
a DMT switch, or the end of the 12-month post-index
period (ie, nonpersistence). Treatment discontinuation
was defined as a gap of >60 days without the index
DMT after exhausting the current supply.'® For claims
based off of Healthcare Common Procedure Coding
System codes (which can identify medications based on
route of administration), the duration of clinical benefit
was used as a proxy for days supplied. Patients who had
a fill for a DMT different from the index DMT were
classified as switching treatment, with the switch date set
to the fill date of the new DMT. A switch to a generic
equivalent was not flagged as a treatment change. Time to

nonpersistence (a measure of the duration of therapy) was
defined as the time from the index date until the date of
nonpersistence. DMT treatment patterns (adherence, per-
sistence, and switch) were assessed at 3 and 6 months
post-index.

Relapse was identified using a validated claims-based
algorithm'®2° and was defined as either a claim for an
MS-related inpatient stay (with ICD-9-CM 340 or ICD-10-
CM G35 as the primary diagnosis) or a claim with an MS
diagnosis code in the primary or secondary position in an
outpatient setting in addition to a pharmacy or medical
claim for a qualifying corticosteroid or adrenocorticotropic
hormone on or within 7 days of the visit. Relapse-related
measures evaluated included the percentage of patients
with a relapse and the number of relapses observed.
Relapse rates were reported as proportion of patients
with a relapse, number of relapses observed (0, 1, 2, or
>3 relapses), and time to first relapse (calculated as the
number of days from the index date to the earliest occur-
rence of a relapse).

Direct healthcare costs consisted of all-cause and MS-
related healthcare expenditures for all patients. Healthcare
costs were based on amounts paid on adjudicated claims,
including insurer and health plan payments, as well as
patient cost-sharing in the form of copayments, deducti-
bles, and coinsurance. These costs were measured in the
12-month pre-index and 12-month post-index periods.
Healthcare costs were reported as total expenditures, inpa-
tient expenditures, emergency department (ED) expendi-
tures, outpatient medical expenditures, and outpatient
pharmacy expenditures. Costs were adjusted to 2017 USD.

All-cause and MS-related HCRU were analyzed for all
patients and for patients with >1 service during the 12-month
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pre-index and 12-month post-index periods. HCRU outcomes
included inpatient admissions, ED visits, outpatient office
visits, and outpatient prescriptions. Inpatient admissions
were reported as the percentage of patients with inpatient
admissions, the number of inpatient admissions, and the aver-
age length of inpatient stay (LOS). ED visits were reported as
the percentage of patients with any ED visit and the number of
ED visits. Outpatient office visits were reported as the percen-
tage of patients with an office visit to a neurologist, primary
care provider, physical therapist, occupational therapist,
speech therapist, or other clinician. Outpatient prescriptions
were reported as the number of outpatient prescriptions, by
medication category.

Statistical Analysis

Patients were stratified by DMT route of administration.
Patient characteristics and outcomes were summarized
using descriptive statistics. Continuous variables were
summarized using means and standard deviations (SDs),
and categorical variables were presented as number counts
and percentage of patients in each category.

Logistic regression was used to examine the odds of
post-index persistence, adherence, and relapse. A gamma
model with log link function was used to examine post-
index all-cause and MS-specific healthcare costs. All mod-
els were adjusted for select patient characteristics, includ-
ing the initial DMT route of administration, baseline
relapses, age (by decade), sex, index year, geographic
region of residence, select comorbidities (depression,
hyperlipidemia, hypertension, fatigue, and neuropathic
pain), and baseline medications (antispasmodics, nonster-
oidal anti-inflammatory drugs [NSAIDs] or cyclooxygen-
ase-2 [COX-2] inhibitors, neuropathic pain medications,
and opioids). For cost models only, pre-index all-cause
healthcare costs were also controlled. Data are presented
as odds ratio (OR) and 95% confidence intervals (ClIs).

Results
Patient Selection and Baseline

Characteristics

Of the 94,838 patients with MS identified in the database,
5906 met the inclusion criteria (Figure 2). The mean (SD)
age of study participants was 46.6 (12.4) years, and the
majority were female (74.2%) and white (67.0%) (Table 1).
Most participants initiated an injectable DMT (63.5%), fol-
lowed by oral (28.8%) and infusion (7.7%) DMTs.
Demographic characteristics (with the exception of DMT

index year) were consistent across routes of administration.
Those who initiated infusion DMTs had the lowest Charlson
Comorbidity Index scores and the highest rates of MS symp-
toms and comorbidities, such as bowel dysfunction, bladder
dysfunction, dizziness/vertigo, and gait/motility difficulties
(Table 2). During the pre-index period, opioids (39.4%),
NSAIDs/COX-2 inhibitors (25.5%), and benzodiazepines
(22.2%) were the most commonly used concomitant medica-
tions (Figure S1 in Supplemental Material).

Treatment Patterns

In the 12-month post-index period, 45.3% of patients were
nonadherent (PDC <0.8), with an overall mean PDC of 0.7
(Figure S2A in Supplemental Material), and 39.4% were

nonpersistent (Figure S2B in Supplemental Material).

Mean PDC and rates of nonadherence and nonpersistence
were consistent across DMT routes of administration. The
mean (SD) time to nonpersistence was 133 (92) days for
all patients, equivalent to <5 months. Time to nonpersis-
tence was shortest for patients initiating oral DMTs (114
days), followed by infusion and injectable (128 and 142
days, respectively). A total of 90.6% of patients who were
and 9.5%
a different DMT, with discontinuation rates highest

nonpersistent  discontinued, switched to
among patients initiating an infusion DMT (98.8%), fol-
lowed by oral (94.5%) and injectable (87.7%) DMTs. Of
the 2107 patients who discontinued, approximately half
did not restart treatment (48.4%), and this trend was con-
sistent across patients who initiated oral, injectable, and
(50.8%, 47.2%, and 48.5%,

infusion treatment

respectively).

Relapse

The mean (SD) time to first relapse (days) was similar
across all DMTs (156 [104]), oral DMTs (158 [103]),
injectable DMTs (156 [105]), and infusion DMTs (151
[98]). Overall, the percentage of patients with no evidence
of relapse increased from the pre- to the post-index period
(74.9% to 83.3%) (Figure S3 in Supplemental Material).
This trend was consistent across all administration routes.

The proportion of patients who relapsed decreased from
the pre- to the post-index periods in patients receiving oral
(24.3% to 16.1%), injectable (25.0% to 17.1%), and infu-
sion (29.3% to 15.5%) DMTs. Patients who were persis-
tent with their prescribed regimen also exhibited greater
percentage reductions in relapse rates than patients who
were not nonpersistent (46.2% reduction vs 15.8% reduc-
tion). This trend was noted for persistent vs nonpersistent
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Patient in the database with 22 claims (21 and <365 days apart) with an ICD-9-CM/ICD-10-CM diagnosis of MS
between January 1, 2009, and September 30, 2017
N=94,838

Patients initiating a single DMT
between January 1, 2010, and September 30, 2017 (date of initiation = index date)
n=39,854

Patients with no DMT use prior to the index date
n=35,471

Patients 218 years of age as of the index date
n=35,371

Patients with 212 months of continuous enrollment before the index date (pre-index period)
and after the index date (post-index period)
n=6625

Patients without evidence of pregnancy in the pre-index or post-index period
n=6345

Patients without a diagnosis of cancer in the pre-index or post-index period
n=5906

Oral Injectable Infusion
n=1701 n=3748 n=457

Figure 2 Patient disposition.

Abbreviations: DMT, disease-modifying therapy; ICD-9-CM/ICD-10-CM, International Classification of Diseases, Ninth/Tenth Revision, Clinical Modification; MS, multiple

sclerosis.

patients using oral DMTs (45.4% vs 17.4% reductions,
respectively) and injectable DMTs (44.2% vs 15.0%
reductions, respectively) and was somewhat more pro-
nounced among persistent and nonpersistent patients
using infusion DMTs (59.6% vs 17.5% reductions,
respectively).

There was a slight decrease in the mean (SD) number
of relapses in the pre- and post-index periods (0.3 [0.6]
and 0.2 [0.6], respectively). There was a slight increase in
the percentage of patients experiencing >2 relapses
between the pre- and post-index periods (2.9%—4.1%).
This percent change was greater for patients initiating
injectable DMTs (65.9% increase) compared with oral
(26.2% increase) or infusion (30.6% decrease) DMTs.

Direct Healthcare Costs

Mean all-cause healthcare costs increased across all routes
of administration between the pre- and post-index periods;
this was driven primarily by pharmacy costs (Table 3). The
lowest mean increase in all-cause costs from pre- to post-
index periods was seen with patients initiating an oral
DMT (853,122 [$36,988]). Similarly, mean (SD) all-
cause healthcare costs in the post-index period were lowest

for patients initiating oral DMTs ($70,970 [$36,681]),
followed by infusion ($80,871 [$49,627]) and injectable
($82,521 [$58,569]) DMTs (Figure S4 in Supplemental
Material).

Mean MS-related healthcare costs also increased for all

administration routes between the pre- and post-index
periods, driven primarily by pharmacy costs (Table 3).
The smallest mean increase in MS-related healthcare
costs from the pre- to the post-index period was seen for
($53,618 [$40,767)).
Similarly, mean MS-related healthcare costs in the post-

patients initiating oral DMTs
index period were lowest for those initiating oral DMTs
($65,149 [$65,133]), followed by infusion ($72,703
[$47,287]) and injectable ($76,197 [$60,204]) DMTs
(Figure S4 in Supplemental Material). The smallest mean

(SD) change in MS-related medical costs from the pre- to
the post-index period was seen among patients initiating
oral DMTs ($1087 [$29,600]), followed by injectable
($1458 [$20,888]) DMTs, whereas those initiating infusion
DMTs had the largest mean change ($20,076 [$49,785]).
This MS-related medical cost increase was largely driven
by a substantial increase from the pre- to the post-index
period in mean (SD) MS-related outpatient visit costs for
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Table | Baseline Demographic Characteristics

All Patients (N=5906) Oral (n=1701) Injectable (n=3748) Infusion (n=457)
Age, mean (SD), y 46.6 (12.4) 47.8 (12.1) 46.3 (12.6) 45.1 (11.6)
Sex, n (%)
Male 1526 (25.8) 429 (25.2) 969 (25.9) 128 (28.0)
Female 4380 (74.2) 1272 (74.8) 2779 (74.2) 329 (72.0)
Race, n (%)
Asian 69 (1.2) 19 (1.1) 43 (1.2) 7 (1.5)
Black 603 (10.2) 162 (9.5) 396 (10.6) 45 (9.9)
Hispanic 387 (6.6) 112 (6.6) 256 (6.8) 19 (4.2)
White 3957 (67.0) 1132 (66.6) 2505 (66.8) 320 (70.0)
Unknown 890 (15.1) 276 (16.2) 548 (14.6) 66 (14.4)
Payer, n (%)
Commercial 4285 (72.6) 1158 (68.1) 2808 (74.9) 319 (69.8)
Medicare 1621 (27.5) 543 (31.9) 940 (25.1) 138 (30.2)
Index year
2010 771 (13.1) 8 (0.5) 724 (19.3) 39 (8.5)
2011 812 (13.8) 78 (4.6) 673 (18.0) 6l (13.4)
2012 771 (13.1) 66 (3.9) 627 (16.7) 78 (17.1)
2013 795 (13.5) 283 (16.6) 455 (12.1) 57 (12.5)
2014 761 (12.9) 380 (22.3) 335 (8.9) 46 (10.1)
2015 811 (13.7) 330 (19.4) 425 (11.3) 56 (12.3)
2016 580 (9.8) 270 (15.9) 256 (6.8) 54 (11.8)
2017 605 (10.2) 286 (16.8) 253 (6.8) 66 (14.4)

patients initiating infusion DMTs ($23,287 [$46,326])
compared with oral ($1466 [$27,498]) and injectable
($1840 [$18,201]) DMTs.

Healthcare Resource Ultilization
Across all patients and routes of administration between
the pre- and the post-index period, the proportion of
patients with an all-cause inpatient admission decreased
from 18.1% to 10.4% and the proportion of patients with
ED visits decreased from 34.4% to 25.4%, but average
inpatient LOS increased from 9.5 to 14.4 days (Table 3).
Post-index, patients initiating oral DMTs had the shortest
mean all-cause inpatient LOS (12.6 days) and the lowest
mean increase from pre-index in LOS (3.4 days) compared
with those initiating injectable (13.9 days; 5.0-day
increase) or infusion (23.9 days; 9.4-day increase) DMTs.
There was an increase in MS-related ED visits for
patients initiating DMTs with all routes of administration
(all patients, 13.0% to 16.3%; oral, 14.5% to 17.7%;
injectable, 11.4% to 15.6%) except for infusion (20.1%
to 17.1%). Similar to all-cause-related inpatient admis-
sions, the number of patients with an MS-related

admission decreased from pre- to post-index (8.62% vs
3.28%, respectively), yet there was an increase in MS-
related inpatient LOS for all routes of administration (all
patients, 6.7 pre-index to 11.9 days post-index). Post-
index, patients initiating an oral DMT had the shortest
mean MS-related inpatient LOS (8.0 days) and the lowest
mean increase from pre-index in LOS (2.0 days) compared
with those initiating injectable (10.1 days; 4.4-day
increase) or infusion (35.2 days; 21.5-day increase) DMTs.

Multivariate Analyses

The multivariate analyses showed no difference between
injectable DMTs (reference) and oral DMTs in adherence
(OR: 1.03; 95% CI: 0.90-1.17; P=0.6637) or persistence
(OR: 1.07; 95% CI: 0.94-1.22; P=0.3017; Table 4).
Similarly, no difference was found between injectable
(reference) and oral DMTs in relapse rate (OR: 1.03;
95% CI: 0.86—1.23; P=0.7481). Compared with injectable
DMTs, oral DMTs had significantly lower all-cause and
MS-related costs (OR: 0.95, P=0.0040 and OR: 0.92,
P=0.0001, respectively). No significant difference was
found between infusion and injectable DMTs (reference)
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Table 2 Clinical Characteristics

All Patients (N=5906) Oral (n=1701) Injectable (n=3748) Infusion (n=457)
Comorbidity n (%)
Bladder dysfunction 1071 (18.1) 367 (21.6) 605 (l6.1) 99 (21.7)
Bowel dysfunction 629 (10.7) 185 (10.9) 377 (10.1) 67 (14.7)
Depression 1305 (22.1) 385 (22.6) 787 (21.0) 133 (29.1)
Diabetes 630 (10.7) 183 (10.8) 404 (10.8) 43 (94)
Dizziness and vertigo 1128 (19.1) 291 (17.1) 731 (19.5) 106 (23.2)
Fatigue 2025 (34.3) 545 (32.0) 1296 (34.6) 184 (40.3)
Gait and mobility difficulties 1315 (22.3) 413 (24.3) 756 (20.2) 146 (32.0)
Gastrointestinal disease 819 (13.9) 220 (12.9) 531 (14.2) 68 (14.9)
Hyperlipidemia 1618 (27.4) 479 (28.2) 1042 (27.8) 97 (21.2)
Hypertension 1735 (29.4) 491 (28.9) 1137 (30.3) 107 (23.4)
Neuropathic pain 1314 (22.3) 344 (20.2) 872 (23.3) 98 (21.4)
Other chronic pain 442 (7.5) 140 (8.2) 267 (7.1) 35(7.7)
Pruritus 75 (1.3) 31 (1.8) 37 (1.0) 7 (1.5)
Pseudobulbar affect 7 (0.1) 4 (0.2) 1 (0.0) 2 (0.4)
Sexual problems 11 (1.9) 29 (1.7) 73 (2.0) 9 (2.0
Spasticity 329 (5.6) 107 (6.3) 199 (5.3) 23 (5.0)
Tremors 83 (1.4) 32 (1.9) 42 (1.1) 9 (2.0
Urinary tract infection 942 (16.0) 294 (17.3) 561 (15.0) 87 (19.0)

in adherence (OR: 1.15; 95% CI: 0.94-1.41; P=0.1634),
persistence (OR: 1.19; 95% CI: 0.97-1.46; P=0.1008), or
relapse rate (OR: 0.80; 95% CI: 0.60-1.06; P=0.1233).
Likewise, no significant difference was found between
injectable (reference) and infusion DMTs in all-cause
costs (OR: 1.00; 95% CI: 0.95-1.06; P=0.8732) or MS-
related costs (OR: 1.00; 95% CI: 0.94-1.07; P=0.8808).

Discussion

In this claims-based, retrospective, observational cohort
study of patients with MS initiating DMT for the first
time (during the study period), treatment nonadherence
(45.3%), nonpersistence (39.4%), and discontinuation
were common. On average, nonpersistence occurred
within 5 months of treatment initiation. These trends
were consistent across routes of administration. Among
all patients, there was an increase in the percentage of
relapse-free patients between the pre- and post-index per-
iods (74.9% to 83.3%).

Mean all-cause and MS-related healthcare costs were
substantially higher in the post-index than pre-index per-
iod. Outpatient pharmacy costs, both all-cause ($64,969)
and MS-related ($62,558) costs, accounted for the major-
ity of the total costs in the post-index period. Treatment
with oral DMT incurred the lowest costs overall, for both
all-cause ($70,970) and MS-related ($65,149) expenses.
Cost drivers for injectable and infusion DMTs are likely

attributable to outpatient pharmacy costs and outpatient
visit costs, respectively. Oral DMT also showed the lowest
mean cost increases (all cause, $53,122; MS-related,
$53,618) between the pre- and post-index periods.
Compared with injectable DMTs, oral DMTs incurred sig-
nificantly lower costs in the multivariate analysis; whereas
results were significant, it is important to note that MS is
a costly disease to treat and this difference may be relative.

There was a reduction in all-cause and MS-related
inpatient admissions in the post-index period. On average,
patients experienced longer all-cause and MS-related inpa-
tient LOS in the post-index period, regardless of DMT
route of administration. However, of all routes examined,
patients initiating treatment with oral DMTs had the short-
est post-index mean all-cause (12.6 days) and MS-related
inpatient (8.0 days) LOS. These patients also had the
lowest mean increases from pre-index in all-cause (3.4
days) and MS-related (2.0 days) LOS.

These findings suggest that initiation of an oral DMT in
the first-line setting confers a cost advantage, with patient
adherence, persistence, and experience of relapse similar
to initiation of an injection or infusion DMT.

In this study, the higher proportion of relapses and MS-
related symptoms in the pre-index period among patients
who initiated infusion DMTs suggests that these indivi-
duals may have different MS phenotypes. An oral or
injectable DMT benefit/risk profile may not be appropriate
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Table 3 All-Cause and MS-Related Healthcare Costs and Utilization in the [2-Month Pre- and Post-Index Periods

All Patients (N=5906) Oral (n=1701) Injectable (n=3748) Infusion (n=457)
Pre-Index Post-Index Pre-Index Post-Index Pre-Index Post-Index Pre-Index Post-Index
All-cause healthcare costs and utilization, mean (SD)
Costs (USD)
Total healthcare $18,614 $79,066 $17,849 $70,970 $17,925 $82,521 $27,121 $80,871
($26,432) ($52,735) ($22,665) ($36,681) ($25,999) ($58,569) ($38,720) ($49,627)
Total medical $15,227 $14,097 $13,913 $11,935 $15,203 $12,142 $20,310 $38,180
($22,462) ($27,149) ($18,746) ($22,052) ($22,602) ($23,678) ($31,515) ($49,950)
Inpatient visit $3900 $2767 $3,292 $2373 $3833 $2798 $6710 $3980
($14,800) ($15,055) ($11,894) ($12,960) ($14,562) ($15,877) ($23,609) ($15,350)
ED visit $1529 ($4964) | $1069 ($3417) | $1452 ($3961) $1145 ($3544) | $1562 ($5458) | $1010 ($3338) | $1546 ($3963) $1272 ($3571)
Outpatient visit $9798 $10,261 $9169 $8417 $9808 $8335 $12,054 $32,928
($12,254) ($19,128) ($11,000) ($14,091) ($12,354) ($12,486) ($15,256) ($46,460)
Outpatient pharmacy $3388 $64,969 $3936 $59,035 $2722 $70,378 $6811 $42,692
($11,312) ($47,920) ($11,205) ($29,332) ($9317) ($54,187) ($21,425) ($39,145)
Utilization, mean (SD) unless otherwise noted
Inpatient admission, 1070 (18.1) 613 (10.4) 296 (15.8) 176 (10.3) 694 (18.5) 379 (10.1) 107 (23.4) 58 (12.7)
n (%)
LOS 9.5 (21.9) 14.4 (32.5) 9.2 (143) 12.6 (20.0) 8.9 (21.9) 13.9 32.2) 14.5 (33.7) 23.9 (55.8)
Patients with ED visit, 2034 (34.4) 1501 (25.4) 568 (33.4) 451 (26.5) 1309 (34.9) 927 (24.7) 157 (34.4) 123 (26.9)
n (%)
Number of ED visits 0.6 (1.3) 0.5 (1.3) 0.6 (I.1) 0.5 (1.3) 0.6 (1.3) 0.5 (1.3) 0.7 (1.6) 0.5 (I.1)
MS-related healthcare costs and utilization, mean (SD)
Costs (USD)
Total healthcare $9614 $72,744 $11,532 $65,149 $7836 $76,197 $17,060 $72,703
($35,343) ($60,976) ($49.716) ($65,133) ($26,585) ($60,204) ($32,532) ($47,287)
Total medical $7394 $10,186 $8807 $9894 $6059 $7518 $13,086 $33,162
($33,750) ($41,386) ($48,557) ($58,840) ($24,910) ($27,890) ($28,412) ($47,882)
Inpatient visit $1550 ($7793) | $714 ($6251) $1,321 ($5945) | $691 ($6580) $1353 ($5917) | $714 (36,175) $4012 ($18,982) | $798 ($5587)

ED visit $428 ($1941) $663 ($2680) $473 ($1911) $724 ($2803) $368 ($1860) $625 ($2599) $744 ($2570) $747 ($2861)

Outpatient visit $5417 $8809 $7013 $8479 $4338 $6178 $8330 $31,617
($32,287) ($40,099) ($47,917) ($57,816) ($23,741) ($26,107) ($16,753) ($46,699)

Outpatient pharmacy $2220 $62,558 $2725 $55,255 $1777 $68,679 $3974 $39,541
($9047) ($47.519) ($9170) ($29,163) ($7766) ($53,603) ($15,660) ($37,722)

Utilization, mean (SD) unless otherwise noted

Inpatient admission, n (%) | 509 (8.6) 194 (3.3) 127 (7.5) 54 (3.2) 321 (8.6) 122 (3.3) 61 (13.3) 18 (3.9)

LOS 6.7 (14.6) 11.9 (34.2) 6.0 (8.7) 8.0 (9.7) 5.7 (13.4) 10.1 (25.1) 13.7 (25.2) 35.2 (88.7)

Patients with ED visit, 765 (13.0) 962 (16.3) 246 (14.5) 301 (17.7) 427 (11.4) 583 (15.6) 92 (20.1) 78 (17.1)

n (%)

Number of ED visits 0.2 (0.8) 0.3 (1.0) 0.2 (0.7) 0.3 (1.0) 0.2 (0.7) 0.3 (1.0) 0.4 (1.2) 0.3 (0.8)

Abbreviations: ED, emergency department; LOS, length of stay; MS, multiple sclerosis.
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Table 4 Multivariate Analysis of Post-Index Outcomes

Variables Category | Odds Ratio (95% P
Confidence Interval) Value

Logistic regression model for adherence

Index DMT* | Infusion 1.15 (0.94-1.41) 0.1634
Oral 1.03 (0.90-1.17) 0.6637

Logistic regression model for persistence

Index DMT* | Infusion 1.19 (0.97-1.46) 0.1008
Oral 1.07 (0.94-1.22) 0.3017

Logistic regression model for relapse

Index DMT* | Infusion 0.80 (0.60—1.06) 0.1233
Oral 1.03 (0.86—1.23) 0.7481

Gamma model with log link for all-cause healthcare costs

Index DMT* | Infusion 1.00 (0.95-1.06)

Oral 0.95 (0.91-0.98)

0.8732
0.0040

Gamma model with log link for MS-related healthcare costs

Index DMT* 0.8808

0.0001

Infusion 1.00 (0.94-1.07)

Oral 0.92 (0.89-0.96)

Note: *Reference, injectable.
Abbreviations: DMT, disease-modifying therapy; MS, multiple sclerosis.

for those who initiate an infusion DMT. Because patients
continue to relapse after initiating a DMT, initiating with
a higher efficacy DMT with an appropriate benefit/risk
profile provides an opportunity to lower total cost of care
and improve outcomes.

The decision to initiate DMT is complex; as options for
MS DMTs expand, evidence-based treatment algorithms
will be necessary.'® Until the 2018 release of the American
Academy of Neurology (AAN) MS practice guideline, no
US evidence-based clinical guidelines existed for the treat-
ment of MS."* However, the current AAN practice guide-
lines for MS offer only limited direction on DMT
selection, noting that physicians should consider benefit/
risk profile of treatment for each patient and take into
consideration likelihood of adherence.'? Adherence to
and persistence with therapy is one of the greatest con-
cerns for patients with MS."® Gaps in therapy lasting at
least 90 days nearly double the probability of severe
relapse,”' which increases healthcare costs substantially.'?

Limitations

This study includes limitations inherent in any retrospec-
tive analysis. It was limited to individuals with commer-
cial health coverage or private Medicare supplemental

coverage and may not be generalizable to patients with
MS with other insurance types or without health insurance
coverage. There was also the potential for misclassification
of MS status, clinical and demographic characteristics, and
study outcomes (MS-specific costs, utilization, and
relapse) because of use of administrative claims data as
opposed to medical records. Additionally, other important
MS outcomes, such as MRI activity, cannot be assessed
using claims data. Adherence and persistence were deter-
mined based on filled prescriptions, but there was no
confirmation that the patients actually took the medica-
tions. Moreover, DMTs were limited to FDA-approved
products at the time of analysis and did not include those
approved for wuse during or after study initiation.
Therefore, it is not known whether newer treatments will
show improved adherence/persistence and/or better out-
comes compared with current therapies. Relapses were
identified through a validated claims-based algorithm that
demonstrated high positive and negative predictive power;
however, the investigators who validated this algorithm
noted that it may not detect mild relapses that do not affect
daily activities.?’

In addition, MS phenotype, severity, expanded disability
status scale score, and confirmatory brain scan data were not
available from the administrative claims data. It is possible
that the 12-month post-index period biased the study to
include patients with less severe disease, as those who died
or went on long-term disability owing to serious health
conditions may have had continuous enrollment for <12
months. Finally, there may have been systematic differences
between study cohorts that accounted for differences in
HCRU,
Differences between cohorts were controlled for by multi-

treatment  patterns, and healthcare costs.
variate regression; however, adjustments were limited to
those characteristics that could be measured from adminis-

trative claims.

Conclusion

MS is a costly and debilitating chronic condition. DMT
slows disease progression; however, low adherence and
high therapeutic discontinuation remain key treatment con-
cerns. In this study, similar outcomes in terms of adher-
ence/persistence and relapse were observed for all routes
of DMT administration. Treatment with oral DMT
incurred significantly lower costs overall. Therefore, initi-
ating treatment with the least costly DMT option may be
warranted for many patients.
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