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ABSTRACT

Introduction: Comparisons of healthcare uti-
lization and expenditure among multiple scle-
rosis (MS) disease-modifying therapies (DMTs)
are limited.

Methods: In this retrospective cohort study
using commercial insurance claims data of a US
population  (2010-2019), we  compared
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healthcare utilization and costs in MS across
different DMTs. We assigned patients to differ-
ent treatment arms: no DMT (ND), high-efficacy
(HE) DMT (alemtuzumab, B cell depletion,
cladribine, and natalizumab), and standard-ef-
ficacy (SE) DMT (dimethyl fumarate, glatiramer
acetate, interferon beta, sphingosine-1-phos-
phate receptor modulator, and teriflunomide).
We obtained healthcare costs and occurrences
of healthcare services: outpatient visits, emer-
gency room visits, hospitalizations, MS-related
magnetic resonance imaging (MRI). We quan-
tified relapses (based on MS-related hospitaliza-
tions, as well as outpatient visits with
prescription of high-dose steroids) and medical
complexity (based on unique drug classes of
prescriptions). We calculated covariate-adjusted
incidence rate ratio of healthcare services using
negative binomial regression with ND as refer-
ence and covariate-adjusted mean cumulative
healthcare costs using a generalized linear
model with log-link function and gamma
distribution.

Results: Among the 25,932 patients with MS
(mean age 52.8 years, 75.2% women), both HE
(mean age 54.0 years, 76.2% women) and SE
(mean age 43.9 years, 75.6% women) groups
had more non-pharmacy healthcare utilization
than ND (mean age 57.6 years, 75.4% women),
including overall outpatient doctor visits, neu-
rology visits, and MS-related MRIs as well as
relapses and medical complexities. Relative to
ND, both HE and SE groups had higher
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pharmacy costs and overall healthcare costs
12 months after treatment initiation, despite
having lower or equivalent non-pharmacy
medical costs. In patients on DMT, pharmacy
costs accounted for up to 65% of overall
healthcare costs with over 85% of pharmacy
costs attributable to DMT costs.

Conclusion: DMT cost is a key driver of the
overall healthcare expenditure in MS. Future
comparative and cost-effectiveness studies
integrating claims and electronic health records
data with better balancing of patient charac-
teristics are warranted.

Keywords: Multiple sclerosis; Disease-
modifying therapy; DMT; Healthcare cost;
Healthcare expenditure; Healthcare utilization;
Health service; Administrative claims data;
Pharmacoepidemiology

Comparative studies of healthcare
utilization and costs among multiple
sclerosis (MS) disease-modifying therapies
(DMTs) are limited.

In this study, we compared healthcare
expenditure and utilization across DMTs
in a commercially insured MS population
in the USA during 2010-2019.

People with MS treated with both high-
and standard-efficacy DMTs had
significantly more overall outpatient
doctor visits, neurology visits, MS-related
brain and spine MRIs as well as
occurrences of relapses and medical
complexities than the untreated.

Both the high- and standard-efficacy DMT
treatment groups had higher pharmacy
costs and overall healthcare costs than the
untreated group, despite having lower or
equivalent non-pharmacy medical costs.

DMT cost is an important driver of
healthcare expenditure in MS.

INTRODUCTION

Multiple sclerosis (MS) is a chronic neurological
disease with high socioeconomic burden [1-3].
Since the first approval of a disease-modifying
therapy (DMT) in 1993, MS treatment has shif-
ted from managing acute relapses to preventing
disease activity and delaying disability as DMTs
become integral to MS care [4]. Currently, there
are more than 20 Food and Drug Administra-
tion (FDA)-approved DMTs.

People with MS (pwMS) access healthcare as
they receive routine care and medications and
when they experience relapses, disability, and
comorbidities [3, 5, 6]. MS-related healthcare
costs vary widely [7, 8]. One study estimated the
annual DMT cost reaching (US) $70,000 per
patient [9]. The growing DMT cost accounts for
a major proportion of the MS healthcare
expenditure [6, 10, 11]. Prior studies showed
that DMTs reduce healthcare utilization, likely
by reducing relapse and delaying disability
[12, 13]. However, comparative examination of
healthcare utilization and pharmacy costs
across multiple DMTs or between DMT efficacy
classes is limited [2, 14-17]. According to an
economic analysis of14 MS DMTsin
2017 by the non-profit Institute for Clinical and
Economic Review [18], alemtuzumab was the
only DMT to yield an economically attractive
incremental cost-effectiveness ratio, at $38,277
per quality-adjusted life year ($48,787 per
relapse avoided), though this DMT was rarely
used because of serious side effects. Therefore,
with more DMTs emerging in the past 5 years,
there is a need for periodic reassessments of
their real-world cost-effectiveness.

Claims data are ideal for examining health-
care utilization and expenditure. Here, we
report the healthcare utilization and expendi-
ture patterns in a large insured MS population
in the USA from 2010 to 2019, across FDA-ap-
proved DMTs.
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METHODS

Study Population

We used anonymous patient-level commercial
and Medicare Advantage claims data from
Optum Clinformatics from January 1, 2010 to
December 31, 2019 through a license to the
University of Pittsburgh. The Institutional
Review Board of the University of Pittsburgh
determined the study as Non-Human Research
and waived the need for ethical approval of
study protocol and informed consent. The data
include insurance claims for both medical (in-
patient and outpatient) services and prescrip-
tions [19].

We applied a published claims-based MS
classification algorithm [20] to identify pwMS if
the person had at least three separate MS-related
claims (International Classification of Diagno-
sis 9 and 10 codes: ICD-9 = 340; ICD-10 = G35)
on three separate days within 1 year, in any
combination of inpatient, outpatient, or DMT-
specific pharmacy claims. This practical method
of identifying pwMS from claims has a positive
predictive value of 95.4-97.8% for MS diagnosis
in the prior study [20]. The study index date was
the date of the first MS-related claim. A patient’s
follow-up lasted until the end of either insur-
ance coverage or study period, whichever
occurred first.

Additional Inclusion Criteria

For the healthcare utilization and expenditure
analysis, we included pwMS who met the addi-
tional criteria of having continuous enrollment
for both medical and pharmacy benefits at least
3 months preceding and at least 12 months
after the index date. We assigned patients to
treatment groups based on DMT as identified
from pharmacy dispensing claims.

We examined all FDA-approved DMTs dur-
ing the study period: injectable (glatiramer
acetate, interferon beta [all brands, including
peginterferon beta-1a]), oral (cladribine, dime-
thyl fumarate, sphingosine-1-phosphate recep-
tor [S1P-R modulators: fingolimod, siponimod],
teriflunomide), and infusion (alemtuzumab,

mitoxantrone, natalizumab, Bcell depletion
therapy [ocrelizumab, rituximab]). Although
rituximab does not have approval for MS, it has
been used off-label for MS in the USA. No
patients with mitoxantrone prescriptions met
the criteria. We excluded daclizumab given its
voluntary withdrawal in 2018. We classified
DMTs as high efficacy (HE) or standard efficacy
(SE) [21]. HE DMTs included alemtuzumab,
B cell depletion therapy, cladribine, and natal-
izumab. SE DMTs included dimethyl fumarate,
glatiramer acetate, interferon beta, S1P-R mod-
ulator, and teriflunomide.

Healthcare Utilization

For each DMT, we calculated the median treat-
ment duration (treatment end date — treatment
start date + days of supplies of the last pre-
scription) and the associated healthcare uti-
lization. Using the study index date (for the
untreated pwMS) or the DMT initiation date
(for the DMT-treated pwMS) as the reference
date, we obtained the events of general (outpa-
tient doctor visit of any specialty, emergency
room [ER] visit, hospital admission) and MS-
related healthcare activities (outpatient neurol-
ogy visit, MS-related hospital admission with
MS as the primary diagnosis, magnetic reso-
nance imaging [MRI] of brain or [cervical or
thoracic] spine) as well as acute MS relapses and
medical complexity during the study period for
untreated pwMS and during the DMT treatment
period for pwMS on DMTs, respectively. We
defined an occurrence of MS relapse as any
inpatient hospital stay with MS as the primary
diagnosis or any outpatient visit (either ER or
office visit) with prescriptions of high-dose
corticosteroid (daily dose of at least 500 mg of
prednisone or methylprednisolone), adreno-
corticotropic hormone, or plasma exchange
within 30 days after the visit [22-24]. We com-
puted medical complexity as the number of
unique classes of medication according to the
American Hospital Formulary System (AHEFS)
Pharmacologic Therapeutic Classification Sys-
tem [14, 25].
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Healthcare Expenditure

We calculated three categories of healthcare
expenditure using the claims data (in US dol-
lars): medical costs, pharmacy costs (including
DMT costs), and overall healthcare costs (sum of
medical and pharmacy costs). For each cate-
gory, we calculated two types of charges: total
charges and out-of-pocket charges, the latter by
summing copayments, coinsurance, and
deductible payments. For untreated pwMS, we
obtained the cumulative healthcare expendi-
ture at 6 months and 12 months after cohort
entry. For DMT-treated pwMS, we obtained the
cumulative healthcare expenditure at 6 months
and 12months after DMT initiation. All
healthcare expenditure was inflation-adjusted
to 2019 dollars using the medical care compo-
nent of the Consumer Price Index [26].

Covariates

To account for imbalance in patient character-
istics in the healthcare utilization and expen-
diture analysis and potential confounders, we
adjusted for key covariates readily available in
the claims data: age, sex (male, female, or
unknown), race (Asian, Black, Hispanic, White,
or unknown), region in the USA (Northeast,
South, Midwest, West, or unknown), time since
MS cohort entry, and Elixhauser Comorbidity
Index (ECI). ECI was computed using the R
package “Comorbidity” with all patient-level
ICD codes during follow-up. We used age, time
since MS cohort entry, and ECI as continuous
variables, and other covariates as categorical
variables.

Statistical Analysis

We compared the mean treatment duration
among DMT groups using Kruskal-Wallis test
with post hoc Tukey test. For each treat-
ment group, we calculated the incidence rates
per 100 person-years of healthcare utilization
activities (outpatient visits, ER visit, hospital
admissions, MS-related MRI) as well as relapses
and medical complexity. We then calculated
the incidence rate ratio (IRR) of a given DMT-

treated group during DMT treatment duration,
when compared to the reference group of
untreated pwMS receiving no DMT (ND) during
cohort duration, using negative binomial
regression (after confirming data overdisper-
sion) and adjusting for age, sex, race, region,
time since MS cohort entry, and ECI. We then
estimated the mean cumulative healthcare
expenditure at 6 and 12 months using a gener-
alized linear model with the log-link function
and gamma distribution, adjusting for age, sex,
race, region of residence, time since MS cohort
entry, and ECI. We used 0.05 significance level
(two-sided) and presented Bonferroni-adjusted
pvalues for multiple comparisons. We per-
formed data analysis using R (version 4.0.3).

RESULTS

From 2010 to 2019, 99,403 people met the MS
case definition from a commercially insured
population of more than 54 million people in
the USA (Fig. 1). To analyze healthcare utiliza-
tion and expenditure, we identified a subset of
25,932 pwMS who met additional insurance
enrollment criteria, forming the MS subcohort
(see Table 1 for demographics). We described
the MS case prevalence and DMT prescription
pattern in the supplementary results (Fig. S1
and Table S1). Among patients in the subcohort
during the follow-up period, 16,487 patients
(63.6%) were not treated with any, 6897
patients (26.6%) were treated with only one
DMT, 2548 patients (9.8%) were on more than
one DMT. Patients who received more than one
DMT were counted more than once in the fol-
lowing analysis of healthcare utilization and
costs, though the claims attributed to a given
DMT treatment were counted only after the
treatment was started.

Healthcare Utilization According to DMT
Efficacy Category

We assessed healthcare utilization of general
(outpatient doctor visit of any specialty, ER
visit, hospital admission) and MS-related
healthcare activities (outpatient neurology visit,
MS-related hospital admission with MS as the
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N = 54,191,509

Optum Enrollees (2010-2019)

N = 99,403

Multiple Sclerosis Main Cohort
Three separate MS encounters within 1 year
(in-patient, out-patient or DMT prescription)

Index date = the first MS encounter

MS Case Prevalence
DMT Prescription Pattern

Multiple Sclerosis Sub Cohort
Insured = 3 month on the index date
and insured = 1 year after the index date

Healthcare Utilization

Healthcare Expenditure

v

I
I

I

I

I

: N = 25,932
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I No DMT (ND) Standard-Efficacy DMT (SE)
I (DMF, GA, IFN-beta, TER,

I S1P-R Modulator)

I N = 16,487 N =12,419

I

High-Efficacy DMT (HE)
(ALZ, CLD, NAT,
B Cell Depletion)
N =109

Fig. 1 Patient selection criteria. DMT discase-modify-
ing therapy, ICD International Classification of Diseases,
ALZ alemtuzumab, CLD cladribine, DMF dimethyl
fumarate, FGL fingolimod, GA glatiramer acetate, IFN-
beta interferon beta (all brands), NAT natalizumab, SIP-R
modulator sphingosine-1-phosphate receptor modulator

(fingolimod, siponimod), TER teriflunomide. The “No

primary diagnosis, magnetic resonance imaging
[MRI] of brain or [cervical or thoracic] spine) as
well as acute MS relapses and medical com-
plexity during the study period. To better cap-
ture comorbidities, which are known to affect
MS outcomes, we included non-MS specific
claims for all healthcare utilizations except for
MS-related hospital admission, MS-related MRI
studies, and acute MS relapses. Figure 2 sum-
marizes the covariate-adjusted IRR of the
healthcare utilization according to DMT effi-
cacy categories. Relative to the ND group, pwMS
receiving treatment with both HE DMTs and SE
DMTs had more overall outpatient doctor visits
(IRRyg = 5.26, 95% CI 3.70-7.46; IRRgg = 4.13,

DMT” group includes patients who were not treated with
any DMT during the study period. Patients who had been
on more than one DMT during the follow-up period
belonged to multiple DMT groups, though the claims
attributed to a given DMT treatment were counted only
after the treatment was started

95% CI 3.94-4.32) and more outpatient neu-
rology visits (IRRyg = 7.46, 95% CI 4.72-11.77;
IRRsg = 5.21, 95% CI 4.91-5.54) than the
untreated. Further, pwMS on HE DMTs had
similar ER wvisits (IRRgg = 2.29, 95% CI
1.24-4.23, pagjustea = 0.143) and overall hospital
admissions (IRRyg = 0.46, 95% CI 0.22-0.97,
Padjusted = 0.753) as the untreated, while pwMS
on SE DMTs had more ER visits (IRRgg = 1.39,
95% CI 1.28-1.50) but fewer overall hospital
admissions (IRRgg = 0.59, 95% CI 0.56-0.63)
than the untreated. Notably, neither HE nor SE
DMT group differed in MS-related hospitaliza-
tions from the ND group (IRRygg = 0.55, 95% CI
0.07-4.33,  Padjustea = 1.000; IRRgg = 1.22,
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Table 1 Study cohort characteristics

Feature Comparison between main and subcohort
Main cohort” Subcohort”
(N = 99,403) (N = 25,932)
Age, year (SD) 52.1 (13.8) 52.8 (12.7))

Gender, 7 (%)

Female 75,002 (75.3) 19,499 (75.2)
Male 24,541 (24.7) 6429 (24.8)
Unknown 0 (0.0) 4 (0.0)
Race, 7 (%)
Asian 1302 (1.3) 380 (1.5)
Black 10,064 (10.1) 2578 (9.9)
Hispanic 6554 (6.6) 1887 (7.3)
White 67,237 (67.5) 18,303 (70.6)
Unknown 14,396 (14.5) 2784 (10.7)
Feature Comparison among different DMT group
No DMT Standard efficacy High efficacy
(N = 16,487) (N = 12,419) (N = 109)
Age, year (SD) 57.6 (14.5) 439 (12.0) 54.0 (11.9)
Gender, 7 (%)
Female 12,427 (754) 9380 (75.6) 83 (76.2)
Male 4058 (24.6) 3036 (24.4) 26 (23.8)
Unknown 2 (0.0) 3 (0.0) 0 (0.0)
Race, 7 (%)
Asian 228 (1.4) 194 (1.6) 0 (0.0)
Black 1512 (9.2) 1400 (11.2) 14 (12.8)
Hispanic 1116 (6.8) 1009 (8.1) 14 (12.8)
White 11,642 (70.6) 8831 (71.1) 59 (54.2)
Unknown 1989 (12.0) 985 (8.0) 22 (20.2)
Cohort duration, days (SD)* 1342.1 (847.2) 1490.7 (929.4) 1828.5 (1040.9)
Monotherapy DMT, 7 (%) 0 (0.0) 6856 (55.1) 51 (48.1)
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Table 1 continued

Feature

Comparison among different DMT group

No DMT Standard efficacy High efficacy
(N = 16,487) (N = 12,419) (N =109)
Elixhauser Comorbidity 11 (15) 6(9) 10 (12)

Index, median (IQR)?

*We classified an individual as having MS if the person had at least three separate MS-related claims on three separate days

within a 1-year period, in any combination of inpatient, outpatient, or DMT-specific pharmacy claims (MS main cohort)
bTo analyze healthcare utilization and expenditure, we then identified from the MS main cohort a subset of 25,932 patients
who additionally had continuous enrollment for both medical and pharmacy benefits for at least 3 months preceding and at
least 12 months after the index date (MS subcohort). For patients on more than one DMT, the claims attributed to a given

DMT treatment were counted only after the treatment was started in analysis of healthcare utilization and costs

“Cohort duration was defined as time from the index date until either the termination of insurance coverage at United

Healthcare or the end of the study period, whichever occurred first
4Elixhauser Comorbidity Index was computed using the R package “comorbidity” and all ICD-9 and ICD-10 codes col-

lected during the follow-up period

95% CI 1.05-1.43, padjustea = 0.211). PWMS on
both HE and SE DMTs completed more brain
(IRRyg = 5.21, 95% CI 3.38-8.04; IRRgg = 4.14,
95% CI 3.91-4.38) and (cervical and thoracic)
spine (IRRyg = 4.63, 95% CI 2.68-8.00; IRRgg =
3.86, 95% CI 3.59-4.14) MRIs than the
untreated.

Next, we examined an MS-related and a
general health outcome during the follow-up
period: (1) occurrence of acute MS relapse using
a claims-based algorithm; (2) medical com-
plexity based on the number of prescription
classes (Fig.2). PwMS on HE DMTs had more
acute MS relapses (IRRyg=19.08, 95% CI
5.06-71.87), followed by pwMS on SE DMTs
(IRRsg = 5.39, 95% CI 4.48-6.49), relative to the
untreated. Notably, pwMS on both HE and SE
DMTs had higher medical complexity than
untreated pwMS  (IRRygg = 6.41, 95% CI
4.51-9.11; IRRgg = 4.88, 95% CI 4.66-5.11). This
might explain the higher overall outpatient
visits among pwMS on both HE and SE DMTs.

Healthcare Utilization Across Individual
DMTs

Finally, we assessed the healthcare utilizations
across individual DMTs, again using the

untreated group as reference (Fig. 3). The find-
ings from pwMS on individual SE DMTs largely
mirrored the analysis when dichotomizing
DMTs as high or standard efficacy. However,
some of the HE DMTs, particularly alem-
tuzumab (n = 7) and cladribine (n = 10), failed
to produce meaningful results because of their
modest sample size. Among the SE DMTs, pwMS
treated with S1P-R modulator appeared to have
the fewest healthcare utilizations in all cate-
gories. Moreover, this group was the only group
having fewer ER visits (IRR =0.41, 95% CI
0.34-0.50) than the untreated, in contrast to
other SE standard-efficacy DMT groups. Among
the HE DMTs, natalizumab seemed to drive the
finding of greater overall outpatient doctor vis-
its (IRR = 3.84, 95% CI 2.31-6.39), neurology
visits (IRR = 8.22, 95% CI 4.27-15.82), ER visits
(IRR =5.16 95% CI 2.30-11.58), brain (IRR =
6.91, 95% CI 3.76-12.71) and spine (IRR =
5.31, 95% CI 2.44-11.58) MRIs as well as
medical complexity (IRR=6.00, 95% CI
3.61-9.96) of the HE DMT category than the
untreated. However, the difference in acute
relapses between natalizumab-treated pwMS
and the untreated pwMS was not statistically
significant (pagjustea = 0.396).
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All outpatient doctor visits

DMT IRR  LCI ucl Adjusted-P
Standard-efficacy (12419) 4.13 3.94 4.32 <0.001 ! [
High-efficacy (109) 526 3.70 7.46 <0.001 : —
01 2 4 6 8

All outpatient neurology visits

DMT IRR  LCI  ucCl Adjusted-P
Standard-efficacy (12419) 5.21 4.91 5.54 <0.001 ! [ ]
High-efficacy (109) 746 472 11.77 <0.001 : ——————
01 3 6 9 12

All hospital admissions

DMT IRR  LCI  UCl Adjusted-P
Standard-efficacy (12419) 0.59 0.56 0.63 <0.001 o !
High-efficacy (109) 046 0.22 0.97 0.753 —o—:
0 05 1 15 2 25

MS-related hospital admissions

DMT IRR  LCI ucl Adjusted-P
Standard-efficacy (12419) 1.22 1.05 1.43 0.211 lo
High-efficacy (109) 0.55 0.07 4.33 1.000 —o :
0 1 2 3 4 5
ER visits
DMT IRR  LCI  ucl Adjusted-P
Standard-efficacy (12419) 1.39 1.28 1.50 <0.001 @
High-efficacy (109) 229 124 423 0.143 : —
0 1 2 3 4 5
MRI brain
DMT IRR LCI  UCl Adjusted-P
Standard-efficacy (12419) 4.14 3.91 4.38 <0.001 ! [
High-efficacy (109) 521 3.38 8.04 <0.001 : —
0 2 4 6 8 10
MRI spine
DMT IRR  LCI  UCl Adjusted-P
Standard-efficacy (12419) 3.86 3.59 4.14 <0.001 ! [ ]
High-efficacy (109) 463 2.68 8.00 <0.001 : —
0 2 4 6 8 10
Relapses
DMT IRR LCI ucl Adjusted-P
Standard-efficacy (12419) 5.39 4.48 6.49 <0.001 I e
High-efficacy (109) 19.08 5.06 71.87 <0.001 ! @

Medical complexity

DMT IRR  LCI ucl Adjusted-P
Standard-efficacy (12419) 4.88 4.66 5.11 <0.001 ! [ ]
High-efficacy (109) 6.41 451 9.11 <0.001 ! ——
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«Fig. 2 Healthcare utilization and outcome across
disease-modifying therapy (DMT) efficacy categories in
the MS subcohort. Incidence rate ratio (IRR) of health-
care utilization among people with MS (pwMS) prescribed
with the high-efficacy (HE) or standard-efficacy (SE)
category of DMTs when compared to pwMS not on any
DMT (ND) during the study period. We calculated the
IRRs of overall outpatient doctor visits, neurology visit,
emergency room (ER) visits, overall hospital admissions,
hospital admissions for MS, MRI scan of the brain, MRI
scan of the (cervical and thoracic) spine, occurrences of
relapses, and medical complexity, using negative binomial
regression and adjusting to age, sex, race, region of
residence, time from MS cohort entry, and the Elixhauser
Comorbidity Index. LCI lower boundary of 95% confi-
dence interval, UCI upper boundary of 95% confidence
interval, Adjusted P Bonferroni-adjusted p value for nine
independent outcomes with two comparisons per outcome

Healthcare Expenditure According to DMT
Efficacy Category

To ascertain the cumulative healthcare expen-
diture (in US dollars) in the MS subcohort at 6
and 12 months after the study index date for
untreated pwMS or after DMT initiation for
DMT-treated pwMS, we first estimated the total
charges for the healthcare expenditure cate-
gories (medical, pharmacy, and overall costs)
(Fig. 4).

For non-pharmacy medical costs, pwMS on
SE DMTs consistently had lower mean total
charges than the untreated at 6 months (SE
$14,418 [95% CI $13,593-15,293]; ND $35,585
[95% CI $28,038-45,158], pagjustea < 0.001) and
12months (SE $34,575 [95% CI $32,815-
36,429]; ND $68,204 [95% CI $55,216-84,248],
Padjustea < 0.001) (Fig. 4, Table S2). While the
mean total charges of medical costs of the HE
DMT group appeared lower than the ND group
at both 6months (HE $21,089 [95%CI
$13,454—33,056], punadjusted = 0.031, padjusted =
0.541) and 12 months (HE $51,115 [95% CI
$34,318-76,134],  punadjusted = 0.156,  paa-
justed = 1.000), the differences were not statisti-
cally significant after correction for multiple
testing. Given that hospital care costs accoun-
ted for more than 30% of the overall healthcare
costs as of 2019 [27], the lower medical costs in

the SE DMT group might be due to the fewer
overall hospital admissions when compared to
the untreated group, whereas the HE DMT and
the untreated group did not differ in this mea-
sure (IRRSE = 059, pad]usted < 0.001 and IRRyg =
0.46, pagjustea = 0.753).

For pharmacy costs, the mean total charges
were substantially higher for pwMS on DMTs
than for the untreated pwMS at 6 months (HE
$36,604 [95% CI  $31,810-42,119], padjusted
< 0.001; SE $31,167 [95% CI $27,760-34,992],
Padjusted < 0.001; versus ND $1977 [95% CI
$1725-2266]) and 12 months (HE $48,962
[95% CI $42,535-56,360], pagjustea < 0.001; SE
$49,232  [95% CI  $44,336-54,668], padjusted
< 0.001; versus ND $3475 [95% CI
$3057-3950]) (Fig. 4, Table S2). To better deter-
mine the contribution of DMT to pharmacy
costs and overall healthcare costs, we further
estimated the mean annual costs for DMTs. The
mean total charges for the HE DMTs were
$46,523 (95% CI $40,108-53,964) in the first
year after DMT initiation, while those for the SE
DMTs were $42,022 (95% CI $37,633-46,923).
Notably, DMT costs accounted for over 85% of
the annual pharmacy costs in the first year after
DMT initiation.

For the overall healthcare costs after sum-
ming the medical costs and pharmacy costs, the
SE DMT group consistently had higher mean
total charges at both 6 months ($54,606,
95% CI $52,429-56,872, padjustea < 0.001) and
12 months  ($100,910, 95%CI  $97,144-
104,821, pagjustea < 0.001) (Fig. 4, Table S2).
While there was no difference between the HE
DMT group (866,878, 95% CI $49,041-91,202,
punad]'usted = 0.0023, padjusted = 0074) and the
ND group ($41,870, 95% CI $35,520-49,356) at
6 months after correction for multiple testing,
the HE DMT group ($115,470, 95% CI
$86,397-154,327, padjustea = 0.020) had higher

mean total charges than the ND group
($70,399, 95% CI $60,363-82,104) at
12 months. Importantly, pharmacy costs

accounted for 71.5% of the overall healthcare
costs in the SE DMT group and 65.4% in the HE
DMT group 12 months after DMT initiation, in
contrast to 10.5% in the ND group during the
comparable period.
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All outpatient doctor visits All outpatient neurology visits
DMT IRR  LCI  UCI Adjusted-P DMT IRR  LCI  UCI Adjusted-P
Dimethyl fumarate (3058) 4.85 4.52 5.21 <0.001 : [ ] Dimethyl fumarate (3058) 6.18 5.63 6.78 <0.001 : [ J
Glatiramer acetate (3994) 4.07 3.81 4.33 <0.001 1 [ ] Glatiramer acetate (3994) 5.10 4.69 5.54 <0.001 1 [}
Interferon-beta (2912) 440 410 4.73 <0.001 I [ ] Interferon-beta (2912) 576 525 6.32 <0.001 I [ )
S$1P-R modulator (1352) 2.05 1.85 2.26 <0.001 ! S$1P-R modulator (1352) 2.56 2.24 2.92 <0.001 !
Teriflunomide (1153) 411 3.70 4.56 <0.001 : [ ] Teriflunomide (1153) 490 4.27 563 <0.001 : L g
Alemtuzumab (7) 52.03 12.34 >100 <0.001 1 —_— Alemtuzumab (7) 54.54 8.59 >100 0.002 1
B cell depletion (45) 1.68 0.98 2.87 1.000 10— B cell depletion (45) 255 1.24 525 0.885 1-—
Cladribine (10) 0.00 0.00 >100 1.000 ! Cladribine (10) 0.00 0.00 >100 1.000 !
Natalizumab (47) 3.84 231 6.39 <0.001 ! —— Natalizumab (47) 8.22 4.27 15.82 <0.001 ! >
01 5 10 15 01 5 10 15
All hospital admissions MS-related hospital admissions
DMT IRR  LCI  uCl Adjusted-P DMT IRR  LCI  UCI Adjusted-P
Dimethyl fumarate (3058) 0.56 0.50 0.63 <0.001 [ ] : Dimethyl fumarate (3058) 1.27 0.97 1.65 1.000 :Q-
Glatiramer acetate (3994) 0.60 0.55 0.66 <0.001 [ ] 1 Glatiramer acetate (3994) 1.13 0.90 1.41 1.000 P
Interferon-beta (2912) 0.61 0.55 0.68 <0.001 o | Interferon-beta (2912) 1.36 1.06 1.74 1.000 L g
S1P-R modulator (1352) 0.45 0.38 0.54 <0.001 ! S1P-R modulator (1352) 0.82 0.56 1.2  1.000 !
Teriflunomide (1153) 0.76 0.64 09 0.121 L 2 : Teriflunomide (1153) 1.72 1.16 254 0.532 :-.—
Alemtuzumab (7) 0.00 0.00 >100 1.000 o — Alemtuzumab (7) 0.00 0.00 >100 1.000 >
B cell depletion (45) 0.36 0.12 1.12 1.000 —o—t B cell depletion (45) 0.00 0.00 >100 1.000 [ e —
Cladribine (10) 0.00 0.00 >100 1.000 ! Cladribine (10) 0.00 0.00 >100 1.000 !
Natalizumab (47) 0.59 0.22 1.59 1.000 —.I— Natalizumab (47) 1.26 0.14 11.41 1.000 —I.—
0 0.5 1 15 2 0 1 25 5 75
ER visits MRI brain
DMT IRR  LCI  UCI Adjusted-P DMT IRR  LCI  UCI Adjusted-P
Dimethyl fumarate (3058) 1.08 0.95 1.23 1.000 + Dimethyl fumarate (3058) 4.84 4.43 5.28 <0.001 : [ ]
Glatiramer acetate (3994) 1.61 1.44 1.79 <0.001 e Glatiramer acetate (3994) 4.00 3.70 4.32 <0.001 1 [ ]
Interferon-beta (2912) 213 1.89 24 <0.001 1 ® Interferon-beta (2912) 4.62 4.24 5.04 <0.001 I [}
S1P-R modulator (1352) 0.41 0.34 0.5 <0.001 ! S$1P-R modulator (1352) 2.06 1.82 2.33 <0.001 !
Teriflunomide (1153) 0.82 0.67 1.01 1.000 * Teriflunomide (1153) 4.23 3.71 4.82 <0.001 : [
Alemtuzumab (7) 0.00 0.00 >100 1.000 o Alemtuzumab (7) 26.38 4.67 >100 0.017 |
B cell depletion (45) 0.07 0.01 0.57 1.000 ol B cell depletion (45) 2.08 1.02 4.23 1.000 HO—
Cladribine (10) 0.00 0.00 >100 1.000 ! Cladribine (10) 0.00 0.00 >100 1.000 !
Natalizumab (47) 5.16 2.30 11.58 0.006 ! — Natalizumab (47) 6.91 3.76 12.71 <0.001 ! —
0 3 6 9 12 01 5 10 15
MRI spine Relapses
DMT IRR  LCI  UCI Adjusted-P DMT IRR  LCI  UCI Adjusted-P
Dimethyl fumarate (3058) 4.79 4.29 5.35 <0.001 : [ ] Dimethyl fumarate (3058) 7.17 5.41 9.51 <0.001 : —-—
Glatiramer acetate (3994) 3.84 3.48 4.24 <0.001 1 [ ] Glatiramer acetate (3994) 4.39 3.41 5.67 <0.001 1 o
Interferon-beta (2912) 414 3.71 4.62 <0.001 1 @ Interferon-beta (2912) 6.19 4.68 8.19 <0.001 I -
S1P-R modulator (1352) 1.61 1.38 1.89 <0.001 [ S1P-R modulator (1352) 2.85 1.91 4.24 <0.001 !
Teriflunomide (1153) 3.51 298 4.14 <0.001 : [ ] Teriflunomide (1153) 5.94 390 9.07 <0.001 : ——
Alemtuzumab (7) 33.36 3.74 >100 0.135 1 Alemtuzumab (7) 261.411.29 >100 1.000 I
B cell depletion (45) 1.63 0.67 3.94 1.000 10— B cell depletion (45) 0.40 0.02 10.31 1.000 -
Cladribine (10) 0.00 0.00 >100 1.000 ! Cladribine (10) 0.00 0.00 >100 1.000 !
Natalizumab (47) 5.31 244 11.58 0.002 ! —— Natalizumab (47) 15.65 2.30 >100 0.396 ! _—
01 6 12 18 01 5 10 15 20
Medical complexity
DMT IRR  LCI  UCl Adjusted-P
Dimethyl fumarate (3058) 5.83 5.43 6.26 <0.001 : L 4
Glatiramer acetate (3994) 4.58 4.30 4.88 <0.001 1 [ ]
Interferon-beta (2912) 502 4.68 54 <0.001 I ( 2
S1P-R modulator (1352) 2.55 2.30 2.82 <0.001 !
Teriflunomide (1153) 554 4.98 6.15 <0.001 : R &
Alemtuzumab (7) 38.77 9.21 >100 <0.001 1 -
B cell depletion (45) 322 1.88 551 0.002 I —0—
Cladribine (10) 410 0.65 25.83 1.000 !
Natalizumab (47) 6.00 3.61 9.96 <0.001 ! —
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«Fig. 3 Healthcare utilization and outcome across
individual disease-modifying therapies (DMTs) in the
MS subcohort. Incidence rate ratio (IRR) of healthcare
utilization among people with MS (pwMS) prescribed
with the individual disease-modifying therapy (DMT)
when compared to pwMS not on any DMT (ND) during
the study period. We calculated the IRRs of overall
outpatient doctor visits, neurology visit, emergency room
(ER) visits, overall hospital admissions, hospital admissions
for MS, MRI scan of the brain, MRI scan of the (cervical
and thoracic) spine, acute relapses, and medical complexity,
using negative binomial regression and adjusting to age,
sex, race, region of residence, time from MS cohort entry,
and the Elixhauser Comorbidity Index. LCI lower
boundary of 95% confidence interval, UCI upper boundary
of 95% confidence interval, Adjusted P Bonferroni-
adjusted p value for nine independent outcomes with nine
comparisons per outcome

The patterns of the out-of-pocket charges of
the healthcare expenditure categories among
the DMT efficacy groups (Fig. 4, Table S2) lar-
gely mirrored the total charges.

Healthcare Expenditure Across Individual
DMTs

We then assessed the healthcare expenditure
across individual DMTs at 12 months after DMT
initiation (Table 2). The findings largely mir-
rored the analysis when dichotomizing DMTs as
high or standard efficacy. Given their modest
sample size, alemtuzumab (n = 7) and cladrib-
ine (n = 10) failed to produce meaningful results
as an individual DMT and their results were not
reported in Table 2.

First, we evaluated the non-pharmacy medi-
cal costs at 12 months after DMT initiation
(Table 2). When compared to the untreated
pwMS  ($68,204, 95% CI $55,216-84,248),
pwMS on all SE DMTs had significantly lower
mean total charges, with interferon beta having
the lowest mean total charges. For the two HE
DMTs, the mean total charges in pwMS treated
with B cell depletion agent ($48,504, 95% CI
$26,386-89,162, pagjustea = 1.000) and natal-
izumab ($56,946, 95% CI $31,926-101,575,
Padjustea = 1.000) appeared lower than untreated

pwMS, but the differences were not statistically
significant after correction for multiple testing.

Next, we evaluated pharmacy costs at
12 months after DMT initiation (Table 2). PwMS
on all individual DMTs had substantially higher
mean total charges than untreated pwMS
($3475, 95%CI $3057-3950). Among the
DMTs, the B cell depletion group appeared to
have the lowest mean total charges ($43,665,
95% CI $36,098-52,817, pagdjustea < 0.001 rela-
tive to ND), while the group on teriflunomide
had the highest mean total charges $59,263,
95% CI $53,307-65,88S, pagdjustea < 0.001 rela-
tive to ND).

We further examined the DMT costs at
12 months after DMT initiation (Table 2). DMT
costs represent a subset of pharmacy costs.
PwMS on natalizumab had the lowest mean
total charges ($37,882, 95% CI
$30,553-46,819), while pwMS on teriflunomide
had the highest mean total charges ($§52,255,
95% CI $49,876-54,747).

Finally, we analyzed the overall healthcare
costs at 12 months after DMT initiation by
summing the medical costs and pharmacy costs
(Table 2). Similar to the findings when
dichotomizing DMTs as high or standard effi-
cacy, pwMS treated with SE DMTs had higher
mean cumulative total than the untreated
($70,399, 95% CI $60,363-82,104). Among the
SE DMTs, interferon beta had the lowest mean
total charges ($95,907, 95% CI
$90,410-101,739, padjustea < 0.001 relative to
ND), while teriflunomide had the highest mean
total charges ($114,687, 95% CI
$105,127-125,116, pagjustea < 0.001 relative to
ND). The modest sample sizes likely explained
the finding that the mean total charges for
pwMS on the two HE DMTs (B cell depletion
agent and natalizumab) did not significantly
differ from the untreated patients.

For the out-of-pocket charges for medical
costs, pharmacy costs, and overall healthcare
costs among the individual DMT groups
(Table 2), the patterns largely mirrored the total
charges, while the mean out-of-pocket charges
of DMT costs ranged from the lowest (dimethyl
fumarate: $1216, 95% CI $1102-1342) to the
highest (S1P-R modulator: $1678, 95% CI
$1582-1779).
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«Fig. 4 Healthcare expenditure in the MS subcohort.
We assessed the mean and 95% confidence interval of
healthcare costs among people with MS on high-efhicacy
DMTs (HE), standard-efficacy DMTs (SE), or no DMT
(ND) at 6 months and 12 months after study index date
(ND) or DMT initiation date (SE and HE). We obtained
four categories of healthcare expenditure (in US dollars per
person): medical costs, pharmacy costs, DMT costs (a
subset of pharmacy costs), and overall healthcare costs
(sum of medical costs and pharmacy costs). For each cost
type, we calculated total charges and out-of-pocket charges,
the latter by summing copayments, coinsurance, and
deductible payments. All healthcare expenditure was
inflation-adjusted to 2019 dollars using the medical care
component of the Consumer Price Index

DISCUSSION

In this examination of the healthcare utiliza-
tion and expenditure patterns from 2010 to
2019 in a large commercially insured MS pop-
ulation in the USA, pwMS on both HE and SE
DMTs unsurprisingly had significantly higher
healthcare utilizations in overall outpatient
doctor visits, neurology visits, MS-related brain
and spine MRIs as well as occurrences of acute
relapses and medical complexities than the
untreated pwMS, after accounting for con-
founders. Relative to the untreated group, the
SE DMT group had significantly fewer overall
hospital admissions but more ER visits, while
the HE DMT group had similar overall hospital
admissions and ER visits. Neither group differed
in MS-related hospitalizations from the
untreated. Further, pwMS treated with SE and
HE DMTs incurred higher pharmacy costs and
overall healthcare costs, but a lower (non-
pharmacy) or equivalent medical cost compared
to the untreated pwMS 12 months after treat-
ment initiation. Our study supports that DMT
cost is an important component of the high
healthcare cost facing people with MS in the
USA.

The study has several strengths. First, we
included a large MS population identified using
a validated claims-based MS-classification algo-
rithm [20]. The claims data obijectively and
comprehensively captured DMT prescriptions
and healthcare utilizations (during the insured

period), avoiding recall bias and missing data.
Second, to compare healthcare utilization
across DMTs, we used both general and MS-
specific healthcare activities. Because these
healthcare utilization measures are not equiva-
lent to the standard measures in MS clinical
trials, we examined two additional wvalidated
claims-based outcomes to better explain the
findings: acute relapse occurrence [23, 24] and
medical complexity [14, 25]. Third, our study
population likely represented a predominantly
community-based population in contrast to
most observational studies primarily based on
data from academic MS centers. The overall low
DMT prescription rates support the possibility
that most patients in this data set received care
at community practices where particularly
high-efficacy DMT prescription rates are expec-
ted to be lower than academic practices. Find-
ings based on this complementary patient
population contribute to the real-world evi-
dence of healthcare utilization and expenditure
in pwMS.

We used untreated pwMS during the study
period as reference to enable critical compar-
isons across DMTs. The untreated pwMS likely
have different MS disease status and course from
those on DMTs. One clue was that the untreated
pwMS were older and had fewer acute MS
relapses. The significantly older age in the
untreated group than the SE DMT group might
explain more overall hospitalizations, though
not more MS-specific hospitalizations. Alterna-
tively, untreated pwMS might also have inade-
quate neurological access (independent of
health insurance) as the untreated pwMS had
significantly fewer outpatient neurology visits
and MS-relevant MRIs than DMT-treated pwMS.
Findings that incorporated the untreated pwMS
(despite the differences when compared to the
treated pwMS) yvielded a more comprehensive
assessment of the healthcare utilization and
cost in pwMS.

Although DMT-treated pwMS did not have
more MS-related hospital admissions, they
consistently used more healthcare resources for
MS management, e.g., more outpatient neurol-
ogy visits and MS-related MRIs, than the
untreated. There are two potential explana-
tions. First, DMT-treated pwMS required more
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Table 2 Analysis of healthcare expenditure across individual disease-modifying therapies (DMTs) in the MS subcohort

Cost category” Treatment 12 months
b
Group Total charges (USD)* Out-of-pocket charges (USD)*
Mean 95% CI Adjusted Mean 95% CI Adjusted
P P
Medical costs No DMT $68,204  $55216  $84,248 NA $988 $968  $1009 NA
Dimethyl $34,865  $32,160 $37,798 < 0.001 $803  $754 $855 < 0.001
fumarate
Glatiramer $37,077  $34,478  $39,871 < 0.001 $887 $842  $934 0.002
acetate
S1P-R $33,581  $30,969 $37,040 < 0.001 $789  $739 $842 < 0.001
modulator
Teriflunomide  $27,873  $24,895  $31,207 < 0.001 $807 $737  $885 0.001
Interferon beta $42,802  $37,984 $48231 < 0.001 $804 $728  $887  0.002
B cell depletion $48,504 $26,386  $89,162  1.000 $450 $187 $1079 1.000
Natalizumab $56,946  $31,926  $101,575 1.000 $510  $240 $1086 1.000
Pharmacy costs No DMT $3475 $3057 $3950 NA $444 $415 $475 NA
Dimethyl $48,099  $43,303 $53,426 < 0.001 $1555 $1434 $1685 < 0.001
fumarate
Glatiramer $47,084  $42,403  $52,282 < 0.001 $1812 $1681 $1953 < 0.001
acetate
S1P-R $45,677  $41,118  $50,742 < 0.001 $2078 $1927 $2240 < 0.001
modulator
Teriflunomide  $59,263  $53,307  $65,885 < 0.001 $1701 $1554 $1863 < 0.001
Interferon beta $51,972  $46,724  $57,809 < 0.001 $2142 $1,967 $2332 < 0.001
B cell depletion  $43,665  $36,098  $52,817 < 0.001 $1629 $1141 $2327 < 0.001
Natalizumab $45,524  $38,119  $54,368 < 0.001 $2086 $1583 $2748 < 0.001
DMT costs Dimethyl $41,119  $39,632 $42,661 NA $1216 $1102 $1342 NA
fumarate
Glatiramer $38,666  $37,355 $40,024 NA $1400 $1287 $1523 NA
acetate
S1P-R $37,985 $33,968 $42.477 NA $1678 $1582 $1779 NA
modulator
Teriflunomide ~ $52,255  $49,876  $54,747 NA $1388 $1232 $1564 NA
Interferon beta  $45,710  $43,497 $48,036 NA $1774 $1596 $1972 NA
B cell depletion $45,023  $35,961  $105,419 NA $1277 $686  $2377 NA
Natalizumab $37,822  $30,553 $46,819 NA $1656 $1034 $2651 NA
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Table 2 continued

Cost category” Treatment 12 months
Group ’ Total charges (USD)* Out-of-pocket charges (USD)*
Mean 95% CI Adjusted Mean 95% CI Adjusted
Opverall healthcare No DMT $70,399  $60,363 $82,104 NA $1432 $1406 $1458 NA
costs Dimethyl $101,195 $95,409 $107,331 < 0.001  $2357 $2253 $2467 < 0.001
fumarate
Glatiramer $100,891 $95,686 $106,379 < 0.001 $2699 $2591 $2811 < 0.001
acetate
S1P-R $107,688 $99,174 $116,933 < 0.001 $2866 $2737 $3002 < 0.001
modulator
Teriflunomide ~ $114,687 $105,127 $125,116 < 0.001 $2509 $2351 $2678 < 0.001
Interferon beta $95,907 $90,410 $101,739 < 0.001 $2946 $2746 $3160 < 0.001
B cell depletion $103,839 $66,626  $161,837 1.000 $2079 $1474 $2931 0.545
Natalizumab $117,491 $77,058 $179,139 1.000 $2596 $1854 $3634 0.030

“Using study index date (for the untreated patients) or DMT initiation date (for the DMT-treated patients) as the reference

date, we obtained four categories of healthcare expenditure (in US dollars per person): medical costs, pharmacy costs, DMT

costs (a subset of pharmacy costs), and overall healthcare costs (sum of medical costs and pharmacy costs) at 12 months

®We compared the differences in medical, pharmacy, DMT costs, and overall healthcare costs among patients on individual
DMTs during the study period, using the untreated group as reference

“For each cost category, we calculated two types of charges: total charges and out-of-pocket charges, the latter by summing

copayments, coinsurance, and deductible payments. All healthcare expenditure was inflation-adjusted to 2019 dollars using

the medical care component of the Consumer Price Index

dAdjusted P = Bonferroni-adjusted p value for eight independent outcomes with seven comparisons per outcome

frequent monitoring, which was particularly
pronounced for those on HE DMTs (e.g., natal-
izumab, and to a lesser extent B cell depleting
agents). Second, pwMS with high disease activ-
ity were more likely to receive DMTs, while
those with benign disease [28] likely remained
untreated. The higher IRR of acute relapses in
DMT-treated pwMS, especially in the HE DMT
group, again supports this explanation. Our
conclusions are not causal given the difficulty
to temporally dissociate DMTs and relapse in a
relatively short follow-up period.

The mean annual healthcare cost exceeded
$70,000 in the first year after MS classification,
consistent with prior reports [1]. Importantly,
we further reported that the mean annual
healthcare cost exceeded $100,000 in the first

year after DMT initiation. Previous studies
reported that prescription drugs account for
10-15% of overall healthcare expenditure in the
general population [29], while pharmacy
spending accounts for more than two-thirds of
overall healthcare expenditures in pwMS
[2, 30, 31]. Comparably, pharmacy costs in this
study accounted for 10% of the overall health-
care costs in pwMS not receiving DMT, but
more than 65% of the overall healthcare costs
in DMT-treated pwMS, with DMT costs
accounting for more than 85% of the pharmacy
costs. This data set was queried before biosimi-
lars of rituximab (Ruxience, Truxima), fuma-
rates (Vumerity, Bafierta), and S1P-R modulator
(Ponvory, Zeposia) became widely prescribed.
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Future analysis incorporating these additional
DMTs will be informative.

In this study, Bcell depletion therapy
seemed tobe associated with lower rates of
relapse when compared to SE DMTs, while the
healthcare expenditure (medical costs, phar-
macy costs, and overall healthcare costs) for this
group was comparable to other SE DMTs. Given
the increasing interest in early initiation of the
HE DMTs in pwMS at risk for worse prognosis,
future studies examining the cost-effectiveness
of HE DMTs versus SE DMTs as first-line treat-
ment are warranted.

Overall, when examining healthcare utiliza-
tion in parallel to expenditure, pwMS on DMTs
used more MS-related healthcare resources,
while DMT prescriptions were associated with
lower or equivalent non-pharmacy medical
costs (excluding pharmacy costs) but higher
overall healthcare costs. DMT costs contributed
to the higher pharmacy costs and the higher
overall healthcare costs among both HE and SE
DMT groups relative to the untreated. Thus, our
findings support that DMT cost is a key driver of
high healthcare expenditure in MS.

Limitations

This study has limitations. First, while the study
population was large, it comprised employed
people or dependents and Medicare Advantage
recipients with commercial insurance. (Medi-
care is available to individuals 65 years or older
in the USA, while Medicare Advantage offers
additional coverage through private insurance.)
The findings might not be generalizable to
other populations. Second, health insurance
continuation (~36% with at least 3 years cov-
erage) and the cohort follow-up duration were
relatively short, but comparable to other claims-
based studies. To reduce potential bias, we
examined the subgroup with a reasonable
minimum follow-up duration in the healthcare
utilization and cost analysis. Third, while claims
data have the unique advantages of compre-
hensively capturing DMT prescriptions, health-
care utilizations, and expenditures over other
data sources, claims data have limited features
to allow for full accounting of imbalance in

patient characteristics among treatment groups
or further exploration of the reasons leading to
differential healthcare utilizations across differ-
ent treatment groups. However, nearly all
claims-based MS studies face this limitation. In
our analysis, we adjusted for key covariates (age,
sex, race, region, time since MS cohort entry,
and ECI) readily available from the claims data.
Our recent study highlighted the wvalue of
incorporating electronic health record (EHR)
data as high-dimensional covariates in real-
world comparative analysis of MS [32]. In future
studies, we will perform integrated analysis of
claims and EHR data to compare long-term
healthcare utilization, expenditure, and dis-
ability (based on computed phenotype from
claims and/or EHR data) across the treatment
groups after better accounting for confounders.
Finally, the costs in this study reflected the
covered benefit amount provided by the insur-
ance and owed by the patients but did not
include discount mechanisms such as rebates or
other cost offsets. Our healthcare cost estimates
may be higher than the actual payments.

CONCLUSION

This large-scale study of commercially insured
pwMS highlighted the healthcare utilization
patterns that contributed to the high healthcare
expenditure. Specifically, DMT cost is an
important driver of healthcare expenditure in
MS. As more DMTs emerge, there is a need for
periodic reassessments of their real-world cost-
effectiveness.
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