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ABSTRACT

Introduction: The severity of relapses varies in
multiple sclerosis (MS) and may lead to a dif-
ferential cost burden. This study aimed to
characterize the direct healthcare costs associ-
ated with relapses in patients with MS by the
level of relapse severity.
Methods: This retrospective analysis used
claims data extracted from the MarketScan�

Databases from January 1, 2013 to March 31,
2017 (study period January 1, 2012 to March 31,
2018). Adult patients with at least one diagnosis
of MS and 12 months of continuous enrollment
prior to the first MS diagnosis to 12 months
after the index date were included. On the basis
of the severity of the relapse, patients were
stratified into three cohorts: severe relapse (SR),
mild/moderate relapse (MMR), and no relapse
(NR). All-cause and MS-related costs were ana-
lyzed during the 12-month follow-up period.
Group differences were assessed using descrip-
tive and multivariate statistical analyses.

Results: In total, 8775 patients with MS were
analyzed: 6341 (72%) in the NR cohort, 1929
(22%) in the MMR cohort, and 505 (6%) in the
SR cohort. Overall, patients were mostly female
(76%), mean age was 50 years, and 25% were on
a disease-modifying therapy. Mean (standard
deviation [SD]) all-cause and MS-related costs
among patients with a relapse were higher vs
patients without a relapse (all-cause $66,489
[$56,264] vs $41,494 [$48,417]; MS-related
$48,700 [$43,364] vs $24,730 [$33,821]).
Among patients with a relapse, the mean (SD)
all-cause costs were $87,979 [$65,991] vs
$60,863 [$51,998] and MS-related costs were
$69,586 ($51,187) vs $43,233 [$39,292] for
patients in the SR vs MMR cohorts, respectively.
A similar trend for increase in cost by relapse
severity was observed in the adjusted analysis.
Conclusion: Total annual all-cause and MS-re-
lated costs increased with severity of the relap-
ses. High-efficacy treatments might reduce the
severity of the relapses, thereby reducing the
cost of care in patients with MS.
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Key Summary Points

Why carry out this study?

There is a need to better characterize total
direct cost after the relapse in patients
with MS using the most current data

What did the study ask?

The aim of this study was to evaluate
annual cost of relapse by severity of
relapse experienced by patients with MS

What were the study
outcomes/conclusions?

Overall, this study highlights the cost
burden incurred owing to MS relapses.
The study provides a more accurate
representation of cost burden of relapse
(considered as occurrence of the event)
using more recent data

What was learned from the study?

The study confirmed that the cost burden
drastically increases with the severity of
relapse. This underscores the need for
high-efficacy therapies which can prevent
relapse and progression in patients with
multiple sclerosis

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13214111.

INTRODUCTION

Multiple sclerosis (MS) is a chronic, debilitating
neurological disease characterized by the emer-
gence of new symptoms or worsening of

existing symptoms leading to the accumulation
of cognitive and neurological impairment. The
prevalence of MS in the USA is estimated to be
between 400,000 and 500,000, with most
patients being female [1, 2]. In relaps-
ing–remitting MS (RRMS), episodes of neuro-
logical dysfunction are followed by periods of
recovery. However, approximately 50% of
relapses result in residual disability [3, 4], and
over time, most patients will enter the sec-
ondary progressive phase [5] with a significant
impact on the quality of life and an increasing
economic burden [6]. High relapse activity in
the first 2 years after the first diagnosis is pre-
dictive of time to sustained disability, early
conversion to secondary progressive MS, and
earlier mortality [7, 8].

The disease-modifying therapies (DMTs)
were invented to reduce the relapse rates, delay
disease progression, and reduce future disability
in patients with RRMS [5, 9]. However, switch-
ing among the first-line DMTs is common and is
an important predictor of economic burden in
patients with MS [10, 11]. Moreover, the use of
high-efficacy (and costly) DMTs could prevent
relapses and delay disease progression leading
to savings in overall costs [12, 13].

Variation in the intensity of a relapse can
lead to different clinical and financial burdens
[14–16]. A study in 2002 estimated that the
typical costs were $12,870 per high-intensity
episode of relapse, $1847 per moderate-inten-
sity episode of relapse, and $243 per mild-in-
tensity episode of relapse [14]. A study by Parise
et al. in 2012 estimated that the annual direct
healthcare costs were higher for patients with
an MS relapse. The incremental annual direct
costs attributable to relapses (vs no relapse) were
$8269 for patients with moderate-severity
relapses and $24,180 for patients with high-
severity relapses [16]. Parise et al. estimated the
cost burden after the first diagnosis of MS (index
date) [16]; thus, characterization of the cost
burden incurred after a relapse may have been
missed. To address this gap, the present study
estimated the cost burden after a relapse event
(i.e., the index date was the date of the most
severe occurrence of a relapse) using more
recent data to provide true characterization of
the cost of relapses by severity.
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Analogous to the study by Parise et al., the
present study sought to (a) measure the costs
after a relapse event and (b) estimate the
healthcare utilization and costs associated with
a relapse, stratified by relapse severity, using
most recent data.

METHODS

Study Design and Data Source

This was a retrospective, observational analysis
of the claims data retrieved from the Truven
Health Analytics MarketScan� Commercial
Claims and Encounters (Commercial Database)
and Medicare Supplemental and Coordination
of Benefits databases (Fig. 1) [17]. The Com-
mercial Database is a nationally representative
database of the US population with employer-
sponsored insurance data from more than 100
large employers and health plans, accounting
for approximately 40 million members across
the USA aged 0–64 years. The Medicare Supple-
mental database is nationally representative of
the Medicare population with supplemental
insurance. This includes data from employer-
sponsored Medicare supplemental plans,
accounting for approximately 3 million

beneficiaries in the USA aged at least 65 years
and eligible Medicare beneficiaries aged less
than 65 years.

This study complied with all applicable laws,
regulations, and guidance regarding patient
protection, including patient privacy. All study
data were accessed using techniques compliant
with the Health Insurance Portability and
Accountability Act (HIPAA) of 1996, and no
identifiable or protected health information was
extracted during the course of the study. Thus,
the study did not require informed consent or
institutional review board approval. The origi-
nal de-identified data used in this retrospective
analysis was obtained from and are the property
of Truven Health Analytics (now IBM Watson
Health). The raw data were provided by Truven/
IBM and were used to create the analytical files
for the study.

Patient Selection

Adult patients (aged at least 18 years) newly
diagnosed with MS [International Classification
of Diseases, Ninth/Tenth Revision, Clinical
Modification (ICD-9/10-CM) code 340/G35]
and having at least two non-rule-out diagnoses
of MS were included. Data used in this study

Fig. 1 Study design. ER emergency room, MS multiple sclerosis
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spanned over the period from January 1, 2012
to March 31, 2018 (study period). All patients
were identified between January 1, 2013 and
March 31, 2017 (identification period). The date
of the first claim for MS diagnosis was termed as
the first diagnosis date. All patients having
continuous enrollment with medical and phar-
macy coverages for 12 months prior to the first
MS diagnosis (baseline period) to 12 months
after the index date (follow-up period) were
included in this analysis. For patients with an
MS relapse, the date of the occurrence of the
most severe relapse between January 1, 2013
and March 31, 2017 was considered as the index
date. For patients who did not have relapses, the
index date was the second non-rule-out MS
diagnosis date for the characterization of costs.
Patients aged less than 18 years, affected by
catastrophic events, who underwent organ
transplant, who were diagnosed with cancer, or
who were diagnosed with MS in the 1 year prior
to the first MS diagnosis date were excluded
(Fig. 2).

Eligible patients were classified into three
mutually exclusive cohorts based on the sever-
ity of the MS relapse [18]:

(a) Severe relapse (SR) cohort: patients who
had hospitalization with MS as the primary
diagnosis

(b) Mild/moderate relapse (MMR) cohort:
patients with an MS diagnosis at any
position and who had outpatient or emer-
gency room (ER) visits with MS as the
primary diagnosis followed by the use of a
corticosteroid medication within 7 days

(c) No relapse (NR) cohort: patients who had
no relapse during the study period.

Study Outcomes

The all-cause and MS-related costs in the
12-month follow-up period for each of the three
severity cohorts were estimated. Total all-cause
costs included all medical costs (inpatient,
outpatient, and ER) and pharmacy costs paid by
the patient and the payer.

MS-related costs included all medical costs
and pharmacy costs incurred for MS. MS-related
pharmacy costs included costs for disease-
modifying therapies (DMTs) approved for MS
(e.g., teriflunomide [19], interferon beta-1a
[20, 21], interferon beta-1b [22, 23], fingolimod
[24], natalizumab [25], glatiramer acetate [26],
and alemtuzumab [27]).

Fig. 2 Patient flow. CM clinical modification, ICD International Classification of Diseases, MS multiple sclerosis

Adv Ther (2021) 38:758–771 761



Statistical Analysis

Patient demographic and disease characteristics
were summarized for each cohort and quanti-
fied as counts and percentages for categorical
variables and as means and standard deviations
(SDs) for continuous variables. Mean (SD) and
median (interquartile range) were reported for
total all-cause healthcare costs. Differences
between cohorts for each variable were tested
using Wilcoxon–Mann–Whitney test for con-
tinuous variables. A multivariable generalized
linear model with gamma distribution was used
to estimate all-cause and MS-related costs by
controlling for demographic characteristics
(age, sex, year of the index date, region) and
insurance coverage [16, 28]. Three-cluster
severity cohorts were included in the model to
estimate the cost for each cohort by the level of
severity. All analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Patient Population

The final study sample included 8775 patients
with MS. Of these, 6341 (72%) experienced no
relapse (NR cohort), 1929 (22%) experienced a
mild/moderate relapse (MMR cohort), and the
remaining 505 (6%) experienced a severe
relapse (SR cohort) (Fig. 2). In total, 2434
patients experienced a relapse, and 20.75% of
these patients experienced a severe relapse.

Patient Characteristics
Baseline demographic and clinical characteris-
tics stratified by cohort are presented in Table 1.
In the overall cohort (N = 8775), the mean (SD)
age of the patients was 49.9 (12.8) years and
75.7% were female. Patients in the SR cohort
had a mean age of 44.2 years. Most patients
across the three cohorts were aged from 45 to
54 years. Within the US geographic region,
36.8% of patients lived in the South, 26.7% in
the North Central, 21.3% in the Northeast, and
14.9% in the West. The distributions of sex,

plan type, and health insurance type were lar-
gely similar across cohorts (Table 1).

All-Cause Costs
The mean (SD) total cost per patient for the
overall MS cohort was $48,427 ($51,932)
(Table 2). On the basis of the unadjusted anal-
ysis, the cost per MS patient with a relapse was
significantly higher than the cost per MS
patient without a relapse ($66,489 [$56,264] vs
$41,494 [$48,417]; mean difference [95% con-
fidence interval; CI] $24,995 [$22,461–27,529],
P\ 0.0001). After baseline demographic
covariates were controlling for, the mean dif-
ference (CI) was $24,300 ($21,613–27,207)
between patients with and without a relapse
(Table 3). On the evaluation of individual
relapse severity-based cohorts among patients
with a relapse, the mean (SD) unadjusted all-
cause cost incurred per patient in the MMR and
SR cohorts was $60,863 ($51,998) and $87,979
($65,991), respectively (Table 2). Similar mean
(SD) all-caused costs were obtained from the
adjusted analysis (MMR $60,594 [$1277]; SR
$86,749 [$3044]) (Table 3).

Pharmacy costs were the main drivers for
overall costs in the NR (amounting to 56.5% vs
medical costs 43.5%) and MMR (62.4% vs
medical costs 37.6%) cohorts. In contrast,
incremental costs in the SR cohort were driven
by higher medical costs (pharmacy costs 44.7%
vs medical costs 55.3%) (Table 2). Among
patients who had experienced a relapse, 21%
were from the SR cohort and accounted for a
total of 27% of the cost burden owing to
relapse.

MS-Related Costs
The mean (SD) annual MS-related cost for a
patient with MS was $31,379 ($38,251). In the
unadjusted analysis, the mean (SD) MS-related
cost incurred by patients with no relapse vs
those with a relapse was $24,730 ($33,821) vs
$48,700 ($43,364), respectively. A similar trend
with an incremental mean difference (CI) of
$21,314 ($19,405–23,204) was found among the
two cohorts (NR vs those with relapse) in the
adjusted analysis (Tables 2, 3). The unadjusted
mean (SD) cost across specific severity cohorts
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was $43,233 ($39,292) in the MMR cohort and
$69,586 ($51,187) in the SR cohort. The adjus-
ted mean (SD) annual cost per patient was
$26,021 ($460), $42,457 ($910), and $65,970
($2458) for patients in the NR, MMR, and SR
cohorts, respectively (Table 3).

DISCUSSION

In this US retrospective analysis, using a similar
but more targeted methodology to characterize
the true cost after the occurrence of a relapse
event and with more contemporary data, we
evaluated the direct healthcare costs associated
with MS, stratified by relapse occurrence and
severity, to highlight the current burden of

Table 1 Baseline characteristics for overall cohort and by relapse severity

Overall (N = 8775) NR (n = 6341) MMR (n = 1929) SR (n = 505)

Age, years, mean (SD) 49.9 (12.8) 50.9 (12.8) 47.9 (11.9) 44.2 (12.8)

Age group, years, n (%)

18–34 1001 (11.4) 634 (10) 244 (12.6) 123 (24.4)

35–44 1858 (21.2) 1237 (19.5) 497 (25.8) 124 (24.6)

45–54 2746 (31.3) 1977 (31.2) 627 (32.5) 142 (28.1)

55–64 2297 (26.2) 1768 (27.9) 434 (22.5) 95 (18.8)

65–79 716 (8.2) 585 (9.2) 112 (5.8) 19 (3.8)

80? 157 (1.8) 140 (2.2) 15 (0.8) 2 (0.4)

Female, n (%) 6642 (75.7) 4789 (75.5) 1473 (76.4) 380 (75.2)

CCI, mean (SD) 0.63 (1.3) 0.63 (1.3) 0.62 (1.2) 0.60 (1.1)

MS symptoms, n (%) 5288 (60.3) 3672 (57.9) 1267 (65.7) 349 (69.1)

Region, n (%)

Northeast 1870 (21.3) 1407 (22.2) 353 (18.3) 110 (21.8)

North Central 2341 (26.7) 1706 (26.9) 504 (26.1) 131 (25.9)

South 3229 (36.8) 2223 (35.1) 794 (41.2) 212 (42)

West 1309 (14.9) 983 (15.5) 274 (14.2) 52 (10.3)

Unknown 26 (0.3) 22 (0.3) 4 (0.2) 0 (0)

Plan type, n (%)

Fee for service 7602 (86.6) 5498 (86.7) 1678 (87) 426 (84.4)

HMO and POS capitation 1080 (12.3) 768 (12.1) 235 (12.2) 77 (15.2)

Unknown 93 (1.1) 75 (1.2) 16 (0.8) 2 (0.4)

Insurance type, n (%)

Commercial 7860 (89.6) 5573 (87.9) 1806 (93.6) 481 (95.2)

Medicare supplemental 915 (10.4) 768 (12.1) 123 (6.4) 24 (4.8)

CCI Charlson Comorbidity Index, HMO health maintenance organization, MMR mild/moderate relapse, MS multiple
sclerosis, NR no relapse, POS point of service, SD standard deviation, SR severe relapse
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relapse on private payers and healthcare provi-
ders. The results showed that the all-cause and
MS-related direct costs increased with the
severity of the relapse. MS-related costs in the
MMR and SR cohorts observed in this study
highlight the significant cost burden associated
with a relapse. We found that the cost burden
with the revised methodology and newer data
was considerable compared with estimates
reported by Parise et al.

The relative magnitude of the cost burden
due to relapses in patients with MS remains
unclear. Although some studies have assessed
the healthcare costs associated with relapses,
these estimates were based on data collected
until 2012 [14–16]. Our study evaluated the
costs using large nationally representative data
covering geographical areas across the USA.

Incremental costs were primarily driven by
pharmacy costs in patients in the NR and MMR
cohorts, whereas medical costs were the key
drivers in patients in the SR cohort. These
observations are in line with previous long-term
observational studies that speculated the costs
of DMTs to be important predictors of the
increased cost burden [10, 11]. We observed
that patients with severe relapses incur a high
cost burden, which underscores the need to
prevent progression.

Our data shows a consistent trend in line
with other US studies that reported increased
healthcare costs with an increase in the severity
of the relapses [14, 29, 30]. Using the 1999 dis-
charge data from five states across the USA,
O’Brien et al. reported that the cost of managing
an MS relapse was sevenfold higher for a high-
intensity relapse (defined as hospitalization)
than that for a medium-intensity relapse (de-
fined as the use of an ER or observation unit or
administration of acute treatments requiring
formal intervention) [14]. Another retrospective
cohort analysis of claims-based data from 2006
to 2009 by Lage et al. showed that among
patients who had at least one pharmacy claim
for a DMT, the medical and pharmacy costs
increased with the severity of the relapse [30]. In
this study, patients with severe relapses (re-
quiring hospitalization) had threefold higher
predicted all-cause costs than those with mod-
erate relapses (requiring ER or observationalT
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unit or administration of acute treatments
requiring formal intervention) [30].

Evidence from several cross-sectional studies
has demonstrated cost differences between
patients with a relapse and those without a
relapse [17, 31–37]. Another survey-based
international study (TRIBUNE) highlighted that
cost per patient per year was higher for patients
with RRMS and moderate and severe relapses
than for those without a relapse [6, 38, 39].
A USA-based claims study reported that high
relapse activity was associated with greater
resource utilization vs non-high relapse activity
and thus higher costs [40]. Analysis of patients
with and without a high frequency of relapse
activity found greater resource utilization and
costs among patients with higher relapse activ-
ity (defined as two or more relapses per year)
than in patients without high relapse activity.
Mean total all-cause non-DMT costs were
$12,057 higher in patients with a high fre-
quency of relapse compared with those in
patients without a high frequency of relapse
[40]. Similarly, the current analysis reported
$10,203 higher all-cause medical costs (non-
pharmacy costs) incurred by patients with
moderate to severe relapses vs patients with no
relapses.

Analogous to the USA-based studies, several
studies from other countries have also charac-
terized healthcare costs related to MS relapses
[11, 15, 41, 42]. A retrospective study of patients
with MS followed for over 10 years found that
among patients using DMTs, the overall annual
direct costs were associated with the annualized
relapse rate [11]. A 10% increase in healthcare
costs was associated with a 1% reduction in
conversion to secondary progressive MS [11].
The analysis of claims-based data from Japan
that included patients with newly diagnosed MS
showed that the frequency of relapses and per
patient per month medical costs were directly
correlated [42]. Similar findings were reported
from other studies [15, 29, 41, 43]. Evidence
from a recent systematic review suggests that
early treatment with high-efficacy DMTs offers
improved control of relapse activity compared
with delayed therapy [44]. Overall, the findings
of these studies extend support to the current
study and highlight the importance of patient

management strategies and treatments aimed at
reducing the frequency of MS relapses in a US
commercial population.

The current analysis has several limitations.
There are potential inaccuracies or omissions in
the classification of MS, covariates, and out-
comes as the data were identified from claims
databases as opposed to medical records. Given
that the MarketScan� database does not contain
data regarding the severity of the relapse, the
severity of the relapse was defined by the treat-
ment setting (hospital, ER, outpatient clinic)
and may not reflect the true severity of the
relapse. Mild relapses or relapses of short dura-
tion that usually do not affect the activities of
daily living and therefore do not require a cor-
ticosteroid therapy or hospitalization were less
likely to be considered in the present analysis.
However, we have identified MS relapses using a
validated medical chart review algorithm, and
should therefore less likely alter our conclusions
[18]. While differences across cohorts were
adjusted using a generalized linear regression
model, systematic differences could exist across
the study cohorts because of unknown con-
founders [45]. Another limitation of this study
is that the costs were not adjusted for inflation.
However, we acknowledge that the cost burden
after adjusting for inflation might be higher.
Finally, despite the size of and inclusion of
enrollees from across all US states in the Mar-
ketScan� database, the database neither com-
pletely represents the entire private insurance
market or general US population nor includes
individuals outside of the USA, but it is one of
the largest databases representing the commer-
cial population in the USA. These limitations
may affect the generalizability of the study
findings.

CONCLUSIONS

The results from this real-world study demon-
strate that all-cause and MS-related direct costs
increased with the severity of the relapse. One
in five relapses is severe and leads to a high cost
burden. While pharmacy costs were the primary
drivers among patients in the NR and MMR
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cohorts, medical costs were the key cost drivers
in patients in the SR cohort.

Overall, this study highlights the cost burden
incurred owing to MS relapses. The study pro-
vides a more accurate representation of cost
burden of relapse (considered as occurrence of
the event) using more recent data. The finding
that the cost burden drastically increases with
the level of severity underscores the need for
preventing progression and relapse via optimal
treatments.
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