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Abstract

Objectives The aim of this study was to examine the indirect burden of employed multiple sclerosis (MS) patients initiating
disease-modifying therapies (DMTSs) in the US.

Methods DMT-treated MS patients (DMT users) and direct-matched controls without MS (1:3) were captured using the
IBM MarketScan Commercial Claims and Encounters Database and the Health and Productivity Management Database
between 1 January 2009 and 1 January 2017. DMT users were also stratified by route of administration. Time loss and costs
from absenteeism, short-term disability, and long-term disability were assessed for DMT users and matched controls.
Results A total of 3022 DMT users were matched to 9066 controls. Compared with injectable DMT users, oral DMT users took
twice as long to initiate therapy but had numerically lower absenteeism costs and significantly lower long-term disability costs
in the first year after DMT initiation. The mean (standard deviation) indirect costs of absenteeism, short-term disability, and
long-term disability were US$6474 (US$6779), US$2368 (US$5777), and US$280 (US$2578), respectively, for DMT users
and US$4468 (US$3814), US$328 (US$1950), and US$36 (US$938), respectively, for controls in the first year (all p<0.001).
Conclusions Employed DMT users in the US incurred incremental increased indirect burden ($2007 in absenteeism, $2040
in short-term disability, and $244 in long-term disability) compared with matched controls. Despite evidence of delays in
treatment initiation, oral DMT users had evidence of reduced work loss compared with injectable users, suggesting that
open access to all treatment options may reduce the indirect burden of MS. Additional research into the impact of route of
administration on the burden of long-term disability among MS patients is needed.

Key Points for Decision Makers

Among patients treated with DMTs, the indirect burden
of MS is high compared with controls.

The route of administration of the DMT initiated may
impact the indirect burden of MS.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s41669-020-00233-8) contains

supplementary material, which is available to authorized users. 1 Introduction
. Siv;?n@fsl%micom Multiple sclerosis (MS) is a chronic autoimmune disease
resulting in demyelination of axons and other injuries to mul-
' IBM Watson Health, 75 Binney St, Cambridge, MA 02142, tiple body systems [1]. The 2017 US prevalence of MS was an
USA estimated 337.9-362.6 per 100,000 or roughly 900,000 indi-
? Bristol-Myers Squibb Company, Princeton, NJ, USA viduals [2]. Most MS patients are diagnosed between the ages
3 Greater Philadelphia Business Coalition on Health, of 2040 years [3]. In a US study, prevalence was highest in
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the group aged 55-64 years [2]. Since MS is diagnosed at a
relatively young age, it substantially impacts productivity and
employment [4]. MS presents heterogeneously and progresses
at different rates with four classical presentation types, includ-
ing clinically isolated syndrome (CIS), relapsing—remitting,
secondary progressive, and primary progressive [5, 6]. The
disease is pharmacologically managed with disease-modifying
therapies (DMTs) and/or symptomatic treatments.

Early treatment of MS with DMTs can reduce conver-
sion from CIS to MS, reduce relapses, and delay conversion
from relapsing—remitting to secondary progressive MS [7,
8]. DMTs are delivered through three routes of administra-
tion (ROAs; i.e., injection, infusion, and oral), and while
the first injectable DMT was approved in 1993, the first oral
DMT was not approved until 2010 [7]. Currently, guidance
is limited for selecting a DMT for MS patients [8, 9]. As a
result, key factors in decision making are highly individual-
ized and may include the severity of disease at presentation,
patient prognostic factors, medication risk/benefit profile,
prior treatment, treatment schedule, and ROA [9-11]. In
surveys of patients with MS, other factors being equal, a
daily oral administration was preferred to any parenteral
ROA [12-14].

MS contributes to high direct and indirect costs [15-18].
Cognitive impairment, fatigue, and motor dysfunction medi-
ate the impact of disability on employment and productiv-
ity [19, 20]. Patients with MS had higher use of long- and
short-term sick leave and associated costs than those without
MS [21]. In particular, relapses produce a sustained impact
on disability, and a reduction in relapses positively affects
disability and translates into improved health-related quality
of life and fewer lost work days [22, 23].

Studies have demonstrated that MS patients are more
likely to take disability time, have greater medically related
absenteeism, and are less likely to be employed than matched
controls [21, 24]. A 2009 study estimated the risk-adjusted
annual incremental costs of disability and medically related
absenteeism due to MS at US$3501; however, this estimate
has not been updated since the release of newer oral DMTs
[21]. The current study used administrative claims data to
quantify the indirect burden of MS in the employed patient
population by comparing absenteeism, short-term disabil-
ity, and long-term disability utilization between MS patients
initiating DMTs and control patients without MS. We also
assessed the indirect burden and cost by ROA of DMT.

2 Methods
2.1 Study Design and Data Sources

This was a retrospective, administrative claims-based US
study that examined productivity loss and associated indirect
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costs among commercially insured adults receiving a DMT
for MS.

De-identified longitudinal patient data were extracted
from the IBM MarketScan Commercial Claims and
Encounters Database and the IBM MarketScan Health and
Productivity Management (HPM) Database. The Commer-
cial database captures inpatient medical, outpatient medi-
cal, and outpatient prescription drug data of 145.5 million
employees and their dependents covered under a variety of
fee-for-service and managed care health plans. The Health
and Productivity Management database contains workplace
absence, short-term disability, and long-term disability data
for a subset of employer clients that contribute data to the
Commercial database. The productivity data are available
for the primary beneficiary (employee) only, not other adult
family members. The data are fully linkable to healthcare
claims, allowing analysis of the impact of different treat-
ments on patient productivity.

All study data were obtained using International Classifi-
cation of Diseases, 9th and 10th Revision, Clinical Modifi-
cation (ICD-9-CM and ICD-10-CM) codes, Current Proce-
dural Terminology, 4th edition, codes, Healthcare Common
Procedure Coding System codes, and National Drug Codes.

All database records are de-identified and certified to be
fully compliant with US patient confidentiality requirements
in the Health Insurance Portability and Accountability Act
of 1996. Because this study used only de-identified patient
records and did not involve the collection, use, or transmittal
of individually identifiable data, Institutional Review Board
approval was not necessary.

2.2 Patient Selection and Cohort Matching

MS patients on DMT (‘DMT users’) were included if they
had (1) two or more claims (1-365 days apart) with a diag-
nosis of MS between January 1, 2009, and January 1, 2017,
(2) no evidence of MS in the 12 months before the first MS
claims, (3) one or more claims for an MS DMT on or after
the first MS claim and no claims for a DMT in the 12 months
prior (index date was set as the date of the first DMT
claim), and (4) 12 or more months of continuous health-
care enrollment prior to the index date (baseline period) and
absenteeism, short-term disability or long-term disability
eligibility in any calendar year on or after the index date.
Only claims that contain a definitive diagnosis of MS were
included when identifying patients with a diagnosis of MS
and claims that were associated solely with the diagnostic
process, such as claims for lab tests or imaging procedures,
were not included. Patients were excluded from the study
if they had more than one DMT on the index date or had
evidence of pregnancy or primary malignancy anytime dur-
ing the study period. DMT users were further stratified by
ROA (oral, injection, or infusion) of their index medication
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(Supplementary Table 1, see electronic supplementary mate-
rial [ESM]). The population of all MS patients, regardless
of evidence of a history of MS or DMT use but meeting all
other criteria, was also identified.

Controls were selected from the population of individu-
als without any diagnostic or non-diagnostic MS claims,
any claims for a DMT, any evidence of pregnancy, or any
evidence of malignancy during the entire study period. The
index date for controls was randomly assigned while main-
taining the index date distribution by day of the MS cases.
Controls were required to have 12 or more months of contin-
uous healthcare enrollment prior to the index date (baseline
period) and absenteeism, short-term disability or long-term
disability eligibility in any calendar year on or after index
date. Controls were exact matched to DMT users at a ratio of
3:1 based on age group, sex, geographic region, health plan
type, index year, and urban/rural residence as measured on
the index date.

2.3 Outcomes and Explanatory Variables

Annual eligibility flags (yes/no) in the HPM database are
available for each of type of absence (e.g., absenteeism,
short-term disability, long-term disability). The primary
outcomes included missed hours (or days) from absentee-
ism, short-term disability, and long-term disability, and their
associated indirect costs during the first calendar year of
HPM eligibility after the index date and the most recent
calendar year of HPM eligibility after the index date for
both the DMT users and matched controls. These two time
periods (i.e., first calendar year and most recent calendar
year) were selected to assess the productivity trends closest
and farthest from the first MS diagnosis. In the main analy-
sis, patient eligibility was established independently for each
outcome. For example, a patient needed only to have absen-
teeism coverage to be included in the absenteeism analysis.
As a sensitivity analysis, absenteeism, short-term disability,
and long-term disability for the first calendar year and the
most recent calendar year were assessed for the subset of
patients whose employers provided coverage for all three.

Indirect costs of absenteeism were calculated based on
the estimated average hourly wage of US$26.47, which is
the 2017 Bureau of Labor Statistics average hourly earnings
of all employees on private nonfarm payrolls, seasonally
adjusted. Indirect costs of short-term and long-term disabil-
ity were adjusted to 70% of the daily wage to reflect the fact
that the short-term disability programs generally only pay
out a proportion of employees’ wages, which is generally
capped at 70% [25].

Baseline demographic characteristics were measured on
the index date and included age, sex, geographic region,
health plan type, index year, and urban/rural residence.
Baseline clinical characteristics were measured during the

12-month baseline period and included Deyo-Charlson
Comorbidity Index (DCI), medications (class 1A/3 antiar-
rhythmics, antidepressant, benzodiazepine, leflunomide,
opioid), and comorbid conditions (second-/third-degree
atrioventricular block, active hepatitis B, cholangitis, con-
gestive heart failure, HI'V, long QT syndrome, progressive
multifocal leukoencephalopathy, sick sinus syndrome, and
stroke). These comorbid conditions were selected because
their presence may preclude the use of a DMT. The number
of days between the earliest MS claim and the earliest MS
DMT claim was also measured in DMT users.

Relapses occurring between the first MS claim and the
index date were identified using the following validated
claims-based algorithm [26]. This included any inpatient
stay with an MS diagnosis in the primary position or any
outpatient claim with an MS diagnosis code in any position
followed by a pharmacy or medical claim for dexametha-
sone, methylprednisolone, prednisolone, prednisone, or
adrenocorticotropic hormone within 7 days. The number
of patients with one, two, or three or more relapses was
measured.

2.4 Statistical Analysis

Bivariate descriptive analyses were conducted on all study
variables comparing DMT users and their matched controls.
Cohort balance after matching was assessed by measuring
the standardized difference. Two-sample ¢ tests were used to
determine statistical significance for continuous variables.
Chi-squared tests were conducted for testing significance
in categorical variables. No adjustments were made for
multiple comparisons, and the data analysis and bivariate
statistics were conducted using WPS version 4.1 (World
Programming, UK).

Logistic regression models were used to examine odds of
any absenteeism, short-term disability, and long-term dis-
ability, separately, in the first calendar year while controlling
for baseline clinical characteristics. Generalized linear mod-
els with a log link and gamma error distribution were used
to assess the costs of absenteeism, short-term disability, and
long-term disability among patients who used their benefits
in the first calendar year. In all models, baseline clinical vari-
ables were adjusted if the standardized differences between
the comparison groups (across matched DMT vs matched
controls for overall or by ROA) were 10 or above. All mod-
els adjusted for the presence of stroke, active hepatitis B
(except models of long-term disability outcomes compar-
ing ROA because the sample size was < 10 for patients with
hepatitis B), use of antidepressants, use of benzodiazepines,
and use of opioids. Models comparing the use of oral DMTs
with other ROAs also adjusted for the presence of relapse in
the baseline period and a 10% difference in the number of
days from the first claim with an MS diagnosis to the earliest
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DMT claim. Model assumptions were met for all models,
and Chi-square goodness-of-fit statistics were evaluated and
it was deemed that the models fit the expected distribution.
Multivariable analysis was conducted using R version 3.5.1
(R Foundation for Statistical Computing, Vienna, Austria).

3 Results
3.1 Patient Characteristics

Among the 88,923 patients with two or more claims for MS
and one or more claims for any MS DMT, a total of 3023
patients met the remaining inclusion and exclusion criteria
and had absenteeism, short-term disability, or long-term dis-
ability eligibility on or after the date of their first DMT claim
(Fig. 1). After direct 1:3 (case:control) matching based on
demographic characteristics, one DMT user was excluded
from the analysis because the patient could not be matched.
Among the DMT users, 772 indexed on an oral DMT, 2064
indexed on an injectable DMT, and 186 indexed on an infu-
sion DMT.

Baseline demographic and clinical characteristics in post-
matched cohorts are summarized in Table 1. DMT users
were, on average, 41.4 years old on their index date, and
62.1% were female. The mean (SD) DCI was 0.4 (0.9) for
DMT users and 0.2 (0.5) for controls. The mean (SD) time
between the first MS claim and the first claim for a DMT was
231.7 (374.7) days. A total of 1063 (35.2%) DMT users had
one or more relapses during the pre-index period.

When DMT users were stratified by ROA, infusion users
were younger than injectable users, who were younger
than oral users (39.3 years vs 41.3 years vs 42.2 years, all
p<0.05; Table 1). In addition, infusion users were less likely
to be female than either injectable or oral users (50.5% vs
62.5% and 64.1%, both p <0.01). The distribution of index
years was different across ROA due to different FDA approv-
als. There were baseline differences in comorbidities and
concomitant medications, which may have impacted treat-
ment selection. Specifically, stroke was significantly more
prevalent among injectable users than oral or infusion users
(7.5% vs 4.8% or 2.7%, both p <0.05). Opioid use was sig-
nificantly higher among injectable users than oral users
(36.9% vs 32.4%, p=0.03).

The time between the first MS claim and the first claim
for a DMT was significantly shorter for injectable users
than either oral or infusion users (both p <0.001), with a
mean (SD) duration of 175.0 (287.5) days for injectable
users, 348.3 (500.0) days for oral users, and 378.4 (464.0)
days for infusion users (Table 1). Possibly as a result of this
shorter window of time between the first MS claim and the
first DMT claim, the number of patients with one or more
relapses during the baseline period was significantly lower

A\ Adis

for injectable users than either oral or infusion users (33.3%
vs 38.5% or 41.9%, both p <0.01). Alternatively, the number
of relapses may also be indicative of disease severity and
progression.

3.2 Productivity Loss and Associated Costs
among All Disease-Modifying Therapy (DMT)
Users

In the first calendar year of follow-up, a similar percent-
age of DMT users and controls had one or more absen-
teeism claims (78.0% vs 76.1%, p=0.476); however,
DMT users took a greater mean number (SD) of overall
absenteeism hours (313.7 [249.8] h vs 221.8 [124.5] h,
p <0.001) and non-recreational absenteeism hours (153.8
[241.6] h vs 65.3 [103.1] h, p <0.001) than control patients
(Table 2). DMT users were more likely than controls to
have one or more short-term disability claim (23.2% vs
5.3%, p<0.001) or long-term disability claim (3.1% vs
0.3%, p<0.001). In addition, among individuals with one
or more short term disability claim, DMT users took more
short-term disability days per patient (mean [SD]: 68.8
[53.9] days vs 41.7 [40.2] days, p <0.001) and had longer
average individual short-term disability claims (61.8 [50.1]
days vs 37.5 [35.8] days, p <0.001) in the first calendar
year.

As a comparison, we evaluated the productivity loss
among all eligible patients with MS regardless of their his-
tory of MS or DMT use. In this cohort, productivity loss was
similar to DMT users, with 836 of 1057 (79.1%) having an
absence claim, 1403 of 7278 (19.3%) having a short-term
disability claim, and 180 of 6499 (2.8%) having a long-term
disability claim in the first calendar year of observation. The
mean (SD) number of non-recreational absence hours was
137.8 (239.0). The mean (SD) length of short-term disability
claims was 62.2 (54.4) days, and the mean (SD) length of
long-term disability claims was 57.8 (82.0) days.

The estimated incremental indirect costs (DMT users
minus controls) of MS among all eligible patients were
US$2007 in absenteeism, US$2040 in short-term disabil-
ity, and US$244 in long-term disability in the first calendar
year. Similar trends were observed in the estimated incre-
mental indirect costs of US$1821 in absenteeism, US$1842
in short-term disability, and US$459 in long-term disability
costs in the most recent calendar year.

As a sensitivity analysis, we also examined productivity
loss and costs in the subset of DMT users (N=229) and con-
trols (N=522) with all three types of eligibility. The trends
were similar, and the estimated incremental indirect costs were
US$1732 in absenteeism, US$2540 in short-term disability,
and US$897 in long-term disability costs in the first calendar
year. The combined mean (SD) indirect cost of absenteeism,
short-term disability, and long-term disability was US$10,146
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Patients with >2 non-diagnostic claims (>1 and <365 day
apart) with a diagnosis of multiple sclerosis (MS) between
January 1, 2009 and January 1, 2017

\—[ MS patients, N=213,186

( 1\
AND no MS diagnosis in the 12 months prior to the first MS
diagnosis

-

\—[ MS patients, N=173,861

-
AND >1 claim for an MS DMT anytime on or after the first
MS diagnosis. The date of the first DMT claim is the index

date

\—[ MS paticnts, N=88,923

AND only one DMT on index date

_[ MS patients, N=88,892

( )
AND no claim for an MS DMT in the 12 months prior to the
index date

.

Ut

-
Patients without any diagnostic or non-diagnostic claims

with MS diagnosis anytime during the study period (January
1, 2008 - December 31, 2017)

\—[ Controls, N=81,238.492 ]—/

AND no claims for a disease modifying therapy (DMT)
anytime during the study period

N
J

\—[ MS patients, N=58,338

.

\—[ Controls, N=81,232.197 ]—/

AND no evidence of pregnancy or primary malignancy anytime during the entire study period

(

;[ MS patients, N=44,520 }

L Controls, N=69,131,009

L 4

AND >12 months of continuous healthcare enrollment prior to the index date?

(

H MS patients, N=44,520 ]

L Controls, N=27,018,316

L 2

| UL

r

AND has absenteeism, short-term disability or long-term disability eligibility in any calendar year on or after index date

(

H MS patients, N=3,023 ]

l Controls, N=4,029,661

L 2

-

AND MS patients were directly matched® 1:3 to controls

(

;[ MS patients, N=3,022 ]

Ul

l Controls, N=9,066

Fig. 1 Primary patient selection. “Index date of controls is randomly assigned while maintaining the same distribution of dates as the MS cases.
bPatients were matched on age group, sex, health plan type, index year, urban/rural residence, and geographic region

(US$11,988) for DMT users and US$4977 (US$3971) for con-
trols in the first calendar year and US$9340 (US$11,978) for
DMT users and US$4895 (US$3610) for controls in the most

recent calendar year.

3.3 Productivity Loss and Associated Costs by DMT

Route of Administration

When DMT oral and injectable users were compared, their
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Table 1 Baseline demographic and clinical characteristics

Matched Matched Std. dif.* Matched oral Matched Matched p valueP
DMT users controls DMT users injectable infusion (inf) — - —
N=3022  N=9066 N=T772 (in) DMT ~ DMTusers ~ Oralsvsinj Oralsvsinf Injvsinf
users N=186
N=2064
Age, mean (SD) 41.4(9.2) 41.6 (9.7) 0 422 (9.4) 41.3(9.2) 39.3(9.1) 0.03 <0.001 0.003
Female, N (%) 1878 (62.1) 5634 (62.1) O 495 (64.1) 1289 (62.5) 94 (50.5) 0.41 <0.001 0.001
Geographic 0.69 0.30 0.07
region, N (%)
Northeast 520 (17.2) 1560 (17.2) 0 135 (17.5) 353 (17.1) 32 (17.2)
North Central 753 (24.9) 2259 (249) O 183 (23.7) 536 (26.0) 34 (18.3)
South 1135 (37.6) 3405 (376) O 296 (38.3) 753 (36.5) 86 (46.2)
West 612 (20.3) 1836 (20.3) 0 157 (20.3) 421 (20.4) 34 (18.3)
Unknown 2 (0.1) 6 (0.1) 0 1(0.1) 1 (0.0) 0(0.0)
Insurance plan <0.001 0.63 0.21
type, N (%)
Fee for ser- 54 (1.8) 162 (1.8) 0 18 (2.3) 33(1.6) 3(1.6)
vice
Managed care 2397 (79.3) 7191 (793) O 574 (74.4) 1678 (81.3) 145 (78.0)
Other 544 (18.0) 1632 (18.0) O 177 (22.9) 329 (15.9) 38 (20.4)
Unknown 27 (0.9) 81 (0.9) 0 03 (0.4) 24 (1.2) 0(0.0)
Population den- 0.20 0.75 0.84
sity, N (%)
Urban 2811 (93.0) 8433(93.0) O 722 (93.5) 1917 (92.9) 172 (92.5)
Rural 210 (6.9) 630 (6.9) 0 49 (6.3) 147 (7.1) 14 (7.5)
Unknown 1 (0.0) 3(0.0) 0 1(0.1) 0(0.0) 0(0.0)
CCIL, mean 0.4 (0.9) 0.2 (0.5) 0.3 0.4 (0.9) 0.4 (0.9) 0.3(0.8) 0.40 0.10 0.03
(SD)
Baseline
conditions?,
N (%)
Active Hep B 29 (1.0) 102 (1.1) 1.6 5(0.6) 24(1.2) 0(0.0) nr nr nr
Stroke 197 (6.5) 25 (0.3) 35 37 (4.8) 155 (7.5) 527 0.01 0.21 0.01
Baseline
medications®,
N (%)
AD 857 (28.4) 1359 (15.0) 329 214 (27.7) 584 (28.3) 59 (31.7) 0.76 0.28 0.32
BZ 622 (20.6) 757 (8.3) 353 147 (19.0) 441 (21.4) 34 (18.3) 0.17 0.81 0.32
Opioid 1082 (35.8) 1988 (21.9) 31 250 (32.4) 762 (36.9) 70 (37.6) 0.03 0.17 0.85
Patients witha 1063 (35.2) n/a 297 (38.5) 688 (33.3) 78 (41.9) 0.01 0.38 0.02
relapse, N (%)
Patients with 1959 (64.8)  n/a 475 (61.5) 1376 (66.7) 108 (58.1) 0.01 0.39 0.02
0 relapses,
N (%)
Patients with 958 (31.7) n/a 258 (33.4) 635 (30.8) 65 (34.9) 0.18 0.69 0.24
1 relapse, N
(%)
Patients with 80 (2.6) n/a 29 (3.8) 44 (2.1) 7 (3.8) 0.02 1.00 0.19
2 relapses,
N (%)
Patients 25 (0.8) n/a 10 (1.3) 9(0.4) 6(3.2) nr nr nr
with>3
relapses, N
(%)
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Table 1 (continued)

Matched Matched Std. dif.* Matched oral Matched Matched p value?
DMT users controls DMT users injectable infusion (inf) — - —
N=3022 N=9066 N=T772 (in) DMT ~ DMTusers  Oralsvsinj Oralsvsinf Injvsinf
users N=186
N=2064
Days between ~ 231.8 (374.8) n/a 348.3 (500.0) 175.0 (287.5) 378.4(464.0) <0.001 0.46 <0.001
first MS claim
and first DMT
claim, mean
(SD)

AD antidepressant, BZ benzodiazepine, CCI Charlson Comorbidity Index, DMT disease-modifying therapy, Hep B hepatitis B, MS multiple scle-
rosis, n/a not applicable, nr not reported

#Cohort balancing after matching was assessed by measuring the standardized difference (Std. dif.)

>Two-sample 7 tests were used to determine statistical significance for continuous variables and Chi-squared tests were conducted for testing sig-
nificance in categorical variables

“The presence of second-third-degree atrioventricular block, cholangitis, congestive heart failure, human immunodeficiency virus, long QT syn-
drome, and progressive multifocal leukoencephalopathy was also assessed during the baseline period and occurred in < 1% of any cohort

dThe use of class 1A anti-arthythmic, class 3 anti-arrhythmic, and leflunomide was also assessed during the baseline period and occurred
in< 1% of any cohort

Table 2 Productivity loss and associated costs (US$) in matched DMT users and matched controls in the first calendar year

Matched DMT users Matched controls
N=3022 N=9066
Patients with ABS eligibility, N (%) 363 (12.0)* 899 (9.9)
Patients with an ABS claim, n (%)* 283 (78.0) 684 (76.1)
Number of days of follow-up, mean +SD (median)® 186.3+108.4 (186.0) 191.7+110.3 (200.5)
Overall number of ABS hours per patient, mean+ SD (median)® 313.7+249.8 (266.5)** 221.8+124.5 (220.0)
Non-recreational number of ABS hours per patient, mean +SD (median)® 153.8 +241.6 (68.0)** 65.3+103.1 (38.1)

Indirect costs per patient among patients with an ABS claim, mean +SD (median)® $8304 +$6613 ($7054)**  $5872 +$3296 ($5823)
Indirect costs per patient among patients with ABS eligibility, mean+ SD (median)* $6474 +3$6779 ($5611)**  $4468 +$3814 ($4555)

Patients with STD eligibility, N (%) 2696 (89.2)** 7850 (86.6)
Patients with an STD claim, n (%)* 626 (23.2)** 417 (5.3)
Number of days of follow-up, mean +SD (median)® 184.2 (104.6)* 201.4 (111.0)
Average number of STD days per claim, mean+ SD (median)® 61.8+50.1 (48.0)** 37.5+35.8 (26.0)
Average number of STD days per patient, mean+SD (median)® 68.8+53.9 (55.0)** 41.7+40.2 (29.0)
Indirect costs per patient among patients with an STD claim, mean +SD (median)®  $10,200+$7993 ($8153)** $6177 +$5961 ($4299)
Indirect costs per patient among patients with STD eligibility, mean + SD $2368 +$5777 ($0)** $328 +$1950 ($0)
(median)?
Patients with LTD eligibility, N (%) 2346 (77.6) 7035 (77.6)
Patients with an LTD claim, n (%)* 72 (3.1)** 20 (0.3)
Number of days of follow-up, mean +SD (median)® 215.3+94.1 (211.0) 182.5+101.0 (175.5)
Average number of LTD days per claim, mean + SD (median)® 61.4+79.2 (14.3) 76.5+75.2 (46.3)
Average number of LTD days per patient, mean + SD (median)® 61.6+79.1 (17.0) 85.4+84.7 (47.0)
Indirect costs per patient among patients with an LTD claim, mean +SD (median)® $9131 +$11,725 ($2520) $12,652 +$12,559 ($6967)
Indirect costs per patient among patients with LTD eligibility, mean + SD $280 + $2578 ($0)** $36 +$938 ($0)
(median)?

ABS absenteeism, DMT disease-modifying therapy, LTD long-term disability, SD standard deviation, STD short-term disability

*p<0.05, ¥*¥p<0.001 Two-sample t-tests were used to determine statistical significance for continuous variables and Chi-squared tests were
conducted for testing significance in categorical variables

#Among patients with ABS, STD, or LTD eligibility, respectively
® Among patients with an ABS, STD, or LTD claim, respectively
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absenteeism and short-term disability productivity loss
and costs were generally similar in the first calendar year
(Table 3 and Fig. 2). In the first calendar year of follow-
up, the 67 oral users and 201 injectable users with one or
more absenteeism claim claimed a mean (SD) of 274.2
(215.0) and 333.9 (263.3) absenteeism hours, respectively,
of which 120.0 (211.6) and 169.1 (255.5) hours were non-
recreational, respectively. The corresponding absenteeism
costs were US$7258 (US$5691) and US$8839 (US$6969)

in the first year over a period of 176.0 (112.4) and 188.4
(108.1) days, respectively. The 150 oral users and 433
injectable users with one or more short-term disabil-
ity claims took, on average, 69.9 (54.4) and 68.8 (50.4)
short-term disability hours in the first calendar year over
a period of 179.4 (102.5) and 186.1 (106.1) days, respec-
tively. The corresponding mean (SD) short-term disabil-
ity costs were US$10,368 (US$8066) and US$10,204
(US$8116), respectively.

Table 3 Productivity loss and associated costs (US$) in matched DMT users by route of administration in the first calendar year

Orals Injectables p value® Infusions
N=T772 N=2064 N=186
Patients with ABS eligibility, N (%) 88 (11.4) 258 (12.5) 043 17 (9.1)
Patients with an ABS claim, n (%)° 67 (76.1) 201 (77.9) 0.73 15(88.2)
Number of days of follow-up, mean+SD 176.0+112.4 (175.0) 188.4+108.1 (198.0) 0.42  204.9+97.4 (169.0)
(median)©
Overall number of ABS hours per patient, 274.2+215.0 (264.0) 333.9+263.3 (276.4) 0.09 219.4+161.8 (186.0)
mean + SD (median)®
Non-recreational number of ABS hours per 120.0+211.6 (65.0) 169.1 +255.5 (72.0) 0.16  99.5+140.5 (50.0)
patient mean + SD (median)®
Indirect costs per patient among patients with an ~ $7258 + $5691 ($6988)  $8839 + $6969 ($7316) 0.09  $5809 + $4283 ($4923)
ABS claim, mean + SD (median)®
Indirect costs per patient among patients with $5526 + $5852 ($4815)  $6887 +$7162 ($5962) 0.16  $5125+$4446 ($4659)
ABS eligibility, mean + SD (median)®
Patients with STD eligibility, N (%) 691 (89.5) 1850 (89.6) 0.92 155(83.3)
Patients with an STD claim, n (%)b 150 (21.7) 433 (23.4) 037 43 (27.7)
Number of days of follow-up, mean +SD 179.4+102.5 (189.5) 186.1 +£106.1 (194.0) 0.50 182.0+98.8 (171.0)
(median)©
Average number of STD days per claim, 64.8+51.6 (50.0) 61.3+50.4 (48.0) 046 56.4+40.5 (45.0)
mean + SD (median)®
Average number of STD days per patient, 69.9+54.4 (53.0) 68.8 +54.8 (56.0) 0.83 64.6+43.7(51.0)
mean + SD (median)®
Indirect costs per patient among patients with an ~ $10,368 +$8066 ($7856) $10,204 +$8116 ($8301) 0.83  $9570+3$6482 ($7560)
STD claim, mean + SD (median)®
Indirect costs per patient among patients with $2251+$5687 ($0) $2388 +$5836 ($0) 0.80 $2655+$5471 ($0)
STD eligibility, mean + SD (median)®
Patients with LTD eligibility, N (%) 562 (72.8) 1641 (79.5) <0.001 143 (76.9)
Patients with an LTD claim, n (%)° 21 3.7) 47 (2.9) 030 4(28)
Number of days of follow-up, mean +SD 194.7+93.4 (174.0) 217.0+94.2 (211.0) 0.37 304.0+44.5(291.0)
(median)®
Average number of LTD days per claim, 31.1+£50.1 (1.0) 76.3+86.0 (35.0) 0.03 45.8+89.5(1.0)
mean + SD (median)®
Average number of LTD days per patient, 31.7+£49.9 (1.0) 76.3+86.0 (35.0) 0.03 45.8+89.5(1.0)
mean + SD (median)®
Indirect costs per patient among patients with an ~ $4701 +$7398 ($148) $11,310£$12,753 ($5188)  0.03  $6782+3$13,267 ($148)
LTD claim, mean + SD (median)®
Indirect costs per patient among patients with $176 +$1658 ($0) $324 + $2850 ($0) 0.83  $190+$2231 ($0)

LTD eligibility, mean + SD (median)®

ABS absenteeism, DMT disease-modifying therapy, LTD long-term disability, MS multiple sclerosis, SD standard deviation, STD short-term dis-

ability

#Compared between oral and injectable DMT users

® Among patients with ABS, STD, or LTD eligibility, respectively

€ Among patients with an ABS, STD, or LTD claim, respectively
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$15,000

m Orals

® Injectables

$8,839

$10,000 +$6,969

$5,000

Costs in the first calendar year (US$)

$0

Absenteeism

$10,368
+$8,066

Short-term disability

$11,310

+$8,116

$4,701
+$7,398

Long-term disability

Fig.2 Comparison of costs associated with work loss between oral and injectable DMT users in the first calendar year of follow-up, calculated
among patients with an absenteeism, short-term disability, and long-term disability claim, respectively. *p <0.05

While the number of patients with one or more long-term
disability claims was low (oral: n=21; injectable: n=47),
the mean (SD) number of long-term disability days taken
by oral users was less than half the number of days taken
by injection users (31.7 [49.9] vs 76.3 [86.0]; p=0.031) in
the first year of follow-up (Table 3). The estimated mean
long-term disability costs among patients with one or more
claims were US$6609 (p=0.031) lower for oral users than
injection users (Fig. 2).

Patients who indexed on infusions were examined sepa-
rately as these patients are expected to be clinically distinct
from those who index on injection or oral medications [10,
11]. Less data was available on infusion users (Table 3).
During the variable follow-up period, 17 (9.1%) infusion
users had absenteeism coverage, 155 (83.3%) had short-term
disability coverage, and 143 (76.9%) had long-term disabil-
ity coverage. In the first calendar year, 15 (88.2%) had one
or more absenteeism claims, 43 (27.7%) had one or more
short-term disability claims, and 4 (2.8%) had one or more
long-term disability claims. Mean (SD) productivity losses
among infusion users with one or more claims were 219.4
(161.8) hours in absenteeism, 64.6 (43.7) days in short-term
disability, and 45.8 (89.5) days in long-term disability.

3.4 Multivariable Analysis

Multivariable models of odds and costs of using absence,
short-term disability, or long-term disability eligibility, which,
when adjusted for baseline difference in clinical character-
istics, supported the unadjusted analysis comparing DMT
users with controls (Supplementary Fig. 1 [see ESM] and
Table 2). Differences in costs related to absences, short-term
disability, or long-term disability between users stratified by
ROA were not significant after multivariable adjustment. The

adjusted incremental cost among all DMT users compared
with matched non-MS controls was US$1524 in absenteeism,
US$1514 in short-term disability, and US$169 in long-term
disability (Supplementary Table 2, see ESM).

4 Discussion

This real-world analysis examined productivity loss and its
associated costs among patients with MS initiating a DMT
compared with matched non-MS controls. In addition, pro-
ductivity loss among patients initiating an oral DMT was
compared with that of patients initiating an injectable DMT.
Furthermore, productivity loss and its associated costs were
examined among patients initiating an infusion DMT.

Compared with control employees without MS, employees
with MS who initiated a DMT had higher indirect costs due
to absenteeism, short-term disability, and long-term disabil-
ity in both the first calendar year and the most recent calen-
dar year of follow-up. The adjusted indirect burden of MS
among patients initiating a DMT was US$1524 in absentee-
ism, US$1514 in short-term disability, and US$169 in long-
term disability in the first year of follow-up. Among patients
with all three types of coverage, the overall unadjusted indi-
rect burden of MS among patients initiating a DMT was
US$5169. When examined by ROA, patients initiating oral
DMTs had less than half the number of days on long-term
disability than patients initiating injectable DMTs, and other
measures of productivity were similar between ROA cohorts.
Additional research is required to determine if there may
be an advantage with initiating oral compared with inject-
able DMTs when making formulary design decisions.

The findings of this study are consistent with trends from
earlier analyses. An analysis of MEPS data (1998-2009)
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indicated that patients with MS spent a risk-adjusted average
of four times the number of days in bed than controls and
were three times less likely to be employed [24]. In addi-
tion, a 2009 study by Ivanova et al. comparing employees
with MS to matched controls found that patients with MS
were more likely to take disability time (21.4% vs 5.2%,
p <0.0001) and had higher medically related absenteeism
costs than controls (US$1901 vs US$1003, p <0.0001) [21].
They reported that the total indirect costs were US$4352
(2006 USD) higher for patients with MS than controls [21],
whereas Birnbaum et al. reported risk-adjusted indirect costs
to be US$801 lower among DMT-treated versus -untreated
patients with MS [27]. In addition, higher adherence to
DMTs has been associated with lower relapse rates, pro-
ductivity losses, and indirect costs [28, 29].

Most research on indirect costs of MS in the US has been
conducted on data collected before the approval of any
oral medications. One study by Yermakov et al. included
patients treated with fingolimod, but they comprised < 1%
of the studied population and were not examined separately
[28]. This study expands upon prior analysis by including
patients on all DMTs approved before 2017 and by exam-
ining patients segmented by ROA. This information may
be beneficial to physicians and patients who prioritize
work productivity outcomes and who make DMT coverage
decisions.

Commonly reported reasons for the use of disability ben-
efits or early retirement among patients with MS are fatigue,
reduced motor control, and memory loss/forgetfulness [19,
20]. Severe disease and disease progression have been asso-
ciated with increased work loss, unemployment, and early
retirement, while periods of remission are associated with
subsequent work initiation [30, 31]. As relapses are asso-
ciated with both acute and sustained increases in disabil-
ity [23], treatment with DMTs is hypothesized to reduce
productivity losses by decreasing the frequency and sever-
ity of relapses. Annual indirect costs among patients with
one or more relapses during the year have been estimated
as US$1429-US$2714 higher than indirect costs among
patients without a relapse [32].

In this analysis, the time between the first MS claim and
the first DMT claim was roughly twice as long for patients
initiating oral and infusion DMTs compared with those ini-
tiating injectable DMTSs. This correlated with a higher likeli-
hood of at least one relapse during the baseline period for
oral and infusion DMT users compared with injectable DMT
users. Despite this delay in treatment, patients initiating oral
DMTs had numerically lower absenteeism costs and signifi-
cantly lower long-term disability costs than patients initiat-
ing injectable DMTs before adjusting for baseline clinical
characteristics. While reasons for the treatment delay can-
not be determined from claims data, insurance, pharmacy,
and provider policies have been implicated as barriers to
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accessing provider-selected DMTs for the treatment of
MS [33]. In a survey of patients with MS, 48.7% reported
prior issues accessing their prescribed DMT. Of those, 41%
reported going without any DMT and 30% reported expe-
riencing at least one relapse during the time of the barrier
[33]. MS presents heterogeneously and progresses at dif-
ferent rates, warranting a need for unencumbered access to
DMTs, irrespective of ROA.

In the ROA subanalysis, we compared oral users with
injection users but not infusion users. This approach was
selected because the initial examination of baseline char-
acteristics suggested that patients receiving infusion DMTs
were a distinct population from those receiving oral or
injection DMTs. This decision was supported by a review
of the literature on MS treatment patterns, which found that
there are two primary therapeutic approaches for treatment
sequencing: induction and escalation. Induction therapy uti-
lizes highly effective therapies (specifically alemtuzumab
and mitoxantrone) in the first-line setting to achieve rapid
control of highly active disease, whereas escalation therapy
initiates patients on lower-risk therapies (such as dimethyl
fumarate, glatiramer acetate, interferon, or terifftunomide)
and reserves infusion therapies for breakthrough disease
[10, 11]. In this analysis, only 6% of patients initiated infu-
sion DMTs, and those who did were younger, less likely
to be female, and more likely to have had relapses prior to
treatment. These characteristics are consistent with those
of patients who would be candidates for induction therapy
and, therefore, clinically distinct from patients treated with
an escalation therapy approach who initiated oral or injec-
tion DMTs.

4.1 Limitations

The limitations of this study include those inherent in any
retrospective analysis. First, this study was limited to only
individuals with commercial health coverage and work loss
eligibility. Consequently, results may not be generalizable to
MS patients with other insurance, without health insurance
coverage, or without coverage for work loss. Second, the
potential for misclassification of MS status, demographic
characteristics, and clinical characteristics is present, as
patients were identified through administrative claims data
as opposed to medical records. Third, disease severity is
not available in claims records and, therefore, could not be
adjusted for in the analysis. Fourth, administrative claims
data are subject to data coding limitations and data entry
errors. Fifth, there was no specific data available to specify
the reasons for hours missed from work; thus, the use of
non-recreational absence hours does not necessarily imply
the MS was the cause of the absence.

Another limitation is that index date assignment for
controls was done only once, which may make the analysis
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sensitive to randomly occurring major health events, which
could result in either overestimation or underestimation of
indirect costs among controls. In addition, costs were esti-
mated based on an average fixed hourly wage and did not
account for potential differences in industry or job-specific
variations that may have occurred between cohorts. The
analysis was also not structured to evaluate the impact of
index year on the outcomes, and a final limitation is that
ROA grouping was assigned by index medication and did
not account for discontinuation or switching to a DMT with
a different ROA. Prior research has estimated that 53-61% of
patients initiating DMT are adherent to their index medica-
tion for at least a year [34, 35], so it is possible that some of
the patients may have changed their ROA during the follow-
up period. Additional research is required to understand how
treatment discontinuation and switching impact work loss
and interpretation of this analysis.

5 Conclusion

There is a significant indirect economic burden in employees
with MS, including an adjusted difference of US$1524 in
absenteeism, US$1514 in short-term disability, and US$169
in long-term disability in the first year of follow-up. Future
work should examine potential modifiable contributors to
the high indirect costs among MS patients, of which ROA
may be one.
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