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Abstract

Background Decision-analytic models used in economic evaluations of disease-modifying therapies for relapsing—remitting
multiple sclerosis (RRMS) have characterized disease progression and accrue quality-adjusted life-years from utility values
based on the Expanded Disability Status Scale (EDSS), the occurrence of relapses, and progression to secondary-progressive
multiple sclerosis (SPMS). The EDSS, used to characterize disability progression, has several limitations. If the EDSS is the
only disability measure used in economic evaluations, the long-term clinical and economic implications of disease-modifying
therapies may not be properly assessed.

Objective The objective of this study was to explore if supplementary disability measures including the Timed 25-Foot Walk
(T25FW), 9-Hole Peg Test (9HPT), and Paced Auditory Serial Addition Test (PASAT) significantly contribute additional
information on health utility in RRMS and SPMS otherwise not captured by the EDSS and relapses and, therefore, should
be considered in future economic evaluations of disease-modifying therapies.

Methods Short-Form Six-Dimension utility scores were derived from the RAND 36-Item Health Survey 1.0 individual-level
data available in the Multiple Sclerosis Outcome Assessment Consortium (MSOAC) Placebo Database. Repeated-measures
mixed-effects models were conducted to estimate the effects of EDSS, T25FW, 9HPT (dominant and non-dominant hand),
PASAT, and relapses on changes in utility over time, controlling for demographics.

Results A higher level of EDSS, longer time to complete the T25FW test, and a recent relapse were significant predictors
of lower utility in people with RRMS and SPMS. 9HPT and PASAT were not significant predictors.

Conclusions This study suggests that in addition to EDSS and recent relapses, T25FW significantly predicts utility in RRMS
and SPMS. These findings support the use of T25FW to supplement the EDSS and the occurrence of relapses to characterize
the course of disease progression and to more accurately accrue quality-adjusted life-years in future economic evaluations
of disease-modifying therapies for the treatment of RRMS.

Data used in the preparation of this article were obtained from the
Multiple Sclerosis Outcome Assessment Consortium (MSOAC).
As such, the investigators within MSOAC contributed to the
design and implementation of the MSOAC Placebo Database and/
or provided placebo data but did not participate in the analysis of
the data or the writing of this report.
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Key Points for Decision Makers

Quality-adjusted life-years are the primary health
outcome in economic evaluations of disease-modifying
therapies in relapsing—remitting multiple sclerosis,
calculated using utility weights based on the Expanded
Disability Status Scale (EDSS) and utility decrements
due to relapses and progression to secondary-progressive
multiple sclerosis

The EDSS has several limitations. If it is used as the
only disability measure in economic evaluations, the
long-term clinical and economic implications of disease-
modifying therapies may not be properly assessed

In addition to EDSS and the occurrence of recent
relapses, the time to complete the Timed 25-Foot Walk
test for ambulatory function significantly predicts health
utility in people with relapsing—remitting multiple
sclerosis and secondary-progressive multiple sclerosis,
supporting the use of Timed 25-Foot Walk test to sup-
plement the EDSS and the occurrence of relapses in the
characterization of the course of disease progression
and the accrual of quality-adjusted life-years in future
economic evaluations of disease-modifying therapies for
relapsing—remitting multiple sclerosis

1 Introduction

Multiple sclerosis (MS) is a chronic inflammatory and neu-
rodegenerative disease of the central nervous system that
leads to damage of axons and myelin [1]. Multiple sclerosis
leads to progressive disability, cognitive impairment, limi-
tations in mobility, vision, and speech, pain, fatigue, spas-
ticity, gastrointestinal and urinary dysfunction, as well as
emotional, psychological, and mental problems, [1-3] which
negatively impact the quality of life of people with MS [4,
5].

Multiple sclerosis can be categorized into two types:
relapsing and progressive. Relapsing disease includes
clinically isolated syndrome and relapsing—-remitting MS
(RRMS) [6]. Progressive disease includes primary-pro-
gressive MS and secondary progressive MS (SPMS) [6].
Approximately 85% of people with MS are initially diag-
nosed with RRMS [7-9]. Relapsing—remitting MS generally
lasts for 8-20 years, by which time it transitions to SPMS
[7-9].

There is no cure for MS. Disease-modifying therapies
(DMTs) are the best available option for people with RRMS
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[10]. Disease-modifying therapies have been shown to pre-
vent new brain lesions, reduce the frequency and severity of
relapses, and delay the progression of disability [10, 11]. As
of September 2020, the US Food and Drug Administration
approved 20 DMTs for RRMS [10].

Over the past three decades, numerous economic evalu-
ations have assessed the cost effectiveness of DMTs for the
treatment of people with RRMS to provide decision mak-
ers, payers, and stakeholders with the information needed to
determine whether those treatments should be adopted and
reimbursed [12-19]. The structure of the decision-analytic
models used in these economic evaluations has converged
over time [12, 14]. The course of disease progression is char-
acterized by changes in a person’s disability, as measured by
the Expanded Disability Status Scale (EDSS), and the occur-
rence of relapses during the relapsing—remitting phase and
after progression to SPMS [12]. Quality-adjusted life-years
(QALYS5) are the primary health outcome in these models,
calculated using utility weights based on the EDSS during
RRMS and utility decrements due to relapses and progres-
sion to SPMS [12].

The EDSS is an ordinal scale with a range from 0 (nor-
mal neurological examination) to 10 (death due to MS), in
increments of 0.5, used to measure disability in ambulation
and eight functional systems: pyramidal, cerebellar, brain
stem, sensory, bowel and bladder, visual, cerebral total, and
cerebral mentation [20]. Scores of 0—4.5 represent normal
ambulation and measure disability based on neurological
examination, while scores of 5.0 and above represent pro-
gressive loss of walking ability [20]. The EDSS has been the
most commonly used endpoint to measure disability progres-
sion in randomized clinical trials (RCTs) of RRMS, [21, 22]
and it is well understood and accepted by the neurology and
regulatory communities [23-26]. However, the EDSS has
several limitations, including: high intra- and inter-observer
variability, [27] it is an ordinal scale and the differences
between contiguous scores are variable, [27, 28] it is non-
linear and the time spent in the middle scores is shortest,
with peaks at EDSS 1.0-3.0 and 6.0-7.0, [27] EDSS levels
of 4.0-7.5 are primarily determined based on the distance
people can walk and the need for an assistive device, [20]
and it cannot detect changes in people with severe disability
and in various domains relevant in MS (e.g., upper extremity
function, cognition) [27, 28].

The MS Functional Composite (MSFC) was proposed
as an alternative to address the limitations of the EDSS
[29, 30]. The MSFC includes three measures: the Timed
25-Foot Walk (T25FW) test for ambulatory function, the
9-Hole Peg Test (9HPT) for upper-extremity function, and
the Paced Auditory Serial Addition Test (PASAT) for cog-
nition [29, 30]. The MSFC has been used as an endpoint in
clinical trials of MS, although five times less than the EDSS
[23]. When used, the MSFC has generally been a secondary
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endpoint along with the EDSS [21, 22, 31, 32]. Although
the MSFC covers multiple major MS domains and has been
reported to be highly reliable and correlated with the EDSS,
health-related quality of life (HRQoL), and other important
clinical and economic indicators, its responsiveness is not
always better than the EDSS and also has several limitations
[25, 28, 29, 33-37]. To address the individual limitations
with the EDSS and the MSFC, endpoints combining the
EDSS with the MSFC, or the MSFC individual components,
have been proposed and used to assess the efficacy of DMTs
in clinical trials of RRMS [24, 38, 39].

Given the limitations of the EDSS, if it is the only dis-
ability measure used in the decision-analytic models of eco-
nomic evaluations of DMTs, the long-term clinical and eco-
nomic implications of DMTs may not be properly assessed.
Furthermore, with the growing interest in evaluating the effi-
cacy of DMTs using multiple disability measures in clinical
trials of MS, it may follow that additional disability meas-
ures could be more commonly included to supplement the
EDSS in future economic evaluations of DMTs. However, as
described by Hernandez et al., the use of multiple disability
measures can pose additional challenges and will inevitably
increase the complexity and data demands of these models
[12].

The aim of this study is to assess if additional disability
measures—T25FW, OHPT, and PASAT—significantly con-
tribute additional information on meaningful outcomes for
decision makers, such as utility to calculate QALY's, which
would otherwise not be captured by the EDSS and relapses.
If additional disability measures significantly predict utility
after accounting for the effect of the EDSS and relapses,
these additional measures of disability could be considered
in future economic evaluations of DMTs in RRMS.

2 Methods
2.1 Data Source

Data from the Multiple Sclerosis Outcome Assessments
Consortium (MSOAC) Placebo Database were used in this
study [40, 41]. The MSOAC Placebo Database currently
includes 2465 individual records of people diagnosed with
relapsing—remitting, secondary-progressive, and primary-
progressive forms of MS, from the placebo arms of the
clinical trials in Table 1 [40, 41]. The data from the placebo
arms were contributed by industry members of MSOAC
and include data on demographics, MS type (e.g., RRMS,
SPMS), medical history, disability measures (e.g., EDSS,
T25FW), patient-reported outcome measures (e.g., RAND
36-Item Health Survey 1.0 [RAND-36]), and relapse infor-
mation [41]. The database does not contain imaging data,
treatment data, or standard-of-care or active comparator

data. All data are fully anonymized and de-identified, and
the individual clinical trials are not identified [40, 41]. The
MSOAC Placebo Database is available to researchers who
submit, and are approved for, a request for access [41, 42].

2.2 Outcome Measure

The MSOAC Placebo Database contains data on the RAND-
36, a generic profile instrument designed to yield scores on
multiple aspects of HRQoL [54, 55]. The RAND-36 com-
prises 36 items that assess eight health dimensions: physical
functioning (ten items), role limitations caused by physi-
cal health problems (four items), role limitations caused by
emotional problems (three items), social functioning (two
items), emotional well-being (five items), energy/fatigue
(four items), pain (two items), general health perceptions
(five items), and one item to assess the change in perceived
health in the last 12 months [54, 55]. The RAND-36 includes
the same items as the 36-Item Short Form Survey (SF-36)
and their scoring procedures yield equivalent results, except
for the pain and general health dimensions, for which the
scoring procedures differ [54-56]. The RAND-36 has
been widely used in clinical studies and can provide useful
descriptive information about the impact of interventions in
HRQoL [55, 57]. However, the RAND-36 is not preference
based and cannot be used to generate QALY's in economic
evaluations [57].

The Short-Form Six-Dimension (SF-6D) was included
in this study as the dependent variable. The SF-6D is a pref-
erence-based measure of HRQoL, which produces utility
scores anchored at 1 for perfect health and O for death [57].
The RAND-36 from the MSOAC Placebo Database was
converted to SF-6D utility values using preference weights
from a sample of the general population in the UK with the
Statistical Analysis Software (SAS) program provided by
The University of Sheffield under a non-commercial license
[57-60].

2.3 Potential Predictors of Utility

This study focused on four disability measures and their rela-
tionship to the SF-6D: EDSS [20], T25FW to assess mobil-
ity and leg function [61], 9HPT for the dominant and non-
dominant hand to assess upper extremity function [62], and
the PASAT to assess cognitive function [63]. The EDSS was
modeled as a categorical variable with ten levels: 0, 1-1.5,
2-2.5,...,9-9.5 [20]. The T25FW and 9HPT were modeled
as continuous variables measured in seconds with a range of
0-180 and 0-300, respectively [29]. PASAT was modeled
as a continuous variable measured as the total number of
correct answers out of 60, range 0-60 [29].

The occurrence of relapse(s) within the previous
6 months was also considered as it has been shown to be
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a significant predictor of utility in people with MS [64,
65], relapse rate is the most frequently primary endpoint in
RRMS clinical trials [21, 22], and utility decrements due to
relapses are included in economic evaluations of DMTs to
calculate QALY [12]. The occurrence of relapse(s) within
the last 6 months was modeled as a categorical variable with
two levels: yes and no.

Demographics including baseline age in years, sex, and
race were considered as they have been included in previ-
ous analyses of predictors of utility in people with MS [64,
66]. Baseline age was modeled as a continuous variable in
years, sex as a categorical variable with two levels (male and
female), and race as a categorical with five levels, including
White, Black or African American, Asian, Hispanic, and
Other. Degree of education, disease duration, and years since
diagnosis have also been shown to be significant predictors
of utility in people with MS but were not available in the
MSOAC Placebo Database [64, 66].

2.4 Data Handling and Statistical Analyses

RAND-36 data in the MSOAC Placebo Database are avail-
able for clinical trial visits post-randomization. There-
fore, values for the potential predictors of utility available
prior to randomization were not included in the analyses.
For RAND-36, duplicates of items in the same visit were
removed for the conversion of RAND-36 to SF-6D. For
T25FW and 9HTP, the maximum possible value was set to
180 and 300 seconds, respectively, and for PASAT to a maxi-
mum of 60 correct answers. If a visit included two assess-
ments of T25FW, 9HPT, or PASAT, the average value was
used. For relapse(s) within the last 6 months, only confirmed
MS relapses were considered in the analyses. Relapses
with unknown start and end dates were not included in the
analyses.

Two repeated-measures mixed-effects models were con-
ducted to estimate the effects of the potential predictors
of utility in SF-6D in people with RRMS and SPMS. The
cut-off for statistical significance was p <0.05. All analyses
were conducted using SAS® Studio Version 3.8 (SAS Insti-
tute Inc., Cary, NC, USA). The SAS code is available in the
Electronic Supplementary Material (ESM), except for the
program to convert RAND-36 to SF-6D utility values, which
was licensed from The University of Sheffield [60].

To validate our findings, we compared the mean SF-6D
utility values predicted using the repeated-measures mixed-
effects models with the mean SF-6D utility by EDSS
observed in the MSOAC Placebo Database and with the
SF-6D utility by EDSS for people with RRMS and SPMS
in the UK reported in the study by Hawton et al. [65].

3 Results

From the 2465 individual records included in the MSOAC
Placebo Database, 1580 were from people diagnosed with
RRMS and 555 with SPMS. Data on RAND-36, converted
to SF-6D utility values, were available for 274 people with
RRMS and 420 with SPMS, which were included in the
analyses.

Baseline characteristics are shown in Table 2. People with
RRMS were younger than people with SPMS, with a mean
age of 36.8 and 49.9 years, respectively. Approximately, two
thirds of the people were female and more than 94% were
White in both groups. People with RRMS had a lower level
of disability as measured by the EDSS, T25FW, OHPT, and
PASAT. The baseline utility measured by the SF-6D was
higher for people with RRMS.

In the repeated-measures mixed-effects models (Table 3),
a higher level of EDSS, a longer time to complete the
T25FW test, and a relapse in the last 6 months were sig-
nificant predictors of a lower utility score in people with
RRMS and SPMS. The time to complete the 9HPT with
the dominant or non-dominant hand, the number of correct
answers from the PASAT, baseline age, sex, and race were
not significant predictors of utility for people with RRMS
or SPMS.

We compared the mean SF-6D utility values calculated
using the significant predictors of the repeated-measures
mixed-effects models (i.e., intercept, EDSS, T25FW, and
a relapse in the previous 6 months; Table 3) with the mean
SF-6D utility by EDSS observed in the MSOAC Placebo
Database (Fig. 1). For the mixed-effects models, we used
the mean baseline T25FW by the EDSS (Table 2) and no
relapses in the last 6 months. The results of this comparison
show that the observed mean SF-6D utility by the EDSS
and the predicted SF-6D using the mixed-effects models
are different. This difference suggests that utility values
based solely on the EDSS do not fully capture the impact
of both EDSS and T25FW, which confirms the findings of
the mixed-effects models: after accounting for the impact of
EDSS, T25FW has an additional significant effect predicting
utility in people with RRMS and SPMS.

To confirm our findings with another population for
which SF-6D utility data are available, we compared the
mean SF-6D utility values calculated using the significant
predictors of the repeated-measures mixed-effects models
(Table 3) with the SF-6D utility by the EDSS for people with
RRMS and SPMS in the UK reported in the study by Haw-
ton et al. (Fig. 2) [65]. It should be noted that the study by
Hawton et al. did not report SF-6D utility for EDSS 4-4.5 in
RRMS because there were fewer than ten observations, and
in SPMS SF-6D utility was reported only for EDSS 6-6.5
and 7-7.5 [65]. The pattern of SF-6D values for RRMS and
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Table 2 Baseline characteristics RRMS SPMS

n Mean (SD) or % Median (range) n Mean (SD) or % Median (range)

Age, years 274 36.8 (1.7) 37.0 (19.0-50.0) 420 49.9(7.7) 50.5 (26.0-72.0)
Sex
Female 180 65.7 260 61.9
Male 94 343 160 38.1
Race
White 257 94.0 404  96.1
Black or 4 1.5 14 33
African
American
Asian 4 15 1 03
Hispanic 4 15 0 0.0
Other 4 15 1 03
EDSS
0 15 55 0 0.0
1-1.5 81 29.5 0 0.0
2-2.5 87 31.7 0 0.0
3-3.5 61 223 42 10.0
4-4.5 23 84 86 20.5
5-5.5 6 22 47 112
6-6.5 1 04 245 58.3
T25FW, seconds
EDSS 0 15 421.0) 3.8 (3.0-6.3) 0
EDSS 1-1.5 81 4.5(1.0) 4.5(2.2-8.1) 0
EDSS 2-2.5 87 5.1(1.7) 4.8 (2.9-15.4) 0
EDSS 3-3.5 61 5.8(.7) 5534-11.8) 42 6.0(1.4) 6.1 (3.9-11.1)
EDSS 4-4.5 23 6.7(2.9) 6.2 (3.3-17.7) 86 6.7(1.7) 6.6 (0.7-11.8)
EDSS 5-5.5 6 8.1Q2.7) 7.6 (5.1-12.7) 47 8.6 (2.8) 7.9 (4.5-15.8)
EDSS 6-6.5 1 8.1 (N/A) 8.1 (8.1-8.1) 239 19.5(17.0) 13.7 (3.9-101.4)
Overall 274 5.2 (1.8) 49 2.2-177) 414 142(14.4) 9.2 (0.7-101.4)
9HPT dominant hand, seconds
EDSS 0 15 17.3(2.5) 16.9 (13.5-21.3) 0
EDSS 1-1.5 81 19.0(3.3) 18.7 (9.7-29.1) 0
EDSS 2-2.5 87 19.9 (3.9) 19.3 (14.0-35.0) 0
EDSS 3-3.5 61 21.1(5.7) 20.3 (11.3-41.0) 42 21.7(4.4) 21.3 (15.1-35.6)
EDSS 4-4.5 23 25.0(12.3) 22.0 (15.6-76.3) 86 25.9(7.0) 25.0 (16.0-48.25)
EDSS 5-5.5 6 37.3(18.6) 29.4 (20.4-65.0) 47 28.9 (19.3) 24.0 (17.2-148.9)
EDSS 6-6.5 1 253 (N/A) 25.3(25.3-25.3) 245 33.7(23.6) 28.8 (13.1-300.0)
Overall 274 20.6 (6.6) 19.3 (9.7-76.3) 420 30.3 (19.9) 26.2 (13.1-300.0)
9HPT non-dominant hand, seconds
EDSS 0 15 18.4(4.0) 17.7 (14.9-30.7) 0
EDSS 1-1.5 81 19.8(2.9) 19.5 (12.2-27.8) 0
EDSS 2-2.5 87 20.8 (3.6) 20.5 (14.1-29.4) 0
EDSS 3-3.5 60 23.6(7.2) 22.3(11.9-46.7) 42 229(3.9) 22.3 (16.5-32.4)
EDSS 4-4.5 23 29.0 (17.8) 24.8 (18.0-105.8) 86 28.2(8.7) 25.8 (16.5-63.7)
EDSS 5-5.5 6 38.7(18.6) 34.0 (20.9-67.9) 47 27.7(10.0) 24.7 (16.6-64.4)
EDSS 6-6.5 1 254 (N/A) 254 (25.4-25.4) 240 38.6(24.9) 304 (11.5-175.4)
Overall 274 22.1(8.0) 20.7 (11.9-105.8) 415 33.6(20.6) 28.0 (11.5-175.4)
PASAT, total correct answers
EDSS 0 15 54.0(7.2) 57.0 (37.0-60.0) 0
EDSS 1-1.5 81 53.7(9.6) 57.0 (0.0-60.0) 0
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Table 2 (continued)

Table 3 Results of repeated-
measures mixed-effects
models: predictors of health
utility in relapsing-remitting
multiple sclerosis (RRMS) and
secondary-progressive multiple
sclerosis (SPMS)

RRMS

SPMS

n

Mean (SD) or %

Median (range)

n

Mean (SD) or %

Median (range)

EDSS 2-2.5
EDSS 3-3.5
EDSS 4-4.5
EDSS 5-5.5
EDSS 6-6.5
Overall
SF-6D

87
61
23
6

1
274
274

50.8 (9.9)

47.8(13.2)
50.7 (7.4)

40.8 (13.3)
59.0 (N/A)
51.0 (10.7)
0.71 (0.11)

54.0 (15.0-60.0)

53.0 (6.0-60.0)
54.0 (36.0-59.0)
42.0 (23.0-60.0)
59.0 (59.0-59.0)

55.0 (0.0-60.0)
0.70 (0.37-1.00)

0
39
75
35

200
349
420

46.7 (9.6)

40.9 (11.9)
43.1(11.3)
39.3 (12.7)
40.9 (12.3)
0.64 (0.10)

47.0 (24.0-60.0)
43.0 (12.0-58.0)
45.0 (7.0-58.0)
41.0 (6.0-60.0)
43.0 (6.0-60.0)
0.64 (0.38-0.91)

9HPT 9-Hole Peg Test, EDSS Expanded Disability Status Scale, N/A not applicable, PASAT Paced Audi-
tory Serial Addition Test, RRMS relapsing—remitting multiple sclerosis, SD standard deviation, SF-6D
Short-Form Six-Dimension, SPMS secondary-progressive multiple sclerosis, 725FW Timed 25-Foot Walk

Predictors RRMS? SPMS®

Estimate (SE) p value Estimate (SE) p value
Intercept 0.8468 (0.0455) <0.0001 0.8661 (0.0717) <0.0001
EDSS (reference: EDSS 0)

1-1.5 —0.0409 (0.0176) 0.0208 —0.0874 (0.0669) 0.1917

2-2.5 —0.0716 (0.0185) 0.0001 —0.1990 (0.0647) 0.0022

3-3.5 —0.1181 (0.0196) <0.0001 —0.2236 (0.0638) 0.0005

4-4.5 —0.1626 (0.0231) <0.0001 —0.2476 (0.0640) 0.0001

5-5.5 —0.1685 (0.0272) <0.0001 —0.2565 (0.0644) <0.0001

6-6.5 —0.1486 (0.0338) <0.0001 —0.2815 (0.0641) <0.0001

7-7.5 —0.3033 (0.0673) <0.0001
T25FW, seconds —0.0040 (0.0015) 0.0088 —0.0006 (0.0002) 0.0012
9HPT, seconds

Dominant hand —0.0008 (0.0009) 0.4220 0.0000 (0.0002) 0.5072

Non-dominant hand —0.0004 (0.0007) 0.6246 0.0000 (0.0001) 0.5368
PASAT, total correct answers 0.0008 (0.0005) 0.1266 0.0004 (0.0003) 0.1420
Relapse(s) in last 6 months (reference: no)

Yes —0.0243 (0.0109) 0.0266 —0.0405 (0.0154) 0.0085
Baseline age, years —0.0013 (0.0007) 0.0649 0.0007 (0.0006) 0.2578
Sex (reference: female)

Male 0.0069 (0.0118) 0.5601 —0.0179 (0.0092) 0.0506
Race (reference: White)

Black or African American 0.0504 (0.0456) 0.2706 0.0114 (0.0243) 0.6399

Asian —0.0335 (0.0452) 0.4595 0.0496 (0.0834) 0.5531

Hispanic —0.0299 (0.0442) 0.4999

Other 0.0569 (0.0444) 0.2009 —0.0234 (0.0886) 0.7916

9HPT 9-Hole Peg Test, EDSS Expanded Disability Status Scale, PASAT Paced Auditory Serial Addition
Test, SE standard error, SF-6D Short-Form Six-Dimension, 725FW Timed 25-Foot Walk

Fit statistic Chi-square 157.10, p <0.0001
PFit statistic Chi-square 767.38, p <0.0001

SPMS from this study is broadly consistent with the study
by Hawton et al. [65]. We observed the same inconsistency
identified in their study, as the SF-6D value for RRMS was
higher for EDSS 6-6.5 compared with EDSS 5-5.5 [65].
As discussed in the study by Hawton et al., this inconsistent

finding may reflect complexities with the use of the EDSS
in clinical practice, the limitations of its psychometric prop-
erties, the effect of coping strategies of people at the inter-
faces of EDSS 5-5.5 and 6-6.5, or these findings may have
occurred randomly [65].
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Fig.1 Mean Short-Form Six-Dimension (SF-6D) predicted values
compared with observed mean SF-6D utility by the Expanded Dis-
ability Status Scale (EDSS) from Multiple Sclerosis Outcome Assess-
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ments Consortium (MSOAC) Placebo Database. RRMS relapsing—
remitting multiple sclerosis, SPMS secondary-progressive multiple
sclerosis
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Fig.2 Mean Short-Form Six-Dimension (SF-6D) predicted values compared with mean SF-6D utility by the Expanded Disability Status Scale
(EDSS) from a comparable study. RRMS relapsing-remitting multiple sclerosis, SPMS secondary-progressive multiple sclerosis

4 Discussion

In this study, we have demonstrated that there is a signifi-
cant inverse relationship between the time to complete the
T25FW test and utility for people with RRMS, after account-
ing for the effect of the EDSS and relapses. The time to com-
plete the 9HPT and the number of correct answers from the
PASAT were not significant predictors of utility for people
with RRMS. These findings are consistent with a recent mul-
ticenter 3-year prospective study conducted by Heesen et al.
designed to understand perceptions on the value of 13 bodily
functions for 171 people with RRMS and for their physicians
[67]. In the study by Heesen et al., the 13 bodily functions
included wakefulness and alertness, bladder control, nor-
mal skin sensations, bowel control, thinking and memory
(cognition), mood, lack of pain, power and coordination of
hands, sexuality, speech, swallowing, visual function, and
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walking [67]. For people with RRMS, visual function (23%)
followed by cognition (17%), walking ability (16%), and lack
of pain (14%) were the most relevant. For physicians, walk-
ing ability was the most relevant (38%), followed by cogni-
tion (18%); visual function did not gain a high priority for
physicians (8%) [67]. Power and coordination of hands was
the most relevant for 4% of people with RRMS and for 6%
of their physicians [67].

In people with SPMS, there is also a significant inverse
relationship between the time to complete the T25FW test
and health utility, after accounting for the effect of the EDSS
and relapses. The time to complete the 9HPT and the num-
ber of correct answers from the PASAT were not significant
predictors of utility for people with SPMS. These findings
are consistent with those from a study by Heesen et al., in
which people diagnosed with MS and a disease course less
than 5 years (n=284) and longer than 15 years (n=_82) were
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asked about their perceptions on the value of 13 bodily func-
tions, including: walking, power and coordination of hands,
normal skin sensations, lack of pain, bladder control, bowel
control, visual function, wakefulness and alertness, thinking
and memory (cognition), speech, swallowing, mood, and
sexuality [68]. In the group of people with MS and a disease
course longer than 15 years, walking was the most relevant
bodily function (28%) followed by visual function (24%)
[68]. Cognition was valued as the most relevant for 15% of
the participants, and power and coordination of hands by 3%
[68]. As people with RRMS generally transition to SPMS
after 8-20 years, [7-9] we considered the findings from the
group of people with MS and a disease course longer than
15 years in the study by Heesen et al. to be a good proxy of
the perceptions of value of bodily functions for people with
SPMS [68].

Two systematic literature reviews of modeling approaches
used in cost-effectiveness analyses of DMTs for RRMS by
Hawton et al. and by Hernandez et al. have recommended
the use of additional measures of disability to supplement
EDSS and the occurrence of relapses in the characterization
of the course of the disease to properly assess the long-term
clinical and economic implications of DMTs for RRMS [12,
16]. The findings from this study support the recommenda-
tion by Hawton et al. and by Hernandez et al., suggesting the
addition of T25FW to characterize the course of disability
and the accrual of QALY in future economic evaluations
of DMTs for RRMS.

To include T25FW in future economic evaluations, the
efficacy study (e.g., RCT) for the DMT of interest would be
used to derive predictive equations or other relevant mod-
eling approaches for disability measured by the EDSS and
T25FW, and for the occurrence of relapses for the DMT
of interest and its comparator. A key consideration is that
changes in EDSS, T25FW, and the occurrence of relapses are
interrelated, [34, 69] meaning that changes in one are likely
to trigger changes in the others, concurrently or at a later
time point [70, 71]. Failure to properly capture these inter-
related changes would lead to under- or over-estimates of
the treatment effects on EDSS, T25FW, and relapses, result-
ing in incorrect estimates of incremental cost-effectiveness
ratios. For relevant comparator DMTs for which data are
not available in the efficacy study informing the economic
evaluation, appropriate indirect treatment comparisons
(e.g., a network meta-analysis) would be needed for EDSS,
T25FW, and relapses, as it has been previously done for
EDSS and relapses [72-74]. Finally, as EDSS and T25FW
change over time and relapses occur in the model, QALY's
would be accrued using the corresponding utility weights
from the repeated-measures mixed-effects models presented
in Table 3. Double counting would not occur because the
mixed-effects models presented in Table 3 include EDSS,
T25FW, and relapses. Therefore, the mixed-effects models

capture the significant impact of T25FW in addition to the
effect that the EDSS and relapses have on utility.

Based on the findings from two systematic literature
reviews of outcome measures in trials in multiple sclero-
sis, T25FW has been collected in RCTs for all approved
DMTs (including the first approved DMTs interferons and
glatiramer acetate), [21, 22] and will likely continue to be
collected in future RCTs of MS, owing in part to the growing
interest in evaluating the efficacy of DMTs using multiple
disability measures in clinical trials of MS [75]. T25FW
has been reported for various DMTs, for example, dimethyl
fumarate, [76] fingolimod and interferon beta-1a, [77] natali-
zumab, [78] and peginterferon [44]. The MSOAC Placebo
Database could serve as a source of T25FW, EDSS, and
relapse data for other relevant DMTSs such as alemtuzumab,
glatiramer acetate, and teriflunomide, [41] if data from the
treatment arms of the clinical trials in the database are avail-
able to external researchers. If T25FW data are not reported
or available for a specific comparator DMT, that compara-
tor could not be in the economic evaluation analyses using
T25FW, EDSS, and relapses. The availability of data for all
external comparators is a general challenge for economic
evaluations across disease areas.

Endpoints combining EDSS with the MSFC or its indi-
vidual components have been proposed and used to assess
the efficacy of DMTS in clinical trials of RRMS to overcome
the limitations associated with using the EDSS [24, 25, 38,
39, 75]. Unlike the EDSS, endpoints such as the T25FW
and other components of the MSFC have recently started to
be used in clinical practice to objectively capture disability
related to cognition, visual function, dexterity, and ambula-
tion and to monitor disease status and response to DMTs
[79, 80]. The introduction of treatment targets in MS, such as
‘no evidence of disease activity’, to guide clinical decision
making, have highlighted that the EDSS, relapse rates, and
magnetic resonance imaging (MRI) markers may not be the
exclusive and appropriate factors to systematically monitor
people with MS in clinical practice, and that other sensitive
tests are needed to measure and track disease activity and
progression [80, 81]. T25FW, 9HPT, Low Contrast Sloan
Letter Chart (visual test), and the Symbol Digit Modali-
ties Test (cognition test) have been proposed to monitor the
progression of disability in clinical practice, as part of a
multifactorial MS decision model (which also includes the
domains of relapse, neuropsychology, and MRI findings),
to support early treatment decisions and uncover treatment
failure in clinical practice [80]. Advances in technology
will also contribute to the relevance of endpoints such as
the T25FW, OHPT, and SDMT outside the clinical trial set-
ting, enabling people with MS to contribute to healthcare
outcomes and monitor their disability status remotely [79,
81-83]. With a potential increase in clinical trials using
multiple disability endpoints and their growing relevance in
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clinical practice, the inclusion of additional disability end-
points in economic evaluations of DMTs for RRMS may
also become more relevant.

4.1 Limitations

First, the RAND-36 was converted to SF-6D using prefer-
ence weights from a sample of the general population in the
UK [60]. However, the UK population may have different
preferences to non-UK populations. For researchers inter-
ested in using the SF-6D in other countries, The University
of Sheffield website provides the contact information of
investigators who have conducted valuation surveys in other
countries [60]. Second, the findings from this study may be
limited in terms of their generalizability beyond the clinical
trials included in the MSOAC Placebo Database. The 2465
individual records that form the MSOAC Placebo Database
come from the placebo arms of the pivotal clinical trials
of DMTs approved for the treatment of RRMS, including
fingolimod, natalizumab, peginterferon, and teriflunomide
(Table 1). However, data from other relevant pivotal clinical
trials of DMTs approved for the treatment of RRMS with a
placebo arm (e.g., DEFINE [dimethyl] fumarate vs placebo],
[84] CONFIRM [dimethyl fumarate vs glatiramer acetate
and vs placebo], [85] CLARITY [cladribine vs placebo]
[86]) are not included in the MSOAC Placebo Database,
and data from relevant RRMS pivotal trials using an active
control arm (e.g., CARE-MS 1 and CARE-MS 2 [alem-
tuzumab vs interferon beta-1a], [87, 88] OPERA I and II
[ocrelizumab vs interferon beta-1a] [89]) are not available
to the research community to the best of our knowledge. If
these data become available to the research community, they
can be used to confirm the findings of this study and sup-
port their generalizability. Third, the findings from this study
are limited by the small sample size, driven by the num-
ber of individual records of people with RRMS and SPMS
in the MSOAC Placebo Database that include RAND-36.
Additional data from clinical trials of DMTs owned by
pharmaceutical companies (some of which have several
years of follow-up) and registries capturing HRQoL and/or
utility data, as well as disability measures and relapses, are
needed to confirm the findings of this study. Fourth, degree
of education, disease duration, and years since diagnosis
have been shown to be significant predictors of utility in
people with MS [50, 51]. However, these were not avail-
able in the MSOAC Placebo Database. Fifth, there were
no data for EDSS 7-7.5, 8-8.5, and 9-9.5 for RRMS and
EDSS 8-8.5 and 9-9.5 for SPMS. Therefore, the repeated-
measures mixed-effects models in Table 3 cannot be used to
predict utility scores at those levels of disability measured by
the EDSS. For economic evaluations attempting to use the
mixed-effects models presented in this study, one possibil-
ity could be to derive the coefficients for the missing EDSS
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levels by fitting a linear or other appropriate regression to
the coefficients of the EDSS levels available in the mixed-
effects models.

4.2 Future Analyses for Primary-Progressive
Multiple Sclerosis

The focus of this study was on RRMS and SPMS, as people
with these two types of MS are modeled in economic evalu-
ations of DMTs for the treatment of RRMS. The MSOAC
Placebo Database currently includes data from one clini-
cal trial conducted in people with primary progressive MS
(Table 1). In the SAS code available in the ESM, we have
included lines of code highlighted in yellow that would allow
researchers with access to the MSOAC Placebo Database to
explore significant predictors of utility in people with pri-
mary progressive MS. However, researchers would need to
request the programs to convert RAND-36 to SF-6D to The
University of Sheffield, as a license agreement is required for
each study that will use the SF-6D algorithm [60].

5 Conclusions

This study suggests that the time to complete the T25FW
test for ambulatory function significantly contributes addi-
tional information on health utility in people with RRMS
and SPMS otherwise not captured by the EDSS and the
occurrence of recent relapses. These findings support the
use of T25FW as an additional measure of disability to sup-
plement the EDSS and the occurrence of relapses in the
characterization of the course of disease progression and
accrual of QALY in future economic evaluations of DMTs
for the treatment of RRMS.

Acknowledgements The authors thank the investigators from the Mul-
tiple Sclerosis Outcome Assessment Consortium (MSOAC) Placebo
Database for providing the data used in this study, and for their time
and support answering our questions about the data. The authors also
thank The University of Sheffield for providing the SAS programs to
convert SF-36 data into SF-6D.

Author contributions Luis Hernandez was the leading author who
designed the study, prepared the data, conducted the statistical anal-
yses and their interpretation, and led the writing of the manuscript.
Luis Hernandez is the guarantor for the content of the article. Malinda
O’Donnell participated in the study design and review of the manu-
script. Maarten Postma participated in the study design, interpretation
of the analyses, and review of the manuscript.

Declarations

Funding No funding was received for the conduct of this study or the
preparation of this article.



Predictors of Health Utility in Relapsing-Remitting and Secondary-Progressive Multiple Sclerosis 253

Conflict of interest Luis Hernandez is an employee of Takeda Phar-
maceuticals International Co., his role at Takeda Pharmaceuticals is
unrelated to this research. Malinda O’Donnell is an employee of Evi-
dera, a company that provides consulting and other research services
to pharmaceutical, device, government, and non-government organi-
zations. Her role at Evidera is unrelated to this research. In addition,
Malinda O’Donnell reports ownership of stocks in PPD, Inc. Maarten
Postma is a Professor at the University of Groningen and has received
grants and honoraria from various pharmaceutical companies all un-
related to this research, but sometimes in the area of multiple sclerosis
and from companies developing, producing, and marketing multiple
sclerosis drugs. He also reports ownership of stocks in Ingress Health
and Pharmacoeconomics Advice Groningen.

Ethics Approval Not applicable.
Consent to Participate Not applicable.

Availability of Data and Material The SAS code used for the data
preparation of the MSOAC Placebo Database and used to conduct the
statistical analyses is available in the ESM, except for the program to
convert RAND-36 to SF-6D utility values, which was licensed for this
study by The University of Sheffield. The programs to convert RAND-
36 to SF-6D can be requested in The University of Sheffield Licensing
website [60]. The MSOAC Placebo Database is available to researchers
who submit, and are approved for, a request for access [42]. Calcula-
tions using the mixed models are provided in the ESM.

Code Availability Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References

1. Compston A, Coles A. Multiple sclerosis. Lancet.
2008;372(9648):1502-17. https://doi.org/10.1016/S0140
-6736(08)61620-7.

2. Zwibel HL. Contribution of impaired mobility and gen-
eral symptoms to the burden of multiple sclerosis. Adv
Ther. 2009;26(12):1043-57. https://doi.org/10.1007/s1232
5-009-0082-x.

3. Pompili M, Forte A, Palermo M, Stefani H, Lamis DA, Serafini
G, et al. Suicide risk in multiple sclerosis: a systematic review of
current literature. J Psychosom Res. 2012;73(6):411-7. https://
doi.org/10.1016/j.jpsychores.2012.09.011.

4. Campbell JD, Ghushchyan V, Brett McQueen R, Cahoon-Metzger
S, Livingston T, Vollmer T, et al. Burden of multiple sclerosis
on direct, indirect costs and quality of life: National US esti-
mates. Mult Scler Relat Disord. 2014;3(2):227-36. https://doi.
org/10.1016/j.msard.2013.09.004.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Klevan G, Jacobsen CO, Aarseth JH, Myhr KM, Nyland H, Glad
S, et al. Health related quality of life in patients recently diagnosed
with multiple sclerosis. Acta Neurol Scand. 2014;129(1):21-6.
https://doi.org/10.1111/ane.12142.

Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sgrensen PS,
Thompson AJ, et al. Defining the clinical course of multiple scle-
rosis: the 2013 revisions. Neurology. 2014;83(3):278-86. https://
doi.org/10.1212/WNL.0000000000000560.

National Multiple Sclerois Society UK. What is MS? Types of
MS. https://www.mssociety.org.uk/what-is-ms/types-of-ms.
Accessed 20 Apr 2020.

National Multiple Sclerois Society US. What is MS? Types of
MS. https://www.nationalmssociety.org/What-is-MS/Types-of-
MS. Accessed 20 Apr 2020.

Trapp BD, Nave KA. Multiple sclerosis: an immune or neurode-
generative disorder? Annu Rev Neurosci. 2008;31:247-69. https
://doi.org/10.1146/annurev.neuro.30.051606.094313.

National Multiple Sclerosis Society US. Managing MS: FDA-
approved disease-modifying therapies (DMTs). https://www.natio
nalmssociety.org/For-Professionals/Clinical-Care/Managing-MS/
Disease-Modification#section-1. Accessed 9 Sep 2020.
Wingerchuk DM, Weinshenker BG. Disease modifying therapies
for relapsing multiple sclerosis. BMJ. 2016;354:13518. https://doi.
org/10.1136/bm;j.i3518.

Hernandez L, O’Donnell M, Postma M. Modeling approaches
in cost-effectiveness analysis of disease-modifying therapies
for relapsing-remitting multiple sclerosis: an updated system-
atic review and recommendations for future economic evalua-
tions. Pharmacoeconomics. 2018;36(10):1223-522. https://doi.
org/10.1007/s40273-018-0683-9.

Tannazzo S, Iliza AC, Perrault L. Disease-modifying therapies for
multiple sclerosis: a systematic literature review of cost-effective-
ness studies. Pharmacoeconomics. 2018;36(2):189-204. https://
doi.org/10.1007/540273-017-0577-2.

Allen F, Montgomery S, Maruszczak M, Kusel J, Adlard N. Con-
vergence yet continued complexity: a systematic review and cri-
tique of health economic models of relapsing-remitting multiple
sclerosis in the United Kingdom. Value Health. 2015;18(6):925—
38. https://doi.org/10.1016/j.jval.2015.05.006.

Guo S, Pelligra C, Saint-Laurent Thibault C, Hernandez L, Kansal
A. Cost-effectiveness analyses in multiple sclerosis: a review of
modelling approaches. Pharmacoeconomics. 2014;32(6):559-72.
https://doi.org/10.1007/s40273-014-0150-1.

Hawton A, Shearer J, Goodwin E, Green C. Squinting through lay-
ers of fog: assessing the cost effectiveness of treatments for mul-
tiple sclerosis. Appl Health Econ Health Policy. 2013;11(4):331—
41. https://doi.org/10.1007/s40258-013-0034-0.

Thompson JP, Abdolahi A, Noyes K. Modelling the cost effective-
ness of disease-modifying treatments for multiple sclerosis: issues
to consider. Pharmacoeconomics. 2013;31(6):455-69. https://doi.
org/10.1007/s40273-013-0063-4.

Koeser L, McCrone P. Cost-effectiveness of natalizumab in
multiple sclerosis: an updated systematic review. Expert Rev
Pharmacoecon Outcomes Res. 2013;13(2):171-82. https://doi.
org/10.1586/erp.13.14.

Yamamoto D, Campbell JD. Cost-effectiveness of multiple scle-
rosis disease-modifying therapies: a systematic review of the
literature. Autoimmune Dis. 2012;2012:784364. https://doi.
org/10.1155/2012/784364.

Kurtzke JF. Rating neurologic impairment in multiple scle-
rosis: an expanded disability status scale (EDSS). Neurology.
1983;33(11):1444-522.

Uitdehaag BMIJ. Disability outcome measures in phase III clinical
trials in multiple sclerosis. CNS Drugs. 2018;32(6):543-58. https
://doi.org/10.1007/s40263-018-0530-8.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/S0140-6736(08)61620-7
https://doi.org/10.1016/S0140-6736(08)61620-7
https://doi.org/10.1007/s12325-009-0082-x
https://doi.org/10.1007/s12325-009-0082-x
https://doi.org/10.1016/j.jpsychores.2012.09.011
https://doi.org/10.1016/j.jpsychores.2012.09.011
https://doi.org/10.1016/j.msard.2013.09.004
https://doi.org/10.1016/j.msard.2013.09.004
https://doi.org/10.1111/ane.12142
https://doi.org/10.1212/WNL.0000000000000560
https://doi.org/10.1212/WNL.0000000000000560
https://www.mssociety.org.uk/what-is-ms/types-of-ms
https://www.nationalmssociety.org/What-is-MS/Types-of-MS
https://www.nationalmssociety.org/What-is-MS/Types-of-MS
https://doi.org/10.1146/annurev.neuro.30.051606.094313
https://doi.org/10.1146/annurev.neuro.30.051606.094313
https://www.nationalmssociety.org/For-Professionals/Clinical-Care/Managing-MS/Disease-Modification#section-1
https://www.nationalmssociety.org/For-Professionals/Clinical-Care/Managing-MS/Disease-Modification#section-1
https://www.nationalmssociety.org/For-Professionals/Clinical-Care/Managing-MS/Disease-Modification#section-1
https://doi.org/10.1136/bmj.i3518
https://doi.org/10.1136/bmj.i3518
https://doi.org/10.1007/s40273-018-0683-9
https://doi.org/10.1007/s40273-018-0683-9
https://doi.org/10.1007/s40273-017-0577-2
https://doi.org/10.1007/s40273-017-0577-2
https://doi.org/10.1016/j.jval.2015.05.006
https://doi.org/10.1007/s40273-014-0150-1
https://doi.org/10.1007/s40258-013-0034-0
https://doi.org/10.1007/s40273-013-0063-4
https://doi.org/10.1007/s40273-013-0063-4
https://doi.org/10.1586/erp.13.14
https://doi.org/10.1586/erp.13.14
https://doi.org/10.1155/2012/784364
https://doi.org/10.1155/2012/784364
https://doi.org/10.1007/s40263-018-0530-8
https://doi.org/10.1007/s40263-018-0530-8

254

L. Hernandez et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lavery AM, Verhey LH, Waldman AT. Outcome measures
in relapsing-remitting multiple sclerosis: capturing disabil-
ity and disease progression in clinical trials. Mult Scler Int.
2014;2014:262350. https://doi.org/10.1155/2014/262350.
Meyer-Moock S, Feng YS, Maeurer M, Dippel FW, Kohl-
mann T. Systematic literature review and validity evaluation
of the Expanded Disability Status Scale (EDSS) and the Mul-
tiple Sclerosis Functional Composite (MSFC) in patients with
multiple sclerosis. BMC Neurol. 2014;14:58. https://doi.
org/10.1186/1471-2377-14-58.

Gehr S, Kaiser T, Kreutz R, Ludwig WD, Paul F. Suggestions for
improving the design of clinical trials in multiple sclerosis-results
of a systematic analysis of completed phase III trials. EPMA J.
2019;10(4):425-36. https://doi.org/10.1007/s13167-019-00192-z.
Zhang Y, Salter A, Wallstrom E, Cutter G, Stiive O. Evolution
of clinical trials in multiple sclerosis. Ther Adv Neurol Disord.
2019;12:1756286419826547. https://doi.org/10.1177/1756286419
826547.

Cinar BP, Yorgun YG. What we learned from the history of mul-
tiple sclerosis measurement: Expanded Disability Status Scale.
Noro Psikiyatr Ars. 2018;55(Suppl. 1):S69-75. https://doi.
org/10.29399/npa.23343.

van Munster CE, Uitdehaag BM. Outcome measures in clinical
trials for multiple sclerosis. CNS Drugs. 2017;31(3):217-36. https
://doi.org/10.1007/s40263-017-0412-5.

Cohen JA, Reingold SC, Polman CH, Wolinsky JS. International
Advisory Committee on Clinical Trials in Multiple Sclerosis. Dis-
ability outcome measures in multiple sclerosis clinical trials: cur-
rent status and future prospects. Lancet Neurol. 2012;11(5):467—
76. https://doi.org/10.1016/S1474-4422(12)70059-5.

Fischer JS, Rudick RA, Cutter GR, Reingold SC. The Multiple
Sclerosis Functional Composite measure (MSFC): an integrated
approach to MS clinical outcome assessment. National MS Soci-
ety Clinical Outcomes Assessment Task Force. Mult Scler J.
1999;5(4):244-50. https://doi.org/10.1177/135245859900500409.
Rudick RA, Cutter G, Baier M, Fisher E, Dougherty D, Wein-
stock-Guttman B, et al. Use of the Multiple Sclerosis Functional
Composite to predict disability in relapsing MS. Neurology.
2001;56(10):1324-30.

Tur C, Montalban X. Progressive MS trials: lessons learned. Mult
Scler. 2017;23(12):1583-92. https://doi.org/10.1177/1352458517
729460.

Ontaneda D, Fox RJ, Chataway J. Clinical trials in progressive
multiple sclerosis: lessons learned and future perspectives. Lan-
cet Neurol. 2015;14(2):208-23. https://doi.org/10.1016/S1474
-4422(14)70264-9.

Honarmand K, Akbar N, Kou N, Feinstein A. Predicting employ-
ment status in multiple sclerosis patients: the utility of the MS
functional composite. J Neurol. 2011;258(2):244-9. https://doi.
org/10.1007/s00415-010-5736-8.

Ozakbas S, Ormeci B, Idiman E. Utilization of the multiple scle-
rosis functional composite in follow-up: relationship to disease
phenotype, disability and treatment strategies. J Neurol Sci.
2005;232(1):65-9. https://doi.org/10.1016/j.jns.2005.01.008.
Miller DM, Rudick RA, Cutter G, Baier M, Fischer JS. Clini-
cal significance of the multiple sclerosis functional composite:
relationship to patient-reported quality of life. Arch Neurol.
2000;57(9):1319-24. https://doi.org/10.1001/archneur.57.9.1319.
Cohen JA, Cutter GR, Fischer JS, et al. Use of the multiple sclero-
sis functional composite as an outcome measure in a phase 3 clini-
cal trial. Arch Neurol. 2001;58(6):961-7. https://doi.org/10.1001/
archneur.58.6.961.

Bever CT Jr, Grattan L, Panitch HS, Johnson KP. The brief repeat-
able battery of neuropsychological tests for multiple sclerosis: a
preliminary serial study. Mult Scler. 1995;1(3):165-9. https://doi.
org/10.1177/135245859500100306.

A\ Adis

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Cadavid D, Phillips G, Dong-Si T, Tran J, Xu L. Efficacy and
safety of anti LINGO-1 for the treatment of relapsing forms
of multiple sclerosis: design of the phase 2 SYNERGY trial
(P3.154). Neurology. 2014;82(10 Suppl.).

Mellion M, Edwards KR, Hupperts R, Drulovié J, Montalban
X, Hartung H-P, et al. Efficacy results from the phase 2b SYN-
ERGY study: treatment of disabling multiple sclerosis with the
anti-LINGO-1 monoclonal antibody opicinumab (S33.004). Neu-
rology. 2017;88(16 Suppl.).

Rudick RA, LaRocca N, Hudson LD. MSOAC. Multiple Scle-
rosis Outcome Assessments Consortium: genesis and ini-
tial project plan. Mult Scler J. 2014;20(1):12-7. https://doi.
org/10.1177/1352458513503392.

LaRocca NG, Hudson LD, Rudick R, Amtmann D, Balcer L, Ben-
edict R, et al. The MSOAC approach to developing performance
outcomes to measure and monitor multiple sclerosis disability.
Mult Scler J. 2017;24(11):1469-84. https://doi.org/10.1177/13524
58517723718.

Critical Path Institute. Multiple Sclerosis Outcome Assessments
Consortium: MS data requests. https://c-path.org/programs/msoac
/. Accessed 20 Apr 2020.

Calabresi PA, Kieseier BC, Arnold DL, Balcer LJ, Boyko A, Pel-
letier J, et al. Pegylated interferon beta-1a for relapsing-remitting
multiple sclerosis (ADVANCE): a randomised, phase 3, dou-
ble-blind study. Lancet Neurol. 2014;13(7):657-65. https://doi.
org/10.1016/S1474-4422(14)70068-7.

Newsome SD, Kieseier BC, Liu S, You X, Kinter E, Hung S,
et al. Peginterferon beta-1a reduces disability worsening in
relapsing-remitting multiple sclerosis: 2-year results from
ADVANCE. Ther Adv Neurol Disord. 2017;10(1):41-50. https
://doi.org/10.1177/1756285616676065.

Polman CH, O’Connor PW, Havrdova E, Hutchinson M, Kap-
pos L, Miller DH, et al. A randomized, placebo-controlled trial
of natalizumab for relapsing multiple sclerosis. N Engl J Med.
2006;354(9):899-910. https://doi.org/10.1056/NEJMoa044397.
Kappos L, Radue EW, O’Connor P, Polman C, Hohlfeld R, Cala-
bresi P, et al. A placebo-controlled trial of oral fingolimod in
relapsing multiple sclerosis. N Engl J Med. 2010;362(5):387—401.
https://doi.org/10.1056/NEJM0a0909494.

Calabresi PA, Radue EW, Goodin D, Jeffery D, Rammohan KW,
Reder AT, et al. Safety and efficacy of fingolimod in patients
with relapsing-remitting multiple sclerosis (FREEDOMS II): a
double-blind, randomised, placebo-controlled, phase 3 trial. Lan-
cet Neurol. 2014;13(6):545-56. https://doi.org/10.1016/S1474
-4422(14)70049-3.

Cohen JA, Cutter GR, Fischer JS, Goodman AD, Heidenre-
ich FR, Kooijmans MF, et al. Benefit of interferon beta-1a on
MSEFC progression in secondary progressive MS. Neurology.
2002;59(5):679-87. https://doi.org/10.1212/wnl.59.5.679.
Freedman MS, Bar-Or A, Oger J, Traboulsee A, Patry D,
Young C, et al. A phase III study evaluating the efficacy and
safety of MBP8298 in secondary progressive MS. Neurology.
2011;77(16):1551-600. https://doi.org/10.1212/WNL.0b013
e318233b240.

Goodman AD, Brown TR, Krupp LB, Schapiro RT, Schwid
SR, Cohen R, et al. Sustained-release oral fampridine in mul-
tiple sclerosis: a randomised, double-blind, controlled trial.
Lancet. 2009;373(9665):732-8. https://doi.org/10.1016/S0140
-6736(09)60442-6.

Goodman AD, Brown TR, Edwards KR, Krupp LB, Schapiro RT,
Cohen R, et al. A phase 3 trial of extended release oral dalfampri-
dine in multiple sclerosis. Ann Neurol. 2010;68(4):494-502. https
://doi.org/10.1002/ana.22240.

Wolinsky JS, Narayana PA, O’Connor P, Coyle PK, Ford C, John-
son K, et al. Glatiramer acetate in primary progressive multiple
sclerosis: results of a multinational, multicenter, double-blind,


https://doi.org/10.1155/2014/262350
https://doi.org/10.1186/1471-2377-14-58
https://doi.org/10.1186/1471-2377-14-58
https://doi.org/10.1007/s13167-019-00192-z
https://doi.org/10.1177/1756286419826547
https://doi.org/10.1177/1756286419826547
https://doi.org/10.29399/npa.23343
https://doi.org/10.29399/npa.23343
https://doi.org/10.1007/s40263-017-0412-5
https://doi.org/10.1007/s40263-017-0412-5
https://doi.org/10.1016/S1474-4422(12)70059-5
https://doi.org/10.1177/135245859900500409
https://doi.org/10.1177/1352458517729460
https://doi.org/10.1177/1352458517729460
https://doi.org/10.1016/S1474-4422(14)70264-9
https://doi.org/10.1016/S1474-4422(14)70264-9
https://doi.org/10.1007/s00415-010-5736-8
https://doi.org/10.1007/s00415-010-5736-8
https://doi.org/10.1016/j.jns.2005.01.008
https://doi.org/10.1001/archneur.57.9.1319
https://doi.org/10.1001/archneur.58.6.961
https://doi.org/10.1001/archneur.58.6.961
https://doi.org/10.1177/135245859500100306
https://doi.org/10.1177/135245859500100306
https://doi.org/10.1177/1352458513503392
https://doi.org/10.1177/1352458513503392
https://doi.org/10.1177/1352458517723718
https://doi.org/10.1177/1352458517723718
https://c-path.org/programs/msoac/
https://c-path.org/programs/msoac/
https://doi.org/10.1016/S1474-4422(14)70068-7
https://doi.org/10.1016/S1474-4422(14)70068-7
https://doi.org/10.1177/1756285616676065
https://doi.org/10.1177/1756285616676065
https://doi.org/10.1056/NEJMoa044397
https://doi.org/10.1056/NEJMoa0909494
https://doi.org/10.1016/S1474-4422(14)70049-3
https://doi.org/10.1016/S1474-4422(14)70049-3
https://doi.org/10.1212/wnl.59.5.679
https://doi.org/10.1212/WNL.0b013e318233b240
https://doi.org/10.1212/WNL.0b013e318233b240
https://doi.org/10.1016/S0140-6736(09)60442-6
https://doi.org/10.1016/S0140-6736(09)60442-6
https://doi.org/10.1002/ana.22240
https://doi.org/10.1002/ana.22240

Predictors of Health Utility in Relapsing-Remitting and Secondary-Progressive Multiple Sclerosis

255

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

placebo-controlled trial. Ann Neurol. 2007;61(1):14-24. https://
doi.org/10.1002/ana.21079.

O’Connor P, Wolinsky JS, Confavreux C, Comi G, Kappos L, Ols-
son TP, et al. Randomized trial of oral teriflunomide for relapsing
multiple sclerosis. N Engl J Med. 2011;365(14):1293-303. https
://doi.org/10.1056/NEJMoal014656.

Hays RD, Sherbourne CD, Mazel RM. The RAND 36-Item
health survey 1.0. Health Econ. 1993;2(3):217-27. https://doi.
org/10.1002/hec.4730020305.

Hays RD, Morales LS. The RAND-36 measure of health-
related quality of life. Ann Med. 2001;33(5):350-7. https://doi.
org/10.3109/07853890109002089.

Ware JE Jr, Sherbourne CD. The MOS 36-item Short-Form health
survey (SF-36). I. Conceptual framework and item selection. Med
Care. 1992;30(6):473-83.

Brazier J, Roberts J, Deverill M. The estimation of a pref-
erence-based measure of health from the SF-36. J Health
Econ. 2002;21(2):271-92. https://doi.org/10.1016/s0167
-6296(01)00130-8.

Brazier JE, Roberts J. The estimation of a preference-based meas-
ure of health from the SF-12. Med Care. 2004;42(9):851-9. https
://doi.org/10.1097/01.ml1r.0000135827.18610.0d.

Kharroubi SA, Brazier JE, Roberts J, O’Hagan A. Modelling
SF-6D health state preference data using a nonparametric Bayes-
ian method. J Health Econ. 2007;26(3):597-612. https://doi.
org/10.1016/j.jhealeco.2006.09.002.

The University of Sheffield. SF-6D: calculating QALY's from the
SF-36 and SF-12. https://licensing.sheffield.ac.uk/i/health-outco
mes/SF-6D.html. Accessed 25 Dec 2019.

Motl RW, Cohen JA, Benedict R, Phillips G, LaRocca N, Hudson
LD, et al. Validity of the timed 25-foot walk as an ambulatory
performance outcome measure for multiple sclerosis. Mult Scler.
2017;23(5):704-10. https://doi.org/10.1177/1352458517690823.
Feys P, Lamers I, Francis G, Benedict R, Phillips G, LaRocca N,
et al. The Nine-Hole Peg Test as a manual dexterity performance
measure for multiple sclerosis. Mult Scler. 2017;23(5):711-20.
https://doi.org/10.1177/1352458517690824.

Strober L, DeLuca J, Benedict RH, Jacobs A, Cohen JA, Chiara-
valloti N, et al. Symbol Digit Modalities Test: a valid clinical trial
endpoint for measuring cognition in multiple sclerosis. Mult Scler.
2019;25(13):1781-90. https://doi.org/10.1177/135245851880820
4.

Orme M, Kerrigan J, Tyas D, Russell N, Nixon R. The effect of
disease, functional status, and relapses on the utility of people
with multiple sclerosis in the UK. Value Health. 2007;10(1):54—
60. https://doi.org/10.1111/§.1524-4733.2006.00144.x.

Hawton A, Green C. Health utilities for multiple sclerosis.
Value Health. 2016;19(4):460-8. https://doi.org/10.1016/j.
jval.2016.01.002.

Yalachkov Y, Soydas D, Bergmann J, Frisch S, Behrens M, Foerch
C, et al. Determinants of quality of life in relapsing-remitting
and progressive multiple sclerosis. Mult Scler Relat Disord.
2019;30:33-7. https://doi.org/10.1016/j.msard.2019.01.049.
Heesen C, Haase R, Melzig S, Poettgen J, Berghoff M, Paul F,
et al. Perceptions on the value of bodily functions in multiple
sclerosis. Acta Neurol Scand. 2018;137(3):356-62. https://doi.
org/10.1111/ane.12881.

Heesen C, Bohm J, Reich C, Kasper J, Goebel M, Gold SM.
Patient perception of bodily functions in multiple sclerosis:
gait and visual function are the most valuable. Mult Scler.
2008;14(7):988-91. https://doi.org/10.1177/1352458508088916.
Zhang J, Waubant E, Cutter G, Wolinsky J, Leppert D. Com-
posite end points to assess delay of disability progression by
MS treatments. Mult Scler. 2014;20(11):1494-501. https://doi.
org/10.1177/1352458514527180.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Guo S, Hernandez L, Saint-Laurent Thibault C, Proskorovsky
I, Phillips GA. Predicting the long-term clinical effectiveness of
daclizumab in relapsing-remitting multiple sclerosis: a new mod-
eling framework using discrete event simulation. Value Health.
2013;16(3):A101. https://doi.org/10.1016/j.jval.2013.03.478.
Hernandez L, Guo S, Altincatal A, Naoshy S, Watson C. PRM100:
modeling the natural history of secondary-progressive multiple
sclerosis: a new modeling approach using discrete event simula-
tion. Value Health. 2015;18(7):A700. https://doi.org/10.1016/j.
jval.2015.09.2617.

Tolley K, Hutchinson M, You X, Wang P, Sperling B, Taneja
A, et al. A network meta-analysis of efficacy and evaluation of
safety of subcutaneous pegylated interferon beta-1a versus other
injectable therapies for the treatment of relapsing-remitting mul-
tiple sclerosis. PLoS ONE. 2015;10(6):e0127960. https://doi.
org/10.1371/journal.pone.0127960.

Fogarty E, Schmitz S, Tubridy N, Walsh C, Barry M. Comparative
efficacy of disease-modifying therapies for patients with relaps-
ing remitting multiple sclerosis: systematic review and network
meta-analysis. Mult Scler Relat Disord. 2016;9:23-30. https://doi.
org/10.1016/j.msard.2016.06.001.

Siddiqui MK, Khurana IS, Budhia S, Hettle R, Harty G, Wong
SL. Systematic literature review and network meta-analysis of
cladribine tablets versus alternative disease-modifying treatments
for relapsing-remitting multiple sclerosis. Curr Med Res Opin.
2018;34:1361-71. https://doi.org/10.1080/03007995.2017.14073
03.

Goldman MD, LaRocca NG, Rudick RA, Hudson LD, Chin
PS, Francis GS, et al. Evaluation of multiple sclerosis disabil-
ity outcome measures using pooled clinical trial data. Neurol-
ogy. 2019;93(21):e1921-e19311931. https://doi.org/10.1212/
WNL.0000000000008519.

Giovannoni G, Gold R, Kappos L, Arnold DL, Bar-Or A,
Marantz JL, et al. Delayed-release dimethyl fumarate and dis-
ability assessed by the Multiple Sclerosis Functional Compos-
ite: integrated analysis of DEFINE and CONFIRM. Mult Scler
J Exp Transl Clin. 2016;2:2055217316634111. https://doi.
0rg/10.1177/2055217316634111.

Cohen J, Pelletier J, Chin P, Sfikas N, Karlsson G, Von Rosenstiel
P, et al. Efficacy of fingolimod in relapsing remitting multiple
sclerosis (RRMS) as measured by multiple sclerosis functional
composite: results from the TRANSFORMS, FREEDOMS, and
FREEDOMS 11 phase 3 studies. ECTRIMS Online Library; 2013.
https://onlinelibrary.ectrims-congress.eu/ectrims/2013/copen
hagen/34100/ludwig.kappos.efficacy.of.fingolimod.in.relapsing.
remitting.multiple.sclerosis.html. Accessed 4 Sep 2020.
Voloshyna N, Havrdové E, Hutchinson M, Nehrych T, You X,
Belachew S, et al. Natalizumab improves ambulation in relapsing-
remitting multiple sclerosis: results from the prospective TIMER
study and a retrospective analysis of AFFIRM. Eur J Neurol.
2015;22(3):570-7. https://doi.org/10.1111/ene.12618.
Baldassari LE, Nakamura K, Moss BP, Macaron G, Li H, Weber
M, et al. Technology-enabled comprehensive characterization of
multiple sclerosis in clinical practice. Mult Scler Relat Disord.
2020;38:101525. https://doi.org/10.1016/j.msard.2019.101525.
Stangel M, Penner IK, Kallmann BA, Lukas C, Kieseier BC.
Towards the implementation of 'no evidence of disease activ-
ity’ in multiple sclerosis treatment: the multiple sclerosis deci-
sion model. Ther Adv Neurol Disord. 2015;8(1):3—13. https://doi.
org/10.1177/1756285614560733.

Allen-Philbey K, Middleton R, Tuite-Dalton K, Baker E, Stennett
A, Albor C, et al. Can we improve the monitoring of people with
multiple sclerosis using simple tools, data sharing, and patient
engagement? Front Neurol. 2020;11:464. https://doi.org/10.3389/
fneur.2020.00464.

A\ Adis


https://doi.org/10.1002/ana.21079
https://doi.org/10.1002/ana.21079
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1002/hec.4730020305
https://doi.org/10.1002/hec.4730020305
https://doi.org/10.3109/07853890109002089
https://doi.org/10.3109/07853890109002089
https://doi.org/10.1016/s0167-6296(01)00130-8
https://doi.org/10.1016/s0167-6296(01)00130-8
https://doi.org/10.1097/01.mlr.0000135827.18610.0d
https://doi.org/10.1097/01.mlr.0000135827.18610.0d
https://doi.org/10.1016/j.jhealeco.2006.09.002
https://doi.org/10.1016/j.jhealeco.2006.09.002
https://licensing.sheffield.ac.uk/i/health-outcomes/SF-6D.html
https://licensing.sheffield.ac.uk/i/health-outcomes/SF-6D.html
https://doi.org/10.1177/1352458517690823
https://doi.org/10.1177/1352458517690824
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1111/j.1524-4733.2006.00144.x
https://doi.org/10.1016/j.jval.2016.01.002
https://doi.org/10.1016/j.jval.2016.01.002
https://doi.org/10.1016/j.msard.2019.01.049
https://doi.org/10.1111/ane.12881
https://doi.org/10.1111/ane.12881
https://doi.org/10.1177/1352458508088916
https://doi.org/10.1177/1352458514527180
https://doi.org/10.1177/1352458514527180
https://doi.org/10.1016/j.jval.2013.03.478
https://doi.org/10.1016/j.jval.2015.09.2617
https://doi.org/10.1016/j.jval.2015.09.2617
https://doi.org/10.1371/journal.pone.0127960
https://doi.org/10.1371/journal.pone.0127960
https://doi.org/10.1016/j.msard.2016.06.001
https://doi.org/10.1016/j.msard.2016.06.001
https://doi.org/10.1080/03007995.2017.1407303
https://doi.org/10.1080/03007995.2017.1407303
https://doi.org/10.1212/WNL.0000000000008519
https://doi.org/10.1212/WNL.0000000000008519
https://doi.org/10.1177/2055217316634111
https://doi.org/10.1177/2055217316634111
https://onlinelibrary.ectrims-congress.eu/ectrims/2013/copenhagen/34100/ludwig.kappos.efficacy.of.fingolimod.in.relapsing.remitting.multiple.sclerosis.html
https://onlinelibrary.ectrims-congress.eu/ectrims/2013/copenhagen/34100/ludwig.kappos.efficacy.of.fingolimod.in.relapsing.remitting.multiple.sclerosis.html
https://onlinelibrary.ectrims-congress.eu/ectrims/2013/copenhagen/34100/ludwig.kappos.efficacy.of.fingolimod.in.relapsing.remitting.multiple.sclerosis.html
https://doi.org/10.1111/ene.12618
https://doi.org/10.1016/j.msard.2019.101525
https://doi.org/10.1177/1756285614560733
https://doi.org/10.1177/1756285614560733
https://doi.org/10.3389/fneur.2020.00464
https://doi.org/10.3389/fneur.2020.00464

256

L. Hernandez et al.

82.

83.

84.

85.

86.

Lavorgna L, Brigo F, Moccia M, Leocani L, Lanzillo R, Clerico
M, et al. e-Health and multiple sclerosis: an update. Mult Scler.
2018;24(13):1657-64. https://doi.org/10.1177/135245851879962
9.

Isernia S, Pagliari C, Jonsdottir J, Castiglioni C, Gindri P, Grami-
gna C, et al. Efficiency and patient-reported outcome measures
from clinic to home: the human empowerment aging and dis-
ability program for digital-health rehabilitation. Front Neurol.
2019;10:1206. https://doi.org/10.3389/fneur.2019.01206.

Gold R, Kappos L, Arnold DL, Bar-Or A, Giovannoni G, Selmaj
K, et al. Placebo-controlled phase 3 study of oral BG-12 for
relapsing multiple sclerosis. N Engl J Med. 2012;367(12):1098—
107. https://doi.org/10.1056/NEJMoal114287.

Fox RJ, Miller DH, Phillips JT, Hutchinson M, Havrdova E, Kita
M, et al. Placebo-controlled phase 3 study of oral BG-12 or glati-
ramer in multiple sclerosis. N Engl J Med. 2012;367(12):1087-97.
https://doi.org/10.1056/NEJMoal206328.

Giovannoni G, Comi G, Cook S, Rammohan K, Rieckmann
P, Soelberg Sorensen P, et al. A placebo-controlled trial of

Affiliations

87.

88.

89.

oral cladribine for relapsing multiple sclerosis. N Engl J] Med.
2010;362(5):416-26. https://doi.org/10.1056/NEJM0a0902533.
Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Har-
tung HP, et al. Alemtuzumab versus interferon beta la as
first-line treatment for patients with relapsing-remitting mul-
tiple sclerosis: a randomised controlled phase 3 trial. Lan-
cet. 2012;380(9856):1819-28. https://doi.org/10.1016/S0140
-6736(12)61769-3.

Coles AJ, Twyman CL, Arnold DL, Cohen JA, Confavreux C,
Fox EJ, et al. Alemtuzumab for patients with relapsing multiple
sclerosis after disease-modifying therapy: a randomised con-
trolled phase 3 trial. Lancet. 2012;380(9856):1829-39. https://
doi.org/10.1016/S0140-6736(12)61768-1.

Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung H-P, Hem-
mer B, et al. Ocrelizumab versus interferon beta-1a in relapsing
multiple sclerosis. N Engl J Med. 2016;376(3):221-34. https://
doi.org/10.1056/NEJMoal601277.

Luis Hernandez' - Malinda O’Donnell? - Maarten Postma'>* - for MSOAC

Department of Health Sciences, University of Groningen,
University Medical Center Groningen, Groningen,
The Netherlands

Evidera, Waltham, MA, USA

Unit of Pharmacotherapy, Epidemiology and Economics,
University of Groningen, Groningen Research Institute
of Pharmacy, Groningen, The Netherlands

A\ Adis

4

Department of Economics, Econometrics and Finance,
Faculty of Economics and Business, University
of Groningen, Groningen, The Netherlands


https://doi.org/10.1177/1352458518799629
https://doi.org/10.1177/1352458518799629
https://doi.org/10.3389/fneur.2019.01206
https://doi.org/10.1056/NEJMoa1114287
https://doi.org/10.1056/NEJMoa1206328
https://doi.org/10.1056/NEJMoa0902533
https://doi.org/10.1016/S0140-6736(12)61769-3
https://doi.org/10.1016/S0140-6736(12)61769-3
https://doi.org/10.1016/S0140-6736(12)61768-1
https://doi.org/10.1016/S0140-6736(12)61768-1
https://doi.org/10.1056/NEJMoa1601277
https://doi.org/10.1056/NEJMoa1601277

	Predictors of Health Utility in Relapsing–Remitting and Secondary-Progressive Multiple Sclerosis: Implications for Future Economic Models of Disease-Modifying Therapies
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Data Source
	2.2 Outcome Measure
	2.3 Potential Predictors of Utility
	2.4 Data Handling and Statistical Analyses

	3 Results
	4 Discussion
	4.1 Limitations
	4.2 Future Analyses for Primary-Progressive Multiple Sclerosis

	5 Conclusions
	Acknowledgements 
	References




