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Introduction
Fatigue occurs in about 80% of people with multiple 
scleroris (MS)1,2 and affects health-related quality of 
life (HRQoL), daily activities, and work productiv-
ity.3,4 It is often present at disease onset and tends to 
worsen as disability progresses.5,6 Challenging the 
notion that disability progression is the most impor-
tant treatment goal in MS, there is evidence that 
fatigue may be just as important to MS patients as 
physical disability.4,7

The phase III OPTIMUM trial (NCT02425644)8 
compared the sphingosine 1-phosphate (S1P) recep-
tor modulator ponesimod 20 mg versus teriflunomide 
14 mg in relapsing remitting MS (RRMS) and second-
ary progressive MS (SPMS). The primary outcome 

was the annualized relapse rate (ARR) at week 108. 
Secondary efficacy outcomes included change in 
fatigue.

In OPTIMUM, fatigue was assessed using the Fatigue 
Symptoms and Impacts Questionnaire–Relapsing 
Multiple Sclerosis (FSIQ-RMS). The FSIQ-RMS9,10 
was developed in accordance with Food and Drug 
Administration (FDA) guidance11 to address limita-
tions of existing MS-specific patient-reported out-
come (PRO) fatigue instruments in RMS. It comprises 
a symptom domain (FSIQ-RMS-S) and an impact 
domain (FSIQ-RMS-I). OPTIMUM was its first 
application in a pivotal trial. Compared to terifluno-
mide, there was a significant difference in change in 
FSIQ-RMS-S score in favor of ponesimod.8
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Although improving fatigue is a key goal of MS man-
agement, it can be difficult to place changes in fatigue 
scores into a clinical context. One way to overcome 
this problem is to leverage data from stated prefer-
ence studies such as discrete choice experiments 
(DCEs), which quantify the relative importance of 
different outcomes to patients. The current study 
aimed to understand the clinical relevance of the dif-
ference in fatigue scores between ponesimod and teri-
flunomide in the OPTIMUM trial. This was achieved 
by combining data from OPTIMUM and from a 
recent DCE12 to determine the number of relapses per 
year and the change in time to MS progression that 
patients regarded as equal in importance as the treat-
ment difference in fatigue observed in OPTIMUM. 
This equivalent relapse rate was contextualized by 
comparing it to the treatment difference in OPTIMUM.

Materials and methods

DCE
This analysis used data from a web-based DCE that 
assessed treatment preferences of adults with active 
RMS, including clinically isolated syndrome (CIS), 
RRMS, or active SPMS (currently under review at 
Multiple Sclerosis Journal—Experimental, Translational 
and Clinical).12 The DCE was conducted in the United 
States, United Kingdom, Poland, and Russia. Here, we 
describe additional analyses based on that DCE.

DCE attributes included cognitive fatigue, physical 
fatigue, number of relapses within 2 years, and time to 
MS disease progression. The DCE estimated the max-
imum acceptable change in annual relapses and maxi-
mum acceptable change in time to MS progression 
that patients would accept for changes in cognitive 
and physical fatigue. The maximum acceptable 
increase in annual relapses was the change in ARR 
that MS patients would regard as equally as important 
as a given change in cognitive or physical fatigue.

After an interim analysis using DCE data for the first 
201 participants, two components were added to the 
DCE survey to enable the results to be applied to 
OPTIMUM: a fatigue level “mapping” task and the 
FSIQ-RMS-S. Attribute levels were updated 
(Supplemental Methods). The updated survey was 
then administered to the remaining DCE participants 
(n = 616).

FSIQ-RMS-S
The FSIQ-RMS-S consists of seven items that assess 
fatigue-related symptoms in the previous 24 hours.10 

The items are physical tiredness, mental tiredness, 
physical weakness, energy, feeling worn out, feeling 
sleepy, and feeling worn out while at rest. Respondents 
are asked to rate each item on an 11-point numerical 
rating scale (NRS) from 0 (no symptoms) to 10 (high-
est level of symptoms). Scores for individual items are 
summed to give an FSIQ-RMS-S score of 0–70, 
which is then rescaled to range from 0 to 100. A higher 
FSIQ-RMS-S score indicates more severe fatigue.

Fatigue level mapping
In the DCE, physical fatigue and cognitive fatigue 
were both measured on a 4-point scale: “no diffi-
culty,” “a little difficulty,” “moderate difficulty,” 
and “quite a bit of difficulty.” In the fatigue level 
mapping task, DCE participants were presented with 
three of these attribute levels for physical fatigue (“a 
little difficulty,” “moderate difficulty,” and “quite a 
bit of difficulty”) and were instructed to assign 
numeric ratings to each level on an 11-point NRS 
similar to the one used in the FSIQ-RMS-S 
(Supplemental Figure 1). The low and high anchors 
on this NRS were denoted as “no difficulty” and 
“extremely difficult” to align them with the 0 and 10 
anchors on the FSIQ-RMS-S NRS.

The mean numeric ratings from the DCE participants 
who completed the mapping task were used to assign 
a score on the FSIQ-RMS-S scale for each of the three 
fatigue levels (“a little difficulty,” “moderate diffi-
culty,” and “quite a bit of difficulty”). Physical fatigue 
and cognitive fatigue were mapped separately to the 
FSIQ-RMS-S. Because the FSIQ-RMS-S includes 
seven items, this approach required that the FSIQ-
RMS-S be unidimensional (i.e. that most of its vari-
ance be described by a single underlying factor). 
During its development, unidimensionality of the 
FSIQ-RMS-S was demonstrated in confirmatory fac-
tor and Rasch analyses.10

Linearity of the mapping was tested by fitting a linear 
function to the mapped FSIQ-RMS-S values and cal-
culating the coefficient of determination (R2). 
Linearity was defined as R2 > 0.90.

Maximum acceptable increase in relapses/year 
and maximum acceptable decrease in time to MS 
progression
The DCE data were used to estimate the maximum 
acceptable increases in annual relapses and maximum 
acceptable decreases in time to MS progression that 
patients would be willing to accept for changes in DCE 
cognitive and physical fatigue levels. The treatment 
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difference in least-square (LS) mean FSIQ-RMS-S 
score change from baseline to week 108 in OPTIMUM 
was then calculated as a proportion of the difference 
in FSIQ-RMS-S scores corresponding to an improve-
ment in fatigue level in the DCE. Finally, values were 
calculated for maximum acceptable increase in annual 
relapses and maximum acceptable decrease in time to 
MS progression corresponding to the treatment differ-
ence in LS mean FSIQ-RMS-S score change in 
OPTIMUM (Figure 1, Supplemental Methods). 
Separate analyses were done for cognitive and physi-
cal fatigue. The analyses were repeated for each level 
of fatigue (“a little difficulty,” “moderate difficulty,” 
and “quite a bit of difficulty”), as well as for the aver-
age of all fatigue levels. “No difficulty” was excluded 
from the analyses because it was the least severe 
fatigue level included in the DCE, making it impos-
sible to elicit patient preferences for improvements in 
fatigue from “no difficulty.” To test whether level of 
fatigue had an effect on patient preferences, an inter-
acted multinomial logit model was used (Supplemental 
Methods).

Comparison to ARR in OPTIMUM
To assess the importance of the between-treatment 
difference in FSIQ-RMS-S relative to the between-
treatment difference in ARR in OPTIMUM, the val-
ues for maximum acceptable increase in annual 
relapses derived from the DCE were compared to the 
ARR results from OPTIMUM. In the main compari-
son, ARR in OPTIMUM was derived from confirmed 
relapses. A sensitivity analysis was also conducted in 
which the ARR in OPTIMUM was derived from both 
confirmed and unconfirmed relapses to reflect differ-
ent severities of relapses.

Results

DCE participants versus patients in OPTIMUM
Patients in OPTIMUM (ponesimod 20 mg n = 567, 
teriflunomide 14 mg n = 566) and DCE participants 
(N = 817) were generally similar on race and employ-
ment status (Table 1). However, compared to the 
OPTIMUM patients, mean age was approximately 5 
years higher for the DCE participants and the propor-
tion of females was also higher. The DCE sample fur-
ther included a greater proportion of people from 
North America, and some DCE participants (1.5%) 
had CIS, an MS subtype not represented in the 
OPTIMUM sample.

The most important difference between the DCE and 
OPTIMUM samples is that DCE participants reported 

a greater level of baseline fatigue (Supplemental 
Figure 2), with a mean FSIQ-RMS-S score of 54.4 for 
DCE participants versus 31.9 for OPTIMUM patients 
treated with ponesimod and 32.8 for OPTIMUM 
patients treated with teriflunomide (Table 1). This 
may be a reflection of the longer mean time since 
diagnosis in the DCE participants (9.4 years) than in 
the OPTIMUM patients (4.3 years for ponesimod and 
4.8 years for teriflunomide). Also, DCE participants 
had more active disease than the OPTIMUM sample 
(mean 3.9 vs 1.7 relapses in the previous 2 years).

FSIQ-RMS-S versus DCE fatigue level mapping
Participants’ responses to the mapping task are sum-
marized in units of FSIQ-RMS-S score in Table 2. 
The mean (standard deviation (SD)) FSIQ-RMS-S 
scores corresponding to the different DCE physical 
fatigue levels were 21.3 (12.4) for “a little difficulty,” 
51.5 (10.6) for “moderate difficulty,” and 83.7 (13.5) 
for “quite a bit of difficulty.” Mean FSIQ-RMS-S 
score for the DCE fatigue levels were similar between 
countries.

The mapping between DCE physical fatigue levels 
and the FSIQ-RMS-S scale was linear (R2 = 0.99), 
indicating that the DCE levels were evenly spaced 
along the scale used for the FSIQ-RMS-S. Based on 
the linearity of the mapping, FSIQ-RMS-S scores of 
25 for “a little difficulty,” 50 for “moderate diffi-
culty,” and 75 for “quite a bit of difficulty” (Table 3) 
were used to estimate maximum acceptable annual 
relapses and maximum acceptable decrease in time to 
MS progression (Figure 1).

Maximum acceptable increase in relapses/year in 
OPTIMUM
The treatment difference in FSIQ-RMS-S LS mean 
change from baseline to week 108 in OPTIMUM was 
3.57-points, with the ponesimod arm showing little 
change from baseline and the teriflunomide arm 
showing an increase in fatigue.8

In exchange for a 3.57-point change in FSIQ-RMS-S 
score, MS patients would be willing to accept an 
increase in relapse rate, the size of which depended on 
the level of fatigue. Using physical fatigue as the 
DCE analog for FSIQ-RMS-S, on average across the 
three physical fatigue levels (excluding “no diffi-
culty,” for which improvement in fatigue is not pos-
sible), a 3.57-point change in FSIQ-RMS-S score 
was equal in importance to an increase of 0.12 (95% 
confidence interval (CI) 0.10–0.13) relapses/year 
(Table 3). For lower levels of physical fatigue (“a 
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Table 1. Demographic and disease characteristics of participants in the DCE and patients in the OPTIMUM trial.

OPTIMUM trial (full analysis set) DCE (total sample) 
N = 817

 Ponesimod 20 mg n = 567 Teriflunomide 14 mg n = 566

Gender (%)
 Male 36.0 34.3 22.9
 Female 64.0 65.7 77.0
 Prefer not to say – – 0.1
Age (years)
 Mean (SD) 36.7 (8.7) 36.8 (8.7) 41.8 (10.8)
 Range 18, 55 18, 55 18, 82
 Median 36 37 –
Race (%)
 White 97.2 97.7 91.8
 Non-White – – 7.6
 Declined to answer/not applicable 1.4 1.4 0.6
 American Indian or Alaska Native 0 0.2 –
 Black or African American 0.5 0.4 –
 Other 0.9 0.9 –
Employment status
 Employed 60.7 60.0 56.3
 Not employed/other 39.3 40.0 –
 Full-time homemaker – – 9.8
 Student – – 2.8
 Retired – – 8.9
 Unemployed – – 8.9
 On disability pension – – 21.9
Geography, n (%)
 EU + UK 289 (51.0) 284 (50.2) 312 (38.2)
 Europe non-EU + Russia 233 (41.1) 239 (42.2) 155 (19.0)
 North America 32 (5.6) 24 (4.2) 350 (42.8)
 Rest of world 13 (2.3) 19 (3.4) –
Time since initial diagnosis (years)
 Mean (SD) 4.3 (5.2) 4.8 (5.6) 9.4 (7.6)
 Range 0.1, 32.4 0.1, 29.3 0.2, 43.8
MS subtype (%)
 RRMS 97.4 97.5 76.5
 SPMS 2.6 2.5 12.0
 CIS – – 1.5
 Relapsing MS (exact type unspecified) – – 10.0
Number of relapses in the 2 years prior to study entry (OPTIMUM) or prior to start date of current medicine (DCE)
 Mean (SD) 1.7 (0.9) 1.7 (0.9) 3.9 (1.0)a

 Range 0–5 0–6 3–6
FSIQ-RMS-S at baseline (OPTIMUM) or during the survey (DCE)b

 Mean (SD) 31.9 (20.4) 32.8 (19.1) 54.4 (20.2)
 Range 0–95.4 0–88.4 0–100
 Median 30.4 30.7 56.4

CIS: clinicallysolatedyndrome; DCE: discrete choice experiment; EU: European Union; FSIQ-RMS-S: Fatigue Symptoms and Impacts Questionnaire–
Relapsing Multiple Sclerosis, symptom domain; MS: multiple sclerosis; RMS: relapsing multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; SD: 
standard deviation; SPMS: secondary progressive multiple sclerosis; UK: United Kingdom.
aAll participants in the DCE reported that they had experienced relapses. The DCE inclusion criteria specified that patients had to self-report active MS, defined 
as ⩾ 1 MS attack in the previous year or ⩾ 2 MS attacks in the 2 years prior to starting their current disease-modifying therapy. Data on number of relapses were 
only captured for patients who reported that their most recent relapse occurred ⩾ 1 year previously (n = 271).
bScores on the FSIQ-RMS range from 0 to 100.
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little difficulty”), which is representative of the 
patients in OPTIMUM at baseline,8 the corresponding 
increase was 0.06 (95% CI 0.02–0.10) relapses/year. 
The results for moderate levels of fatigue “moderate 
difficulty” were similar at 0.06 (95% CI 0.03–0.09) 
relapses/year. For higher levels of physical fatigue 
(“quite a bit of difficulty”), the corresponding increase 
in relapse rate was 0.21 (95% CI 0.18–0.25) relapses/
year.

Using cognitive fatigue as the analog for FSIQ-
RMS-S, on average across the three cognitive fatigue 
levels, a 3.57-point change in FSIQ-RMS-S was also 
equal in importance to an increase of 0.12 (95% CI 
0.10–0.13) relapses/year (Table 3). For lower levels 
of cognitive fatigue (“a little difficulty”), the corre-
sponding increase was 0.09 (95% CI 0.05–0.13) 
relapses/year. The result was similar at 0.10 (95% CI 
0.07–0.13) relapses/year for the level of “moderate 
difficulty” and higher at 0.15 (95% CI 0.12–0.18) 
relapses/year for a cognitive fatigue level of “quite a 
bit of difficulty.”

Maximum acceptable decrease in time to MS 
progression in OPTIMUM
On average, across all levels of physical fatigue, par-
ticipants would accept a 0.32 year (95% CI 0.28–0.36) 

decrease in time to MS progression for a 3.57-point 
change in FSIQ-RMS-S score (Table 3). Similarly, 
across all levels of cognitive fatigue, participants 
would accept a 0.32 year (95% CI 0.27–0.36) decrease 
in time to MS progression for a 3.57-point change in 
FSIQ-RMS-S. As the severity of physical and cogni-
tive fatigue increased, participants would be willing 
to accept a larger decrease in time to MS progression 
for a 3.57-point reduction in FSIQ-RMS-S.

Interacted multinomial logit model
The interaction model showed that participants’ cur-
rent FSIQ-RMS-S level significantly affected impor-
tance of changes in fatigue, showing that the maximum 
acceptable increase in relapses/year and maximum 
acceptable decrease in time to MS progression (Table 
3) would be lower when considered by participants 
with higher current FSIQ-RMS-S and higher when 
considered by participants with lower current FSIQ-
RMS-S (Supplemental Table 1).

Comparison to the primary efficacy endpoint in 
the OPTIMUM study
To place the maximum acceptable increases in annual 
relapse values in context, we compared them to the 
ARR results from OPTIMUM. In OPTIMUM, mean 

Table 2. DCE/FSIQ-RMS-S mapping task.

Fatigue level Mean (SD) FSIQ-RMS-S score

Overall (n = 616) US (n = 300) UK (n = 106) Poland (n = 105) Russia (n = 105)

A little difficulty 21.3 (12.4) 20.9 (12.1) 24.1 (14.6) 20.6 (11.1) 20.6 (11.9)

Moderate difficulty 51.5 (10.6) 52.6 (10.0) 52.1 (9.3) 49.6 (10.1) 49.7 (13.1)
Quite a bit of difficulty 83.7 (13.5) 86.1 (12.0) 80.7 (10.8) 83.4 (15.8) 80.2 (16.1)

DCE: discrete choice experiment; FSIQ-RMS-S: Fatigue Symptoms and Impacts Questionnaire–Relapsing Multiple Sclerosis, symptom domain; SD: standard 
deviation; UK: United Kingdom; US: United States.

Table 3. Maximum acceptable increase in annual relapses and maximum acceptable decrease in time to MS progression for a 3.57-point 
improvement in FSIQ-RMS-S score.

Fatigue level Corresponding FSIQ-
RMS-S score

Maximum acceptable increase in 
annual relapses (95% CI)

Maximum acceptable decrease in time 
to MS progression in years (95% CI)

Physical fatigue Cognitive fatigue Physical fatigue Cognitive fatigue

A little difficulty 25 0.06 (0.02–0.10) 0.09 (0.05–0.13) 0.17 (0.05–0.28) 0.24 (0.13–0.35)

Moderate difficulty 50 0.06 (0.03–0.09) 0.10 (0.07–0.13) 0.15 (0.07–0.23) 0.28 (0.19–0.36)

Quite a bit of difficulty 75 0.21 (0.18–0.25) 0.15 (0.12–0.18) 0.57 (0.48–0.66) 0.40 (0.32–0.49)
Average across all levels – 0.12 (0.10–0.13) 0.12 (0.10–0.13) 0.32 (0.28–0.36) 0.32 (0.27–0.36)

CI: confidence interval; FSIQ-RMS-S: Fatigue Symptoms and Impacts Questionnaire–Relapsing Multiple Sclerosis, symptom domain; SD: standard deviation.
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baseline FSIQ-RMS-S scores were 31.9 in the ponesi-
mod arm and 32.8 in the teriflunomide arm. These 
values fall between the DCE fatigue levels of “a little 
difficulty” (FSIQ-RMS-S = 25) and “moderate diffi-
culty” (FSIQ-RMS-S = 50). For these baseline levels 
of fatigue, the maximum acceptable annual relapse 
values for “a little bit of difficulty” and “moderate dif-
ficulty” were 0.06 to 0.10, depending on whether 
physical or cognitive fatigue was used as the analog 
(Table 3). The treatment difference in ARR in 
OPTIMUM based on confirmed relapses was 0.088 
(95% CI 0.137–0.040). The treatment difference in 
ARR based on both confirmed and unconfirmed 
relapses was 0.099 (95% CI 0.053–0.146). Both treat-
ment differences in ARR significantly favor ponesi-
mod compared to teriflunomide. The magnitudes of 
the treatment differences in ARR are similar to the 
maximum acceptable increases in relapses/year for 
fatigue levels of “a little difficulty” or “moderate 
difficulty.”

Discussion
To our knowledge, this is the first study to use patient 
preference data to quantitatively compare scores on a 
fatigue PRO instrument for treatment outcomes in a 
clinical trial. Using the treatment difference in fatigue 
observed in OPTIMUM and data derived from a DCE 
on MS treatments, we estimated that, for physical and 
cognitive fatigue, fatigue levels similar to those of 
patients in OPTIMUM at baseline would equate to 
participants accepting an average of 0.06 to 0.10 more 
relapses per year or a 0.15 to 0.28 year decrease in 
time to MS progression to achieve the 3.57-point dif-
ference in FSIQ-RMS-S score change seen in 
OPTIMUM. The relapse values are similar to the 
treatment differences in ARR of 0.088 (confirmed 
relapses) and 0.099 (confirmed and unconfirmed 
relapses) in OPTIMUM, which suggests that patients 
would regard the improvement in ARR caused by 
ponesimod compared to teriflunomide as equal in 
importance to the difference in change in fatigue 
caused by ponesimod compared to teriflunomide. 
This consistency helps offset the absence of data 
regarding relapse severity in the DCE population. For 
a fatigue level of “quite a bit of difficulty,” partici-
pants would be willing to accept larger increases in 
relapse rate and decreases in time to MS progression 
to reduce fatigue.

Overall, the importance of the 3.57-point FSIQ-
RMS-S change, and hence maximum acceptable 
increases in relapses/year and maximum acceptable 
decrease in time to MS progression, increases with 
the baseline level of fatigue. However, the interaction 

model showed that those with currently higher levels 
of FSIQ-RMS-S would put less importance on the 
3.57-unit FSIQ-RMS-S change. This suggests that 
those accustomed to chronic fatigue are less willing to 
accept changes in ARR or time to MS progression, 
similar to an observation that MS patients with greater 
disability are less accepting of treatment-related 
risks.13

The questions in the DCE did not specify a starting 
level of fatigue, nor a direction for the change. 
Therefore, the DCE did not elicit preference data 
under the assumption that fatigue would improve or 
worsen. The results can be interpreted as reflecting 
either an improvement in fatigue or the prevention of 
worsening of fatigue, an important consideration 
since OPTIMUM showed prevention of worsening of 
fatigue with ponesimod, rather than improvement.

Several phase III RMS trials have included fatigue 
PROs as outcomes. In the TENERE,14 TEMSO,15 and 
TOWER16 trials of teriflunomide in adults with RMS, 
fatigue was captured using the Fatigue Impact Scale 
(FIS). In the TEMSO trial, patients reported only 
small changes from baseline in FIS, with no signifi-
cant differences among treatment arms.15 In the 
TOWER trial, a greater increase in fatigue with pla-
cebo compared with teriflunomide 14 mg was deter-
mined by analysis of covariance (ANCOVA), but not 
in a mixed model for repeated-measures analysis. No 
difference in fatigue between placebo and terifluno-
mide 7 mg was observed.16

Among pivotal trials of S1P receptor modulators, 
fatigue was only assessed using the Modified Fatigue 
Impact Scale (mFIS) in the TRANSFORMS17 and 
FREEDOMS II18 trials of fingolimod. OPTIMUM is 
the first trial of an S1P receptor modulator to imple-
ment a measure of fatigue as a pre-specified second-
ary endpoint using a validated disease-specific fatigue 
PRO.

Interpretation of the present findings should consider 
the limitations of the preference study and the general 
approach. Participants in the DCE reported greater 
fatigue than the OPTIMUM patients did at baseline, 
which may have skewed the estimation of numbers of 
additional relapses and decreases in time to MS pro-
gression participants would be willing to accept. 
However, we calculated maximum acceptable 
increase in annual relapses and maximum acceptable 
decrease in time to MS progression for different base-
line fatigue categories, thus adjusting for that differ-
ence. The DCE did not assess severity of relapses. If 
those relapses were more severe than in OPTIMUM, 
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the DCE results could place greater value on a change 
in fatigue. Therefore, additional analysis using all 
relapses from OPTIMUM effectively assesses less 
severe relapses to mitigate this concern.

In addition, the linear results from the mapping task 
may reflect simplification by responders (i.e. placing 
fatigue categories equidistantly on the NRS) rather 
than true linearity. However, the results for the DCE 
sample overall (all fatigue levels) had little depend-
ence on this linearity, suggesting that even if this lin-
earity reflects a simplification by responders, it is of 
limited impact. A further limitation is the lack of an 
“extreme difficulty” level for the fatigue attributes in 
the DCE. This meant that the values for maximum 
acceptable increase in annual relapses and maximum 
acceptable decrease in time to MS progression aver-
aged across different baseline fatigue levels did not 
cover the full range of fatigue severities represented 
on the FSIQ-RMS-S scale. Finally, fatigue is a multi-
dimensional, complex construct. In reducing it to sim-
pler elements, even with the unidimensionality of the 
FSIQ-RMS-S, we may have over-simplified it.

In summary, MS patients would regard the change in 
fatigue caused by ponesimod compared to terifluno-
mide as similar in importance to the change in ARR 
caused by ponesimod compared to teriflunomide and 
would accept decreases in time to MS progression for 
a change in fatigue equal to the 3.57-point change in 
OPTIMUM. These observations highlight the level of 
disruption caused by fatigue and the importance of 
fatigue treatment to people living with MS.
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