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Abstract
Background and purpose: Studies reporting the baseline determinants of cognitive per-
formance and treatment effect on cognition in patients with multiple sclerosis (MS) are 
limited. We investigated the baseline correlates of cognition and the long- term treatment 
effects of fingolimod 0.5 mg once daily on cognitive processing speed and attention in 
patients with relapsing- remitting MS.
Methods: This post hoc analysis pooled data from the phase 3 FREEDOMS and 
FREEDOMS II trials (N = 1556). We assessed the correlation between baseline patient 
demographic and disease characteristics and baseline 3- second Paced Auditory Serial 
Addition Test (PASAT- 3) scores (Spearman's rank test) and the changes from baseline in 
PASAT- 3 (mixed model repeated measures model) in the fingolimod and placebo (up to 
24 months) or placebo- fingolimod switched (from Month 24 up to 120 months) groups. 
Additionally, the predictive value of PASAT- 3 score for future disease outcomes was as-
sessed (Cox or logistic regression models).
Results: Among the variables assessed, lower PASAT- 3 score at baseline correlated with 
higher disease burden (total brain volume, T2 lesion volume, and Expanded Disability Status 
Scale score), longer disease duration and older age (p < 0.0001 for all). Fingolimod signifi-
cantly improved PASAT- 3 scores from baseline versus placebo at 6 (1.3; p = 0.0007), 12 
(1.1; p = 0.0044) and 24 months (1.1; p = 0.0028), with a sustained effect (overall treatment 
effect p = 0.0012) up to 120 months. Improvements were seen regardless of baseline cog-
nitive status (PASAT quartile). Baseline PASAT- 3 score was predictive of both clinical and 
magnetic resonance imaging measures of disease activity at Month 24 (p < 0.001 for all).
Conclusion: Early fingolimod treatment may offer long- term cognitive benefit in patients 
with relapsing- remitting MS.
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INTRODUC TION

Cognitive impairment affects 35%– 60% of people with multiple 
sclerosis (MS), is most marked in the domains of information pro-
cessing speed and memory, and has a negative impact on many as-
pects of quality of life [1]. Cognition is significantly linked to current 
and future employment status [2] and is an independent predictor of 
income among patients with MS [3].

Evidence from cross- sectional and longitudinal studies suggests 
that both clinical and magnetic resonance imaging (MRI) variables 
of disease worsening and progression (e.g., Expanded Disability 
Status Scale [EDSS] score, brain volume loss and MRI lesion load) are 
closely linked to cognitive measures, in both the short and long term 
[4– 7]. Recently, the concept of ‘cognitive relapses’ has also been 
advocated [8,9], and retrospective studies have found early cogni-
tive impairment to be an important predictor of disease progression 
[4,10]. The functional domains that are most severely impaired in 
MS are information processing speed, attention- executive function, 
and memory [11]. The 3- second Paced Auditory Serial Addition Test 
3 (PASAT- 3) is an auditory test that is often used to assess cognitive 
processing speed (CPS), attention and working memory functions 
in clinical trials [12]. Despite cognition being so intricately coupled 
with disease pathology and progression, studies reporting the long- 
term effects of disease- modifying therapies (DMTs) on cognition are 
limited [13]. It is therefore of interest to investigate the predictive 
value of cognitive measures for disease worsening in MS in large 
long- term, high- quality studies.

The present analysis pooled PASAT- 3 data from two fingolimod 
phase 3 trials [14,15] to: (1) explore correlations between baseline 
characteristics of patients with relapsing- remitting MS and PASAT- 3 
scores at baseline; (2) evaluate the effect of fingolimod 0.5 mg 
once daily on domains of CPS, attention, and working memory over 
10 years; and (3) assess the predictive value of PASAT- 3 for future 
disease outcome in patients with relapsing- remitting MS.

METHODS

Study design and patients

This study is a post hoc analysis of the pooled data from the core 
(24 months) and extension (up to 120 months) phases of two phase 
3, placebo- controlled, randomized clinical trials: FREEDOMS and 
FREEDOMS II. These studies compared the efficacy and safety of 
once- daily fingolimod (0.5- mg and 1.25- mg doses) with placebo. The 
random allocation was in a 1:1:1 ratio. Key eligibility criteria were 
patients aged 18– 55 years, a diagnosis of relapsing- remitting MS ac-
cording to the 2005 McDonald criteria, one or more documented 
relapses in the previous year (or two or more in the previous 2 years) 
and an EDSS score of 0– 5.5. Details of the study design and patient 
population of the two FREEDOMS trials have been reported else-
where and the primary results of these trials have been published in 
accordance with CONSORT guidelines [14,15]. In the present paper, 

we report data from patients who were in the fingolimod 0.5- mg 
arm from randomization until the end of the extension phase (Month 
120) and from patients who were in the placebo group during the 
core phase of the study and switched to fingolimod 0.5 mg at the 
end of the core study (i.e. after 24 months).

Assessments and data analysis

In the FREEDOMS and FREEDOMS II studies, clinical assessments 
were performed at screening and at randomization. Study vis-
its were scheduled at baseline and 1, 2, 3, 6, 9, 12, 15, 18, 21 and 
24 months after randomization. The EDSS score was determined 
every 3 months and the individual components of the Multiple 
Sclerosis Functional Composite were measured every 6 months. 
Standardized MRI scans were obtained at the screening visit and 
at 6, 12 and 24 months. Two pretreatment PASAT- 3 measurements 
were taken 14 days before baseline, and a further PASAT- 3 measure-
ment was taken at baseline, to reduce learning effect over subse-
quent repeated measures. All analyses at baseline were performed 
on the single baseline PASAT- 3 score at the start of the study.

The associations between baseline PASAT- 3 score and various 
patient demographics and baseline disease activity parameters were 
evaluated by (1) patient category and (2) quartiles based on baseline 
PASAT- 3 score. The changes in PASAT- 3 score on treatment from 
baseline to 6, 12, 24, 36, 48, 60, 72, 84, 96, 108 and 120 months 
were assessed. The predictive value of baseline PASAT- 3 score for 
disease outcomes at Month 24, such as annualized relapse rate, con-
firmed disability worsening, number of gadolinium- enhancing (Gd+) 
T1 lesions and new/newly enlarged T2 lesions, brain volume loss (as 
measured by annual rate of brain atrophy [ARBA]), no evidence of 
disease activity (NEDA- 4; no confirmed relapses, no 6- month con-
firmed disability worsening, no new or enlarging T2 lesions and an 
ARBA of ≤0.4%) were evaluated for patients overall and by baseline 
PASAT- 3 quartile (Q).

Statistical analysis

The present study reports post hoc analysis of pooled data from the 
FREEDOMS and FREEDOMS II studies. All analyses were based on 
the full analysis set, which includes patients who were randomized 
and received at least one dose of study medication during the core 
study phase, following the intention- to- treat principle. Data were 
summarized using descriptive statistics. The patients were catego-
rized into groups based on their baseline disease burden or sever-
ity. The differences in mean PASAT- 3 scores within the patient 
categories were compared using the Wilcoxon rank- sum (for two 
categories) and the Jonckheere- Terpstra (for three or more catego-
ries) tests. Quartiles of distribution of baseline PASAT- 3 score were 
considered to classify patients into three categories: ≤Q1 (0– 42; 
subgroup of patients with a low baseline PASAT- 3 score); >Q1, <Q3 
(43– 56); and ≥Q3 (57– 60; subgroup of patients with a high baseline 
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PASAT- 3 score). Furthermore, a multiple linear regression analysis 
was performed with variables found to be significantly associated 
with baseline PASAT- 3 score. Spearman's rank correlation coeffi-
cients and the associated 95% confidence intervals (CIs) were cal-
culated to investigate the relationship of baseline PASAT- 3 scores to 
baseline clinical and MRI characteristics. The within- group changes 
(mean, unadjusted) in PASAT- 3 scores for the fingolimod treatment 
group and the placebo group from baseline to 6, 12 and 24 months 
were assessed using the Wilcoxon rank- sum test. Change in PASAT- 3 
score in the two treatment groups over time was assessed using a 
mixed model for repeated measures (MMRM) and reported as ad-
justed mean. A sensitivity analysis (using data from the FREEDOMS 
trial), adjusting the MMRM model for change in PASAT- 3 score from 
pre- baseline value, was performed to account for potential learn-
ing effect. Cox proportional hazard models (relapse, disability and 
NEDA- 4 outcomes) and logistic regression models (MRI lesions and 
ARBA) were used to determine the associations among baseline 
PASAT- 3 score, treatment status, disease worsening and related 
measures (details of covariates presented in the corresponding fig-
ure footnote).

RESULTS

Study population

The analysis compared 783 patients in the fingolimod groups 
(425 from FREEDOMS and 358 from FREEDOMS II) with 773 pa-
tients in the placebo groups (418 from FREEDOMS and 355 from 
FREEDOMS II). Although patients from the FREEDOMS II study 
were older and had longer disease duration compared with those in 
FREEDOMS, the baseline characteristics of our analysis cohort were 
similar (Table S1).

PASAT- 3 and baseline characteristics

The mean (standard deviation [SD]) PASAT- 3 score at baseline was 
48.3 (10.7) for the fingolimod group and 47.5 (11.1) for the placebo 
group (p = nonsignificant). PASAT- 3 scores at baseline were signifi-
cantly related to a number of clinical and MRI variables (Table 1). 
There was a significant (p < 0.0001, Wilcoxon rank- sum test) differ-
ence between pretreatment PASAT- 3 scores for high (>1500 cm3) 
and low (≤1500 cm3) brain volume groups, and high (>3.5) and low 
(0– 3.5) EDSS groups. Patients with high brain volume and lower 
EDSS at baseline also had better PASAT performance. There was 
also a significant (p < 0.0001, Jonckheere- Terpstra test) step func-
tion relating T2 lesion volume, duration of MS, and age to pretreat-
ment PASAT- 3 scores, with a decline in baseline PASAT performance 
with increasing severity of each disease activity variable. However, 
multiple regression confirmed baseline brain volume, EDSS 
score, T2 lesion volume and age as significant correlates of base-
line PASAT- 3 score; duration of MS no longer showed significant 

correlation with baseline PASAT- 3 score (Figure 1). The PASAT- 3 
score quartile analysis showed a similar association; patients in the 
high- score PASAT- 3 quartile (≥Q3) were younger and had less se-
vere disease than patients in the low- score PASAT- 3 quartile (≤Q1; 
Table 2).

These associations were further confirmed by Spearman's cor-
relations with the continuous variables and PASAT- 3 (Spearman's 
r: total brain volume 0.278, 95% CI 0.224 to 0.331, p < 0.0001; 

TA B L E  1  Baseline PASAT- 3 score by patient category

Patient category n
PASAT- 3 score
Mean (SD) p value*

Age

≤30 years 308 50.1 (9.8) <0.0001

31– 40 years 557 48.9 (10.5)

≥41 years 665 46.1 (11.4)

Sex

Male 392 48.6 (11.3) 0.0395

Female 1138 47.7 (10.8)

Duration of MS since first symptom

0– 5 years 520 49.5 (9.9) <0.0001

>5– 10 years 452 48.1 (11.3)

>10 years 558 46.3 (11.2)

Number of relapses in the year prior to baseline

0 or 1 996 47.7 (10.9) 0.1264

>1 534 48.4 (11.0)

Previous treatment for MS

No 674 48.8 (10.4) 0.0074

Yes 856 47.2 (11.3)

EDSS score

0– 3.5 1279 48.9 (10.3) <0.0001

>3.5 251 42.8 (12.4)

Number of Gd+ T1 lesions

0 953 48.1 (10.9) 0.1071

1– 2 353 48.1 (10.8)

≥3 217 46.9 (10.8)

T2 lesion volume, cm3

<800 294 50.4 (9.2) <0.0001

800– 3,500 534 49.5 (9.7)

>3,500– 12,000 484 47.8 (10.8)

>12,000 210 40.9 (13.1)

Total brain volume

≤1,500 cm3 588 44.6 (11.9) <0.0001

>1,500 cm3 932 50.0 (9.6)

Abbreviations: EDSS, Expanded Disability Status Scale; Gd+, 
gadolinium- enhancing; MS, multiple sclerosis; PASAT- 3, 3- second Paced 
Auditory Serial Addition Test .
SD, standard deviation.
*p values are from Wilcoxon rank- sum tests for trend (for two groups) 
and from the Jonckheere- Terpstra test (for three or more groups).
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EDSS −0.274, 95% CI −0.328 to −0.220, p < 0.0001; T2 lesion vol-
ume −0.238, 95% CI −0.293 to −0.183, p < 0.0001; duration of MS 
−0.153, 95% CI −0.210 to −0.097, p < 0.0001; age −0.189, 95% CI 
−0.245 to −0.132, p < 0.0001). There were no significant correla-
tions between relapses, or Gd+ lesions at baseline, and PASAT- 3 
scores (data not shown).

PASAT- 3 and treatment effect of fingolimod

A statistically significant improvement (Wilcoxon rank- sum test) in 
PASAT- 3 scores from baseline was observed in fingolimod- treated 
(49.2 vs. 48.6 at baseline, mean change 0.6; p = 0.0352) compared 
with placebo- treated (47.2 vs. 47.5, mean change −0.3) patients early 
at 6 months, and this was maintained at Month 12 (fingolimod, 49.6 
vs. 48.5; mean change of 1.1 as compared with placebo, 47.7 vs. 
47.4; mean change 0.3, p = 0.0152) and Month 24 (fingolimod, 50.8 
vs. 48.7; mean change 2.1 as compared with placebo, 48.9 vs. 47.7; 
mean change 1.2, p = 0.0157). In the MMRM analysis of change in 
PASAT- 3 score between the two treatment groups, a statistically sig-
nificant improvement was noted during the core phase of the studies. 

A numerical difference was still observed after the switch of the 
placebo group at 24 months to fingolimod at most time points dur-
ing the study, with a statistically significant difference observed at 
certain time points over the 120- month follow- up period (Figure 2). 
The overall treatment effect of fingolimod in improving PASAT- 3 
performance was statistically significant (fingolimod vs. placebo- 
fingolimod mean change, baseline to M120 1.5; p = 0.0012). The re-
sults of the sensitivity analysis are presented in Figure S1. To check 
for the influence of study discontinuations on the overall results, we 
performed a ‘completer analysis’ in the subgroup of patients who 
had available data up to week 108; this comprised 465 (32.9%) out 
of the total of 1413 patients. The effect sizes in the completer analy-
sis were qualitatively similar and in the same direction as the main 
results. The overall treatment effect was statistically significant (fin-
golimod vs. placebo- fingolimod mean change, baseline to M108 1.2; 
p = 0.0427), although not always significant, probably due to the 
lower sample size (data not shown).

Treatment with fingolimod resulted in improved PASAT- 3 scores 
in patient categories as well, with a significant difference observed 
until Month 24 (end of core study phase). However, no difference 
between fingolimod and placebo was observed from Month 36 

F I G U R E  1  3- second Paced Auditory Serial Addition Test (PASAT- 3) scores at baseline as a function of baseline characteristics: (a) total 
brain volume; (b) Expanded Disability Status Scale (EDSS) score; (c) T2 lesion volume; (d) duration of disease; and (e) age. The single baseline 
scores at the start of each study were used to calculate pretreatment PASAT- 3 scores of the pooled study. Data presented as mean (95% 
confidence interval). p values are from linear regression analysis. Only patients with non- missing values for all baseline characteristics are 
included in the analysis. n = patients who performed two PASAT- 3 assessments on Day – 14 and one PASAT- 3 assessment on Day 1
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onwards, when patients on placebo switched to active treatment 
(Figure 3; data beyond Month 36 not shown).

Predictive value of PASAT- 3 for future 
disease outcomes

Baseline PASAT- 3 scores were found to be predictive of time to first 
confirmed relapse, time to confirmed disability worsening, freedom 
from Gd+ lesions and new T2 lesions, brain atrophy and disease ac-
tivity status at Month 24 (Figure 4). Across the PASAT- 3 quartiles, 
patients treated with fingolimod had significantly better outcomes 
compared to placebo- treated patients for both clinical (relapses, and 
disability worsening; Figure 4a) and MRI- related (Gd+ lesions, new 
or enlarging T2 lesions, brain volume loss; Figure 4b,c) measures of 
disease activity. Treatment with fingolimod significantly reduced 
time to first disease activity on the composite NEDA- 4 endpoint 
in all PASAT- 3 quartiles (Figure 4d). The fingolimod treatment was 
beneficial across disease variables, irrespective of baseline PASAT- 3 
score, with the most pronounced effect noted in patients who had 
higher baseline PASAT- 3 score.

DISCUSSION

Cognitive impairment is evident in all stages of MS. Cognitive reha-
bilitation has progressed, but is currently far from being a univer-
sal, feasible therapeutic option [16,17]. Symptomatic medication 
and phytomedicines are ineffective, and there is some evidence for 
the efficacy of DMTs for cognition in MS [18]. Observational, often 
uncontrolled, studies provide evidence supporting the treatment 
effect on cognitive dysfunction for interferon- beta [19] and natali-
zumab [20,21]. There are several other, open- label studies with vary-
ing findings [22– 24]. Recently, more randomized clinical trials have 
been evaluating cognitive performance; however, very limited data 
are available. Longer cognitive batteries would be more informative 
[25]. We have presented a post hoc analysis of data pooled from two 
large phase 3 clinical trials, totalling 1556 patients with relapsing- 
remitting MS, evaluating the efficacy of fingolimod in improving 
cognitive performance, mainly CPS, attention and working memory, 
as measured by PASAT- 3. This large dataset also gave us the op-
portunity to explore the value of baseline cognition (represented by 
PASAT- 3 score) as a correlate of disease variables and a predictor of 
disease progression.

Our findings linking PASAT- 3 performance to disease and other 
patient variables are largely consistent with previous work. We have 
demonstrated a clear relationship between PASAT- 3 score, brain 
volume and EDSS, which is consistent with findings from smaller 
studies [6,26]. The correlation we reported between PASAT- 3 score 
and T2 lesion volume, −0.238, is close to that derived in a recent 
meta- analysis between cognition and T2 lesion volume in MS (−0.30) 
[27]. Disease duration and age have been linked extensively to cog-
nitive function in MS [26,28], as we found in the present study. We TA
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did not find a significant correlation between PASAT- 3 score and 
Gd+ lesions, which contradicts a previous study [29]. Bellman- Strobl 
et al. [29]collected data on cognition and MRI in MS patients with 
frequent retesting, and it may be that our 6- monthly data sampling 
was not sufficiently fine- grained to demonstrate this association. 

Taken together, these correlations sit comfortably with previous 
work, confirming the interrelations between cognition and disease 
and other variables in our larger dataset.

Baseline PASAT- 3 scores were good predictors of future disease 
worsening and other pathologies in the short term (24- month study 

F I G U R E  2  Mean change from baseline in 3- second Paced Auditory Serial Addition Test (PASAT- 3) scores –  pooled FREEDOMS 
studies*. *Mixed model for repeated measures model included the covariates visit, treatment, baseline PASAT- 3 score, age (≤30, 31– 40, 
>40 years), duration of multiple sclerosis (MS) since first symptom (≤5, 5– 10, >10 years), baseline Expanded Disability Status Scale (EDSS) 
score (≤3.5, >3.5), baseline normalized brain volume (≤1,500, >1,500 cm3), T2 lesion volume at baseline (<800, 800– 3,500, >3,500– 
12,000, >12,000 mm3), and a visit*treatment interaction. p values are for comparisons between fingolimod and placebo- fingolimod groups 
[Correction added on 03 November 2021, after first online publication: The interval of Months and the alignment of the overall p-value have 
been corrected in the Figure 2 image.]
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duration). There are several convincing smaller studies of cognition 
predicting disease outcomes and MRI pathology in the medium and 
long term. Cognition at diagnosis of clinically isolated syndrome pre-
dicts time to clinically definite MS [30], cognition at MS diagnosis 
predicts disability progression [31], and cognition predicts disabil-
ity accumulation and cortical thinning [10]. Learning ability on the 
PASAT also predicts disease progression [32]. Our larger dataset and 
more frequent assessments have enabled us to demonstrate this 
predictive power in a shorter time frame.

Fingolimod acts by modulating S1P receptors expressed on 
the neural cells which are relevant for the MS pathology [33]. 
Fingolimod crosses the blood– brain barrier, and preclinical and 
in vitro studies suggest that fingolimod reduces neurodegener-
ative processes and promotes myelin preservation, repair and 
normalization of neurological function [34]. The clinical efficacy 
demonstrated in the phase 3 studies of fingolimod [14,15] give 
credence to direct central nervous system effects of fingolimod. 
A recent small observational trial has reported reduced functional 
connectivity in the posterior (parieto/occipital) cortex and cere-
bellum after fingolimod treatment [35]. There was a correlation 
with an increase in PASAT scores. The reduction in functional 
connectivity, correlating with PASAT performance, after fingoli-
mod treatment could possibly be explained by the drug allowing 
adaptive neuroplastic changes which reduce functional overload 
and hence support network efficiency, in addition to having anti- 
inflammatory effects [36].

We observed a clear cognitive advantage in the fingolimod- 
treated patients compared with placebo. The fact that a significant 
difference in mean PASAT- 3 score emerges at 6 months and remains 
for the 24 months of double- blind phases of the trials, and that a 
clear difference is maintained till the end of the study, indicates that 
early treatment with fingolimod was effective in preserving cog-
nitive function in the long term. The 2.1- point difference in mean 
PASAT- 3 score at 24 months is close to the reported 2.5 mean differ-
ence between MS patients with stable and deteriorated work status 
after 40 months [37], and is therefore arguably clinically meaningful 
[22]. PASAT mean scores also significantly differentiate work- stable, 
work- challenged and work- disabled MS patient groups [38], clearly 
linking PASAT performance to real- world function. It has also been 
noted that early effective treatments are associated with better so-
cioeconomic outcomes [39]. The present study reports an early ef-
fect of fingolimod on cognitive functioning as measured by PASAT, 
in accordance with the long- term benefits seen on the clinical and 
MRI outcomes over a decade of fingolimod treatment [40]. The early 
treatment effect observed in the present study occurs much sooner 
than the treatment advantage with interferon- beta observed in the 
BENEFIT trial in clinically isolated syndrome [41]. The different trial 
design and target patient population may explain this difference. A 
clear treatment benefit was observed in patients receiving placebo 
who switched to fingolimod after 24 months, highlighting the impor-
tance of early treatment with an effective DMT, such as fingolimod, 
for preserving future cognitive function. Furthermore, treatment 
with fingolimod improved PASAT- 3 scores regardless of the patient's 

baseline cognitive status; all patients benefitted from fingolimod 
treatment, from the most impaired patients who had a lower base-
line PASAT- 3 score (<Q1, 0– 42) to the best performers with a base-
line PASAT- 3 score of 57 or higher. In our analysis, patients with 
low cognitive performance at baseline had worse outcomes in the 
follow- up. Based on the MMRM analysis (overall dataset and the 
M108 completer set), the treatment- by- time interaction effect was 
insignificant in both analyses; however, baseline PASAT- 3 score was 
a significant covariate in both the models (Table S2). This supports 
low baseline cognitive performance as a risk factor for worse clini-
cal and cognitive disability in the long term [4,42]. These improve-
ments are of clinical relevance and even more so for patients with 
lower PASAT scores than those patients with high scores at baseline, 
considering the ceiling effect associated with this tool, which limits 
the sensitivity to performance changes over time. Our results were 
further corroborated by the findings in a recent open- label, rater- 
blinded, randomized study wherein fingolimod treatment resulted 
in significant improvement from baseline in cognitive performance 
as assessed by Rao's Brief Repeatable Battery and the Delis- Kaplan 
Executive Function System test [43]. It is important to note that the 
PASAT- 3 score is less influenced by cultural differences and there-
fore appropriate for multinational trials [44].

The present results, together with the current evidence, suggest 
that early treatment with high- efficacy DMTs is likely to be most 
beneficial [45] and that cognitive status should be routinely evalu-
ated in MS clinics [25]. In the future, it may be possible to use cog-
nitive status as formal evidence of breakthrough disease and as an 
indicator for treatment escalation. Currently, cognitive decline can 
alert clinicians to assess other variables that can define high- risk sce-
narios [46].

There are a number of limitations of the present study that need 
to be borne in mind. Firstly, we have analysed pooled data from two 
studies from a post hoc perspective. We cannot rule out that knowl-
edge of the results affected the analysis plan. Secondly, the trials 
were not designed specifically to investigate cognition as a primary 
outcome measure and the participants were not selected for cogni-
tive status [13]. Thirdly, we only have data on the PASAT- 3 scores, 
not a cognitive battery, and hence accessed only a limited sample 
of the cognitive function of the recruited patients [47]. Fourthly, 
the PASAT- 3 score is less stringent than the PASAT- 2 [48], and so 
may have failed to differentiate within patients in the severe cog-
nitive impairment quartiles and may have been more susceptible 
to practice effects [49]. Learning effects on the PASAT have been 
reported in a separate paper [32]. It should also be noted that, for 
PASAT, a clinically meaningful threshold has not been established as 
yet, unlike the symbol digit modality test, for which a difference in 
four points approximating a magnitude of 10% change is considered 
clinically relevant [50]. Finally, the patients were within major phase 
3 trials and there is an acknowledged selection bias among trial par-
ticipants. Also, as with all longitudinal studies, a significant drop- out 
rate was noted and may have influenced the results. The present 
results, therefore, may not be generalizable to the broader relapsing- 
remitting MS patient community.
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