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Abstract

Background: The timed 25-foot walk (T25FW) is a key clinical outcome measure in multiple sclerosis
patient management and clinical research.

Objectives: To evaluate T25FW performance and factors associated with its change in the Multiple Scle-
rosis Outcome Assessments Consortium (MSOAC) Placebo Database (n=2465).

Methods: We created confirmed disability progression (CDP) variables for T25FW and Expanded Dis-
ability Status Scale (EDSS) outcomes. We used intraclass correlation coefficients (ICCs) and Bland
Altman plots to evaluate reliability. We evaluated T25FW changes and predictive validity using a mixed-
effects model, survival analysis, and nested case—control analysis.

Results: The mean baseline score for the T25FW in this study population was 9.2 seconds, median=6.1
(standard deviation=11.0, interquartile range (IQR)=4.8, 9.0). The T25FW measure demonstrated excel-
lent test—retest reliability (ICC=0.98). Walk times increased with age, disability, disease type, and dis-
ease duration; relapses were not associated with an increase. Patients with T25FW progression had a
faster time to EDSS-CDP compared to those without (hazards ratio (HR): 2.6; confidence interval (CI):
2.2,3.1). Changes in the T25FW were more likely to precede changes in EDSS.

Conclusion: This research confirms the association of the T25FW with disability and provides some
evidence of predictive validity. Our findings support the continued use of the T25FW in clinical practice
and clinical trials.
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Background MS functional composite (MSFC), though it has been
used as a standalone measure in clinical studies.
Based on existing research, the T2SFW demonstrates
strong content validity, criterion validity, construct
validity, responsiveness, and clinical meaningful-
ness.> Prior research has not established predictive
validity of the test and has not explored the test in a
treatment-naive population. In-depth patient-level

analysis for T25FW has not been reported for a large

Multiple sclerosis

Multiple sclerosis (MS) is a demyelinating and
chronic neurologic condition affecting over 900,000
patients in the United States.! Among all of the symp-
toms in MS, walking dysfunction has long been rec-
ognized as a predominant impairment from early

accounts of the disease.? Of persons with MS who
have difficulty walking, 70% report it as being the
most challenging aspect of having MS.?

The timed 25-foot walk (T25FW) is the most com-
monly used standalone measure of ambulation.* The
T25FW is typically conducted as a component of the

heterogeneous cohort of MS patients.

The two largest known studies to date on the T25FW
include research on the full Multiple Sclerosis
Outcomes Assessment Consortium (MSOAC) data-
base of 14 clinical trials (12,776) patients®’ and a
meta-analysis of T25FW outcomes across 50
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individual studies (REF).® These studies included
both treated and untreated patients. We focused our
research on outcomes in the placebo arm subset of the
MSOAC database, which approximates the course of
ambulatory changes in an untreated population.

Objectives

Based on our review of the literature, we established
four aims to support further use of the T25FW as a
clinical outcome. First, we investigated the associa-
tion between demographic and clinical characteris-
tics with baseline T25FW. Second, we examined the
consistency of the measure through assessments of
test-retest reliability at individual patient visits.
Third, we characterized the association of demo-
graphics and clinical factors with changes over time
in the T25FW. Fourth, we investigated associations
of a 20% change in the T25FW with sustained disa-
bility progression on the Expanded Disability Status
Scale (EDSS).

Methods

Study population. Our study population is drawn
from the MSOAC database, established in 2012 to
test and validate outcome measures in MS across clin-
ical trials.>!9 The full database includes outcomes
from 16 trials conducted primarily over the years
2000-2013 that were harmonized based on a clinical
data standard created by the consortium. Key results
from the full dataset have been published.®” The pla-
cebo arms for nine of these trials, totaling 2465
patients, was made available for research by the
MSOAC. Datasets were anonymized with respect to
both patient and clinical trial identifiers prior to our
analysis.

Outcomes. The T25FW score is calculated by aver-
aging the two trials conducted at a single visit. In
alignment with National MS Society Guidelines, we
set T25FW maximum values to 180seconds.!! We
defined T25FW confirmed disability progression
(CDP) as a change that was = 20% from the baseline
score with a = 20% increase sustained at a time point
= 90 days from this first increase. We constructed an
EDSS confirmed progression variable using the same
time intervals and defined worsening as: baseline 0
required a 1.5-point increase, baseline 0-5.5 required
a l-point increase, baseline =6.0 required a 0.5
increase.'? We created a binary variable to represent
low disability (EDSS=<4) and high disability
(EDSS>4). Relapses were neurologist-confirmed
according to study protocols. There is general consis-
tency in the definitions of relapses among studies.

Variables for age, sex, race, disease type, and disease
duration were drawn directly from MSOAC datasets.

Statistical analysis. We calculated basic descriptive
statistics for demographic and clinical characteristics,
including measures of central tendency (means and
medians) and variability (interquartile ranges (IQRs),
standard deviation). We measured intraclass correla-
tion coefficients (ICCs) for the two T25FW trials at
the baseline and final visits for each patient.!3-14 We
examined concordance through a Bland Altman plot
of the two trials at the baseline visit. We calculated
annualized changes in T25FW over time based on
first and last T25FW scores. We categorized T25FW
groups using previously validated cutoff scores of
<6seconds, 6-7.99seconds, and >8seconds.!> We
used mixed-effects linear regression models to evalu-
ate changes in the T25FW (n=16,552). As predictors,
we included age as a continuous centered variable,
gender, baseline EDSS, relapses during the study
period, EDSS-CDP, and disease type. We utilized an
unstructured covariance model and included both a
random intercept and random slope. We used Akaike
information criterion (AIC) scores to evaluate relative
model fit.

We used the Kaplan—Meier estimator and Cox pro-
portional hazards ratio to estimate the survival func-
tion of EDSS-CDP in patients with and without
T25FW CDP. In patients with both T25FW and
EDSS-CDP, we examined when these events
occurred. We used an incidence density sampling
method in a nested case—control study and matched
cases (patients with T25FW progression) to controls
(patients without) based on age, gender, and disease
type to assess the relationship to EDSS-CDP. All
p-values were two-tailed and p <0.05 was consid-
ered significant.

We did not impute missing data. We used pairwise
analysis rather than listwise analysis to maximize
use of all available data and the mixed model
assumes missingness at random. We investigated
cases where>10% of variables were missing to
determine potential impact on our results. Statistical
analysis was performed using SAS Studio 3.8 statis-
tical software (SAS Institute, Cary, NC). ICCs were
estimated using the Chinese University of Hong
Kong ICC online program based on the Portney and
Watkins model.!®

Results
The MSOAC placebo database reflects a typical het-
erogeneous MS trial population. The mean age was
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Table 1. Baseline characteristics for the MSOAC placebo database.

Characteristic Total N evaluated Mean (SD) or n (%) Median (IQR)
Age (years) 2382 41.8 (10.4) 42 (34, 50)
Sex, n (%) 2465

Female 1658 (67.3)

Male 807 (32.7)
Race 1691

White 1534 (90.7)

Non-White 157 (9.3)
Disease course 2465

Relapsing-remitting 1580 (64.1)

Secondary progressive 553 (22.4)

Primary progressive 332 (13.5)
Disease duration, years 1449 6.1(6.4) 4.0(1,9)

<10 years 1119 (77.2)

=10 years 330 (22.8)
Patients assessed for relapses 2393

No relapse 1540 (64.4)

1 relapse 485 (20.3)

2 relapses 211 (8.8)

=3 relapses 157 (6.6)
Baseline EDSS 2321 3.36 (1.8) 3.0(2.0,4.5)
T25FW, seconds 2413 9.2 (11.0) 6.1(4.8,9.0)
T25FW, speed (ft/s) 2413 4.0 (1.8) 4.1(2.8,5.2)

IQR: interquartile range at 25% and 75%; EDSS: Expanded Disability Status Scale; T2SFW: timed 25-foot walk.
Table 1 includes all patients with demographic indicators available. Disease duration only available for a subset of patients.

41.8 (SD=10.4) years, a majority of patients were
females (67.3%), and, where race was collected,
90.7% were identified as White (Table 1). Most
patients had relapsing-remitting MS (RRMS; 64.1%);
22.4% had secondary progressive MS (SPMS), and
13.5% had primary progressive MS (PPMS). The
average EDSS score was 3.4 (SD=1.8) and IQR=(2.0,
4.5). Eighty percent of patients had been diagnosed
less than 10 years prior to the study start date.

The mean baseline score for the T25FW was 9.2 sec-
onds, median = 6.1 (standard deviation = 11.0, interquar-
tile range (IQR) = 4.8, 9.0) (Figure 1). Baseline T25FW
scores varied considerably with respect to age, disability
status baseline score, and disease subtype (Table 2).
There were no sex differences, but older patients (age
50-60years) took twice as long to complete the test as
younger patients (age 18-30 (12.5 vs 6.0seconds)).
T25FW scores were substantially lower among RRMS
patients (mean 6.6seconds) than among SPMS and
PPMS patients (11.8 and 15.3 seconds, respectively).

The T25FW demonstrated strong reliability with high
concordance of the two replicate test measurements
taken during each of the first and last visits. Among

all patients, the mean value ICC for the two measure-
ments was 0.987 at the first visit and 0.979 at the last
visit. The Bland Altman plot further supports consist-
ency of the T25FW (Figure 2).

Higher annualized increases were significantly associ-
ated with baseline performance, male gender, older age,
and baseline MS type (Table 3). Groups that have sig-
nificant increases in change on the T25FW (e.g.
EDSS > 4), are further characterized by high variability
in scores. Men had a higher annualized rate of increase
compared to women (3.4 vs 2.2 seconds), but this differ-
ence was attributable to a higher proportion of men hav-
ing PPMS, which accelerated worsening compared to
other MS subtypes. Baseline walk times affected rates
of change. Patients with a baseline T2SFW of <6sec-
onds had a 0.6second annualized increase, baseline of
6-8seconds experienced a 1.8second increase, and
baseline > 8 seconds averaged a 6.2 second increase.

Higher annualized increases were associated with
older age groups. The 18—30years age group had a
mean increase of 1.0 second, and patients in the old-
est group of >60 (representing SPMS and PPMS
patients exclusively) had an increase of 7.7 seconds
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Table 2. Baseline timed 25-foot walk scores by patient characteristics.

Characteristic Total N Mean time Median time Mean speed Median speed
evaluated (seconds, SD) (range) (ft/s, SD) (range)
All patients 2403 9.2 (11.0) 6.1(2.2,145.0) 4.0 (1.8) 4.1(0.2,11.4)
Age group 2321
18-30 362 6.0(5.4) 4.8(2.9,59.6) 5.0 (1.5) 5.2(0.4,8.8)
30-40 664 7.4 (8.6) 5.4(2.2,95.5) 4.5 (1.6) 4.6(0.3,11.4)
40-50 784 9.4 (10.6) 6.2(2.5,103.2) 39(1.7) 4.0 (0.2, 10.0)
50-60 445 12.5 (16.0) 8.0 (3.0, 145.0) 3.2(1.6) 3.1(0.2,8.3)
>60 66 15.2 (14.8) 9.5(4.8,76.3) 2.6(1.3) 2.7(0.4,5.2)
Sex, n (%) 2403
Female 1614 9.1 (10.8) 6.1 (2.5, 145.0) 4.0 (1.7) 4.1 (0.2, 10.0)
Male 789 9.4 (11.2) 6.0 (2.2,127.1) 4.1(1.9) 4.1(0.2,11.4)
Race 2403
White 1484 10.3 (12.3) 6.6 (2.2, 145.0) 3.8(1.8) 3.8(0.2,11.4)
Non-White 155 13.5(13.8) 8.7 (3.6, 95.5) 2.9(1.4) 2.9(0.3,6.9)
Missing 764 6.2 (5.5) 5.1(2.5,91.5) 4.8 (1.5) 4.9(0.3,10.0)
Disease course 2403
RRMS 1557 6.6 (6.1) 5.3(2.2,95.5) 4.7 (1.6) 4.7(0.3,11.4)
SPMS 518 15.3 (17.6) 9.6 (3.7, 145) 2.7(1.5) 2.6 (0.2,6.8)
PPMS 328 11.8 (10.9) 8.4(3,77.9) 3.1(L.5) 2.9(0.3,8.3)
Disease duration 1407
<10years 1089 9.3(11.2) 6.2 (2.2,145.0) 4.0 (1.8) 4.1(0.2,11.4)
=10years 318 14.4 (16.3) 8.9(2.9,127.1) 2.9 (1.6) 2.8 (0.2, 8.6)
Baseline EDSS 2403
<4 1770 6.6 (5.3) 5.4(2.2,95.5) 4.6 (1.5) 4.7(0.3,11.4)
>4 633 16.6 (17.4) 10.6 (3.0, 145.0) 24 (1.2) 2.4(0.2,8.3)

RRMS: relapsing-remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis; PPMS: primary progressive multiple

sclerosis; EDSS: Expanded Disability Status Scale.

Table 2 totals differ from Table 1 based on availability of baseline T2SFW scores. Disease duration available for a limited subset of

patients.

with considerable variability (SD 29.8). MS subtype
was related to changes in walk times, with average
annualized increases of 0.6 for relapsing-remitting,
4.9 for secondary progressive, and 7.8 for primary
progressive.

The number of relapses did not appear to have a sig-
nificant correlation with T25FW increases. The aver-
age annualized increase was 2.4 in those with one
relapse, 3.1 in those with two relapses, 2.3 in those
with three or more relapses, and 2.6 seconds among
those with no relapses.

Results from the mixed-effects models (Table 4) cor-
roborated the findings from the raw data and offered
new insights. After adjusting for other variables,
changes in the T25FW between genders were not sta-
tistically significant (LS mean difference —0.4sec-
onds, p=0.33). Baseline EDSS levels were associated

with the biggest changes over time: 4.8 seconds per
year for high versus low baseline EDSS (» <0.0001).
Disease course and EDSS progression were associ-
ated with changes over time. At 3 years, patients with
no progression were estimated to have a T25FW of
~12seconds. Patients with EDSS-CDP during this
period were estimated to have a T25FW of ~23 sec-
onds. We note that the interaction of time and age
appears to suggest small but paradoxical improve-
ment. This is likely due to confounding and multicol-
linearity in the model, with the effect for age being
distributed across EDSS and disease course variables,
which are correlated (Pearson correlation .61).

We further characterized the association of EDSS and
T25FW disability measures through a Kaplan—-Meier
analysis. We observed separation in the curves for
patients with and without T2SFW-CDP based on time
to EDSS progression (Figure 3). The log-rank
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Figure 1. Distribution of T25FW outcome measured at baseline in seconds, n=2413.
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Figure 2. Estimate of concordance for the two replicate T25FW tests conducted at baseline visit, n=2403.
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Table 3. Annualized changes in the timed 25-foot walk (T25FW) in the MSOAC placebo database.

Patient, n (%) 2338 1132 (48.4) 483 (20.0) 723 (30.1)
All patients 2338 2.6 (14.9) 0.6 (2.4) 1.8 (13.2) 6.2 (23.7)
Sex 2338

Female 1568 2.2 (12.9) 0.5(2.5) 1.6 (15.1) 5.1(18.4)

Male 770 3.4(18.2) 0.6 (2.4) 2.2(5.9) 8.3 (31.4)
Age group 2256

18-302 353 1.6 (15.3) 0.5(2.8) 5.4 (36.5) 3209.2)

30-40 641 0.9 (12.9) 0.6 (3.0) 1.2 (4.4) 1.4 (29.7)

40-50 767 3.5(15.3) 0.5(1.5) 1.1 (3.7) 9.6 (26.2)

50-60 430 3.3(10.9) 0.7 (2.3) 1.9 (4.3) 5.3 (14.7)

>60 65 7.7 (29.8) 1.9 (3.6) 0.7 (1.2) 11.5(37.1)
Baseline EDSS 2244

EDSS <4.0 1385 0.7 (10.1) 0.5 (2.6) 1.5(17.3) 0.3 (19.8)

EDSS=4.0 859 5.6 (19.7) 0.9 (1.7) 2.2 (4.8) 8.2 (25.0)
Relapses 2315

0 Relapse 1488 2.6 (15.0) 0.3 (1.4) 1.1 (3.6) 6.2 (25.1)

1 Relapse 467 24(11.9) 1.0 4.1) 1.3 (4.8) 7.0 (23.0)

2 Relapses 206 3.1(19.9) 0.6 (2.0) 9.0 (45.5) 53(09.7)

=3 Relapses 154 2.3(9.3) 0.8 (2.7) 1.8 (3.8) 10.9 (22.7)
Disease type 2338

RRMS 1505 0.6 (11.2) 0.5(2.5) 1.5 (16.3) 0.0 (21.0)

SPMS 508 4.9 (15.2) 0.5(2.5) 1.6 (3.3) 7.3 (19.0)

PPMS 325 7.8 (23.9) 1.3(3.2) 3.1(6.5) 12.6 (31.6)

Table 4. Annualized changes in T25FW from a mixed-effects linear regression model.

Females vs males 2392 17,248 -1.2 <0.0001 -04 0.33
Age—per year 2379 17,251 0.1 <0.0001 —0.04 0.03
EDSS progression vs none 2392 17,248 4.4 <0.0001 34 <0.0001
Disease course PPMSP 2462 17,724 4.3 <0.0001 22 0.0005
Disease course SPMSP 2462 17,724 3.6 <0.0001 1.2 0.04
EDSS disability (high vs low)e 2315 16,629 5.9 <0.0001 4.7 <0.0001
Relapse (Yes vs No) 2392 17,248 —0.6 0.10 0.1 0.77
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Figure 3. Survival analysis for confirmed disability progression among patients with and without T2SFW progression,

defined as =20% increase sustained at = 3 months; N=2395.

chi-square was 144.7 and the Wilcoxon chi-square
was 98.7 (p for each <0.0001). The hazard ratio was
2.6 with a log-rank chi-square of 135.1 (» <0.0001).

Patients with higher levels of disability who experi-
ence progression tend to have T25FW disability
preceding EDSS disability (Table 5). T25FW disa-
bility preceded EDSS by 273.1days (SD 241). A
survival curve for this population is included in the
Supplemental Appendix. In addition, among
patients with EDSS >4 who progressed on both
EDSS and T25FW at different visits, 72.1% of
patients had T25FW progression first, compared to
28.0% who had EDSS progression first. Across all
patients, 23% (n=573) of patients experienced
EDSS-CDP, 24% (n=593) experienced T25FW-
CDP, and 11% (n=282) experienced both.

In an effort to provide additional information on
whether change in the T25FW-CDP is an earlier
marker of subsequent EDSS-CDP, our nested case—
control identified 463 pairs matched on age, gen-
der, and MS subtype. Cases with confirmed
T25FW-CDP were matched with controls that did
not have progression at the same time point in the
study. There was a clear separation in curves (fig-
ure in Supplemental Appendix); the hazard ratio

was 2.5 (chi-square 42.6, p <0.0001) and the inci-
dence density ratio was 3.1 (confidence interval
(CI): 2.3, 4.3). This suggests three times higher
odds for EDSS-CDP among patients who have
T25FW-CDP compared to those who do not.

Discussion

The mean value for T25FW at baseline for our popu-
lation is identical to that from a recently completed
meta-analysis of 50 studies of the T25FW in
MS—9.2seconds.® On the contrary, this baseline
score is somewhat higher than that reported in the full
MSOAC database (7.6 seconds).6 This difference may
be due to higher patient disease severity of the clinical
trials in our dataset, evidenced by a baseline EDSS of
3.4 in our sample versus 2.9 in the full dataset.

Literature suggests that PPMS and SPMS patients
have similar courses of disease activity over time.!”
We found that, even though PPMS patients started
with a faster baseline T25FW than SPMS patients
(11.8 vs 15.3), the changes among PPMS patients
were more rapid. PPMS patients had an annualized
increase of 7.8seconds compared to 4.9 seconds for
SPMS patients, despite comparable EDSS. The dif-
ference in genders in our study was influenced by a
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Table 5. MSOAC disability progression on T25FW and EDSS measures.

Group Total EDSS T25FW Both T25FW  T25FW EDSS Same time
patients  progression  progression and EDSS before before change
progression EDSS T25FW
N=2465 (% of total) (% of total) (% of total) (% of (% of (% of
column C) column C)  column C)
Column A B C D E F
All patients 2465 573 (23) 593 (24) 282 (11) 155 (55) 82 (29) 45 (16)
Age <40 1048 187 (18) 168 (16) 72 (7) 40 (56) 19 (26) 13 (18)
>40 1334 383 (29) 423 (32) 210 (16) 115 (55) 63 (30) 32(15)
Female 1658 360 (22) 361 (22) 161 (10) 89 (55) 52 (32) 20 (12)
Male 807 213 (26) 232 (29) 121 (15) 66 (55) 30 (25) 25(21)
RRMS 1580 279 (18) 205(13) 89 (6) 48 (54) 29 (33) 12 (13)
SPMS 553 161 (29) 208(38) 87 (16) 41 (47) 31 (36) 15 (17)
PPMS 332 133 (40) 180(54) 106 (32) 66 (62) 22 (21) 18 (17)
EDSS <4 1775 330 (19) 269 (15) 128 (7) 62 (48) 46 (36) 20 (16)
EDSS >4 690 243 (35) 324 (47) 154 (22) 93 (60) 36 (23) 25 (16)
Baseline T25FW
(seconds)
<6 1132 215 (19) 202 (18) 89 (8) 47 (53) 28 (31) 14 (16)
6-8 483 124 (26) 115 (24) 63 (13) 27 (43) 26 (41) 10 (16)
>3 723 220 (30) 257 (36) 123 (17) 77 (63) 27 (22) 19 (15)

EDSS: Expanded Disability Status Scale; T2SFW: timed 25-foot walk; RRMS: relapsing-remitting multiple sclerosis; SPMS:
secondary progressive multiple sclerosis; PPMS: primary progressive multiple sclerosis.

higher proportion of male patients in the PPMS sub-
population and did not persist after adjusting for other
covariates.

We found evidence to support that the previously
identified T25FW baseline benchmarks of <6sec-
onds, 6-8seconds, and >8seconds are meaningful
markers of expected change. These performance
benchmarks had been found in earlier research to be
associated with real-life anchor measures of func-
tional independence, and physiologic measurements
of gait.!3 Across subgroups in our study, patients who
took =6seconds at study baseline were likely to have
higher rates of increase in T25FW scores than patients
who walked in <6seconds. Differences in EDSS
were observed across these baseline groups (EDSS
2.3, 3.5, and 5.0, respectively for the <6, 6-8, and
>8-second groups), suggesting that baseline T25FW
may serve as a surrogate or marker for disability.

While it is not surprising that T25FW scores were
higher in the older age groups, we found it interesting
that the rate of change also increased by age groups.
While we are aware of research associating slower
ambulation with age, we did not find literature associ-
ating changes in the T25FW with aging.'® In

particular, older age groups with slower walk times
had faster rates of change over time (Table 3). This
finding was confirmed in our mixed-effects model
and Kaplan—Meier analysis. The model suggests that,
adjusting for other factors (gender, disease type, base-
line EDSS, EDSS-CDP), a 55-year-old with MS
would have an annualized rate of increase 2.1 seconds
higher than a 25-year-old with MS.

Our results may suggest that the number of MS
relapses do not have as strong an impact on long-
term disability accumulation as previously thought.
There was not a strong association between the
number of relapses and T25FW scores. Even
patients with three or more relapses (n=157) had on
average increases in walk times that were similar to
the overall population mean change (2.3 vs 2.6 sec-
onds). Other research has reported moderate or
strong associations between relapses and T25FW
worsening.!*20 This difference may be due to the
fact that other research examines the more immedi-
ate effect of relapses, whereas our rates of change
track to changes over an average of 1-2years. A
caveat to this observation is that patient drop-out
and switching arms due to relapses may have
occurred and introduced selection bias.
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In our study, we confirmed test—retest reliability in a
large study across a heterogeneous population, incor-
porating more than 47,000 individual trials of the
T25FW. This builds on multiple smaller studies also
showing reliability of the T25FW test in a clinical set-
ting.?! Newer measures of ambulation, while they aim
to more precisely capture other aspects of patient dis-
ability, will have a high benchmark to overcome in
order to deliver the same level of consistency and reli-
ability as the T25FW.

Our examination of patients with both EDSS and
T25FW progression suggests a temporal element
extremely valuable for use of the T25FW as a primary
outcome measure—predictive validity for EDSS pro-
gression. In the development of the MSFC, one of the
key criteria for an MS outcome was predictive valid-
ity.22 In our study, T25FW progression occurred
before EDSS progression 65% of the time, excluding
patients who changed at the same time. Since many
patients for almost any marker in MS would ulti-
mately experience progression, it was important to
control for an exposure time bias, which we did by
using a case—control design. The results of our nested
case—control suggest that, when starting at the same
time point, patients who have TF25FW progression
will have EDSS progression sooner than those who
do not have T25FW progression. In addition, we find
that, among patients with EDSS-CDP, 37% have
T25FW progression, whereas only 9% of patients
without EDSS-CDP have progression on T25FW.
Taken together, these analyses suggest that the T25FW
may have predictive validity and serve as a sensitive
measure of future EDSS changes. The utility of this
measure is also supported by the fact that a greater
proportion of patients progress on T25FW than on
other measures of disability in our study and in other
studies in SPMS.23:24

Our study benefits from the large amount of partici-
pant data in the MSOAC database that enabled well-
powered analyses. We were able to rely on more than
47,000 individual T25FW measurements. Another
benefit of the MSOAC database is the detailed tax-
onomy, which enables analysis of endpoints on a par-
ticipant level, yielding more flexibility than
meta-analyses. An additional strength is that the out-
comes were measured in the context of regulated
clinical trials, with monitoring and control measures
in place, yielding high quality and generally consist-
ent reporting of results.

Our study has limitations. A key factor potentially
affecting internal validity is confounding. For meth-
ods like the mixed-effects linear regression model, we

have unmeasured known possible confounders (e.g.
magnetic resonance imaging (MRI) activity, socio-
economic status) that are not included. As we cannot
identify the studies individually, we have some con-
founding by entrance criteria. However, as most of
our analyses are within person analyses, unless there
are interactions between study entrance criteria and
these results, we are somewhat insulated from this
limitation. We also have unknown confounders aris-
ing from differences in standards of care over time
and clinical trial protocols. We may have measure-
ment error in our analysis that arises from taxonomy
differences or missing data due to variability in data
collection across protocols. There are also external
validity limitations. Patients who participate in clini-
cal studies are not entirely representative of typical
MS patients in measured factors including disease
severity and unmeasured factors such as psychologi-
cal characteristics. Another limitation related to the
measure itself is that the T25FW does not capture
important facets of ambulation in MS—for example
gait, endurance, or fatigue.

In conclusion, the T25FW has excellent features as
an outcome measure with high test-retest reliability
and is sensitive to clinical change, indicating that it
has merit as a standalone measure in MS trials.
Clinicians may benefit from using the T25FW in
clinical practice as it might serve as a relevant indica-
tor of both current and future disability and is easier
to implement than the EDSS. Clinicians may find it
valuable to assess individual patient performance
against the T25FW benchmarks generated for char-
acteristics such as age, sex, baseline values, and MS
subtype.

Future research can strengthen the relevance of our
findings. First, there is an opportunity to engage clini-
cal trial researchers to further harmonize the taxon-
omy used in MS clinical research so that data across
trials can be more effectively aggregated and ana-
lyzed. Second, there is an opportunity to further
explore aspects of the T25FW in patients with truly
minimal disease. In addition, the clinical sensitivity of
the 20% cut-off could be re-examined to optimize use
of the measure in clinical trials.
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