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ORIGINAL ARTICLE
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Background and purpose: Impaired ambulation is a prominent disabling
symptom of multiple sclerosis and can lead to reduced quality of life. Whether
natalizumab, a monoclonal antibody shown to reduce disease activity in
relapsing—remitting multiple sclerosis, could impact ambulation performance
was examined.

Methods: A prospective open-label study, TIMER, was conducted in natal-
izumab-naive patients (n = 215). The timed 25-foot walk (T25FW) and timed
100-m walk (T100MW) were assessed at baseline and at weeks 24 and 48 of
natalizumab therapy, together with Expanded Disability Status Scale scores.
The effects of natalizumab on T25FW performance were also examined in a
retrospective analysis of natalizumab-treated patients (z = 627) and placebo
control patients (n = 315) from the AFFIRM study.

Results: In TIMER, a significant increase from baseline in T25FW speed was
seen at week 24 (P = 0.0074) and in TI0OOMW speed at weeks 24 and 48 (both
P <0.001). A greater proportion of patients showed clinically meaningful
increases (>20%) in walking speed on the T100MW (25%) than on the
T25FW (13%) at week 48 (P = 0.032). In AFFIRM, natalizumab increased
the proportion of patients with >20% confirmed improvement in T25FW
speed at year 2 by 78% versus placebo (P = 0.0133).

Conclusions: Natalizumab increased walking speed in patients with relaps-
ing—remitting multiple sclerosis. The TI0OOMW may be more sensitive to
changes in ambulation capacity than the T25FW, and both tests appear to
detect clinically meaningful improvements in ambulatory function.

Introduction

Mobility problems are reported in up to 58% of
patients in the first year following diagnosis of multi-
ple sclerosis (MS) and in up to 93% of patients within
10 years of diagnosis [1]. This loss of mobility leads to
an increased use of healthcare resources and reduced
quality of life [2,3]. In this respect, 70% of patients
with walking difficulty state that it is the most
challenging aspect of their MS [4].

Cambridge, MA 02142, USA (tel.: +41 41 392 0685; fax: +41 41
392 1710; e-mail: dominic.paes@biogenidec.com).

Accurate assessment of ambulation is essential for
estimating disease burden in MS and for evaluating
the efficacy of disease-modifying therapies. The
Expanded Disability Status Scale (EDSS), which is
widely used to assess disability in MS, relies on mea-
sures or estimates of maximum walking distance
(MWD) to quantify the walking component of physi-
cal disability. Ambulation can also be measured objec-
tively with tests such as the timed 25-foot walk
(T25FW) [5,6] or the timed 100-m walk (T100MW)
[7].

Natalizumab (Tysabri, Biogen Idec, Cambridge,
MA, USA) is an o4-integrin antagonist that interferes
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with the migration of immune cells into the central
nervous system [8]. In the phase IIl AFFIRM trial in
relapsing—remitting MS (RRMS), natalizumab mono-
therapy reduced annualized relapse rates by 68% and
also reduced the risk of disability progression, as mea-
sured by EDSS, by 42%-54% over 2 years versus pla-
cebo [9]. Natalizumab has also been shown to
improve disability [10] and to increase the proportion
of patients with no evidence of clinical or magnetic
resonance imaging disease activity [11].

The findings from an open-label, non-randomized,
prospective study that was performed to determine
whether natalizumab improves ambulatory measures
in RRMS (TIMER) are reported. Changes in walking
capacity were measured using the T25FW and
T100MW and by asking patients to estimate their
MWD, over 48 weeks of treatment with natalizumab.
The findings from a post hoc analysis of ambulation
data from the randomized, placebo-controlled,
AFFIRM trial are also reported.

Methods

This report includes analysis of patients from the
TIMER  (ClinicalTrials.gov ~ NCT00871780) and
AFFIRM (ClinicalTrials.gov NCT00027300) studies,
as detailed below. Approval of the studies was
obtained from an ethics committee or institutional
review board at each site; both studies were performed
in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines; and all patients
provided written informed consent.

TIMER: prospective analysis

Participants and design

TIMER was an international, multicenter, open-label,
single-arm, prospective study in which patients
received natalizumab (300 mg iv) every 4 weeks for
48 weeks.

All participants had a documented diagnosis of
RRMS as defined by the revised McDonald
Committee criteria [12], had a magnetic resonance
imaging scan within the previous 3 months, had expe-
rienced >1 relapse in the previous year, and satisfied
the locally approved therapeutic indications for natal-
izumab. Patients were natalizumab-naive men and
women aged 18-60 years inclusive, with an EDSS
score <5.5 at baseline, and who were able to walk at
least 100 m without assistive devices. Symptoms had
to be stable for >30 days prior to enrollment.

Exclusion criteria included the onset of a relapse
within 50 days prior to the first natalizumab infusion
and the presence of walking impairment due to any
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cause other than MS. Patients with a history of
malignancy, human immunodeficiency virus infection,
organ transplantation or a clinically significant infec-
tious disease were excluded, as were patients who had
been treated with immunosuppressant medications
within 6 months prior to screening.

Assessments

Neurological evaluation, MWD (reported), EDSS,
T25FW (completed twice) and TIOOMW were per-
formed in that order (with a 5-min rest after the
T25FW) at baseline, week 24 and week 48. The
T100MW consisted of a 25-m distance walked four times
with three U-turns [7]. EDSS scores were also assessed at
least 50 days after the onset of a relapse. A follow-up
assessment was conducted by telephone at week 52.
Patients who withdrew from the study early were
assessed at a premature treatment withdrawal visit.

The frequency of relapses was also measured. A
relapse was defined as new or recurrent neurological
symptoms, confirmed by the investigator, not associ-
ated with fever, lasting >24 h and following a period
of improvement or stabilization of symptoms of
>30 days.

Statistical analysis

Analyses included patients who received >1 infusion
of natalizumab and completed >1 on-treatment evalu-
ation. The primary outcome was the effect of natal-
izumab on ambulation performance, as measured by
T1I00MW, T25FW, MWD and EDSS. Changes from
baseline at weeks 24 and 48 were presented as sum-
mary statistics. Data that were approximately nor-
mally distributed were analyzed with a paired z-test;
data that were not normally distributed were analyzed
with a non-parametric Wilcoxon signed-rank test.
Changes from baseline in TI0OOMW, T25FW and
MWD were categorized as improved, stable or wors-
ened at weeks 24 and 48 based on a threshold of
>20% change, which is generally regarded as clinically
meaningful [13].

Changes from baseline in EDSS scores were catego-
rized as improved, stable or worsened at weeks 24
and 48 based on a threshold of change in EDSS score
of >1.0 point.

Correlations were evaluated using the Pearson cor-
relation coefficient. Paired categorical responses were
analyzed using the McNemar test.

The proportion of patients with no evidence of
clinical disease activity, defined as no relapses and
no sustained EDSS progression, was determined at
week 48. Sustained EDSS progression was defined as
>1.0-point increase in EDSS score sustained for
6 months.
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Post hoc subgroup analyses were performed
evaluating the proportion of patients with improve-
ment (i.e. >20% increase in walking speed) in
T100MW and T25FW in patients stratified by base-
line EDSS score (<3.0; 3.0-4.0; 4.5-5.5) and by
baseline T25FW time (<6 s; >6 s and <8 s; >8 s).

Data were analyzed using SAS 9.3 software (SAS
Institute Inc., Cary, NC, USA). All tests of signifi-
cance were two-sided with a significance level of 0.05.

AFFIRM: post hoc analysis

Participants and design

AFFIRM was a randomized, placebo-controlled, dou-
ble-blind, phase III study of patients with RRMS who
received an iv infusion of either natalizumab 300 mg
(n = 627) or placebo (n = 315) every 4 weeks for up
to 116 weeks. Details of the study methods and par-
ticipants have been published previously [9].

Assessments

In AFFIRM, T25FW was evaluated according to the
Multiple Sclerosis Functional Composite [14] at base-
line and every 12 weeks for 30 months. The propor-
tion of patients with a confirmed improvement in
T25FW speed (defined as >20% increase in walking
speed from baseline confirmed 12 weeks later) was ret-
rospectively compared in the natalizumab and placebo
groups.

Quality of life was evaluated using the validated
Short Form 36 (SF-36) health survey, which was com-
pleted at baseline and at weeks 24, 52 and 104 [15]. In
our analyses, SF-36 Physical Component Summary
(SF36-PCS) scores were compared in patients with
and without a confirmed improvement in T25FW
speed.

Statistical analysis

Proportions of patients with confirmed improvement
in T25FW speed in the natalizumab and placebo
groups were compared using Kaplan—Meier analyses.
Patients were also stratified by baseline EDSS scores
and by baseline T25FW times. A Wilcoxon rank-sum
test was used to evaluate the SF36-PCS scores in
patients with and without confirmed ambulation
improvement.

Results

TIMER

Patient disposition and baseline characteristics
A total of 224 patients were enrolled in TIMER, of
whom 215 received >1 infusion of natalizumab and

completed >1 post-baseline evaluation. Baseline
characteristics of patients are shown in Table 1. The
mean EDSS score at baseline was 3.7. In the year
prior to natalizumab treatment, 57.7% (124/215) had
>2 relapses, and the mean relapse rate was 1.77.

Clinical disease activity

The annualized relapse rate after 48 weeks of natal-
izumab therapy was 0.21. At week 48, 98.6% of
patients were free from sustained EDSS progression,
85.1% were free from relapse and 84.2% had no evi-
dence of clinical disease activity. The majority of
patients remained stable (change of <1.0 point) or
showed improvements (reductions of >1.0 point) in
EDSS score from baseline to week 24 (96.1%) and to
week 48 (96.5%).

Ambulation performance over time

Performances on the T25FW and TI00MW were sig-
nificantly correlated at baseline and at weeks 24 and
48 (Pearson correlation coefficients of 0.924, 0.907
and 0.892, respectively; all P < 0.0001). Changes in
performance on measures of ambulation are summa-
rized in Table 2. Mean TI00MW speed was signifi-
cantly increased with natalizumab therapy at both
weeks 24 and 48 relative to Dbaseline (both
P <0.0001). The increase in mean T25FW speed rela-
tive to baseline was statistically significant at week 24
(P=0.0074) but not at week 48 (P =0.1643).
Patients’ self-reported MWD increased at both weeks
24 and 48, but these differences were not significant
(Table 2). Walking speed was stable (change of <20%
from baseline) or improved (increase of >20% from
baseline) in the majority of patients at weeks 24 and
48 (Fig. 1).

Table 1 Baseline and demographic characteristics of patients in
TIMER, N =215

Characteristic

Female, n (%) 137 (63.7)
Age, mean (SD), years 35.1 (9.56)
Years since first MS symptom, mean (SD) 9.1 (6.14)
Annualized relapse rate, mean (95% CI) 1.77 (1.60-1.96)
Number of relapses in last 12 months, n (%)

1 91 (42.3)

>2 124 (57.7)
EDSS score

Mean (SD) 3.7 (1.36)

Median (range) 4.0 (2.5-5.0)
Number of prior DMTs used, n (%)

0 83 (38.6)

>1 132 (61.4)

MS, multiple sclerosis; CI, confidence interval; EDSS, Expanded
Disability Status Scale; DMT, disease-modifying therapy.
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Table 2 Changes in disability and walking capacity in TIMER
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Baseline (N = 215)

Week 24 (n = 207) Week 48 (1 = 199)

EDSS score

Mean (SD) 3.7 (1.36)

Median (range) 4.0 (2.5-5.0)
T25FW, s

Mean (SD) 9.0 (6.76)

Median (range) 6.6 (3.2-53.2)
T25FW speed, m/s

Mean (SD) 1.11 (0.47)

Median (range) 1.16 (0.14-2.38)
T100MW, s

Mean (SD) 112.5 (83.02)

Median (range)
T100MW speed, m/s

86.0 (30.7-636.0)

Mean (SD) 1.19 (0.55)

Median (range) 1.16 (0.16-3.26)
MWD, m

Mean (SD) 651.9 (691.63)°

Median (range) 350.0 (10.0-3000.0)°

3.6 (1.37)* 3.5 (1.39)*
4.0 (2.0-4.5) 4.0 (2.0-4.5)
8.9 (6.66) 8.9 (6.43)

6.6 (3.2-54.1) 6.5 (3.2-45.0)
1.14 (0.49)° 1.14 (0.48)°

1.16 (0.14-2.38) 1.18 (0.17-2.38)

108.2 (87.46)
83.1 (31.2-750.0)

106.2 (85.22)
83.2 (31.7-718.0)

1.27 (0.58)"
1.20 (0.13-3.21)

1.29 (0.59)¢
1.20 (0.14-3.16)

674.5 (665.17)"
400.0 (20.0-3000.0)"

701.2 (739.63)¢
450.0 (20.0-3500.0)¢

EDSS, Expanded Disability Status Scale; T25FW, timed 25-foot walk; TI00MW, timed 100-m walk; MWD, maximum walking distance.
2p < 0.0001 vs. baseline; °P = 0.0074 vs. baseline; °P = 0.1643 vs. baseline; P = 0.0001 vs. baseline; °n = 143; 'n = 136; &1 = 129.

W Walking speed improved 220% from baseline
Stable walking speed (<20% change from baseline)
[ Walking speed worsened 220% from baseline

T25FW T100MW
90 83.1 90
- 80.4
_ _ 76.8
80 80 69.8
70 70
< 60 < 60
> 50 > 50 -
5 401 § 401
© 30 © 30 24.6
o o 18.4
209 130 13.1 207
10 + 3.9 6.5 10 - 48 5.5
0 0

Figure 1 Changes in walking perfor-
mance over time in TIMER.

Relation between T25FW and T100MW
At week 48, a greater proportion of patients had clini-
cally meaningful (>20%) increases in walking speed on
the TIOOMW than on the T25FW (T100MW 24.6%;
T25FW 13.1%; P =0.0032). This was also true for
improvements sustained at both week 24 and week 48
(TTIOOMW 15.7%; T25FW 6.6%; P = 0.0040; Fig. 2).
In subgroup analyses of patients stratified by base-
line EDSS score (Fig. 3a) and by baseline T25FW
time (Fig. 3b), the proportions of patients with >20%
improvement in walking speed at week 48 or sustained
at both week 24 and week 48 were significantly higher
for TIOOMW than for T25FW in patients with higher
EDSS scores (4.5-5.5) at baseline. Subgroup analyses
also revealed that 17.3% of patients with low EDSS
scores (<3.0) and 16.9% of patients with presumably
normal baseline T25FW performance (<6 s) [16]

Week 24
(n=207)

Week 48
(n=199)

Week 24
(n=207)

Week 48
(n=199)

B Improved at week 48 Improved at weeks 24 and 48

50 -
P = 0.0040
40 - -
£ ) . P =0.0032 .
2 24.6
[
8 20
5 13.1 15.7
n- 10 | . 6.6
0

(n=199) (n = 198)
T25FW

(n=199)(n = 198)
T100MW

Figure 2 Clinically meaningful improvements in ambulation in
TIMER.

experienced a clinically meaningful improvement

(>20% increase) in TI00MW speed at week 48.
Patients with a clinically meaningful improvement

(>20% increase) in T25FW speed from baseline to week
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(a) W Improved at week 48 M Improved at weeks 24 and 48
EDSS score <3.0 EDSS score 3.0-4.0 EDSS score 4.5-5.5
50 50 A
P =0.2696 _P=0.2448 _P=01797
40 4 P W‘ 40 - P =0.0483 40 - P =0.0635
N —C = VaUes 31.5
9
< 30 30 30
g 23.0 222
= 20 17.3 20 204 16.4
. 115 115 10.8 122 o7
10 38 10 5.4 104
(n=52)(n=52) (n=52)(n=52) (n=74)(n=74) (n=T74)(n=T4) (n=73)(n=72) (n=73)(n=T72)
T25FW T100MW T25FW T100MW T25FW T100MW
(b) M Improved at week 48 M Improved at weeks 24 and 48
T25FW <6 s 6s<T25FW<8s T25FW 28 s
50 50 4 50
P =0.0524 P=0.1797
P=0.1 —=9st —P=UA97
w0d :# 40 4 P =0.1220 40 - P =0.0635
= ——n IV 34.2
IS
% 307 30 30
S 21.8
2 20.5 20.8
5 20 16.9 20 64 20
12.5
10.9
104 7 %% 10 10 ) )
2.8 3.6 Figure 3 Improvements in ambulation
B B E in patients stratified by (a) baseline
(n=7)(n=71) (=7T1)(n=T1) (n=55)(n=55) (n=83)(n=83) (n=73)(n=72) (n=73)(n=T2) EDSS score and (b) baseline T2SFW
T25FW T100MW T25FW T100MW T25FW T100MW

24 or week 48 had a similar level of improvement in
T100MW speed, with a median increase of 22.6% at
week 24 (P <0.0001) and 22.8% at week 48 (P =
0.0036). However, amongst patients with a clinically
meaningful improvement (>20% increase) in TIOOMW
speed from baseline to week 24 or week 48, there were
slightly lower median increases in T25FW speed of
14.5% at week 24 (P < 0.0001) and 7.5% at week 48
(P < 0.0001).

Walking speed at week 48

M Improved =20% from baseline Stable (<20% change from baseline)

performance in TIMER.

Relation between EDSS and measurements of ambulation
(T25FW, TI0OMW )

Performance on each ambulation test was significantly
correlated with EDSS at baseline and at weeks 24 and
48 (all P <0.0001). Amongst patients with a stable
EDSS score at week 48 (change from baseline <1.0
point), a greater proportion showed a >20% improve-
ment on the TIOOMW than on the T25FW (23.0% vs.
10.3%; P = 0.0025; Fig. 4). Amongst patients with

W Worsened 20% from baseline

100 4 100 —

80 - 35.0 35.0 80 -
< 60 < 60
2 2 82.8
Q2 2
© 40 T 40 71.8
o o

65.0 60.0
20 1 20 1
0 T m—| 0 m T m—|
T25FW T100MW T25FW T100MW Figure 4 Ambulation status in patients

Patients with EDSS score improvement
at week 48, % (n = 20)

Patients with stable EDSS score
at week 48, % (n=174)

with improved or stable EDSS scores in
TIMER. *P = 0.0025.
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improved EDSS scores (decrease from baseline >1.0
point), rates of improvement on the two walking tests
were similar (35.0% with each test; Fig. 4).

Of the 26 patients in this study who had >20%
improvement in T25FW walking speed at week 48, 18
(69.2%) had stable EDSS scores and seven (26.9%)
had improvement in EDSS scores of >1.0 point. Of
the 49 patients who had >20% improvement in
TI00MW speed at week 48, 40 (81.6%) had stable
EDSS scores and seven (14.3%) had improvement in
EDSS scores of >1.0 point.

AFFIRM

In AFFIRM, natalizumab increased the proportion of
patients with a >20% improvement in T25FW speed
at year 2 by 78% versus placebo (12.3% vs. 6.9%;
P =10.0133).

When the treatment groups were combined, patients
with a >20% confirmed improvement in T25FW speed
at year 2 showed a mean increase in SF36-PCS of
2.70 (improvement), whereas patients without this
improvement in walking speed had a mean change of
—0.30 (worsening). Amongst patients with a >20%
confirmed improvement in T25FW speed at year 2, a
confirmed EDSS improvement of >1.0 point was seen
in 25% and 20% of participants in the natalizumab
and placebo treatment groups, respectively. Treatment
effects in AFFIRM were larger and occurred earlier in
patients with higher baseline disability, but were sig-
nificant even in patients with lower disability (data
not shown).

Discussion

Natalizumab was associated with clinically meaningful
(>20%) improvements in TIOOMW speeds in approxi-
mately one out of four RRMS patients at 48 weeks in
the TIMER study. Natalizumab also produced clini-
cally meaningful and consistent improvements in
T25FW speeds in 13% of patients in TIMER at
48 weeks and in 12% of patients in a post hoc analysis
of AFFIRM at 2 years. These improvements in
T25FW speeds in AFFIRM represented a statistically
significant 78% improvement versus placebo at
2 years. Furthermore, the improvements in T25FW
speeds in AFFIRM were associated with significant
improvement in the physical components of quality of
life.

Our finding that natalizumab can improve walking
performance in some patients is generally consistent
with previous post hoc analyses and retrospective obser-
vational studies. Natalizumab, either alone or in combi-
nation with interferon beta (IFN-beta), was shown to
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increase the number of T25FW responders — defined as
patients who walked faster in the majority of post-
baseline evaluations than in their best baseline perfor-
mance — in the AFFIRM and SENTINEL trials [17]. In
that analysis, approximately 15%-25% of natalizumab-
treated patients were classified as T25FW responders,
although the beneficial effects of natalizumab only
reached significance in patients with higher levels of
disability. In a retrospective observational study of 45
patients who began natalizumab therapy after experi-
encing >1 relapse with IFN-beta or glatiramer acetate,
38% showed clinically significant improvement on the
T25FW, and 23% on the TIO0OMW, after 11 months
of follow-up [18]. Natalizumab also significantly impro-
ved the performance of MS patients in an alternative
measure of walking ability, the 6-min walk test [19].

A significant correlation was found between perfor-
mances on the T25FW and T100MW. However, in
the TIMER study, the TIOOMW was more sensitive
than the T25FW to the effects of natalizumab; the
mean increase in walking speed at week 48 was signifi-
cant only for TIOOMW with a greater proportion of
patients showing >20% improvement in this test.
Additionally, the TIOOMW revealed clinically mean-
ingful improvements in walking in a greater propor-
tion of patients with unchanged EDSS scores than the
T25FW, suggesting that the TIOOMW may be more
sensitive to improvements in walking capacity that do
not result in changes in EDSS. Moreover, a greater
proportion of patients with baseline EDSS scores of
4.5-5.5 showed a clinically meaningful improvement
on the TIOOMW than on the T25FW. These findings
are similar to results obtained in an earlier study in
which the TIOOMW was compared with T25FW in
141 MS patients and 104 healthy control patients [7].
Small differences were seen in variability, reliability
and correlation with MWD, with the differences
favoring the TIOOMW [7].

An improvement in performance of >20% on the
T25FW has been shown to be clinically meaningful
[13]. The fact that many patients with this level of
improvement did not show a corresponding reduction
in EDSS score in TIMER or AFFIRM suggests that
the T25FW may be more sensitive to clinically mean-
ingful changes in ambulatory functioning than EDSS
scores alone. This has been suggested previously in
progressive MS [20], and indeed early changes in
T25FW performance were also better than early
changes in EDSS score at predicting later self-reported
disease impact in patients with progressive disease
[21].

A limitation of TIMER is that it was an open-label
study, which may limit the interpretation of the
results. However, reassuringly, similar results were
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demonstrated in a post hoc analysis of data from the
placebo-controlled AFFIRM trial. The TIMER and
AFFIRM studies were also relatively short term, and
further data are needed to determine whether the ben-
eficial effects observed with natalizumab would be
maintained over the longer term.

In summary, TIMER revealed a significant
improvement in ambulation, as measured by the
T25FW and the TI100MW, in natalizumab-treated
patients with RRMS. A significant improvement rela-
tive to placebo was also seen in natalizumab-treated
patients in the pivotal AFFIRM trial. The results of
TIMER suggest that the TIOOMW may represent a
more sensitive test of walking capacity than the
T25FW, whilst both tests may be able to detect clini-
cally meaningful improvements in functioning not
reflected by changes in EDSS score.
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