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Introduction Measuring disease progression is an important aspect of multiple sclerosis (MS)
clinical trials. Commonly applied disability endpoints include time to clinically meaningful Expanded
Disability Status Scale (EDSS) change, or the number of patients in whom such a change has
occurred. Typically, clinically meaningful EDSS change has been defined as a change of 1.0 point on
Kurtzke’s EDSS in patients with an entry EDSS score of 5.5 or lower, or 0.5 point in patients with a
higher EDSS score. Our goal was to evaluate whether these changes can be considered as similar.
Therefore, we compared EDSS changes to corresponding changes in the Guy’s Neurological
Disability Scale (GNDS), which is a measure of patient perceived disability, and the Multiple Sclerosis
Functional Composite (MSFC), which is an examination based quantitative scoring of neurological
impairment.
Methods From a large longitudinal database, we selected two groups of patients with a clinically
meaningful change in EDSS score according to the usual criteria: patients with EDSS change ]1.0
for baseline EDSS 55.5 and patients with EDSS change ]0.5 for baseline EDSS ]6.0. We compared
changes in GNDS sum score and in MSFC score between both groups.
Results In the group with baseline EDSS ]6.0, GNDS and MSFC changes were higher than in
patients with baseline EDSS 55.5. The difference in change was 1.00 (95% confidence interval (CI):
�0.35 to 2.36) for the GNDS and 0.412 (95% CI: 0.300�0.525) for the MSFC.
Conclusion Our results indicate that a 0.5 point EDSS change in patients with baseline EDSS
]6.0 cannot be considered equal to a 1.0 point change in patients with baseline EDSS 55.5.
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Introduction

Measurement of disability is indispensable in asses-
sing the efficacy of experimental therapeutic agents
in multiple sclerosis (MS). Clinical scales are being
used as primary or secondary outcome measures for
recording disease progression in clinical trials.
Despite several methodological limitations, the
Expanded Disability Status Scale (EDSS) [1], is still
used as a gold standard for measuring impairment
and disability in MS.

Sensitivity to detect disease progression, also
called responsiveness, is a key attribute for any
assessment tool in MS clinical trials [2]. Due to its
ordinal and non-continuous nature, the mean

change in EDSS is an inappropriate endpoint [3],
and therefore, a definition of treatment failure
based on change in score from baseline has been
introduced � a change in EDSS beyond a certain
cut-off that is considered to be relevant and sus-
tained during two consecutive examinations or for
a certain length of time [4].

In previous trials [5,6], an EDSS change of 1.0
point sustained for three or more months has been
considered as clinically meaningful for patients
with a baseline EDSS score of B6.0. For patients
with a higher EDSS score, a clinically meaningful
change has been defined as a 0.5 point EDSS
change. This guideline [7] has been defined as a
logical consequence of the following characteristics
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of EDSS: differing staying times at specific EDSS
levels and varying reproducibility of EDSS through-
out its range.

First, the definition of a clinically meaningful
change on EDSS should take into account the
variable staying times at specific EDSS levels [8].
The mean staying times proved to be greatest at
Disability Status Scale (DSS; as EDSS was formerly
called) 1 and 7 and least for DSS 4 and 5. Second,
several studies have been performed to assess intra-
and inter-rater agreement of the EDSS [9�12]. In
these studies, greater variability was observed in the
lower part of the scale, showing that agreement
depends on baseline EDSS and on definitions of
agreement expressed by difference in EDSS scores.

In most clinical trials, patients showing a change
of at least 1.0 point in the lower range of EDSS or at
least 0.5 point in the upper EDSS range are com-
bined and reported as a single number, thus
implicitly assuming that these changes are equal
or at least similar. The purpose of the present study
was to evaluate whether indeed these changes can
be considered similar. Therefore, we selected from a
large longitudinal database those patients in whom
such EDSS changes, according to one of both
criteria, had occurred and compared, between the
groups, corresponding changes in two external
standards, the Guy’s Neurological Disability Scale
(GNDS), a measure of patient perceived disability
[13], and the Multiple Sclerosis Functional Compo-
site (MSFC), an examination-based quantitative
scoring of neurological impairment [14].

Methods

Patients and test procedures

The database consisted of 662 patients with MS
[15], who had undergone a series of test procedures
as part of a health status assessment program
designed to improve individual patient care at the
MS Center of the VU University Medical Centre. No
criteria for age, gender, disability level or MS
subtype were applied during selection of data for
analysis.

Patients were first selected on the basis of the
availability of repeated EDSS, GNDS and MSFC
examinations, with a time interval of at least 265
days. These examinations had been performed
during the same visit under carefully standardized
conditions by well-trained medical doctors, as
described previously [16,17]. To standardize neuro-
logical examination as much as possible, we made
use of the Neurostatus (Version 2, CD-ROM). The
GNDS, which is a patient-based interview that
captures the major domains of disabilities in MS,
contains 12 subcategories that were scored and

summed to create the GNDS sum score, ranging
from 0 to 60 [13].

The MSFC consists of three quantitative mea-
sures: the Timed 25-foot Walk (T25FW) to assess
lower limb disability, the 9-hole Peg Test (9HPT), a
measure of upper limb function, and the Paced
Auditory Serial Addition Test (PASAT) which esti-
mates cognitive disability. The quantitative results
of the three tests are combined into a composite
which makes it a sensitive instrument that is able to
detect small clinical changes. For creating the MSFC
score, Z -scores were calculated for the T25FW,
9HPT and PASAT [14]. Z -scores were obtained using
means and standard deviations of an external
reference population, consisting of a wide range of
MS patients [17]. As the Z -score sign had to be the
same for all three tests, the mean of the 9HPT was
transformed to its inverse before creating the Z -
score and the Z -score of the T25FT was multiplied
by �1. The composite score was calculated by adding
the three Z -scores and dividing it by three: MSFC�
(Z[1/(9-HPT), average]�Z[T25FT]�Z[PASAT])/3 [18]. Inabil-
ity to perform a test of the MSFC due to MS-related
symptoms, was scored with the maximum time
allowed for the T25FT (180 seconds) and 9HPT
(300 seconds) and with the worst score for the
PASAT (0) [17,19].

Analysis

Results were analysed in several ways. First, we
selected those patients with a predefined clinically
meaningful change in EDSS score according to the
usual definition: EDSS change ]0.5 for baseline
EDSS ]6.0 (subset A) and EDSS change ]1.0 for
baseline EDSS 55.5 (subset B). After selection, we
compared changes in GNDS sum score and MSFC
score in subset A to those in subset B. Second, we
further subdivided subset B in two groups according
to baseline EDSS, which resulted in the formation
of three disability strata: EDSS ]6.0 (subset A),
EDSS 4.0�5.5 (subset B1) and EDSS 0�3.5 (subset
B2), and analysed GNDS and MSFC changes in
these three groups. Finally, we explored newly
defined EDSS changes in subset A and subset B
that would give rise to more or less equal GNDS and
MSFC changes.

Statistics

We evaluated differences in GNDS and MSFC
changes between groups using Student’s t -tests.
We calculated point estimates of these differences
in change with corresponding 95% confidence
intervals (CI). To correct for multiple comparisons,
we considered P values B0.01 as significant.
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Results

We selected 606 patients (from a database contain-
ing 662 patients) who were examined twice with a
time interval of at least 265 days. A total of 282
patients experienced a clinically meaningful
change in EDSS score, as defined previously. Of
these patients, 102 (36%) were male and 180 (64%)
female. Mean age at baseline was 41.9 years (stan-
dard deviation (SD) 10.2). Most patients were
diagnosed as having relapsing-remitting (RR) MS
(55%), smaller proportions as having secondary
progressive (SP) MS (22%) and primary progressive
(PP) MS (16%) [20]. Average time from baseline
to follow-up measurement was 691 days, range
268�1715 days.

Of these 282 patients, 70 were severely disabled
(subset A). Mean follow-up duration in this sub-
group was 716 days (range: 296�1715) and median
EDSS change was 0.5 (range: 0.5�2.0). Mean GDNS
sum score was 20.48 (SD: 6.78) at baseline and
23.62 (SD: 7.00) at follow-up, resulting in a GNDS
change of 3.14 (SD: 4.97). MSFC scores in this group
were �0.611 (SD: 0.818) at baseline and �1.128
(SD: 0.865) at follow-up. Therefore, MSFC change
measured �0.517 (SD: 0.655). These calculations

were also performed in the subgroup of 212 patients
who were mildly or moderately disabled (subset B).
This subgroup experienced a median EDSS change
of 1.5 (range: 1.0�4.0) after an average follow-up
duration of 682 days (range: 268�1669). Mean
GNDS sum score in this group was 10.83
(SD: 6.32) at baseline and 12.97 (SD: 7.05) at
follow-up, which resulted in a GNDS change of
2.14 (SD: 4.96). MSFC score at baseline was 0.462
(SD: 0.435) and at follow-up 0.357 (SD: 0.494),
which gave rise to a MSFC change of �0.105
(SD: 0.251). When comparing GNDS changes in
both groups, a non-significant trend towards a
higher GNDS change in subset A was observed;
the difference in change was 1.00 (95% CI: �0.35
to 2.36). Regarding the MSFC, we found a difference
in change of 0.412 (95% CI: 0.300�0.525).

The exact same analyses were performed after
subdividing subset B in subsets B1 and B2. Differ-
ences in changes between subsets B1 and B2 were
not significantly different, neither for GNDS nor for
MSFC. Descriptives and scores on GNDS and MSFC
are shown in more detail in Tables 1 and 2.

Finally, we investigated different cut-off values
for EDSS changes that would result in comparable
changes in GNDS and MSFC in subsets A and B. For
this, we used the change in subset A as reference

Table 1 Descriptives

Total group
Subset A
(EDSS ]6.0)

Subset B
(EDSS 55.5)

Subset B1
(EDSS 4.0�5.5)

Subset B2
(EDSS 53.5)

n 282 70 212 51 161
Female/male 180/102 37/33 143/69 30/21 113/48
RR/SP/PP 155/62/45 12/38/19 143/25/25 20/18/12 123/7/13
Age, years (SD) 41.9 (10.2) 45.2 (11.1) 40.8 (9.7) 46.8 (8.6) 39.0 (9.3)
Follow up duration, days (range) 691 (268�1715) 716 (296�1715) 682 (268�1669) 779 (308�1631) 651 (268�1669)

Table 2 GNDS and MSFC scores in the different subsets

Subset A
(EDSS ]6.0) A versus B

Subset B
(EDSS 55.5)

Subset B1
(EDSS 4.0�5.5) B1 versus B2

Subset B2
(EDSS 53.5)

Median change in
EDSS (range)

0.5 (0.5�2.0) 1.5 (1.0�4.0) 1.5 (1.0�3.5) 1.5 (1.0�4.0)

Baseline GNDS
(SD)

20.48 (6.78) 10.83 (6.32) 16.63 (5.78) 8.98 (5.29)

Follow up GNDS
(SD)

23.62 (7.00) 12.97 (7.05) 18.94 (6.49) 11.07 (6.10)

Change in GNDS
(SD)

3.14 (4.97) 2.14 (4.96) 2.31 (5.33) 2.09 (4.86)

Difference in GNDS
change (95% CI)

1.00
(�0.35 to 2.36)

0.23
(�1.80 to 1.35)

Baseline MSFC
(SD)

�0.611 (0.818) 0.462 (0.435) 0.096 (0.436) 0.570 (0.372)

Follow up MSFC
(SD)

�1.128 (0.865) 0.357 (0.494) �0.010 (0.541) 0.466 (0.422)

Change in MSFC
(SD)

�0.517 (0.655) �0.105 (0.251) �0.107 (0.298) �0.104 (0.237)

Difference in MSFC
change (95% CI)

0.412
(0.300�0.525)

0.003
(�0.083 to 0.088)

EDSS, Expanded Disability Status Scale; MSFC, Multiple Sclerosis Functional Composite; GNDS, Guy’s Neurological Disability Scale.
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category, since 0.5 is the minimal detectable EDSS
change. Results are shown in Table 3. An EDSS
change of ]2.0 in patients with EDSS 55.5
resulted in a GNDS change that was roughly the
same as that in patients with EDSS ]6.0 who
experienced an EDSS change of ]0.5 (GNDS
change 4.00 versus 3.14). To level out MSFC
changes, a higher EDSS change was needed: ]2.5
in patients with EDSS 55.5 was more or less equal
to an EDSS change ]0.5 in patients with EDSS
]6.0 (MSFC change �0.407 versus �0.517).
When evaluating different cut-off values for EDSS
changes in the three subsets A, B1 and B2, similar
results were obtained (data not shown).

Discussion

The exact definition of a clinically meaningful
change in EDSS score is of great importance,
especially in MS clinical trials. In most trials, this
change has been defined as either a 1.0 point
change for patients with an EDSS score at study
entry of 5.5 or lower or a change of 0.5 point for
more disabled patients (EDSS ]6.0) and statistical
analysis plans typically combine these patient
groups. Nonetheless, the assumption that these
two changes have equal clinical impact has never
been properly examined. By using other clinical
measurements, both subjective and objective, we
were able to compare the changes associated with a
1.0 point and a 0.5 point change on EDSS, respec-
tively, in patients with varying degrees of disability.
We found that concomitant GNDS and MSFC
changes were considerably higher in patients with
severe disability (EDSS ]6.0) who experienced an
EDSS change ]0.5 point compared to GNDS and
MSFC changes in patients with mild and moderate
disability who had at least 1.0 point EDSS change.

In order to compare the aforementioned EDSS
changes, we used two other clinical measurements.
First, we assessed the subjective clinical impact of
EDSS changes by analysing GNDS changes. This
instrument has been highly estimated as a measure-
ment to assess patient perceived disability in differ-
ent functional domains of MS. Second, we
compared these EDSS changes in a more quantita-
tive and objective manner by making use of the

MSFC. Consequently, both external scales provid-
ing similar results, we show that these predefined
EDSS changes cannot be considered as equal.

Obviously, the two external measurements have
their limitations. Because the GNDS is a more
subjective measurement that incorporates the pa-
tient’s perspective, dissimilarities between GNDS
and EDSS changes are a natural consequence. This
can be illustrated by the fact that a number of
patients experienced a clinically meaningful EDSS
worsening, but did not deteriorate on GNDS (28%
of patients in subset A, 37% of subset B). Concern-
ing MSFC, the clinical meaningfulness of MSFC
changes still needs to be clarified. Since this instru-
ment has only recently been implemented in
clinical trials, further research is warranted on this
topic. Moreover, an explanation for the larger
MSFC changes found in patients with severe dis-
ability could lie in the fact that these patients were
unable to perform one or more of the tests at their
follow-up visit and, therefore, were assigned the
maximum time or worst score (eg, 0 for the PASAT).
Finally, MSFC and EDSS possibly measure different
dimensions of disability. This can be demonstrated
by the finding that a number of patients who
worsened on EDSS did not worsen on MSFC (23%
in subset A, 32% in subset B).

Another pitfall of this study was the fact that
EDSS changes were not confirmed in any manner.
In clinical trials, a sustained EDSS change is con-
firmed by repeated measurements after three or six
months. In our study this was not the case.

When using GNDS and MSFC changes from our
study to titrate EDSS changes to have a comparable
impact on patients with severe versus mild or
moderate disability, we found that a 0.5 point
EDSS change in patients with a score of 6.0 or
higher more or less corresponds to a 2.0 or 2.5 point
change in patients with a score of 5.5 or lower. We
found no evidence that patients with EDSS of 5.5 or
lower should further be separated in mild versus
moderate disability in order to fine-tune the impact
of EDSS changes.

These results support the need for careful recon-
sideration of the criteria for clinically meaningful
EDSS changes, and the desirability of describing
both groups separately in clinical trial reports.

Table 3 Different cut off values for EDSS changes and associated GNDS and MSFC changes

Baseline EDSS score range Cut off EDSS change Associated GNDS change Associated MSFC change

]6.0 0.5 3.14 �0.517
55.5 1.0 2.14 �0.105

1.5 2.69 �0.117
2.0 4.00 �0.144
2.5 7.36 �0.407
3.0 7.88 �0.501
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