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Abstract

Background: The expanded disability status scale (EDSS) is the standard clinical outcome measure in
primary progressive multiple sclerosis (PPMS), even though the timed 25-foot walk (T25FW), nine-hole
peg test (NHPT) or combinations of these measures may be more useful. The paced auditory serial addi-
tion test (PASAT) is a widely used cognitive measure in MS, but little is known about change in PASAT
scores over time in PPMS.

Objective: The objective of this study is to compare clinical outcome measures in a large PPMS trial
data set.

Methods: We determined significant worsening events on the EDSS, T25FW and NHPT, and PASAT
scores over the course of this 3-year trial. We compared unconfirmed, confirmed and sustained disability
worsening and contrasted disability worsening with similarly defined improvement. We examined the
association of baseline characteristics with the risk of disability worsening at 12, 24 and 36 months with

logistic regression models.

Results: The EDSS and T25FW showed most worsening events, while only few patients worsened on
the NHPT. Adding the NHPT to a combined outcome added only few further worsening events. PASAT
scores slightly increased over time, possibly due to a practice effect.

Conclusion: Both the EDSS and T25FW, but not NHPT or PASAT, appear to be useful outcome mea-

sures in PPMS.
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Introduction

The treatment of primary progressive multiple sclero-
sis (PPMS) remains an unmet challenge. To date, only
one treatment for PPMS is available, and this treatment
only has a modest effect, predominantly in people
with remaining focal inflammatory disease activity.!
Meaningful progress in the development of new and
impactful treatments for PPMS will undoubtedly
require many more clinical trials investigating new
interventions. However, clinical trials in PPMS are dif-
ficult and expensive to conduct, in part due to the use of
the expanded disability status scale (EDSS)? as the pri-
mary outcome measure in trials in all forms of MS.?

The use of the EDSS in trials has become the standard
with a time to event outcome of confirmed disability
progression (CDP). Trials using this outcome are

powered based on the number of progression events,
which occur between 30% and 40% of participants over
the course of 2 years. Using this approach translates into
large sample sizes. If alternative outcome measures
have higher event rates, it might be possible to lower the
sample size and shorten the duration of trials.

We recently investigated clinical outcome measures
in two secondary progressive MS (SPMS) trial data
sets and found that the timed 25-foot walk (T25FW)*
may be a more useful primary outcome measure
than the EDSS. For this study, we gained access to
the data set of the INFORMS trial,® a large phase II1
randomized controlled trial in PPMS, to investigate
the reliability or the ‘noise’ inherent in the EDSS,
T25FW and nine-hole peg test (NHPT)¢ and their
combinations.
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Table 1. Baseline characteristics.

Placebo Fingolimod 0.5mg  Fingolimod 1.25mg  Total
n 487 336 147 970
Sex (F/M) 235/252 163/173 71/76 469/501
Age (mean, SD) 49.0, 8.3 49.1, 8.6 48.3,8.5 48.9,8.5
Disease duration since first 59,24 5.8,2.5 59,25 59,24
symptoms (mean, SD)
Disease duration since 29,23 2.8,2.6 27,22 28,24
diagnosis (mean, SD)
Patients with gadolinium- 64, 13.1% 46, 13.6% 17, 11.6% 127, 13.1%
enhancing lesions (1, %)
EDSS at baseline 4.5 (4.0-6.0) 4.5(3.75-5.5) 4.5 (4.0-6.0) 4.5 (4.0-5.5)
(median, IQR)
T25FW at baseline 6.9 (5.5-9.6) 7.1 (5.6-10.1) 7.0 (5.5-8.8) 7.0 (5.5-9.5)
(median, IQR)
NHPT at baseline 25.5(22.5-31.1)  25.9(23.1-30.7) 25.6 (22.2-31.4) 25.7 (22.7-31.1)

(Median, IQR)

PASAT at baseline 48 (38-56) 49 (36-55) 50 (37-56) 49 (37-55)

(Median, IQR)

SD: standard deviation; EDSS: expanded disability status scale; NHPT: nine-hole peg test; PASAT: paced auditory serial addition

test; T25FW: timed 25-foot walk; IQR: interquartile range.

In addition to the increasing physical disability, PPMS
is also characterized by progressive cognitive decline,’
and it would be useful to have a reliable clinical out-
come measure reflecting this aspect of the disease. The
paced auditory serial addition test (PASAT) was previ-
ously the most widely used cognitive outcome and is
still often used in cross-sectional studies. It is part of the
multi-dimensional multiple sclerosis functional com-
posite,® but its value as a longitudinal measure is debat-
able because of a large practice effect that can limit its
use as a repeated measure.” Despite its popularity, we
know relatively little about changes on the PASAT over
time and about its usefulness as a trial outcome. In this
study, we additionally investigated the value of the
PASAT as a measure of disease progression in PPMS.

To aid the selection of appropriate eligibility criteria
for PPMS trials, we also investigated the association
of baseline factors with the risk of disability worsen-
ing over the course of 3 years of follow-up. Our analy-
ses inform the selection of the most appropriate
outcome measures and eligibility criteria for clinical
trials in PPMS.

Methods

Trial data set and ethics

The INFORMS data set was obtained from Novartis
(Novartis, Basel, Switzerland), the pharmaceutical
company which conducted and oversaw the INFORMS

trial. The ethical approval for INFORMS is described
in the original publication.’ The University of Calgary
Conjoint Health Research Ethics Board Ethical
granted ethical approval for this analysis. INFORMS
was a randomized, double-blind, placebo controlled
trial conducted at 148 centres in 18 countries. Key
inclusion criteria were age: 25-65years, a clinical
diagnosis of PPMS, disease progression for 1year or
more, a disease duration of 2—10years and objective
evidence of disability worsening in the 2 years before
inclusion. In INFORMS, participants were initially
randomly assigned to receive either fingolimod
1.25mg per day or placebo, but during the trial, the
decision was made to discontinue the development of
fingolimod 1.25mg and to continue with fingolimod
0.5mg instead. Participants who had been assigned to
1.25mg were switched to 0.5 mg providing for varia-
ble exposure to 1.25mg. We present the group of
patients originally assigned to fingolimod 1.25mg as
separate group in Table 1. For certain analyses, we
combined both fingolimod groups into a single group.
For the presentation of disease duration from onset
and from the time of diagnosis, we imputed a missing
day of the month as the 15th of the month, and a miss-
ing month as July of the year.

Progression rates

We determined the proportion of individuals with dis-
ability worsening and improvement by comparing
baseline and follow-up disability measures. Patients
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missing the disability measure at baseline, the time
point of interest or the corresponding confirmation
assessment (at either 3 or 6 months subsequently)
were excluded from these analyses. Disability wors-
ening and improvement were defined as a 20% or
more worsening/improvement from baseline in the
time for the T25FW# and the NHPT.® According to the
definition of historical trials in SPMS!%-13 and PPMS,!
we defined worsening/improvement on the EDSS as
an increase/decreased of one whole point on the
EDSS if the baseline EDSS was 5.5 or lower, and of
one half point if the baseline EDSS was 6.0 or 6.5.
Since no agreed-upon definitions of significant wors-
ening exist for the PASAT, we calculated mean
PASAT-3 scores throughout follow-up. We also inves-
tigated worsening and improvement on the PASAT-3
from baseline (1) by any degree, (2) by at least four
points and (3) by at least 20%.

Investigations of ‘noise’
We investigated the reliability or ‘noise’ inherent in
the EDSS, T25FW and NHPT in three ways.

Unconfirmed versus confirmed disability worsen-
ing. First, we compared unconfirmed and ‘confirmed’
disability worsening. We labelled a worsening event
‘confirmed’ if (1) a disability measure showed signifi-
cant worsening compared to baseline and (2) was
confirmed as worsened at a confirmation measure-
ment 3 or 6 months. An ideal robust clinical outcome
in PPMS should have only a small difference between
unconfirmed and confirmed disability worsening.

Confirmed versus sustained disability worsening. We
also compared ‘confirmed’ with ‘sustained’ disability
worsening. We labelled a worsening event ‘sustained’
if (1) a disability measure showed significant worsen-
ing compared to baseline, (2) remained significantly
worsened at a confirmation measurement 3 or
6months and (3) remained significantly worsened at
the last (36 month) trial visit. An ideal outcome of
irreversible disability worsening in PPMS should
have only a small difference between confirmed and
sustained disability worsening. However, one disad-
vantage of this approach is that the length of the ‘sus-
tained’ period varies depending on when the index
worsening first occurs.

Disability worsening versus similarly defined
improvement. To investigate whether the measure
truly is a reflection of the ongoing worsening of dis-
ability, we compared disability worsening with simi-
larly defined improvement. An outcome measuring
the chronically progressive disease process of PPMS

should have only a small proportion of patients
‘improving’ on an outcome measure, and a large pro-
portion of patients worsening. The proportion of
patients with disability worsening should increase
over time, reflecting chronic progression in PPMS,
while the proportion of patients with improvement
should decline or remain unchanged over time.

Baseline factors associated with disability

worsening

To aid in the selection of inclusion criteria for clinical
trials, we investigated the association of baseline
characteristics with disease progression at 12, 24 and
36months of follow-up using logistic regression
models. We used worsening on the EDSS or T25FW
(unconfirmed and 3 month confirmed) at 12, 24 and
36 months as the dependent (outcome) variables and
age, disease duration, sex, treatment (placebo or fin-
golimod), EDSS score at baseline, T2SFW at baseline
and contrast enhancing lesions on the screening MRI
(present or absent) as the independent (predictor) var-
iables. Statistical significance was taken to be at the
two-tailed 0.05 level. All statistical analyses were per-
formed with the R statistical software package for
Windows, version 4.0.2.14

Data availability

The data used in this study are available upon request
from Novartis. Individual participant data collected
during the trial will be shared after anonymization
and on approval of a research proposal and data shar-
ing agreement. Research proposals can be submitted
online (https://www.clinicalstudydatarequest.com).

Results

INFORMS data set

The INFORMS data set contained individual patient
level data of 970 participants. Table 1 shows their
baseline characteristics.

Progression rates

Table 2 shows the proportion of trial participants with
unconfirmed and confirmed disability worsening over
the course of the trial. The T25FW had the highest
number of worsening events over time, followed by
the EDSS. The NHPT showed the lowest progression
rates over follow-up. To explore whether the NHPT
may be a more useful outcome in participants with
advanced disability, we investigated NHPT worsen-
ing in a subgroup of patients with a baseline EDSS of
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Table 2. Percentage of trial participants with unconfirmed and confirmed disability worsening throughout follow-up.

3 6 9 12 15 18 21 24 27 30 33 36
EDSS
UDP 124 17.7 217 264 31.1 332 353 383 404 435 443 465
n 884 851 825 792 759 733 719 690 668 650 650 516
3M CDP 8.8 124 17.0 21.7 265 280 29.8 332 357 393 365
Percentage of UDP 71.0 70.1 783 822 852 843 844 867 884 903 824 0.0
EDSS 6M CDP 7.6 126 169 209 249 260 292 322 352 349
Percentage of UDP 613 712 779 792 80.1 783 827 841 871 802
T25FW
UDP 162 227 286 33.0 372 413 444 455 474 472 483 521
n 846 823 796 757 717 683 664 642 620 602 590 466
3M CDP 8.7 155 19.6 231 273 322 350 37.1 372 373 362
Percentage of UDP 537 683 685 70.0 734 780 788 815 785 79.0 749
6M CDP 8.8 147 185 225 27.6 320 339 354 381 340
Percentage of UDP 543 648 647 682 742 775 764 77.8 804 72.0
NHPT
UDP 52 6.9 8.9 103 121 157 164 185 174 200 21.8 213
n 872 843  8l6 787 751 720 696 681 649 639 629 502
3M CDP 1.8 33 4.5 58 75 8.8 1.0 112 11.7 148 12.1
Percentage of UDP 346 478 50.6 563 620 56.1 67.1 605 672 740 555
6M CDP 1.7 3.1 3.7 59 73 9.5 8.3 11.1 11.7 116
Percentage of UDP 327 449 416 573 603 605 506 600 672 58.0
EDSS or T25FW
UDP 25.7 32,6 394 450 494 527 556 574 594 612 61.8 659
n 847 831 810 774 745 719 703 681 657 639 641 508
3M CDP 158 238 293 350 402 444 475 501 508 532 514
Percentage of UDP 61.5 73.0 744 778 814 843 854 873 855 869 832
6M CDP 152 234 285 348 398 432 462 484 512 492
Percentage of UDP 59.1 718 723 773 80.6 82.0 831 843 862 804
EDSS or T25FW or NHPT
UDP 289 367 433 486 544 571 606 615 632 652 66.1 69.0
n 848 831 811 777 747 721 705 683 658 643 641 509
3M CDP 173 26.1 314 38.1 437 479 51.6 533 541 571 556
Percentage of UDP 599 711 725 784 803 839 851 86.7 856 87.6 841
6M CDP 162 256 306 374 434 47.1 492 522 546 526
Percentage of UDP 56.1 69.8 70.7 77.0 79.8 825 812 849 864 80.7

EDSS: expanded disability status scale; NHPT: nine-hole peg test; UDP: unconfirmed disability progression, CDP: confirmed
disability progression, 3M: 3 months, 6M: 6 months; #: individuals with an available measurement; T25FW: timed 25-foot walk.

6.0 or higher (n=231). This exploration showed only
slightly increased progression rates compared to the
whole cohort (e.g. 24-month unconfirmed disability
progression (UDP) of 23.6% compared to 18.5% in
the whole cohort and 24-month 3M CDP of 15.2%
compared to 11.2% in the whole cohort; further data
not shown). Table 6 and Figure 2 show mean PASAT
scores and patients with worsening and improvement
on the PASAT throughout follow-up. Mean PASAT
scores steadily increased, especially within the first
year, and then changed little until the end of the trial.

Throughout the trial, participants were more likely to
improve on the PASAT than to worsen, using any of
the three investigated definitions of worsening and
improvement.

Investigations of ‘noise’

Unconfirmed versus confirmed disability worsen-
ing. Table 2 shows the difference between uncon-
firmed and confirmed disability worsening on single
and combined outcome measures. The EDSS showed
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Table 3. Comparison of confirmed versus sustained disability worsening.

15 18 21 24 27 30

3 6 9 12
EDSS
3M CDP 8.8 12.4 17.0 21.7
3M SDP 5.5 7.2 10.1 14.2

Percentage of CDP  62.5 58.1 59.4 65.4
T25FW

3M CDP 8.7 15.5 19.6 23.1

3M SDP 2.7 6.1 8.1 11.3

Percentage of CDP  31.0 394 41.3 48.9
NHPT

3M CDP 1.8 33 4.5 5.8

3M SDP 0.5 1.0 1.9 2.2

Percentage of CDP  27.8 30.3 42.2 37.9
EDSS or T25FW

3M CDP 15.8 23.8 29.3 35.0

3M SDP 8.4 12.4 16.7 22.3

Percentage of CDP  53.2 52.1 57.0 63.7
EDSS or T25FW or NHPT

3M CDP 17.3 26.1 314 38.1

3M SDP 8.9 13.5 17.8 243

Percentage of CDP  51.4 51.7 56.7 63.8

26.5 28.0 29.8 332 35.7 39.3
18.3 19.7 21.9 254 293 334
69.1 70.4 73.5 76.5 82.1 85.0

27.3 322 35.0 37.1 37.2 373
17.2 20.2 23.1 26.9 28.4 29.6
63.0 62.7 66.0 72.5 76.3 79.4

7.5 8.8 11.0 11.2 11.7 14.8
3.8 43 54 6.5 7.6 9.2
50.7 48.9 49.1 58.0 65.0 62.2

40.2 444 47.5 50.1 50.8 532
28.3 32.0 36.2 40.4 423 45.4
70.4 72.1 76.2 80.6 83.3 85.3

43.7 47.9 51.6 53.3 54.1 57.1
30.8 34.7 39.2 43.2 453 48.8
70.5 72.4 76.0 81.1 83.7 85.5

EDSS: expanded disability status scale; NHPT: nine-hole peg test; CDP: confirmed disability progression, SDP: sustained
disability progression, 3M: 3 months, 6M: 6 months; T25FW: timed 25-foot walk.

the lowest difference between unconfirmed and con-
firmed disability worsening, with a large majority of
unconfirmed worsening events confirmed at 3 or
6months (e.g. 82.2% of those with unconfirmed
12-month worsening events were confirmed at
3 months). For the T25FW this difference was slightly
larger (70% of unconfirmed 12-month worsening
events confirmed at 3months), and largest for the
NHPT (with only 56.3% of unconfirmed 12-month
worsening events confirmed at 3 months, Table 2).
There was little difference between 3 and 6 month
confirmation, although 6 month was slightly lower
with regards to the difference between unconfirmed
and confirmed disability worsening.

Confirmed versus sustained disability worsen-
ing. Table 3 shows the difference between confirmed
and sustained worsening events for single and com-
bined outcomes. The EDSS showed the lowest differ-
ence between confirmed and sustained disability
worsening, with, for example, 65.4% of confirmed
12-month worsening events sustained until the end of
the trial, followed by the T25FW (48.9%). The NHPT
had the largest discrepancy between confirmed and
sustained worsening events, with only 37.9% of con-
firmed 12-month worsening events sustained until the
end of the trial (Table 3).

Disability worsening versus similarly defined improve-
ment. Table 4 and Figure 1 show a comparison of
worsening events with similarly defined improvement
on single and combined outcome measures. Overall,
improvement events were much rarer than worsening
events, and remained stable throughout the course of
the trial. The EDSS had the highest number of improve-
ment events with around 10% of patients experiencing
improvement (unconfirmed) on the EDSS, followed by
the T25FW (with around 7% of improvement) and the
NHPT (with around 4% of improvement; Table 4).

Baseline factors associated with disability
worsening

EDSS and T25FW at baseline were consistently asso-
ciated with EDSS and T25FW worsening at 12, 24
and 36 (or 33) months. Male sex and disease duration
were associated with worsening on the EDSS in some
but not all regression models (Table 5). Age, the pres-
ence of contrast enhancing lesions and fingolimod
treatment were not associated with the risk of EDSS
and T25FW disability worsening in any of the regres-
sion models. We performed these analyses with the
treatment variable dichotomized into placebo or fin-
golimod, repeating analyses with separate 0.5 and
1.25mg fingolimod arms did not change the results.
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Table 4. Percentages of trial participants with disability worsening versus similarly defined improvement throughout

follow-up.
3 6 9 12 15 18 21 24 27 30 33 36
EDSS
Worse UDP 124 17.7 217 264 31.1 332 353 383 404 435 443 465
Better UDP 8.3 9.5 98 11.2 109 10.1 10.0 9.1 9.0 9.4 9.5 9.5
Percentage of worse 669 537 452 424 350 304 283 238 223 216 214 204
Worse 3M CDP 88 124 17.0 21.7 265 280 298 332 357 393 365
Better 3M CDP 3.8 4.9 5.8 7.5 6.9 6.7 6.2 6.4 6.6 6.7 5.3

Percentage of worse 432 395 341 346
T25FW

Worse UDP 162 227 286 33.0
Better UDP 6.0 7.0 7.0 5.7
Percentage of worse 37.0 308 245 173
Worse 3M CDP 87 155 196 23.1
Better 3M CDP 2.5 3.8 3.7 3.5

Percentage of worse 287 245 189 152
NHPT

Worse UDP 52 6.9 89 103
Better UDP 32 3.0 3.6 29
Percentage of worse 61.5 435 404 282
Worse 3M CDP 1.8 33 4.5 5.8
Better 3M CDP 1.5 1.4 1.7 2.0

Percentage of worse 833 424 378 345
EDSS or T25FW

Worse UDP 25.7 326 394 450
Better UDP 139 160 162 164
Percentage of worse 54.1 49.1 411 364
Worse 3M CDP 158 238 293 350
Better 3M CDP 6.4 8.4 92 108

Percentage of worse 40.5 353 314 309
EDSS or T25FW or NHPT

Worse UDP 289 367 433 486
Better UDP 16.5 181 19.1 187
Percentage of worse 57.1 493 441 385
Worse 3M CDP 173 26.1 314 38.1
Better 3M CDP 7.7 9.6 10.6 125

Percentage of worse 445 36.8 338 328

26.0 239 208 193 185 17.0 145

37.2 413 444 455 474 472 483 521
6.6 6.3 6.8 6.7 6.9 6.3 6.1 6.4
177 153 153 147 146 133 12,6 123
273 322 350 371 372 373 362
3.8 4.5 4.8 4.1 4.1 4.7 3.9
139 140 137 11.1 11.0 126 108

121 157 164 185 174 200 21.8 213
3.6 4.0 4.0 43 39 3.8 3.7 52

29.8 255 244 232 224 190 17.0 244
7.5 88 11.0 112 11.7 148 121
1.8 2.0 2.1 2.4 2.2 1.5 2.5

240 227 191 214 188 10.1 20.7

494 527 556 574 594 612 618 659
170 158 162 146 154 152 150 158
344 300 291 254 259 248 243 240
402 444 475 501 508 532 514
104 108 105 10.0 103 10.8 9.5
259 243 221 200 203 203 185

544 571 60.6 615 632 652 66.1 69.0
199 192 193 184 186 182 17.8 19.9
36.6 33.6 31.8 299 294 279 269
437 479 516 533 541 571 556

119 127 125 120 119 11.8 114
272 265 242 225 220 20.7 205

EDSS: expanded disability status scale; NHPT: nine-hole peg test; UDP: unconfirmed disability progression, CDP: confirmed
disability progression, 3M: 3 months, 6M: 6 months; T25FW: timed 25-foot walk.

Discussion

An ideal clinical outcome measure in PPMS should
show a steadily growing number of worsening events
over time in a disease that has no disease modifying
treatments. These worsening events should reflect
irreversible disability, so that the difference between
raw and confirmed worsening, on one hand, and con-
firmed and sustained worsening, on the other hand,
should be as low as possible. So far, there has been
little motivation to compare outcome measures in

PPMS and other disease courses, because the agreed-
upon standard for outcome measurement in all forms
of MS has been the EDSS.

Our investigation of progression rates shows that—simi-
lar to our previous investigations in SPMS!H and
PPMS,!¢ the T25FW had the highest proportion of
patients with disability worsening over time, followed
by the EDSS. The NHPT showed the lowest worsening
rates, with only 12.1% of patients experiencing (3 month
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Figure 1. Proportion of patients with disability worsening versus similarly defined (unconfirmed) improvement on the

(a) EDSS, (b) T25FW and (c) NHPT.

Table 5. Results of the logistic regression models.

Dependent variable Significant independent ~ Odds ratio (95% p AIC
variables confidence interval)

T25FW worse UDP 12 months EDSS at baseline 1.44 (1.20-1.74) 0.0001 944.79

T25FW worse UDP 24 months EDSS at baseline 1.57 (1.29-1.92) <0.0001 867.77

T25FW worse UDP 36 months Disease duration 0.92 (0.85-0.99) 0.04 631.07
T25FW at baseline 0.93 (0.89-0.98) 0.006
EDSS at baseline 1.68 (1.32-2.14) <0.0001

T25FW worse 3M CDP 12 months EDSS at baseline 1.52 (1.24-1.88) <0.0001 780.8

T25FW worse 3M CDP 24 months EDSS at baseline 1.73 (1.40-2.14) <0.0001 793.81

T25FW worse 3M CDP 33 months T25FW at baseline 0.94 (0.89-0.99) 0.03 683.76
EDSS at baseline 1.50 (1.19-1.90) 0.0006

EDSS worse UDP 12 months Disease duration 0.93 (0.87-0.99) 0.04 862.32
Male sex 1.63 (1.17-2.30) 0.004
T25FW at baseline 1.07 (1.04-1.12) <0.0001

EDSS worse UDP 24 months Male sex 1.4 (1.01-1.93) 0.04 877.6
T25FW at baseline 1.04 (1.01-1.08) 0.03
EDSS at baseline 1.3 (1.07-1.57) 0.007

EDSS worse UDP 36 months T25FW at baseline 1.06 (1.02-1.12) 0.01 680.63
EDSS at baseline 1.31 (1.05-1.64) 0.02

EDSS worse 3M CDP 12 months Male sex 1.56 (1.09-2.25) 0.02 774.53
T25FW at baseline 1.08 (1.04-1.12) <0.0001

EDSS worse 3M CDP 24 months T25FW at baseline 1.04 (1.01-1.08) 0.03 821.77
EDSS at baseline 1.31 (1.07-1.60) 0.008

EDSS worse 3M CDP 33 months T25FW at baseline 1.06 (1.02-1.11) 0.004 749.97
EDSS at baseline 1.26 (1.02-1.56) 0.03

EDSS: expanded disability status scale; AIC: Akaike information criterion; UDP: unconfirmed disability progression, CDP:
confirmed disability progression; T25FW: timed 25-foot walk.
The models included sex, age, disease duration, EDSS at baseline, T25FW at baseline, contrast enhancing lesions on the screening
MRI (present or absent) and the treatment arm (placebo or fingolimod) as independent (predictor) variables.

confirmed) disability worsening at 33 months. Limiting
our investigation to a subgroup of patients with signifi-
cant baseline disability (EDSS of 6.0 or greater, n=231),
did not change this conclusion substantially. The NHPT
is likely not a useful primary single outcome measure in
PPMS, and we found no support for the idea that the
NHPT would be more useful in patients with more
advanced disability. Our investigation of the PASAT
showed only little change in PASAT scores over the

course of this 3-year trial, except for a small increase in
scores in especially the first year of the trial, which
probably reflects a practice effect (Table 6 and Figure
2). Throughout the trial, participants on average were
more likely to improve than to worsen on the PASAT,
no matter which definition of worsening we chose,
which is not in keeping with the chronically progressive
cognitive decline that people with PPMS often experi-
ence. While this could in part be due to the worsening
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Table 6. Change in the PASAT throughout the trial.

0 3 6 9 12 15 18 21 24 27 30 33 36
PASAT-3
Mean PASAT score 452 457 471 474 481 484 486 494 496 50.0 498 49.6 494
SD PASAT score 125 125 124 126 123 120 122 119 11.6 113 120 12.0 12.0
Participants with any worsening (%) - 419 341 326 305 304 266 249 258 230 241 258 240
Participants with any improvement (%) - 50.1 543 558 602 589 628 659 642 677 669 653 66.6
Participants with four or more points - 197 166 159 152 143 141 123 129 109 11.6 125 11.8
worsening (%)
Participants with four or more points - 248 326 340 357 358 421 414 438 435 454 432 46.6
improvement (%)
Participants with 20% or more worsening  — 7.0 4.6 5.7 6.0 5.7 5.6 5.4 54 47 53 6.2 5.1
(%)
Participants with 20% or more - 10.1 147 141 163 168 214 205 21.6 206 21.8 218 228
improvement (%)
n 927 80 832 801 771 734 710 684 667 635 623 616 491
PASAT: paced auditory serial addition test; SD: standard deviation.
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Figure 2. (a) Mean PASAT scores (error bars represent the standard deviation) throughout follow-up. The PASAT does not show worsening over
time, but a slight increase in mean scores up to about 12 months, and little change afterwards. This slight increase in PASAT scores may be due to
a practice effect. (b) Improvement of the PASAT compared to baseline is more likely than worsening throughout the trial.

patients dropping out of the trial, we did not see strong
evidence for this. Given these results, the PASAT is
likely not a useful primary or combined outcome meas-
ure in PPMS trials. The symbol digit modalities test
(SDMT)!7 is now most often used as the primary cogni-
tive outcome in MS, but was unfortunately not used in
INFORMS. The value of SDMT as an outcome in
PPMS should be investigated in other clinical trial data
sets and clinical cohorts.

The primary goal of treatment in PPMS is the preven-
tion or delay of irreversible disability. An outcome
measure that reflects this irreversibility should there-
fore only show a small difference between uncon-
firmed and confirmed or sustained disability
worsening. In the INFORMS data set, the EDSS
showed the highest consistency between unconfirmed
and confirmed and between confirmed and sustained

disability worsening, followed by the T25FW. Around
two-thirds of 12-month (3 month confirmed) worsen-
ing events on the EDSS were sustained until 3 years of
follow-up. This is in contrast to a seminal study in
relapsing—remitting MS (RRMS), where only about
half of all (3 months) confirmed worsening events at
lyear were sustained until 2years of follow-up.!®
This difference between the earlier study in RRMS
and our study may be because the RRMS study
included participants with EDSS scores in the lower
portion of the scale, where the EDSS is known to have
poorer test—retest reliability.!9-20

Our investigation of worsening versus similarly
defined improvement is based on the idea that (in a
trial that has not demonstrated a treatment effect) a
useful outcome measure in PPMS should reflect the
ongoing clinical worsening. While plateaus and
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occasional improvements are possible in PPMS, the
clinical picture is dominated by a slow and steady
decline across all functional systems. Based on this
reasoning, an ideal outcome measure in PPMS should
show steady worsening of disability, while improve-
ment by the same margin on the same outcome would
then either be due to measurement error or a very rare
‘true’ improvement event; either way, worsening
events should over time vastly outnumber improve-
ment events in PPMS. Ebers et al.?! showed that the
EDSS improved about as often as it worsened in
RRMS trial cohorts followed for shorter periods of
time. Fortunately, this effect was much less noticeable
in the INFORMS data set, with improvement rates of
largely below 10% for the EDSS and even lower pro-
portions for the other single outcome measures.
Combining the EDSS and T25FW resulted in a larger
proportion of individuals with disability worsening,
without substantially increasing the differences
between unconfirmed and confirmed or between con-
firmed and sustained disability worsening. Including
the NHPT in a combined outcome added little to pro-
gression rates.

The EDSS is currently the standard primary outcome
measure in all forms of MS. Our findings suggest that
the T25FW would also be a good choice for primary
outcome measure in PPMS. It may seem limiting to
use a pure ambulation measure as the primary out-
come, but it should be kept in mind that the EDSS is
almost exclusively an ambulation measure at values
of 4.0 and higher, which applies to the vast majority
of the participants in INFORMS. The T25FW could
be used in isolation or in combination with the EDSS.
However, we base this recommendation on this inves-
tigation of a single trial data set. While INFORMS
was a well conducted representative trial, the precise
impact of using the T25FW as primary outcome
measure on statistical power, sample size calcula-
tions, and trial duration should also be investigated in
other PPMS trial data sets.

One reason for the relative high reliability of worsening
events in INFORMS may lie in the lower inflammatory
disease activity in PPMS compared to RRMS and
SPMS. INFORMS included participants with notably
low markers of inflammatory disease activity; for
instance, only 13% of participants had contrast enhanc-
ing lesions at baseline, which is about half of, for exam-
ple, the ORATORIO trial of ocrelizumab in PPMS
(with 27% of patients having contrast enhancing lesions
at baseline)! or comparable trials in SPMS: ASCEND
(22%)*2 and IMPACT (34%).%3 This suggests that in the
INFORMS cohort disability worsening is likely not
driven by overt focal inflammatory disease activity.

We performed regression analyses on the association
of baseline characteristics and the risk of disability
worsening. Our models showed that age, disease
duration, sex and having contrast enhancing lesions
at baseline were not consistently associated with the
risk of disability worsening in PPMS as compared to
the frequent association in RRMS. This may be due
to homogeneity of these risk factors within the study
population or suggest that it may not be necessary to
adjust for these factors by formulating specific eligi-
bility criteria. In contrast to these findings, it
appeared that younger patients with contrast enhanc-
ing lesions at baseline were more likely to benefit
from immunomodulatory treatment in the
ORATORIO trial, the only positive phase III trial in
PPMS to date.! Through its eligibility criteria,
INFORMS may have a selected for a group of
patients with meaningfully less focal inflammatory
disease activity: the INFORMS cohort is, on aver-
age, Syears older than the ORATORIO cohort, and
included participants aged between 25 and 65 years,
while ORATORIO included participants aged
between 18 and 55years. Focal inflammatory dis-
ease activity is in part an inverse function of age:
two studies, which mostly included patients with
RRMS and SPMS, showed that the proportion of
patients with contrast enhancing lesions declines
almost linearly as a function of age.?*2> It would be
worthwhile to explore the association of MRI char-
acteristics, age and disability worsening in other
natural history and clinical trial cohorts in PPMS.
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