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Abstract

Background

A previous clinical study showed the high specificity, sensitivity and reliability of MSCopilot,
a software medical device designed by Ad Scientiam for the self-assessment of people with
Multiple Sclerosis (PwMS), compared to the traditional Multiple Sclerosis Functional
Composite (MSFC). We conducted further analyses to assess MSCopilot’s performance with
respect to the Expanded Disability Status Scale (EDSS).

Methods

The data of 116 PwMS were analysed. We studied the correlations between MSCopilot scores
and the EDSS, and their ability to distinguish PWMS with high and low EDSS through a study
of the distribution of the digital test scores as well as logistic regression models. The same
analyses were performed using the MSFC tests.

Results

MSCopilot composite scores were as highly correlated to the EDSS (|Jr]=0.65, p<0.01) as their
MSFC counterparts, confirming the known correlation of the MSFC with the EDSS. In a
linear regression framework, the Walking digital tests have good explanatory power,
especially for PwMS with EDSS>3.5 (R24j=0.47). The mean values of each MSCopilot
subscore were significantly different between patients with an EDSS > 3.5 and others
(p<0.05), which could not be proved for the MSFC Cognition tests. MSCopilot4 was the best
model to predict an EDSS score >3.5 (AUC=0.92).

Conclusion

These analyses confirm the reliability of MSCopilot and show interesting correlations with
the EDSS (similar results obtained with the MSFC). MSCopilot was able to highlight nuances
in the different stages of MS the MSFC could not capture.



Introduction

Multiple Sclerosis (MS) is a chronic disease of the central nervous system, with a broad
diversity of symptoms and different progression phenotypes. Over two million people
worldwide suffer from MS [1]. The most accepted tool for quantifying neurologic disability is
the Expanded Disability Status Scale (EDSS) [2]. It measures the magnitude of the MS
symptoms on a scale from 0 to 10 (0: healthy, 10: deceased). This scale has been widely used
since 1983 and has the advantage of considering the functional systems that may be affected
by MS, and the convenience of reflecting the clinical status of each patient with a simple
number [3]. However, the EDSS presents several shortcomings: for moderate scores, this
scale resembles an ambulation index, which cannot be enough to monitor a disease as
complex as MS. Moreover, a single score can provide several interpretations. For instance, an
EDSS score of 4.5 indicates that a patient can walk 300m without aid, while it may also mean
that a patient is fully ambulatory with four points from one functional system (others at zero
or one point). Also, an increase of 1 point has different significations for each score. Indeed,
small differences in a patient’s state are reflected at lower EDSS, which is not the case for
patients with higher scores. As a result, the EDSS is not sufficient to assess the state of
patients through longitudinal monitoring.

To tackle these shortcomings, the Multiple Sclerosis Functional Composite (MSFC) was
developed as a three-component, standardized, quantitative, performance scale evaluating the
degree of impairment in people with MS (PwMS) [4]. It measures the walking speed, using a
25-foot walk (“Timed 25-Foot Walk” test, T25FW), arm and hand dexterity with a peg test
(“9-Hole Peg Test”, 9HPT), and cognitive functions (“Paced Auditory Serial Addition Test”,
PASAT). Each test provides a subscore, using z-scores, which are then averaged to obtain a
MSFC composite score. In order to include an assessment of the vision ability, the Sloan Low
Contrast Letter Acuity Test (SLCLAT [5]) can be added to the original tests, resulting in a
four-component scale, referred to as the “MSFC4”. To avoid confusion, the original three-
component MSFC is referred to as “MSFC3” in the following. The Symbol Digit Modalities
Test (SDMT) was proposed as an alternative to PASAT, notoriously disliked by patients [6],
resulting in the “MSFC3-revised” and “MSFC4-revised” versions. However, a practice effect
and the difficulty of interpreting a change in z-scores in clinical practice have limited the use
of the MSFC in clinical trials [7].

The MSCopilot mobile application was developed by Ad Scientiam (Paris Brain Institute,
Pitié-Salpétriere Hospital, Paris, France) with the purpose of using multi-dimensional data of
MS disabilities to facilitate the clinical assessments of patients and refine the quality and
accuracy of both clinicians and patients’ knowledge of the disease progression. MSCopilot is
a four-module application inspired by the MSFC4-revised. It features a Mobile Walking Test
(MWT), a Mobile Dexterity Test (MDT), a Mobile Cognition Test (MCT), and a Mobile
Vision Test (MVT). In the following, MSCopilot3 refers to the MSCopilot without MVT,
whereas MSCopilot4 refers to the four-component version. To assess the performances of our
application, we conducted a clinical study with 116 PWMS and 69 Healthy Controls (HCs)
which successfully validated our primary aim which was to prove that MSCopilot3 and
MSFC3 composite scores allowed to distinguish equally PwMS from HCs [8]. As for the
secondary endpoints, our study showed high correlations between the other versions of
MSCopilot and their MSFC counterparts, the non-inferiority of the MSCopilot subscores
compared to the MSFC’s, and the good reproducibility of MSCopilot through a test-retest



study. Our study also demonstrated excellent acceptability from both patients and clinicians

[9].

As a next step, we performed further analyses to assess the performance of MSCopilot with
respect to EDSS. We present these results in this paper. Analyses were performed on the data
collected on the 116 PwMS of the initial clinical study. We studied the correlations between
the MSCopilot scores and EDSS, and their ability to distinguish PwMS with high and low
EDSS. To this end, we studied the distribution of the digital test scores and built logistic
regression models. For each of these analyses, we compared the performances of MSCopilot
with those achieved by the various versions of the MSFC.

Materials and Methods

Origin of the data

The data used for the following analyses are the EDSS, MSCopilot and MSFC composite
scores and subscores (scores for the included tests) of the 116 PwMS from the initial clinical
study mentioned in the introduction.

This clinical study was national, multicentre, controlled, randomized, and low interventional.
Between 02/10/2017 and 30/07/2018, 141 PwMS and 76 HCs were enrolled in 11 French MS
centres. During a single visit, participants were screened for eligibility and at each centre, a
Neurostatus level-C certified neurologist measured the EDSS score of the enrolled
participants. Several neurologists from the same team were therefore involved to avoid bias.
In case of re-tests during a second visit (n=46), the neurological exam was performed by the
same neurologist. All the EDSS related tests were performed in a standardized manner (all
study examiners were briefed on how to perform the test), and not merely extracted from
patient files. On the same day, the participants were randomized (1:1) to perform first the
MSEFC tests and then the MSCopilot tests (group A) or the MSCopilot tests followed by the
MSEFC ones (group B). To avoid MSFC variants repetition, participants had to perform each
individual test only once in the following order: 1) SDMT, 2) T25FW, 3) 9-HPT, 4) PASAT,
5) SLCLAT. The test order for MSCopilot was: 1) MWT, 2) MDT, 3) MCT, 4) MVT. 185
participants completed the full set of digital and traditional tests without major protocol
deviation (116 PwMS; 69 HCs).

Statistical analyses

For each analysis performed, only p-values of less than 0.05 were considered significant.
When noted, the population studied in the following analyses was stratified by their EDSS
scores (EDSS<3.5 vs EDSS>3.5).

Analyses of the correlations between the EDSS score and the MSFC or MSCopilot composite
scores were carried out using the psych package from the R software. The significance of the
correlations was computed with the correlation test, whereas the significance of the difference
between two different correlations was calculated using a Williams’s test. In addition to the
entire PwWMS population, this analysis was also performed separately on patients with
EDSS<3.5 and patients with EDSS>3.5.



We then performed a multiple correlation analysis between the combination of the subscores
and the EDSS scores. To do so, we implemented linear regression models, with the I/m
function from R. The covariates of these models are various subscores (either from MSFC or
MSCopilot), while the predicted variable is the patient’s EDSS. These linear models can be
specified as follows:
EDSS; = Bo + B1S™ + - + BsP + ¢,

where EDSS; is the EDSS of the i-th patient, Si(l), s Si(p) are p subscores of the i-th patient
used as covariates, and ¢; is the error term which follows a normal distribution with mean zero
and whose variance does not depend on the patient. Finally, B, ..., B, are the model’s
coefficients.

The significance and performance of the models were assessed by analysing the p-values of
the Student’s tests performed for the coefficients of the model, and the value of RZ.j. R2y;
was chosen over R? since it adjusts for the number of explanatory terms in the model. We use
R2,4j to compare models with a different number of predictors. In addition to the entire PWMS
population, this analysis was also performed separately on patients with EDSS<3.5 and
patients with EDSS>3.5.

For patients’ discrimination, an analysis of the subscore was performed using the Wilcoxon’s
test (with the wilcoxon.test function from R), to assess the significance of the difference
between the mean subscores for patients with EDSS>3.5 vs those with EDSS<3.5.

Finally, for patients’ classification, we implemented a logistic regression to predict if the
EDSS of a PWMS is greater than 3.5 or not. Composite scores or subscores were used as
covariates. For the test performance evaluation, PWMS were split into two datasets using a
stratified sampling method (respectively by sex, age, education, Body Mass Index, EDSS
score, Multiple Sclerosis type). One dataset was randomly chosen to train the logistic
regression model (58 PwMS), while the second dataset was used to evaluate the performance
of the model (58 PwMS). The performance was measured by the Area under the Receiver
Operating Characteristic (ROC) curve (AUC). ROC curves were computed and drawn using
the pROC package from R [10]. For two different models, the AUC equality was tested using
a two-sided test provided by the roc.test function of the pROC package.

Results

Cohort: 116 PwMS. 48% of the PWMS had an EDSS score greater than 3.5 and under 7,
while the rest had a score between 0 and 3.5. The proportion of PWMS with Relapsing MS
(RMS) was 74% and 26% with Progressive MS (PMS). Additional data regarding the
characteristics of the global population (PwMS and HCs of the initial study) can be found in
Table 1.

Correlation between Composite Scores and the EDSS

Regardless of the population (all PwMS, PwMS with EDSS < 4 or EDSS >3.5), the
correlation between the MSCopilot3 or 4 composite scores and the EDSS was significantly



nonzero (correlation test p-value < 0.05). When considering all PwMS, the correlation
between MSCopilot composite scores and the EDSS was good (Figure 1) with |r|=0.65 for
MSCopilot3 and |r|=0.62 for MSCopilot4 (p<0.001). We also focused on the lower range of
the EDSS (<4). The correlations between MSCopilot composite scores and the EDSS remain
significant (p-value=0.01), but the value of the Pearson correlations, though still moderate, are
lower in absolute value (0.4 vs about 0.6 for all the PwMS).

The correlations of the MSFC composite scores and the EDSS were comparable to the
performances of the MSCopilot composite scores and a significant difference between the
correlations obtained for MSCopilot and the MSFC could not be proved (Williams’s test p-
value > 0.05). MSCopilot composite scores were as highly correlated to the EDSS as the
MSEFC ones.

Multiple Correlation between MSCopilot subscores and the EDSS

Studying the correlations between subscores and the EDSS in PwMS emphasized the
prominent role of the Walking test. We noticed that any combination of two tests including
the Walking test (e.g., Walking + Dexterity) provided a significant model of the EDSS with a
noticeable explanatory power (linear regression t-test p-values < 0.05 and R2q4; = 0.45).
Replacing the Walking test with another test produced either insignificant models of the
EDSS or very poorly correlated ones. When the focus was on PwWMS with an EDSS > 3.5,
among all possible test combinations, the MSCopilot Walking test was the only one that
significantly modelled the EDSS, with a notable correlation (linear regression t-test p-value <
0.05 and R2,3=0.47). Replacing the MSCopilot Walking test with the T25FW yielded similar
results.

Patients’ discrimination based on the distribution of the digital subscores

We found that the means of each MSCopilot subscore were significantly different between
patients with EDSS greater than 3.5 or not (Wilcoxon test p-value < 0.01; Figure 2 for
MSCopilot Cognition test).

We compared these results with the performances achieved by the MSFC; the mean values
were not significantly different between these two EDSS classes when we considered one of
the two MSFC Cognition tests, with a Wilcoxon p-value for PASAT of 0.06 (Figure 3), and a
Wilcoxon p-value for SDMT of 0.055 (Figure 4), whereas the Wilcoxon p-value for the
MSCopilot Cognition test was 0.009.

Binary EDSS Classification based on digital scores

We performed the classification of patients according to two EDSS classes (EDSS>3.5 or not)
given the scores of the digital tests.

When considering MSCopilot subscores as covariates, the best performance was achieved by
the Walking test (AUC=0.85), while the other tests provided lower AUC (0.77 for Dexterity,
0.72 for Cognition, 0.78 for Vision). As for MSFC subscores, the AUC obtained were lower



than for their MSCopilot counterparts (0.74 for T25FW and 9HPT, 0.57 for PASAT, 0.67 for
SDMT, 0.78 for SLCLAT).

Better results were obtained when using composite scores as covariates. Indeed, the best
model overall used MSCopilot4 as covariate and provided an AUC of 0.92, while the best
MSFC-based model used MSFC4-revised as covariate with an AUC of 0.84 (Figure 5).
However, we could not prove that the AUC of the MSCopilot4 model was significantly
superior to the AUC of the MSFC4-revised model (p=0.29). Using MSCopilot3 as a covariate
also gave a very strong performance (AUC=0.90).

For each of these analyses, the AUC of the model using a MSCopilot test (whether composite
score or subscore) as covariate was not significantly different from its MSFC counterpart
(p>0.05).

Discussion

Our results show that the MSCopilot composite scores were as highly correlated to the EDSS
as their MSFC counterparts. This encouraging outcome holds for both MSCopilot3 and 4
composite scores. The correlations between the EDSS and the MSFC, already demonstrated
with the paper version [11], were later studied with an iPad version equipped with hardware
enclosure (incorporating receptacles for metal pegs to mimic the 9HPT and a Bluetooth
remote for the walking speed test) [12]. Our smartphone version might be more patient-
friendly both in-clinic and in free-life.

The multiple correlation analysis emphasized the prominence of the MSCopilot Walking test
when studying the correlation between subscores and the EDSS. It supports the claim that the
EDSS mainly assesses the walking ability of patients, especially when the score is above 3.5

[2].

By significantly distinguishing patients with high or low EDSS, MSCopilot subscores
validate, through their distributions, that not only the walking ability but also the state of
vision, dexterity, and cognition are significantly different depending on the stage of the
disease. MSCopilot seems to capture nuances that may be missed by the EDSS scaling.
Moreover, unlike MSCopilot, we could not prove that any of the MSFC Cognition tests
significantly distinguished patients with high or low EDSS. These findings must be qualified
by the fact that 7% of the initially enrolled patients were excluded from the analyses (i.e., not
included in the n=116 PwMS) because they failed to complete the PASAT (too difficult or too
tired). Consequently, the disappointing performance of the PASAT could reflect participants’
fatigue and needs to be confirmed in other instances.

Finally, we implemented a logistic regression using subscores or composite scores as
covariates to predict whether patients had an EDSS greater than 3.5 or not. Our results show
that among all digital tests, the best performance was achieved when using the MSCopilot
Walking test (AUC=0.85). This represents additional proof that walking faculties play a
prominent role in the EDSS scaling. The other MSCopilot subscores also provided notable
AUC (above 0.72), confirming their part in assessing the stage of the disease. The best overall
classification was obtained by an MSCopilot model using the MSCopilot4 scores as our
covariate (AUC=0.92). Though the AUC was 8% better than the one obtained with the best



MSFC-based model, we could not conclude that, in general, the MSCopilot-based model was
significantly better (p=0.29). The original clinical study was designed to discriminate PWMS
from HCs and the participants were chosen accordingly [8]. Consequently, to train and test
our logistic regression models, HCs were removed from the data, leaving only 58 PwMS to
train, and 58 for testing. A wider study solely focused on PwWMS could allow to conclude to
statistical significance. One future goal would be to use our digital tests to have a more
accurate modelling of lower EDSS and, ultimately, to predict the precise EDSS score of any
PwMS. As we write, a new version (MSCopilot V2) is being developed. It would be
interesting to compare it to the digital version of the Neurostatus and its improved consistency
of standardized EDSS assessments [13].

As a CE-marked software medical device, MSCopilot facilitates the self-monitoring of
patients with MS in free-life (at home). Currently, the application comes with pre-set testing
frequencies: once a month for dexterity and walking, every 3 months for cognition and vision.
These settings can be adapted for a specific usage (daily, weekly, etc.) depending on the
research requirements. Using their own smartphone, the patients can perform their
assessments alone, without the assistance of a nurse.

For the time being, MSCopilot is indicated as an add-on to the clinical examination. Several
surveys are planned to evaluate the place of MSCopilot in the care pathway.

Conclusion

Our analyses demonstrated that the MSCopilot3 or 4 composite scores were as highly
correlated to the EDSS as their MSFC counterparts and confirmed the known correlations
between the MSFC and the EDSS. Additionally, the MSCopilot Walking test provides a good
understanding of the patients” EDSS. Our work also shows that MSCopilot subscores (Vision,
Dexterity, and Cognition) will vary depending on the stage of the disease. To have a full grasp
of this phenomenon, we built logistic regression models to predict whether a patient’s EDSS
score was high or low, based on its MSCopilot or MSFC test scores. The best model uses
MSCopilot4 scores and can clearly distinguish patients with high or low EDSS. To capture
subtle nuances and be able to forecast the precise EDSS score, an advanced version would be
interesting to explore new and more accurate digital biomarkers for the Dexterity, Vision, and
Cognition tests.
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Table caption

Table 1. Baseline demographic characteristics of the per protocol population

Figure caption

Fig 1. Correlation MSCopilot3 vs EDSS (Patients, N=116)

Fig 2. Distribution of the MSCopilot cognition test (N=185)

Fig 3. Distribution of the MSFC PASAT test (N=185)

Fig 4. Distribution of the MSFC SDMT test (N=185)

Fig 5. ROC curve, MSCopilot4 vs. MSFC4-revised (Patients, N=58)
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Table 1. Baseline demographic characteristics of the per protocol population.

MS patients Healthy controls
(N=116) (N=69)

Gender

Male, n (%) 45 (38.8) 24 (34.8)

Female, n (%) 71 (61.2) 45 (65.2)
Age, years

Mean (SD) 46 (x10)* 39 (x11)

Range 43 (65-22) 40 (62-22)
BMI, mean (SD) 24.1 (£5) 24.4 (+4.5)
Education level

Primary 6(5.2) 0 (0)

Secondary 38 (32.8) 17 (24.6)

2nd year university level 44 (37.9) 27 (39.1)

5th year university level 26 (22.4) 22 (31.9)

> 8th year university level 2(1.7) 34.4)
Duration of MS, years

Mean (SD) 12 (£7)

Median (range) 11 (30)
Disease phenotype, n (%)

RRMS 86 (74)

PMS 30 (26)
Last measured EDSS score

Mean (SD) 3.6 (x1.6)

Median (range) 3.5(6.5)

EDSS [0-2], n (%) 19 (16)

EDSS [2.5-3.5], n (%) 41 (35)

EDSS [4-7], n (%) 56 (49)

* p=6.645e-06 vs healthy controls

Abbreviations: RRMS: Relapsing-remitting multiple sclerosis; PMS: Progressive multiple sclerosis; BMI: Body mass index; SD: Standard deviation; EDSS:
Expanded disability status scale.





