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Building upon the strong foundation of
collaboration already established within the MS
community to further enhance our cooperative

efforts
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How to safeguard that the arisal of parallel data spaces remains in
the best interest of people with multiple sclerosis?
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Investigate the potential of the existing and Invest in education, engagement and
arising data spaces (by doing - we learn) awareness raising of all stakeholders

involved
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« Data space: Comprehensive term that captures various dimensions of data
handling, from its storage and organization to its processing, access and
analytical use.

« Real-World Data (RWD): Pragmatically defined as any data that is gathered
in the context of standard care as opposed to data gathered in an experimental
setting such as a randomized clinical trial. Examples include registry data and
data collected and stored using electronic health records (EHR). Real-world-
evidence (RWE) is defined as any evidence generated using RWD.

« Core dataset: Set of variables that represent the common denominator across
different initiatives and their accompanying (minimal) datasets.

« Common Data Model (CDM): Standardized representation of content,
independent from a purpose or research question, combined with a defined
common infrastructure. Its purpose is to enable collaborative analyses by
providing a defined framework and structure.

o Primary use of health data: When health data is used to deliver health care
to the individual from whom it is collected. For example: an MRI measurement
taken for the purpose of diagnosing MS.

« Secondary (re-)use of health data: When (existing) health data, originally
collected for a specific primary purpose, is used for alternative objectives or
research that differs from the initiative reason for data collection. For example:
data originally collected for patient care and treatment optimization is re-used to
inform regulatory policies and decisions, potentially leading to improved
treatment guidelines and enhanced patient safety in the MS patient community.
« Patient registries: Organized systems that use observational methods to
collect uniform data on a population defined by a particular disease, condition or
exposure, and that is followed over time.

« Big data: large datasets which may be complex, multi-dimensional,
unstructured and heterogeneous, which are accumulating rapidly and which may
be analyzed computationally to reveal patterns, trends, and associations (e.g.
RWD (such as electronic health records, insurance claims data and data from
patient registries), genomics, clinical trials, spontaneous adverse drug reaction
reports, social media and wearable devices).
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Reference Training Independent  Follow- Biomarker profiles Al Model input Model output  Model Comments
and validation up time method: performance

testing cohort, N (study algorithms
cohort, N design)

Cross-sectional prediction*

Flawzinoetal, 122 patients | 0 NA Serum biomarkers Multilayer Immune inflammatory (Th17/Treg Disability status ROC AUC Immune inflammatory,
Metab Brain  with MS, including immune- perceptron ratio), metabolic (LDL/HDL ratio, uric | based on EDSS = 0842 metabolic and oxidative
Dis. 2019 RRMS, inflammation, metabolic,  neural network acid, homocysteine) and oxidative score: stress pathways play a
[ref (19)] N=103; PPMS, and nitro-oxidative stress (lipid hydro-peroxides, carbonyl | ) 23.0 vs <3.0 Key role in disability
N: stress features protein, AOPP, (binary outcome) accumulation in MS
SPMS, N=16 NO metabolites) i) asa
biomarkers, together with age, sex, continuous outcome

disease duration, body mass index,
and presence of metabolic

syndrome
Jackson etal, | 205 94 NA 113 genetic variants Random 19 genetic variants (GeM-MSS model) | MS-DSS, a score GeM-MSS RMSE  The 19 genetic variants
Ann Hum previously identified as forest defined througha  (error) = 0464 included in the GeM-
Genet. 2020 related to MS severity regression statistical model MSS are related to 12
ref (22)] which takes into genes associated with
account CNS immune cell regulation,
damage and complement activation
demographic and functions
features [ref (46)] of neurons
Brummer 152 patients 101 early MS NA Serum NiL Support Serum NIL, lesion volume, grey Cognitive status Accuracy = 90.8%, | The combination of
etal, Brain  with early MS vector matter volume based on SDMT greater thanthe | blood and imaging
Commun. regression score accuracy of the measures improves the
2022 [ref (21)] (continuous models with accuracy
outcome) individual of predicting
predictors cognitive impairment
Zhuetal, a1 0 NA 19 serum protein LASSO, 7 dlinical factors (age at sample Disability status ROCAUC=up | Combined (clinical +
Brain biomarkers: Random forest, | collection, sex, race/ethnicity, disease  based on PDDS 10091 (for biomarkers) models: the
Commun. APLPI, CCL20, Extreme subtype, disease duration, DMT, and ~ score: 24 vs <4 LASSO prediction | best
2023 [ref (30)] CD6, CDCP1, CNTNZ, Gradient time interval between sample (binary outcome) | of PDDS using LASSO better than
cXCL9, Boosting, collection and closest PRO assessment) | PDDS score: as combined clinical | other ML approaches
CXCL13, FLRT2, Support Vector  and 19 serum protein biomarkers categorical variable | and biomarker Serum multi-protein
GFAP, Machines, profiles as input) | biomarker profiles:
MOG, stacking better than single-
NfL, OPG, ensemble protein (e.g. NI or
OPN, PRTG, learning GEAP) models
SERPINAY, TNFSFI0A,
TNFSFI3B,
VCAN
Longitudinal prediction (
Ebrahimkhani 29 RRMS 0 05years (6 Exosome miRNAs Random forest  Out of all micro-RNAs, 15 were Disease activity vs | Prediction microRNA signatures
etal, Mol patients who months); selected for being dysregulated noactivity, based | accuracy (of are noninvasive
Neurobiol. were about to however, the between active and non-active on MR ie, combined biomarkers which may
2020 [ref (32)] | start study does patients, 6 months after fingolimod presence of microRNAS) help predict treatment
on fingolimod not focus on onset. Of those, 11 were selected for | gadolinium- =092 response in the future
future but having ROC AUC 95%CI above 0.50.  enhancing lesions
concurrent Then, out of a total of 2037 (binary outcome)
prediction combinations of these 11 microRNAs,
(e, disease 3 combinations ($) were chosen for
activity and their highest accuracy
microRNA
dysregulation
occur over
the same
P
of time)
Baranzini 155 RRMSon 0 077 years Gene expression profiles at | Random forest  Triplet (3-gene) expression profiles Disease activity free Future (IFNb) treatment
etal, Mult beta- (40 weeks)  treatment onset or over the (several triplet combinations on treatment response may be
Scler. 2015 interferon follow-up (i, induction were assessed) (presence of clinical predicted with gene
[ref (27)] treatment ratios of gene expressions and/or MRI ROCAUC=up  expression profles at
after treatment onset) activity) vs 10063 treatment onset or over
suboptimal response the first weeks after that,
(binary outcome) using models of
machine learning
Waddington 89 patients 0 1 year 156 serum metabolites (see  Random forest, 60 and 59 serum metabolites (out of ~ ADA positive, i i) | Classification ADA status may be
etal, Front  with RRMS/ paper for full details) support vector | 156) at baseline (before IFND onset)  bAbs+ & nAbst or | accuracy (baseline) | predicted through
Immunol. first machine, and  and after 3 months, respectively; the | i) bAbs- but nAbs+ | = 0.695-0.854 serum metabolites
2020 [ref (33)]  demyelinating LASSO logistic  remaining 96 and 97 metabolites, and titer 2320 U/ | Classification
attack who regression respectively, were excluded because of | mL, within 12 accuracy (3
were about to (K-nearest a strong correlation between them and | months of starting | months afier IENb
start on beta- neighbour and  the finally chosen 60 and 59 ones treatment, vs ADA | onset) =
interferon decision trees negative 0712-0863
treatment also tested (binary outcome)
for
comparison)
Herman etal, | 123 56 1year 498 CSF metabolites Elastic-net CSF metabolites: out of 498, 15 MS phenotype: ROC AUC =0.93, | This study provides
iScience. 2023 regularized metabolites are selected PMS vs RRMS better than any of | confidence in individual
[ref (29)] classifier model (binary outcome) | the single patient prediction
In addition,
Longitudinal prediction (**)
conformal metabolic features | (<0.88), which can help
prediction in isolation with patient monitoring
analyses
provides
confidence in
individual
patient
predictions
Andorra etal, | 322 m 2 years Genomics: MS-associated  Random forest  Brain MR, CDA on different | ROC AUC = from  Models provided better
] Neurol. 2023 (HLA and non-HLA) SNPs; OCT, and multiomics (genotyping, scales (EDSS, 050 (T25W sensitivities and PPVs
[ref (23)] Cytomics: levels of effector cytomics and phospho-proteomics) T25WT, 9HPT, CDA) to 0.81 than accuracies or AUC;
and regulatory T cells, B from PBMC SDMT, SL25, (SL25-CDA); Models including
cells, and NK cells HCVA) vs n0-CDA | Balanced imaging & genetics or
Phospho-proteomics: 25 (binary outcomes); | accuracies = from | omics slightly improved
kinases participating in NEDA vs no-NEDA 0.5 (9HPT or model performance
pathways associated (binary outcome); | T25WT) to 0.69 | (with respect to models
with MS MSSS, ARMSS, (starting therapy) | with clinical predictors
onset of DMT, Sensitivities = only) and only in 50%
escalation from almost all between | of the times
low- to high- 082and 094
efficacy DMT PPV = almost all
(continuous between 0.5
outcomes) and 09
Ferréetal,] 304 patients | 77 patients on 2 years Genetic data Random forest 123 SNPs (genetic mode), clinical data  NEDA vs no-NEDA | ROC AUC genetic ML models integrating
Pers Med. on fingolimod (clinical model), or both (binary outcome) | model = 0.65 clinical and genetic data
2023 [ref (24)]  fingolimod treatment (combined model) ROC AUC can help predict disease
treatment combined (genetic evolution in pwMS
and dlinical) on fingolimod
model =0.71
Fagoneetal, 12 patients 0 3 years Whole-genome expression | UnCorrelated  Genetic expression of 17 genes related | Disease activity or | Accuracy = 0892 Gene expression profiles
Mol Med Rep.  with RRMS data from CD 4+ Tcells  Shrunken 10 CDA+ T cells not, based on may help design
2019 [ref (26)]  who were (assessed before Centroid presence (vs personalised
about to start natalizumab onset) Algorithm () absence) of relapses therapeutic strategies for
on over the whole patients with MS
‘natalizumab follow-up of 3 years
(binary outcome)
Uphaus etal, 196 patients 204 RRMS/ Median: 6 Serum NiL Support Serum NIL levels at baseline and ratio | Relapse-free For relapse-free | Serum NIL levels may
EBioMedicine  with RRMS/ | first (IQR 43- vector machine | NfL follow-up/baseline +/- age & T2 progression (binary | progression: ROC | help predict future
2021 [ref (28)]  first demyelinating 75) years lesion number at baseline outcome); AUC = 0811 (ML | relapse-free progression
demyelinating | attack Transition to SPMS |+ age & T2 lesion  in clinical practice,
attack (binary outcome) | number) together with age and
For SPMS T2 lesions at baseline
transition: ROC
AUC = 0651
Everestetal, 94 40 Mean: 8.2+ CSF proteomics data: 151 Genetic CSF proteomics data Disease severity Rule I (toselect | Novel candidate CSF
PLoS One. 22 years differentially expressed CSF  algorithm status (binary ARMSS25): protein biomarkers are
2023 [ref (31)] proteins, including C3bCfb, | (Holland J. outcome) based on | ROC AUC = proposed, to be
A2M, ATF7, PRBP, Adaptation in ARMSS scoreon | 86.34% validated in
Haptoglobin, PDSSB, natural and last follow-up: 25| Rule 2 (to select  larger samples
Myosin, CD36, and ApoAl  artficial (unfavourable ARMSS<5): ROC
(ref (47)] systems. group) vs AUC = 7326%
University of <5 (favourable)
Michigan
Press, 1975)
Campagna 235 female 0 Median: 1113 DNA methylation data Elastic-net Clinical data (age and symptoms), Disease severity Methylation Whole-blood
etal, Clin patients (IQR 9.49; assessed through Tllumina fonand | DNA methylation data of genes status (binary model ROC AUC | methylation can predict
Epigenetics.  with RMS 1259) years  methylation EPIC array related to neuronal structure outcome) based on | =091 (vs clinical  disease severity in RMS
2022 [ref (25)] and function ARMSS score: mild | model ROC AUC | and seems to affect
Vs severe (ie, =074) genes related to
median ARMSS neuronal structure
score below or and function
above 20" or 80"
percentile,

respectively, of
the cohort)

(%) Artices shown in chronological order; (**) Articles shown based on length of follow-ups (€) UC SC; hitp://home.cc.umanitoba.ca/~psgendb/birchhomedit/BIRC HDE V/doc/MeV/manual/usc html; ($) Combination 1: miR-432-5p and miR-485-5p; combination 2
miR-432-5p, -485-5p, -375; combination 3: miR-432-5p, ~485-5p, ~134-5p; Abbreviations (in alphabetical order): 9HPT, 9-hole peg test; A2M, alpha-2-macroglobulin; ADA, anti-drug antibodies; AOPP, Advanced oxidation protein products; APLP1, amyloid beta
precursor like protein 1; ApoAL, apolipoprotein Al; ARMSS, age-related MS severity scale; ATE7, cyclic AMP-dependent transeription factor ATE-7; AUC, area under the ROC curve; bAbs, IFNb-binding antibodies; C3bCfb, chain F, erystal structure of complement C3b,
in complex with factor B; CCL20, chemokine (C-C motif) ligand 20; CD6, cluster of differentiation 6; CDA, confirmed disability accumulation; CDCP1, CUB-domain-containing protein 1; CNTN2, contactin-2; CXCLI3, chemokine (C-X-C motif) igand 13; CXCLY,
chemokine (C-X-C motif) ligand 9; DMT, disease modifying treatment; EDSS, Expanded Disabilty Status Scale; FLRT2, fibronectin leucine-rich transmembrane protein 2; GFAP, glial ibrillary acidic protein; HCVA, high contrast vision; IFNb, interferon beta; IL12B,
interleukin-12 subunit beta; IQR, interquartile range; LASSO, Least Absolute Shrinkage and Selection Operator; miRNA, microRNA, which are small, non-coding RNA molecules; MOG, myelin oligodendrocyte glycoprotein; MS, maultiple sclerosis; MS-DSS, MS disease:
severity scale, defined thanks to a statistical model [ref (46)] which takes into account, the amount of CNS-tissue destruction measured by Combinatorial MRI scale of CNS tissue destruction (COMRIS-CTD) [ref (43)], and demographic data; MSSS, multiple sclerosis
Severity scale; Myosin, human skeletal mRNA for myosin heavy chain light meromyosin region; N0, sample size of the training and testing cohort; N1, sample size of the validation cohort; NA, not applicable; nAbs, IENb-neutralising antibodies; NEDA, no evidence of
disease activity; NIL, neurofilament light chain; OPG, osteoprotegerin; OPN, osteopontin; PBMC, peripheral blood mononuclear cells; PDDS, patient-determined discase steps; PDS5B, human androgen-induced prostate proliferative shutoff associated protein (AS3); PMS,
progressive MS: PPV, positive predictive value; PRBP, plasma retinol binding protein: PRO, patient-reported outcome; PRTG, protogenin; RRMS, relapsing-remitting Ms; SDMT, Symbol Digit Modaliy Test; SERPINAS, serpin family A member 9; SL25, 2.5% low contrast
visual acuity; SNPs, single nucleotide polymorphisms; T25WT, timed 25 feet walking test; TNESF10A, tumor necrosis factor ligand superfamily member 105 TNFSF13B, tumor necrosis factor ligand superfamily member 13B; VCAN, versican.






OPS/images/fimmu.2024.1459502/table3.jpg
Reference Training and Independent Biomarker Al Model input  Model output Model Comments

testing cohort, N validation profiles method: performance
cohort, N algorithms
Acquaviva 313 subjects: CIS (n=57), 0 Transcriptomic Training set: | Raw and MS dlassifiers: MS vs non-MS: on Identified transcripts in MS vs non-MS:
etal, Cell Rep | RRMS (n=108), SPMS profiles of PBMCs  nested cross- | processed MS vs non-MS 139 probes, 94.3% related to interferon signalling, chromatin
Med. 2020 (n=26), PPMS (n=35), validation microarray data Relapsing vs sensitivity and 87.5%  remodelling and apoptosis.
[ref (34)] OND (n=27) Validation set:  from the GEO progressive M. precision. Identified transcripts in relapsing vs
Healthy subjects (n=60) ward DT-based | database, age, sex Relapsing vs progressive MS: related to cel cycle and T
algorithms (RE, progressive MS: 222 cell activation for both progressive forms;
FTs and probes, 83.3% protein ubiquitination, cell migration, and
ADAboost-FT) sensitivity and 93.8%  fatty acid metabolism for PPMS; and
precision. regulation of GTPase activity, locomotor

PPMS vs RRMS: 266 behaviour, and blood coagulation in the
probes, 90% sensitivity  SPMS signature

and 90% precision.

SPMS vs RRMS: 201

probes, §7.5%

sensitivity and

100% precision

Sun etal, miRNA-MS associations 0 Ms- CNNvsDT, | miRNAs Top 10 predicted miRNAs: |~ ROC-AUC 0.87 Some of the miRNAS were differentially
Front Genet. | from the disease-related related miRNAs SVM, logistic hsa-miR-605-5p, hsa-miR- | with CNN expressed in RRMS or related to Th17 cell
2022 [ref (36)] | miRNA from the HMDD. regression, 15b-5p, hsa-miR-16-5p, differentiation; one of them (miR-16-5p)
MS-related miRNASs as and hsa-miR-17-5p, hsa-miR- decreased in PBMCs after initiation of
positive samples, and GaussianNB 1812-5p, hsa-miR-181b-5p, therapy with interferon
randomly selected hsa-miR-181¢-5p, hsa-
associations with  times miR-18a-3p, hsa-miR-195-
the number of positive 5p, and hsa-miR-196a-5p.

samples from unlabelled
miRNASs associations as
negative samples,

where n€(2,10.20,30,40,50)

Lotschetal, | MS:n=102 0 3 types of lipid ESOM Eicosanoids, Data structures in Ecosanoid Lipid metabolism has been suggested to play
Int] Mol Sci. | Healthy subjects: n=301 biomarkers in combined with | ceramides and eicosanoid and ceramide  concentrations: a critical role in the pathophysiology of M,
2017 [ref (38)] serum: eicosanoids:  the U*-matrix | lysophosphatidic  serum concentrations sensitivity 54%, influencing inflammation,
I; ceramides:  visualisation | acids specificity 100%, neurodegeneration, myelin damage, and
n=10; and technique accuracy 77%. repair processes
Iysophosphatidic Ceramid
acids: concentrations:

sensitivity 89.2%,
specificity 100%,
accuracy 94.6%.

Mezzaroba MS: n=174 (CIS 0 Plasma levels of NNA and TNF-a, STNFRI, M vs controls Low concentrations of  Lower concentrations of all four antioxidants
etal, Mol RRMS n=144, SPMS TNF-a, STNFRI,  RBF/SVM STNFR2, four antioxidants (zinc, adiponectin, TRAP and SH groups)
Neurobiol. PPMS n=5) STNFR2, adiponectin, (zinc, adiponectin, were predictive of MS when compared to
2020 [ref (39)] | Controls: n=182 adiponectin, hydroperoxides, TRAP and SH groups) | controls, TRAP and adiponectin were the

hydroperoxides, AOPP, nitric combined with ‘most important predictors, followed by zinc

AOPP, nitric oxide oxide metabolites, increased STNFR2: and STNFR2

metabolites, TRAP, TRAP, SH groups, 98.7% sensitvity,

SH groups, and and zinc 91.7% specificity,

serum levels of zinc AUC-ROC 0.990.

SVM analysis
(validation): 93.51%
training accuracy,
92.03% validation

accuracy. NNA
training sensitivity
98.2%,
specificity83.3%,
AUC-ROC 0997
Goyaletal,  MS:n=910 Serum cytokines: | SVM,DT,RE | IL-IB,IL-2,IL4,  MS s non-MS MS vs non-MS: R Cytokines play an important role in the
Front Neurol.  Healthy volunteers/ LB 12, IL4,  and IL-8, IL-10, IL-13,  Relapsing vs non- model: sensitivity differentiation of Th cells and recruitment of
2019 [ref (40)] | controls: n=19 IL8,1L-10, IL-13,  neural TFN-y,and TNF-  relapsing MS 75.6%, 85.7% auto-reactive T and B cells in MS
IFN-yand TNF-.  networks o specificity, 90.91%
age, sex, disease accuracy, ROC-AUC
duration, EDSS 0957
and Msss Relapsing vs non-
(cytokines for MS relapsing MS: the RF
vs non-Ms, and model had the highest
cytokines and accuracy (70%). In the
other variables for validation set, the RF.
relapsing vs non- model was the
relapsing MS) best discriminator
Seitz etal, Early MS: n=156: 0 SNIL levels SVM SNL OCT: OPL volume SVM: SNAL levels NAL was predominantly expressed in the
Ther Adv n=110 with no history of age, sex, disease  and atrophy 75.7% accurate at RNFL, GCIPL and OPL in comparison to
Neurol ON n=46 with prior duration, EDSS predicting OPL other layers (murine retina).
Disord. 2021 history of ON volume (training The findings suggest NfL. and OPL
[ref (42)] 75.9% testing 76.2%).  associations may be due mostly to

Longitudinal analysis  inflammation leading to axonal damage
of sNfL and OPL in

ON eyes: sNAL levels
72.1% accurate at

predicting OPL
atrophy (training
725%, testing 71.8%)

Kosa et al., MS: n=227 1305 proteins RE Proteins in CSF, CombiWISE-  Training: baseline MS- | Identification of 7 patient clusters differing
Nat Commun. | Healthy subjects: n=24 in CSF age, sex based MS-DSS at baseline | DSS: 75 unique in CSF concentration of proteins from four
2022 [ref (43)] biomarkers explaining  protein modules (1. Myeloid lineage/TNF; 2.
and follow-up, and BVD ~ 62% variance. MS- CNS repair; 3. Complement/coagulation; and
severity outcome DS on follow-up, 34 4. Adaptive immunity and CNS stress).
unique biomarkers Cluster 2: predominance of males with
and 35 for BVD progressive MS, relatively low expression in
explaining 60% the CNS repair module and high expression
variance. in the myeloid lineage/TNF and
Validation: CSF-based  complement/coagulation modules. These
MS-DSS at baseline  patients had a higher MS severity.
predicted 17% Clusters 3 and 4 relatively enriched for
variance, 26% of MS-  female subjects.
DSS at follow-up, 22%  Cluster 3: high expression of adaptive
of BVD immunity and CNS module proteins and
severity model enriched with relapsing MS subjects.
Cluster 4: relatively high expression of all
protein modules except for complement/
coagulation, with a relatively low MS severity
Grossetal,  Autoimmune Additional subjects: | CSF analysis with  Feature 34 CSF and Neuroinflammatory Neuroinflammatory ~ MS vs other autoimmune diseases: besides
Brain. 2021 neuroinflammatory =231 multiparameter selection with | blood features processes vs other diseases vs others: parameters such as intrathecal plasma cells
[ref (44)] diseases: n=282 (relapsing  (neuroinflammatory | flow cytometry to  dimensionality conditions: cells/ml, 70% sensitivity, 81%  concomitant with IgG synthesis, the analyses
MS n=196, NMOSD n=15, diseases: n=32; identify 34 CSF reduction and monocytes, NK cells, and B specificity, 76% identified intrathecal TgA and TgM synthesis.
Susac syndrome n=14, AE  neurodegenerative  and blood unsupervised cells in CSF and CDS6dim  accuracyROC-AUC | There were other disease-specific parameters,
n=57) diseases: n=156; biomarkers after  cluster analyses NK cells in peripheral 85% such as alterations in circulating peripheral
Degenerative diseases: neurovascular assessing blood. MS vs other blood CD56bright NKeells and intrathecal
=93 (amyotrophic lateral diseases: n=8; non-  for collinearity MS vs other neuroinflammatory  lactate concentrations in NMOSD;
sclerosis n=52, mild inflammatory neuroinflammatory disorders: circulating CD4+ and CD8+ T cells in Susac

Alzheimer’s Disease n=41)  controls:

35) disorders: CSF plasma cells |~ Accuracy vs: Syndrome; and circulating and intrathecal

Vascular conditions: n=97 and intrathecal NMOSD: 87.3%; Iymphocytes, intrathecal NK T cells,
Non-inflammatory 16G synthesis Susac Syndrome: ‘monocytes, and CD14+CDI6+ monocytes
controls: n=74 (with 95.3%; A in AE.

somatoform disorders or E: 89.4%.

who donated CSF during ROC-AUC vs:

the course of spinal 'NMOSD: 91.5;

anesthesia). Susac Syndrome: 90.7;

Total n=546 AE: 827

ADAboost-FT, adaptive boosting applied to functional trees; AE, autoimmune encephalitis; AOPP, advanced oxidation protein products; BVD, brain volume deficit; CD, cluster of differentiation; CIS, clinically isolated syndrome; CNN, convolutional neural networks
CombiWISE, combinatorial weight-adjusted disability score; CSF, cerebrospinal fluid; DT, decision tree; EDSS, Expandid Disability Status Scale; ESOM, emergent self-organising feature maps; FT, functional trees; GaussianNB, Gaussian Naive Bayes; GCIPL, macular
‘ganglion cell-inner plexiform layer; GEO, gene expression omnibus data repository; CNS, central nervous system; G TPase, guanosine triphosphate enzyme; HMDD, Human microRNA Disease Database; IFN, interferon; 1L, interleakin; miRNA, microRNA; MS, multiple
sclerosis: MS-DSS, Multiple Sclerosis Disease Severity Score; MSSS, Multiple Sclerosis Severity Score; NK, natural killer; NMOSD, neuromyelits optica spectrum disorders; NNA, neural network analysis; OCT, optical coherence tomography; ON, optic neuritis; OND, other
neurological discases; OPL, outer plexiform layer; PBMCs, peripheral blood mononuclear cells; PPMS, primary progressive multiple scerosis; RBF/SVM, support vector machine with radial basis function; RF, random forests; RNFL, retinal nerve fiber layer; ROC-AUC,
receiver-operating characteristic curve-area under the curve; RRMS, relapsing remitting multiple sclerosis; SH, sulphydryk; sNfL, neurofilament light chain in serum; SPMS, secondary progressive multiple sclerosis; STNER, soluble tumour necrosis factor receptor; SVM,
support vector machines Th, T helper cells; TNF, tumour necrosis factor; TRAP, total radical-trapping antioxidant parameter.
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osophosphatidic acids (LPA16:0, LPA18:0, LPA1S:1, LPA18:2, LPA18:3, LPAX

), SLE (n=1), visual disturbance (n

DT

SVM, ROC
algorithm,
Boruta algorithm

Self-organising maps
of neural networks,
swarm intelligence
and Minimum
Curvilinear
Embedding.
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? risk estimation | at home
5 inertial sensors (accelerometer + detection (Bidirectional Long
gyroscope) ShortTerm Memory)
- 1 on lower sternum
- 1 on lower back
- 1 on belt line
-2 on shanks (right and left)
. Wireless time-of-flight home beacons, Fully sutonated slgodh for
Mosquera-Lopez Logiudizil aired with a wearable smart tag (worn data procesi Automated Passive real-life
4 L 2021 25 pwMS (8 weeks of pe . 8 (O™ DL for automatic falls detection " .
etal. (20) cither on the trunk or in the pocket) with falls detection remote monitoring
continuous monitoring) (neural network auto-encoder +
embedded accelerometer
hyper-ensemble of RFs)
Automated
Longitudinal Commercial smart band (Fitbit Flex), detection of Passive real-life
Block et al. (35) 2022 94 pwMS (12 months of including inertial sensors and sleep ML (3-compartment GMM) activity states and o
} remote monitoring
continuous monitoring) tracking capabilities behaviour
patterns
" 1 smartphone with embedded inertial . Instrumented structured
52 pwMs Longitudinal sensors (accelerometer + gyroscope) ONN applied to raw Discase assessments performed
Creagh et al. (37) 2022 24 weeks of remot 2
gl ), 24HCs @4 ek ofemns 1 smartwateh with embedded inertial accelerometer data L remotely and autonomously
instrumented testing) estimation
sensors (accelerometer + gyroscope) (1/week for 24 weeks)
Aut d
Longitudinal Custom algorithms for dn:r::m
132 pwMs s 1 wearable accelerometer, placed on the automated detection of activity N Passive real-life
Salomon et al. (36) 2022 (1 week of - activity states and )
90 HCs Tower back fragmentation, circadian and ; remote monitoring
continuous monitoring) behaviour
fractal patterns
patterns
fongitiodi 1 commercial smart band (Fitit Charge 2 Fully automated algorthm for o ,
or Fitbit Charge 3), including inertial data processing; Passive real-life
Sun et al. (31) 2022 337 pwMS (10 months of & " remote o
ot g sensors, heart rate and sleep ML regression (RF, GBT, EN) to s remote monitoring
o tracking capabilities predict MWT performance Sitandys:
Full
s Sit-to-stand transitions in
2 accelerometers data processing; i g
Tulipan et al. (17) 2022 37pwMS. Cross-sectional ~ 1 on chest DL for automatic activity FYeryeay
risk estimation | Standardised sit-to-stand
- 1 on thigh detection (Long Short-
N task in the lab
Term Memory)
2 l ith inertial Valid: f
Granja Dominguez T 1nsoies WL et sensers Custom algorithm for automated | o 0" O Instrumented structured tests
2023 205 pwMs Cross-sectional (accelerometer + gyroscope) and remote
etal. (32) calculation of gait parameters 2 . in a controlled setting
pressure sensors it analysis
Wireless time-of-flight home beacons,
Kushner etal. (21) 2023 25 pwMS (8 weeks of P z 5 vrgm. (Long Short-Term Memory); 3 3
cither on the trunk or in the pocket) with falls detection remote monitoring
continuous monitoring) ML for room detection (KNN)
embedded accelerometer
3 inertial sensors (accelerometer + Cuiihsadhasd Autorgial Passive realife remote
gyroscope) algorithms for automated walking s (2 i)
128 participants, both o e (gt aR) walking bout detection bouts detection B
Salis et al. (26) 2023 HCsand PeoBle Wi Crogs.sectional - 1 on lower back Sirotred e
:‘;: ”';4‘5‘;“" 2 time-of-flight infrared sensors placed on | Custom algorithm for automated | Validation of et et
P i i i i i ¢
ankles (rght and Ief) s "“:';:’Z:s‘:j::“ gl e Y Simulated activities of daily
A preddice tnsoliy Ll ng in a controlled setting
Automated
Commercial smart band (Fitbit Charge 3), detection of Passive reallife
Stavropoulos etal. (34) | 2023 2 pwMs Proof-of-concept including inertial sensors, heart rate and | Knowledge graphs activity states and HYE fedl
- 7 remote monito
sleep tracking capabilities behaviour
patterns
Fully automated algorithm for Passive real life remote
3 accelerometers and surface biopotential ¢
Longitudinal o data processing il monitoring
Vandyk et al. (18) 2023 23 pwMS (6 weeks of DL for automatic activity oo Sit-to-stand transitions in
- 1 on left upper chest risk estimation
continuous monitoring) 2 00 highe gt s 60 detection (Long Short- everyday life
g Term Memory) (detected automatically)
1 experimental inertial sensor
(accelerometer + gyroscope) placed on the
ower back Instrumented structured tests
97 participants, both 3 reference inertal sensors (sceclerometer | Mix of custom and Mibased | Lo in a controlled setting
B 024 HCsand peoplewith | (L + gyroscope) algorithms for automatic gait remote Simulated activities of daily

mobility issues
(13 pws)

-2 on feet (right and left)

- 1 on lower back

2 time-of-flight infrared sensors placed on
ankles (right and left)

2 pressure insoles

detection and calculation of
specd

gait analysis

living in a controlled setting
Passive real-life remote
monitoring (2.5 hours)

Articles are lsted based on year of publication (in ascending order). 6MW'T, 6-Minutes Walking Test; ANN, Artificial Neural Network; BOM, Bayesian Decision making; CNN, Convolutional Neural Network; DL, Deep Learning; DTW, Dynamic Time Warping: EN,
Elastic Net; GBT, Gradient Boosted Trees; HCs, Healthy Controls; KNN, k-Nearest Neighbours; LSM, Least Squares Method; ML, Machine Learning: pwMS, people with Multiple Sclerosis; RE, Random Forest; SVM, Support Vector Machine.
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Cognitive Algorithms used . Type of
domain monitoring

Study type

Validation of

Birchmeier Visuospatial
2019 135 pwMS | Cross-sectional < 3 CNN for image classification task automated Active testing
et al. (38) learning .
test scoring
Validation of
Birchmeier Visuospatial
2020 294 pwMS | Cross-sectional P CNN for image classification task automated Active testing
et al. (40) learning .
test scoring
Visuo-
) Custom algorithm for image )
Petilli constructiondl reprocessing, segmentation and Enhancing the
2021 | 35HCs | Cross-sectional ability and Prep S Seg informative value of | Active testing
etal. (41) . X scoring of spatial, procedural and .
visuospatial . . conventional tests
kinematic features
memory
Khaligh- Validation of digital
g. 91 pwMS . Information " . _— . i . ’
Razavi 2020 Cross-sectional . ML multinomial logistic regression test for autonomous ~ Active testing
83 HCs processing speed
etal. (42) and remote use
. : Validation of
Lam 102 pwMS . Custom algonfhm for DIocessing and keystroke dynamic ~ Passive
2021 Cross-sectional - feature extraction from single- o o
et al. (45) 24 HCs . for monitoring monitoring
keystroke level datapoints .
of cognition
Longitudinal
8! : Clustering and PCA of features Validation of
(12 months of continuous . s
Lam mon . extracted from keystroke data; keystroke dynamic  Passive
2022 102 pwMS | monitoring and clinical - = . s =
et al. (46) LMM to evaluate associations with for monitoring monitoring
follow-ups every . o
cognitive outcomes of cognition

3 months)

Articles are listed based on year of publication (in ascending order). CNN, Convolutional neural Network; HCs, Healthy Controls; LMM, Linear Mixed Models; ML, Machine Learning; PCA,
Principal Component Analysis; pwMS, people with Multiple Sclerosis.
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