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Introduction

Italian Multiple Sclerosis & Related Disorders Register

The Italian Multiple Sclerosis & Related Disorders Register (IMS&RD) is one of the main Research Special Projects
supported by the Italian MS Society (AISM) and its Foundation (FISM), which was launched with the aim of cre-
ating a multicentric organized infrastructure to collect the data of all patients with MS followed in the
various MS centers in Italy (a near population-level).

THE HISTORY OF THE IMS&RD

Since 2000, the Italian collection of MS clinical data started at different Italian MS centers in the framework of the
Italian Multiple Sclerosis Database Network.

Since 2014, FISM in collaboration with the University of Bari and the Italian MS clinical centers, promoted and
funded the creation of the Italian MS Register (IMSR).

Since 2021, for greater inclusiveness, the name of the Register has been changed to: Italian Multiple Sclerosis
& Related Disorder Register (IMS&RDR). A new module was included for the collection of information on rare
forms of demyelinating diseases: demyelinating diseases and Neuromyelitis Optica Spectrum Disorder such as
neuromyelitis optica (NMOSD) and pathologies associated with the presence of anti-MOG antibodies (MOGAD).
Over 168 Italian clinical centers have joined the project and to date, the IMS&RDR collects the demographic
and clinical data of over 77,600 people in care by Italian clinical centers.

The Register is therefore ready to become a true scientific research tool that can be useful for the development
of epidemiological and clinical studies, as well as being a valid tool for health planning by promoting the equity
of access to care by comparing the welfare practices of the different centers and to study / evaluate national and
local welfare policies.

HIGH-PRIORITY AREAS

The Scientific Committee of the IMS&RDR has identified two high-priority areas:

* Public Health: to set up a universal census of patients that is systematically and continuously updated, in
order to obtain accurate estimates of prevalence and incidence of the disease at regional and national level
in order to improve quality of care, health optimization, social and welfare information, access to healthcare
treatments and services.

* Research: to gather useful information for the planning of research studies for specific projects. In particu-
lar, studies on epidemiology and prognosis, treatment optimization (effectiveness and safety), MS disease
course, early and preclinical/subclinical disease stages (CIS and RIS).

INFRASTRUCTURE ORGANIZATION

GOVERNANCE

The governance of the IMS&RDR includes an Executive Committee (chaired by FISM and the University of Bari)
with the administrative and organizational role and a Scientific Committee (which includes clinicians, metho-
dologists, representatives of MS centers, and of the Italian Neurological Society) which oversees the scientific
initiatives, promotes specific strategic projects, and approves requests of access to centralized data for further
research projects.

The current Scientific Committee:

Maria Trojano
Centro SM, Dipartimento di Scienze Mediche di Base, Neuroscienze ed Organi di Senso Universita di Bari, Bari

Mario Alberto Battaglia
Fondazione Italiana Sclerosi Multipla, Genova
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Marco Capobianco
Centro Sclerosi Multipla, SC Neurologia, AO S. Croce e Carle, Cuneo

Maura Pugliatti
Dipartimento di Neuroscienze e Riabilitazione, Universita degli Studi di Ferrara, Ferrara

Monica Ulivelli
Dipartimento di Scienze Mediche Chirurgiche e Neuroscienze, Universita di Siena, Siena

Claudio Gasperini
Dipartimento di Neuroscienze, Azienda Ospedaliera San Camillo-Forlanini, Roma

Paola Mosconi
Istituto di Ricerche Farmacologiche Mario Negri, IRCCS, Milano

Roberto Bergamaschi
Centro SM, IRCCS Fondazione Mondino, Pavia

Maria Pia Amato
Dipartimento di NEUROFARBA, Universita di Firenze, IRCCS Fondazione Don Carlo Gnocchi, Firenze

Giancarlo Comi
Universita Vita-Salute, San Raffaelle, Casa di Cura del Policlinico, Milano

Francesco Patti
Centro SM, Azienda Ospedaliera-Universitaria, Policlinico Vittorio Emanuela, Universita degli Studi di Catania, Catania

OPERATIONAL STRUCTURES

Two operational structures work for the IMS&RDR: the Technical and Administrative Structure (TAS) based at
FISM in Genoa and the Technical Methodological Structure (TMS) based at the Istituto di Ricerche Farmacolo-
giche Mario Negri, IRCCS, Milano.

NETWORKS RELATED TO THE IMS&RDR
MS CLINICAL CENTERS NETWORK

MS centers are recognized as the key component of MS care in Italy. There are approximately 240 MS centers
of varying size, and they are often located within public hospital neurology departments. Currently 70% of the
Italian MS centers have joined the IMS&RDR.

RESEARCH ASSISTANT NETWORK

With the aim to increase the quality of data collection and data entry, a network of young research assistants
(RA) has been trained ad hoc. Currently, 18 Research Assistants are active in 14 Italian Regions (approximately
following 100 centers) and are allocated to one or more centers according to their contribution to the project
in terms of the number of patients recorded and the geographic distribution. The activities of the RAs include:
supporting the start-up phase of the project at the MS centers, supporting the on-time implementation of the
project at the MS centers and ensuring a standardized data collection and management.

STAKEHOLDER ADVISORY BOARD(S)

To meet the strategic priorities of the IMS&RDR, relevant stakeholders, including industries, are engaged with
an advisory forum. Currently an Industry Advisory Board, including the main pharma companies with interest in
MS, is active.



DEDICATED SOFTWARE

During the first years, the IMS&RDR used a client-server solution software (iMed®© software), an offline compu-
terized medical folder that needed a periodic upload by clinical centers. At the end of 2016, a new web-based
software was developed. From April 2021, the IMS&RDR is running on a new modular web-based software in
an exclusive way. Currently the software release is 3.0. The software access happens through the reserved area
of the website of the project (https://www.registroitalianosm.it/).

SKILLS OF THE NEW PLATFORM

+ Patient-centered: the patient is registered only once in the database through a tax code (unique personal
identification code). This is a crucial point because the uniqueness of the registered MS subject produces a
significant improvement in the pooling of the data in the central database. No double cases are now present
in the database.

+  Practice: data entry is possible through different devices (PC, mobile, tablet).

+  Security: the system respects the standards required by the European Union General Data Protection Regu-
lation (GDPR) 2016/679 and each center enters the data through a personalized password.

+  Easy accessibility: an internet access is sufficient.

+ Standardized: the database uses standardized codings.

+  Printable: it is possible to print a report containing patient information.

* Modular: it is possible to add several modules.

SOFTWARE STRUCTURE OF THE IMS&RDR

The IMS&RDR database collects a minimum data set of variables including crucial information that are useful to
characterize the MS patient and other variables included in specific modules such as:

Drugs

This section is dedicated to the patient's treatment history. This module includes the risk-management plan for
all the Disease Modifying Treatments (AEs and SAE are codified using MedDRA; Comorbidities are codified using
ICD9).

MRI

This section is dedicated to conventional magnetic resonance imaging (MRI) measures (Brain and SC T2 and T1
and Gd+T1 lesion numbers).

Instrumental

This section collects information about: laboratory tests (i.e. virological, immunological, thyroid function and
other specific tests), liquor, evoked potentials, EEG, ECG.

COoVID-19

This section collects information related to the COVID-19 infection such as: diagnosis, severity, outcome and
correlation with DMTs and vaccinations.

NMOSD and MOGAD

This section is dedicated to rare forms of demyelinating diseases: demyelinating diseases and Neuromyelitis
Optica Spectrum Disorder such as Neuromyelitis Optica (NMOSD) and pathologies associated with the presence
of anti-MOG antibodies (MOGAD).

Pregnancy

This section collects information regarding pregnancy, maternal and foetal outcomes of MS patients and their
children.

Pediatric Onset MS

This section collects information on pediatric-onset MS. This module includes information such as: environmen-
tal risk factors; vaccinations, cognitive functioning over time and specific MRI features.
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DATA MONITORING

Data are centrally monitored in order to guarantee a high quality of the information collected. Centers are

periodically contacted with ad hoc reports with queries on the missing data or inconsistencies among the

variables collected. Several tools of quality control have been implemented in order to increase the quality and

generalizability of the data collected. Every 2 months per year, all the centers are reached with a report regarding

all the data collected and a tailored report regarding each center.

Quiality controls regard:

* dates: presence/absence, completeness, anomalies and consistency among all the data collected in the
dataset

* completeness: overall evaluation of the completeness level of the variables included

* accuracy: proportion of variables with value corresponding to their range

* consistency: congruency with other variables

Moreover, a set of 7 performance indicators has been identified and adopted with the aim to improve the

quality, completeness of the survey, timeliness, generalization, and representativeness of the collected data.

For each examined indicator or domain each participating center was awarded with a score of 5 for the highest

performance, while lower scores of 4 to 1 were attributed for progressively lower performance. Every 6 months,

each participating center receives a report where data and performance indicators of its own center are bench-

marked with the whole sample: in this way, each center can assess the most critical performances and the level

of improvement with time.

Here the 7 performance indicators and their graphical representation (radar graph):

1. UP DATE: update data

FU cum: cumulative fol-
low-up as person/year

1 UPDATE

2 FU cum 3. FU 5y: % of patients with
follow-up longer than 5
years

5

4

3

2

1 4. Active pz: At least 1 visit in
the last 2 years

O 5. Visit FU: At least 1 visit

3 FU 5y every 6 months/FU

6. EDSS: At least 1 EDSS eva-
luation every 6 months/FU

7 Visit onsegt

6 EDS§

7. Visit onset: At least 1 visit
5 Visit FU 4 Active pt within 1 year from onset

THE EMA (EUROPEAN MEDICINES AGENCY) INITIATIVE FOR PATIENT
REGISTRIES

Real-world data are vital as they offer long-term data collection and allow to evaluate patient’s treatment history
throughout the disease course. The use of disease registries may provide a better understanding of the effects
of comorbidity on effectiveness and safety of disease modifying treatments. EMA is interested in real-world data
regarding the post-marketing drug safety assessment (i.e., Post-Authorization Safety Study—PASS). The interna-
tional data- sharing initiative “Big MS Data Group network” that includes the IMS&RDR, has been recognized as a
high quality initiative by EMA, able to provide data for PASS.

Currently, three PASS based on the IMS&RDR are ongoing:

1. An observational study utilizing data from the US Tysabri TOUCH programme and select EU MS Registries
to estimate the risk of progressive multifocal leukoencephalopathy and other serious opportunistic in-
fections among patients who were exposed to an MS disease modifying treatment prior to treatment with
Tysabri (BIOGEN)

Long-term surveillance of Ocrelizumab (MANUSCRIPT study) treated patients with Multiple Sclerosis (ROCHE)

3. Long-term surveillance (CLARION study) of oral Cladribine in patients with highly active RMS (MERCK)

N



RESEARCH PROJECTS BASED ON THE IMS&RD DATA

Currently 46 projects approved, 24 completed and 22 ongoing.

The main priority areas of the research projects are:

* Descriptive Epidemiology (prevalence, incidence and mortality)

* Analytical Epidemiology (risk factors, comorbidity and prognostic factors)
* MS and RD courses (benign, RIS, CIS, progressive form, pediatric onset, late onset, aggressive form, NMO-

SD and MOGAD)

* Therapy (prognostic factors and predictive models of treatment response, treatment adherence, short and
long-term treatment effectiveness, safety, comparative effectiveness/safety between treatments, treat-
ment algorithms and switches)

Since 2018 to 2022, over 20 peer-reviewed publications were published on international journals.

Here are reported the title of 22 ongoing projects.

Principal
Investigator

Mario Alberto Battaglia

Giuseppe Fenu

Monica Ulivelli

Roberto Bergamaschi

Marco Capobianco

Giovanni Ristori

Jessica Frau

Maurizio Leone

Marco Salvetti

TITLE
OF THE PROJECT

Validate a case definition of multiple sclerosis (MS)
using different Electronic (health and social) record:
case study on selected provinces of Emilia Romagna
Region

Changes of clinical and demographic characteristics in
patients with MS diagnosis during the various decades
between 1983 and 2016

Immunisation status against major communicable
diseases preventable with vaccines, and safety of
vaccines, in a cohort of multiple sclerosis patients. An
italian multicenter study

Air pollution as a risk factor of multiple sclerosis. An
ecological study in the Italian population (The AIRMUS
study)

Multiple sclerosis disease activity and SARS-COV2
pandemic: a population based study from the Italian
MS Registry

Secondary prevention in multiple sclerosis: “Bacille
Calmette-Guérin" (BCG) vaccine in people with
radiologically isolated syndrome (RIS)

Evaluation of baseline prognostic factors in a large
Italian cohort of patients with multiple sclerosis

Integrating genetic and phenotypic data from the
PROGEMUS data-base and the Italian Multiple Sclerosis
registry

Use of Machine Learning techniques in predicting the
course of relapsing-remitting Multiple Sclerosis in
individual patients

Priority
areas

Descriptive
Epidemiology -
prevalence

Descriptive
Epidemiology -
prevalence

Descriptive
Epidemiology -
prevalence

Analytical
Epidemiology -
risk factors

Analytical
Epidemiology - risk
factors

Analytical
Epidemiology - risk
factors

Analytical
Epidemiology,
prognostic factors

Analytical
Epidemiology -
prognostic factors

Analytical
Epidemiology -
prognostic factors
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Francesco Patti

Emanuele D'Amico

Carla Tortorella

Maria Pia Amato

Damiano Paolicelli

Matilde Inglese

Massimo Filippi

Antonio Gallo

Roberto Bergamaschi

Giancarlo Comi

Francesco Patti

Emanuele D'Amico

Tomas Kalincik

Clinical and neuroradiological findings in patients with
late-onset multiple sclerosis (LOMS)

The influence of pregnancy on neuromyelitis optical
spectrum disorder

Clinical and radiological prognostic predictors in
Neuromyelitis Optica Spectrum Disorders (NMOSD)
and MOG Antibody-mediated Disorders (MOGAD).
Evaluation by Italian MS Registry and implementation
of a disease-specific dataset

Evaluating Age-Dependent Efficacy of Multiple Sclerosis
Treatments in a Real-Life Cohort

PROfiling the risk of Severe Adverse Events during
sequencing therapiesin patients with multiple sclerosis:
an observational cohort analysis based on Italian
Multiple Sclerosis Registry

The concept of persistence in disability improvement:
an application of Markov model to treated patients
from the Italian Registry

Predictors of response to cladribine in multiple
sclerosis patients

OCREVID Study:The management of OCRElizumab
during the coVID-19 pandemic in Italy

New generation of sphingosine 1-phosphate (S1P)
receptor modulators in clinical practice: a real-world
study from the Italian MS Registry

Long-term full responders multiple sclerosis patients
treated with first-line disease modifying treatment

Evaluating the efficacy of Ocrelizumab in Primary
PrOgRessive mulTiple sclerosis: a mUIticeNter
retrospective sTudY (OPPORTUNITY)

Stop or not the disease-modifying therapies in
secondary progressive multiple sclerosis: a comparison
study of disability accrual trajectory

Timing and comparative effectiveness of high-efficacy
disease-modifying therapies in childhood-onset
multiple sclerosis

MS and RD courses,
late onset

MS and RD courses -
NMOSD and MOGAD

MS and RD courses -
NMOSD and MOGAD

Therapy - prognostic
factors and predictive
models of treatment
response

Therapy - prognostic
factors and predictive
models of treatment
response

Therapy - prognostic
factors and predictive
models of treatment
response

Therapy - prognostic
factors and predictive
models of treatment
response

Therapy - treatment
adherence

Therapy - short and
long-term treatment
effectiveness

Therapy - short and
long-term treatment
effectiveness

Therapy - short and
long-term treatment
effectiveness

Therapy - safety

Therapy - comparative

effectiveness / safety
between treatments
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ANALYTICAL EPIDEMIOLOGY / RISK FACTORS

HETEROGENEITY Study. Are multiple sclerosis (MS)
phenotypes influenced by the type of referral MS

center?

O\Ci Roberto Bergamaschi

U.O. Sclerosi Multipla IRCCS Fondazione Istituto Neurologico Nazionale “C. Mondino”,
Pavia, Italia; on behalf Comitato Scientifico del Registro Italiano SM e Patologie Correlate

COLLABORATORS

Ettore Beghi, Cristina Bosetti, Claudia Santucci, Vito Lepore, Paola Mosconi,
Istituto di Ricerche Farmacologiche Mario Negri, IRCCS, Milano, Italia
Michela Ponzio, Fondazione Italiana Sclerosi Multipla, Genova, Italia

INTRODUCTION AND AIMS

Multiple sclerosis (MS) is characterized by phenotypi-
cal heterogeneity that may result from the different
contributions of demographic and environmental risk
factors, and from overall disease severity. However,
socio-economic factors and the characteristics of the
local MS facilities can also influence the clinical featu-
res of patients seen in MS Centers.

This retrospective study included patients with a con-
firmed diagnosis of MS enrolled in the Italian MS and
Related Disorders Register in 2000-2021.

Patients were classified according to the following
phenotypes at first visit: clinically isolated syndrome
(CIS), relapsing-remitting (RR), primary progressive (PP),
progressive-relapsing (PR), and secondary progressive
(SP) MS.

Patients’ demographic and clinical characteristics
were analyzed, along with Centers' structures, capabi-
lities, patient loads, geographic macro-areas, and de-
privation index. We computed the odds ratios (OR) for
CIS, PP/PR, and SP phenotypes, compared to the RR
phenotype, according to selected patients’ and Cen-
ters’ characteristics, using multivariate, multinomial,
mixed-effects logistic regression models, adjusted for
age, sex, and interval between disease onset and first
visit.

RESULTS

The study included 35,243 eligible patients from 106
MS Centers. The OR of presenting more advanced
MS phenotypes at first visit, compared to the RR phe-
notype, significantly diminished in relation to calendar
period (OR=0.74 of PP/PR for 2010-2014 period and
2015-2021 vs 2000-2009 periods, and OR=0.50 of SP
for 2015-2021 vs 2000-2009 periods). Females had a
significantly lower risk than males of PP/PR or SP phe-
notype. Older age at first visit was associated with CIS
(OR=1.37 for = 35 vs <35 years), PP/PR (OR=9.21), and
SP (OR=4.53). Therisk of longer interval between disea-
se onset and first visit was lower for the CIS phenotype
(OR=0.11 for 213 vs <13 months), but higher for PP/PR
(OR=1.49) and SP phenotypes (OR=10.19). The proba-
bility of having SP at first visit was greater in the South
(OR=1.86 vs North-West), and the probability of having
CIS was higher in the North-East (OR=1.64).

CONCLUSIONS

Differences in the phenotype of MS patients can be
only partly explained by differences in the centers’
structures, capabilities, and patient loads. The demo-
graphic and socio-economic characteristics of MS pa-
tients seem to be the main determinants of the phe-
notypes at first referral.
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PUBLICATIONS AND CONGRESS PRESENTATIONS

Bergamaschi R, Beghi E, Bosetti C, Ponzio M,
Santucci C, Lepore V, Mosconi P; Italian Multiple
Sclerosis and Related Disorders Register Centers
Group and the Scientific Committee of Italian SM
and Related Disorders Register. Do patients’ and
referral centers’ characteristics influence multi-
ple sclerosis phenotypes? Results from the Italian
multiple sclerosis and related disorders register.
Neurol Sci. 2022 Jun 7. doi: 10.1007/s10072-
022-06169-7. Online ahead of print



Demographic, clinical and treatment factors
associated with the risk and severity of Covid-19
in people with multiple sclerosis

O\d: Maria Trojano

Dipartimento di Scienze Mediche di Base, Neuroscienze ed Organi di Senso Universita di Bari,
Bari, Italia

COLLABORATORS

Pietro laffaldano, Alessia Manni, Damiano Paolicelli

Giuseppe Lucisano, Dipartimento di Scienze Mediche di Base, Neuroscienze ed Organi di Senso
Universita di Bari, Bari; Center for Outcomes Research and Clinical Epidemiology (CORESEARCH),
Pescara, Italia

Maria Trojano, on behalf of the Italian MS Register

COLLABORATIONS WITH OTHER CENTERS

Francesco Patti, Simona Toscano, Dipartimento di Scienze Mediche e Chirurgiche e Tecnhologie
Avanzate, GF Ingrassia, Sezione Neuroscienze, Centro Sclerosi Multipla, Universita degli Studi di
Catania, Catania, Italia

Marco Capobianco, Simona Malucchi, SCDO Neurologia e Centro di Riferimento Regionale
Sclerosi Multipla (CRESM), AOU San Luigi - Orbassano (TO), Italia

Vincenzo Brescia Morra, Maria Petracca, Dipartimento di Neuroscienze, Scienze Riproduttive
e Odontostomatologiche, Universita degli Studi di Napoli "Federico I1",Napoli, Italia

Patrizia Sola, Centro malattie Demielinizzanti, Azienda Ospedaliera Universitaria di Modena/
OCB, UO Neurologia; Modena, Italia

llaria Pesci, Centro SM UO Neurologia, Ospedale Di Vaio, Fidenza, AUSL PR, Fidenza, Italia
Giacomo Lus, Centro SM, Il Divisione di Neurologia, Dipartimento di Medicina Clinica e
Sperimentale, Seconda Universita di Napoli, Napoli, Italia

Giovanna De Luca, Centro Sclerosi Multipla, Clinica Neurologica, Policlinico SS. Annunziata,
Chieti, Italia

Alessandra Lugaresi, IRCCS Istituto delle Scienze Neurologiche di Bologna, UOSI Riabilitazione
Sclerosi Multipla, Bologna; Dipartimento di Scienze Biomediche e Neuromotorie,

Universita di Bologna, Bologna, Italia

Paola Cavalla, Centro SM, Neurologia 1 D.U, AOU Citta della Salute e della Scienza di Torino,
Torino, Italia

Sara Montepietra, Centro SM, S.0.C. Neurologia, Arcispedale Santa Maria Nuova,
AUSL-IRCCS Reggio Emilia, Italia

Giorgia Teresa Maniscalco, Ambulatorio Neurologico e Centro Sclerosi Multipla,

Ospedale A Cardarelli, Napoli, Italia

Franco Granella, Centro Sclerosi Multipla - Azienda Ospedaliero-Universitaria degli Studi, di
Parma, Parma, Italia

Paolo Ragonese, Dipartimento di Biomedicina, Neuroscienze e Diagnostica Avanzata,
Universita degli Studi di Palermo, Palermo, Italia

Marika Vianello, Centro Sclerosi Multipla UO Neurologia - Ospedale, Treviso, Italia

Laura Brambilla, Fondazione IRCCS Istituto Neurologico "C. Besta" U.O. Neuroimmunologia

e Malattie Neuromuscolari, Milano, Italia

Rocco Totaro, Centro Malattie Demielinizzanti - Clinica Neurologica, Ospedale San Salvatore,
LAquila, Italia
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Massimo Filippi, Lucia Moliola, Dipartimento di Neurologia, Neurofisiologia e
Neuroriabilitazione, Istituto Scientifico San Raffaele, Universita Vita-Salute San Raffaele, Milano,

Italia

Diana Ferraro, Dipartimento di Scienze Biomediche, Metaboliche e Neuroscienze,
Universita di Modena e Reggio Emilia, Modena, Italia
Paola Mosconi, Vito Lepore, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milano,

Italia

Michela Ponzio, Area Ricerca Scientifica, Fondazione Italiana Sclerosi Multipla, Genova, Italia
Gioacchino Tedeschi, Prima Divisione di Neurologia, Dipartimento di Scienze Mediche e
Chirurgiche Avanzate, Centro di Ricerca MRI SUN-FISM, AOU, Universita della Campania "Luigi

Vanvitelli", Napoli, Italia

Giancarlo Comi, Istituto di Neurologia Sperimentale, IRCCS Ospedale San Raffaele, Milano, Italia
Mario Alberto Battaglia, Dipartimento di Scienze della Vita, Universita di Siena, Italia
Maria Pia Amato, Dipartimento NEUROFARBA, Universita di Firenze, IRCCS Fondazione

Don Carlo Gnocchi, Firenze, Italia

INTRODUCTION AND AIMS

The newly emerged severe acute respiratory syndro-
me coronavirus 2 (SARS-CoV2 or Covid-19) has rapidly
spread across the globe becoming a pandemia.

There is a great demand for timely acquired data on
the impact of the virus on people with Multiple Scle-
rosis (PwMS).

Up to 70% of PwWMS are treated with disease-modi-
fying therapies (DMTs) which impact the immune re-
sponse; in turn, these therapeutic agents may expose
the patient to increased risk of developing Covid-19
and experiencing worse Covid-19 outcomes than in-
dividuals not receiving these agents. Several national
and international initiatives have been set up to rapi-
dly collect data about potential risk factors associated
with the severity of Covid-19 in PwMS. The majority
of these studies have consistently demonstrated male
sex, older age, comorbidities, and higher disability
as risk factors for a more severe disease course. The
role of DMTs in the Covid-19 severity has also been
investigated with conflicting results. Different studies
showed an increased risk of a severe course for PwMS
with a recent use of methylprednisolone and a last
therapy with depletive anti-CD20 drugs, while others
did not find association between DMT exposure and
Covid-19 severity. In addition, some researchers re-
ported a protective role of Interferon beta.

The Italian MS Register offers the possibility to collect
data about the complete MS history, in particular data
about DMTs exposure and sequences.

In this project, using data collected from the Italian
MS Register (IMSR), we conducted for the first time,
a case-control study aimed at investigating factors as-

sociated with the risk of getting Covid-19. We focused
not only on the role of the last administered therapy
but also on the potential cumulative effect of previous
DMT sequences and on the location where the last tre-
atment was administered (i.e. hospital- or home-ba-
sed treatment). As a secondary objective, we further
assessed the risk factors associated with the severity
of Covid-19 outcomes.

RESULTS

We set up a case-control (1-2) study. Cases were PwWMS
with a confirmed diagnosis of Covid-19, controls were
PwMS without a confirmed diagnosis of Covid-19. Both
groups were propensity-score matched by the date of
Covid-19 diagnosis, the date of last visit and the region
of residence. No healthy controls have been included
in the present study.

Covid-19 risk was estimated by multivariable logistic
regression models including demographic and clinical
covariates. The impact of DMTs was assessed in three
independent logistic regression models including one
of the following covariates: last administered DMT or
previous DMT sequences or the place where the last
treatment was administered.

Atotal of 779 confirmed Covid-19 cases were matched
to 1558 controls. In all 3 models, comorbidities, fema-
le sex and a younger age were significantly associated
(p<0.02) to a higher risk of contracting Covid-19. Pa-
tients receiving natalizumab as last DMT (OR (95% Cl):
2.38(1.66-3.42), p<0.0001) and those who underwent
an escalation treatment strategy (1.57 (1.16-2.13),
p=0.003) were at significantly higher Covid-19 risk.
Moreover, PWMS receiving their last DMT requiring



hospital access (1.65 (1.34-2.04), p<0.0001) showed a
significantly higher risk than those taking self-admini-
stered DMTs at home.

CONCLUSIONS

Our study provides evidence that among patients
with Our study provides evidence that among patien-
ts with MS, younger age, being female, having more

=

comorbidities, receiving natalizumab, undergoing an
escalating treatment strategy, or receiving treatment
at a hospital was associated with being infected with
Covid-19. Among patients with MS who were infected
with Covid-19, a severe course was associated with
increasing age and having a progressive form of MS,
while not being on treatment or receiving a beta-inter-
feron agent was protective.

PUBLICATIONS AND CONGRESS PRESENTATIONS

o Therisk of Covid-19 in people with Multiple Scle-
rosis: a case-control study from the Italian MS Re-
gister. Oral presentation. ECTRIMS 2021: ONLI-
NE, 13-15 October 2021

e |affaldano P, Lucisano G, Manni A, Paolicelli D,
Patti F, Capobianco M, Brescia Morra V, Sola P,
Pesci I, Lus G, De Luca G, Lugaresi A, Cavalla P,
Montepietra S, Maniscalco GT, Granella F, Rago-
nese P, Vianello M, Brambilla L, Totaro R, Toscano
S, Malucchi S, Petracca M, Moiola L, Ferraro D,
Lepore V, Mosconi P, Ponzio M, Tedeschi G, Comi
G, Battaglia MA, Filippi M, Amato MP, Trojano
M; Italian MS Register. Risk of Getting COVID-19
in People With Multiple Sclerosis: A Case-Con-
trol Study. Neurol Neuroimmunol Neuroin-
flamm. 2022 Jan 19;9(2):e1141. doi: 10.1212/
NX1.0000000000001141

ITALIAN MULTIPLE SCLEROSIS & RELATED DISORDERS REGISTER

19



20

ANALYTICAL EPIDEMIOLOGY / PROGNOSTIC FACTORS

The use of a roving EDSS reference value to enhance
detection of EDSS worsening events: A real world
evaluation through the Italian MS Register

oti Paola Mosconi

Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milano, Italia

COLLABORATORS

Vito Lepore, Cristina Bosetti, Claudia Santucci
Paola Mosconi on behalf of the Italian Multiple Sclerosis Register Centers Group, and the
Scientific Committee of Italian Multiple Sclerosis Register

COLLABORATIONS WITH OTHER CENTERS
Pietro laffaldano, Maria Trojano, Centro SM Dipartimento di Scienze Mediche di Base,
Neuroscienze ed Organi di Senso Universita di Bari, Bari, Italia

INTRODUCTION AND AIMS

Disease registries are recognized as providing me-
aningful information on the burden, natural history,
and long-term safety and effectiveness of treatments
for patients with chronic diseases. Data collected in a
register are also useful for observational research on
sample populations treated and followed in real-world
conditions. The result provided in the study reported
below is an indirect validation of the Italian Multiple
Sclerosis Register data collection, and support for the
usefulness of the standardized collection of data on
large groups of subjects, promoting ever greater qua-
lity and completeness of data records.

In relapsing-remitting multiple sclerosis patients
(RRMS) disability progressively accumulates over time.
The aim of this study is to compare, in a real-world
setting of the Italian Multiple Sclerosis Register, the
cumulative probability of six-month confirmed disabi-
lity-worsening events using a fixed baseline or a roving
EDSS (Expanded Disability Status Scale) according to
Kappos's model (Multiple Sclerosis Journal 2018; 24:
963).

RESULTS

Data used for the present analysis derive from the
Italian Multiple Sclerosis Register, where, at the time
of data analysis, were collected more than 55,000 pa-
tients. RRMS patients with at least three EDSS scores
at six-month intervals (+/- 90 days) were retrieved to-
gether with the following variables: calendar year at
inclusion, date of birth, sex, date of disease onset, all
reported relapses, EDSS scores, start and end dates
for all disease-modifying treatments (DMTs). Patients
in the final cohort accumulated person-years of fol-
low-up starting from the date of entering the cohort,
i.e. the first EDSS rating, until the earliest date among
the events of interest: progression to secondary pro-
gressive multiple sclerosis (SPMS), discontinuation of
EDSS assessment (defined as a gap of nine or more
months between two assessments), death, or end of
follow-up. At the end of the selection, the study cohort
comprised 7,964 RRMS patients followed for two or
more years, with EDSS scores recorded every six mon-
ths.

Details of the analysis and results obtained are publi-



shed on European Journal of Neurology. Using a fixed
baseline EDSS reference, the cumulative probability of
six-year overall confirmed disability-worsening even-
ts was 33.2%; that of events unrelated to relapse was
10.9% (33% of overall confirmed disability-worsening
events). Using a roving EDSS the proportions were re-
spectively 35.2% and 21.3% (61% of overall confirmed
disability- worsening events). Results are summarised
in the figure below: cumulative probabilities of ove-
rall confirmed EDSS-worsening events or confirmed
EDSS-worsening events unrelated to relapses using a
fixed baseline (first picture) or a roving (second pictu-
re) EDSS reference for events occurring six or more
months apart. Analyses of the six-year cumulative
probability of overall worsening using a roving EDSS
reference in strata of patients’ baseline characteristi-
¢s indicated that events were more frequent in older
than younger patients, in those with a baseline EDSS
score >2 than in those with a lower EDSS score, and
in those with a longer disease duration than in those
with a shorter one.

e lepore V, Bosetti C, Santucci C, laffaldano P,
Trojano M, Mosconi P. Detection of disability
worsening in relapsing-remitting multiple sclero-
sis patients. A real-world roving EDSS-Expanded
Disability Status Scale reference analysis from the
Italian Multiple Sclerosis Register. European Jour-
nal of Neurology 2021; 28 (2): 567-578 https://
doi.org/10.1111/ene. 14589

CONCLUSIONS

This study carried out in a real-world setting such as
the Italian Multiple Sclerosis Register, confirms that a
roving reference for EDSS evaluation is more accurate
than the baseline EDDS score for detecting confirmed
disability progression unrelated to relapses in RRMS
patients. In a real-world setting, in RRMS patients ro-
ving EDSS reference scores appear to be more sensiti-
ve for detecting confirmed disability-worsening events
unrelated to relapse.

Other tools are needed for assessing disability pro-
gression, such as patient-reported and patient-ge-
nerated outcomes, cognition measures, MRI brain
volume changes, optical coherence tomography mea-
sures, and new biomarkers, and should be implemen-
ted in clinical practice and in experimental settings, to
better describe the multifaced impact and evolution
of multiple sclerosis.
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INTRODUCTION AND AIMS

Disability accrual in multiple sclerosis may occur as
relapse-associated worsening (RAW) or progression
independent of relapse activity (PIRA). The role of PIRA
in early MS is yet to be established. The objective of
this multicentre, observational, retrospective cohort
study was to investigate the contribution of RAW and
PIRA to confirmed disability accumulation in patien-
ts with clinically isolated syndrome and early relap-
sing-remitting multiple sclerosis, assessed within one
year from onset and with follow-up >/=5 years.

RESULTS

Data were extracted from the Italian Multiple Sclerosis
Register and related disorders. Confirmed disability
accumulation was defined by an increase in Expanded
Disability Status Scale score confirmed at 6 months,
and classified per temporal association with relap-
ses. Factors associated with progression independent
of relapse activity and relapse-associated worsening
were assessed using multivariable Cox regression mo-
dels. A total of 5169 patients were recruited. Over a
follow-up period of 11.5 + 5.5 years, PIRA occurred in
1.427 (27.6%) and RAW in 922 (17.8%) patients. PIRA
was associated with older age at baseline (HR=1.19;
95CI 1.13-1.25, p<0.001), having a relapsing-remitting
course at baseline (HR=1.44; 95CI 1.28-1.61, p<0.001),
longer disease duration at baseline (HR=1.56; 95%ClI
1.28-1.90, p<0.001), lower Expanded Disability Status
Scale at baseline (HR=0.92; 95CI 0.88-0.96, p<0.001),
lower number of relapses before the event (HR=0.76;
95ClI 0.73-0.80, p<0.001). RAW was associated with

=

e Portaccio E, et al. Progression independent of re-
lapse activity in early multiple sclerosis patients.
WCN 2021

e Portaccio E, et al. Progression independent of re-
lapse activity in early multiple sclerosis patients
and risk of secondary progression: an Italian mul-
ticentre study. ECTRIMS 2021

e Bellinvia A, et al. Progression independent of re-
lapse activity in paediatric, adult and late-onset
multiple sclerosis patients. ECTRIMS 2021

younger age at baseline (HR=0.87; 95CI 0.81-0.93,
p<0.001), having a relapsing-remitting course at base-
line (HR=1.55; 95CI 1.35-1.79, p<0.001), lower Expan-
ded Disability Status Scale at baseline (HR=0.94; 95CI
0.89-0.99, p=0.017), higher number of relapses before
the event (HR=1.04; 95CI 1.01-1.07, p<0.001). Longer
exposure to disease modifying drugs was associated
with a lower risk of both PIRA and RAW (p<0.001). Over
the follow-up period, 840 (16.3%) patients fulfilled the
algorithmic definition of secondary progressive MS
(27.0% of RAW and 41.4% of PIRA subjects). Focusing
on patients with one or more confirmed disability ac-
crual, secondary progressive course was associated
with older age at baseline (HR=1.28-1.31; 95CI 1.15-
1.49, p<0.001), higher expanded disability status sca-
le at baseline (HR=1.38-48; 95CI 1.26-1.55, p<0.001)
lower number of relapses before transition (HR=0.91;
95CI 0.85-0.96, p<0.001) and a higher proportion of
PIRA events before transition (HR=3.35; 95%Cl| 2.67-
4.22, p<0.001).

CONCLUSIONS

This study provides evidence thatin early relapsing-on-
set multiple sclerosis cohort, PIRA was an important
contributor to confirmed disability accumulation. Our
findings indicate that insidious progression appears
even in the earliest phases of the disease, suggesting
that inflammation and neurodegeneration can repre-
sent a single disease continuum, in which age is one
of the main determinants of disease phenomenology.

PUBLICATIONS AND CONGRESS PRESENTATIONS
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INTRODUCTION AND AIMS

The distinction between relapsing-remitting (RR) MS
and progressive phenotypes remains a critical chal-
lenge for the neurologist in real clinical practice: cur-
rently there are not specific parameters or validated
biomarkers to address the diagnostic doubt, which
remains entrusted to clinical experience. In fact, in
clinical practice secondary progressive (SP) MS is typi-
cally confirmed retrospectively, following an history
of gradual EDSS worsening, after an initial relapsing
course, according to the Lublin definition (Lublin F et
al. 1996, 2014).

The lack of a single universally accepted definition and
the difficulty in distinguishing RRMS and SPMS as a se-
parate entity complicate the management of an alre-
ady complex pathology. Recently, some studies have
proposed an objective definition of SPMS (Lorscheider
J et al. Brain 2016). The EXPAND trial, a multicenter
study aimed to investigate the efficacy and safety of Si-
ponimod in patient with SPMS, delineated a different
definition of SP.

The primary objective of this study is to compare, in
terms of diagnostic performances, two data-driven
definitions, the one based on a modified version of the
Lorscheider algorithm (laffaldano P et al. MS) 2020)
(DDA) and the one based on the EXPAND inclusion cri-
teria, with the “neurologist’s definition” (ND), currently
considered the gold standard in clinical practice. The
aim of the study is also to better outline the epide-
miological and clinical characteristics of progressive
forms: annual incidence and prevalence, treatment
strategies, outcome and natural history.

RESULTS

The study has been conducted using longitudinal,
retrospectively acquired clinical data extracted from
the Italian MS register. Patients with RRMS with a fol-
low-up =5 years, with a current age 218 years, and

with >3 EDSS scores recorded were selected from the
Italian MS Registry. Annual incidence of SPMS conver-
sion was reported as number of patients converting
to SP every 100 patients/year. Three different SPMS
definitions have been used. Data-driven definitions
based on the Lorscheider's algorithm (DDA) and on
the EXPAND trial inclusion criteria were validated,
using the ND as gold standard, in terms of calibra-
tion, discrimination and goodness of fit by calculating
sensitivity, specificity, Positive Predictive Value (PPV),
Negative Predictive Value (NPV), the Akaike informa-
tion criterion (AIC), the Area Under the Curve (AUCQ).
The overall calibration of th0.05 (DDA=0.55; EXPAND
definition=0.57). The AIC (DDA=4301; EXPAND defini-
tion=5510) and the R-Square (DDA=0.15 vs EXPAND
definition=0.05), were in favour of the DDA, which
showed a greater discrimination power (AUC: 0.83
vs 0.65) and was associated with a higher sensibility
(77.1% vs 38.0%). Both the definition showed a simi-
lar specificity (88.0% vs 91.5%). The PPV and the NPV
were both higher using the DDA than those obtained
by the EXPAND definition (37.5% vs 29.5%; 97.6% vs
94.0%, respectively). Compared to the gold standard
(ND), the data-driven definition based on the EXPAND
criteria shows a low sensitivity (38%), because of the
exclusion of EDSS worsening events related to relap-
ses. However, these restrictive criteria allow to reach
high levels of specificity, with a low risk of identifying
as SP patients who are still in the RR phase of the dise-
ase. Both criteria are not able to reach levels of sensi-
tivity and specificity that can lead to consider them a
valid replacement to the judgment of the neurologist:
we have not found a method that can be identified as
a possible new gold standard. However, between the
two algorithms, the one that is closer to the definition
of SP judged by the clinician is that of the DDA, with a
sensitivity of 77.1%.

CONCLUSIONS
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In conclusion, an accurate definition of SP transition is
needed for a timely and efficacious treatment of SPMS
patients. Real-world data from the Italian MS Registry
suggests that data-driven definitions had a greater

ability to capture SPMS transition than neurologist's de-
finition. Moreover, our results indicate that the global
accuracy of the DDA seems to be higher than that of a
definition based on the EXPAND trial inclusion criteria.
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INTRODUCTION AND AIMS

Multiple sclerosis (MS) is an inflammatory demyelina-
ting disease of the central nervous system (CNS) that
is characterized by inflammation, demyelination, and
degenerative changes. Most individuals are diagno-
sed with MS at age 20-40 years. Pediatric-onset MS
(POMS), before the age of 18, represents 3-10% of the
whole MS population, while late-onset MS (LOMS),
after the age of 50, now accounts for 3-5% of all MS
diagnosis. Age at onset plays an important prognostic
role, not fully understood, and may impact disease
course and treatment response. Clinic- and popula-
tion-based studies suggested that the onset of the
progressive phase and time to Expanded Disability
Status Scale (EDSS) milestones is an age-dependent
phenomenon, independent of the initial course of MS.
Nevertheless, predicting disability accumulation just
upon chronologic age would be an oversimplification.
In both POMS and Adult-Onset MS (AOMS), the stron-
gest predictor for reaching the EDSS milestones is age
at clinical onset: the earlier the onset of disease, the
younger the age at which the main disability milesto-
nes are reached.

Additionally, age at onset influences the response to
disease-modifying therapy (DMT). A recent meta-a-
nalysis of the main Randomized Clinical Trials (RCTs)
demonstrated that the efficacy of DMTs on disability
worsening has an inverse correlation with increasing

age. As the prevalence of LOMS is increasing, data
regarding DMT effectiveness in this group of patien-
ts are warranted. This is even more relevant due to
comorbidity and possibly higher risks of treatment-re-
lated adverse events in this age group. As for the pe-
diatric counterpart, clinical trials in POMS subjects are
extremely limited, also due to ethical considerations
on the use of placebo owing to highly active disease
in this population. Although most of the DMTs are not
licensed for POMS, their off-label prescription is in-
creasing in this sub-population. Therefore, benefit to
risk balance and treatment decision-making in these
extreme age populations present unique age- and di-
sease-related challenges.

Since a sizeable proportion of pediatric and older pa-
tients are treated in the real-world setting, registry-ba-
sed cohort studies represent a major source of data to
elucidate the above issues.

The research question, addressed in this multicenter
study based on the Italian MS register, was whether
and how treatment response differs in three cohorts
of RRMS patients defined by age at onset: POMS (< 18
years), AOMS (18 - 49 years) and LOMS (= 50 years).

RESULTS

We included patients with a relapsing-remitting phe-
notype, =5 years follow-up, >3 Expanded Disability
Status Scale evaluations and a first neurological eva-
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luation within 3 years from the first demyelinating
event. Multivariate Cox regression models (adjusted
hazard ratio with 95% confidence intervals) were used
to assess the risk of reaching a first 12-month confir-
med disability worsening and the risk of reaching a su-
stained Expanded Disability Status Scale of 4.0.

The effect of disease-modifying drugs was assessed
as quartiles of time exposure. We found that disea-
se-modifying drugs reduced the risk of 12-month con-
firmed disability worsening, with a progressive risk
reduction in different quartiles of exposure in pedia-
tric-onset and adult-onset patients [adjusted Hazard
Ratios in non-exposed versus exposed >62% of the
follow-up time: 8.0 (3.5-17.9) for pediatric-onset and
6.3 (4.9-8.0) for adult-onset, p< 0.0001] showing a

=]

trend in late-onset patients [adjusted Hazard Ratio =
1.9 (0.9-1.4), p= 0.07]. These results were confirmed
for a sustained Expanded Disability Status Scale score
of 4.0. We also found that relapses were a risk factor
for 12-month confirmed disability worsening in all the
three cohorts and female sex exerted a protective role
in the late-onset cohort.

CONCLUSIONS

This study provides evidence that sustained exposure
to disease-modifying drugs decreases the risk of disa-
bility accumulation, seemingly in a dose-dependent
manner. It confirms that the effectiveness of disea-
se-modifying drugs is lower in late-onset patients, al-
though still detectable.
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INTRODUCTION AND AIMS

Availability of new disease modifying therapies (DMTs)
and changes of therapeutic paradigms have led to a
general improvement of multiple sclerosis (MS) pro-
gnosis in adults. It is still unclear if this improvement
also involves pediatric-onset MS (POMS) patients,
whose early management is limited by a low number
of approved DMTs and, possibly, other factors, such
as cognitive impairment, involvement of the family
in therapeutic decisions and risk of low adherence to
therapies.

Our aim was to evaluate if prognosis of POMS was get-
ting better over time, in relation to changes in thera-

peutic and managing standards.

Inclusion criteria were: MS onset before 18 years of
age, confirmed MS diagnosis before January 2014 and
disease duration =3 years at last observation. Exclu-
sion criteria were having primary progressive or un-
defined MS course, crucial errors in data entry, EDSS
score =8 one year after the onset of disease, missing
diagnosis date and less than two EDSS score evalua-
tions. We compared time to reach persistent disabili-
ty milestones (EDSS 4.0 and 6.0) by epoch of MS dia-
gnosis (<1993, 1993-1999, 2000-2006 and 2007-2013),
adjusting for possible confounders linked to EDSS eva-
luations (EDSS score evaluations per year, period of
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EDSS assessment and disease duration at first EDSS
evaluation) and clinical disease activity (age at onset,
sex, ARR in the first three years, type of clinical onset,
time from onset to diagnosis). We then analysed the
difference among the four diagnosis epochs regarding
demographic characteristics, clinical disease activity at
onset and DMTs management.

RESULTS

At May 2019, the Italian MS Registry included 59,278
patients, of which 4,704 (7.9%) had MS onset before
18 years of age. According to our inclusion and exclu-
sion criteria, we enrolled 3,198 POMS patients, coming
from 82 different MS centers in Italy. Distribution of
patients among diagnosis epochs was 619 (19%) in
<1993, 785 (25%) in 1993-1999, 934 (29%) in 2000-2006
and 860 (27%) in 2007-2013. The mean age of onset
was 15.2 years, 69% were female, the median time to
diagnosis was 3.2 years, the annualized relapse rate in
first one/three years was 1.3/0.6, the mean follow-up
was 21.8+11.7 years. The majority of patients were tre-
ated with DMTs (88%), of these 40% with high potency
drugs (e.g. natalizumab, fingolimod). Considering the
whole cohort, only 22% started DMTs in pediatric age,

=

but this percentage increases to 53% in the subgroup
with pediatric-diagnosis (1300 patients).

Median survival times to reach EDSS 4.0 and 6.0 were
31.7 and 40.5 years. The cumulative risk of reaching
disability milestones gradually decreased over time,
both for EDSS 4.0 (HR 0.70 in 1993-1999, 0.48 in 2000-
2006 and 0.44 in 2007-2013) and 6.0 (HR 0.72, 0.44
and 0.30). In recent diagnosis epochs, a greater num-
ber of POMS patients were treated with DMTs, espe-
cially high potency drugs, that were given earlier and
for a longer period. Demographic characteristics and
clinical disease activity at onset did not change signifi-
cantly over time. Analyses of the subgroup of patients
with pediatric-diagnosis gave similar results.

CONCLUSIONS

In POMS the risk of persistent disability has been re-
duced by 50-70% in recent diagnosis epochs, probably
due to improvement in therapeutic and managing
standards. In the coming years, an increase of appro-
ved DMTs before 18 years of age and upgrades in drug
safety will probably lead to a further improvement of
prognosis in this population.
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INTRODUCTION AND AIMS

Late onset of MS (LOMS), classically defined by the
occurrence of the first symptoms after age 50, is re-
latively infrequent and occurs in less than 10% of pa-
tients. Few studies have compared the clinical and
demographic characteristics of these patients with
young-adult onset MS cases (YOMS), more frequently
reporting a progressive course, notoriously associa-
ted with more severe disability. However, there is still
uncertain information about the clinical outcomes of
LOMS, the response to disease modifying treatments
(DMTs), and the implication for disease prognosis.
The present project is a multicentre retrospective
study that aims to describe the early and late clinical
characteristics of LOMS in a large cohort of Italian MS
patients, using YOMS as a comparator, in order to eva-
luate whether the late onset is associated with a more
severe disease evolution, also in the relapsing remit-
ting forms.

By using the "Group Based Trajectory Modeling" mo-
dels, this study describes the disability trajectories of
MS patients, also evaluating the characteristics asso-
ciated to groups with different disability trends over
time and the association with LOMS. The data used to
define the disability trajectories were obtained from
the Italian Multiple Sclerosis Registry. The EDSS sca-
le was used to obtain the disability trajectories in the
first 20 visits after diagnosis. The profiles of the pa-
tients’ groups identified in a specific trajectory were
described using a multinomial model by the relative
risk ratios (RRRs) and their 95% confidence intervals.
The level of statistical significance was set at 5% and
the analyses were performed with Stata® 16.

RESULTS

Of the 20,826 patients identified in the registry, 16,159
were eligible for the study. Four groups with different
disability trajectories were identified by using the
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"Group Based Trajectory Modeling". The group with
the most severe EDSS trend (A), was made up of 12.3%
of the subjects with mean EDSS > 4 points, which in-
creased over time exceeding EDSS 6; the group with
medium severity EDSS trend (B) comprised 21.9% of
the sample and showed a change in EDSS score of
more than 3 points over time; the larger group (C) with
50.9% of patients reported a constant 2 points in EDSS
trend up to 10 visits, with an increase in EDSS in the
latest evaluations; finally, the benign group (D) was
made up of 14.9% of patients with a low and constant
EDSS score over time. The multinomial model shows
that the probability of belonging to the groups with
the highest severity (A, B, C) is up to 7.0 times higher
for the LOMS (p <0.001). In addition, the probability
of belonging to groups with greater severity is more
associated with male sex and clinical onset with brain
stem, spinal cord or multifunctional symptoms.

=

e EDSS trajectories in multiple sclerosis patients
from the Italian MS Register. XXV° World Con-
gress of Neurology, 3-7 October 2021. This study
has been selected as oral presentation

CONCLUSIONS

Notoriously, MS is a highly heterogeneous disease for
clinical, pathogenetic, and neuroradiological features;
it is characterized by a high management complexity.
From the onset of the disease, it is important to define
its clinical characteristics, and in particular to evaluate
the predictors of worse long-term clinical outcomes.
This project defines how LOMS conditions the disease
evolution, by analyzing the disability trajectories. This
is also important for the purpose of a tailored choice
of DMTs that considers aging, the lower resilience of
the nervous system to damage and the frequent con-
comitance of age-related comorbidities, in addition to
the prognostic factors most strictly associated with
the disease.
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INTRODUCTION AND AIMS

Pediatric multiple sclerosis (MS), with disease onset
before 18 years of age, represents 3-10% of all MS ca-
ses.1 During the last decade, pediatric MS has been in-
creasingly recognized, thus making necessary to iden-
tify specific features related to disease onset during
childhood and adolescence.

More than 98% of children and adolescents diagnosed
with MS follows a relapsing-remitting (RR) course.2 It
is characterized by both clinical and MRI evidence of
highly active inflammation and remyelination,3 with
frequent but highly recoverable relapses early in the
disease.4 Among pediatric MS population significant
differences in clinical, MRI, and immunological featu-
res were observed between early (i.e., by convention,
before age 11 years) and late onset pediatric MS pa-
tients.

Considering these points, it appeared necessary as
first to further characterize this population by analy-
zing data from a large real-life cohort of pediatric on-
set MS patients collected in the Italian MS Registry.

In details, we aimed to describe and the natural hi-
story of early and late onset pediatric MS and to iden-
tify clinical and MRI features at disease onset able to
predict a more severe disease course. Then, we aimed
to identify early clinical and MRI predictors of thre-
e-years treatment response in order to optimize treat-
ment strategies to a better risk-benefit ratio from new
highly active drugs. Moreover, we aimed to combine

clinical and MRI features recorded over the first year
of treatment to identify a score of treatment response
specific for pediatric patients.

RESULTS

For the first part of our project, from 3332 pediatric
onset MS patients, a cohort of 1993 pediatric onset MS
patients was selected from the Italian MS Register.5 Of
1993 pediatric MS cases selected for the final analysis,
172 (9%) were classified as early onset pediatric MS.
A greater proportion of males, isolated brainstem
involvement, and longer time interval between first
and second clinical episode was observed in early vs
late onset pediatric patients. Compared to late onset,
early onset pediatric patients took longer time from
disease onset to convert to secondary progressive
phenotype and to reach three distinct disability mile-
stones (Expanded Disability Status Scale scores of 3, 4,
and 6). Recovery from first demyelinating event, time
to first relapse, annualized relapse rate during the first
3 years of disease and disease-modifying treatments
exposure were independent predictors for long-term
disability in early onset pediatric patients. In late on-
set pediatric patients, isolated optic neuritis, multifo-
cal symptoms or progressive course at disease onset
were additional predictors for long-term disability.

To the second aim of our project, we identified the
presence of at least three new T2 or Gd+ lesions de-
tected on 1-year MRI scan and the occurrence of at
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least 2 relapses during the first year of treatment as
independent predictors of treatment failure after 3
years. According to these findings, we grouped risk le-
vels into three classes:

- Group 0: <2 relapses during the first year of treat-
ment and <3 new T2 or Gd+ lesions at 1-year MRl scan;
- Group 1: 22 relapses during the first year of treat-
ment or 23 new T2 or Gd+ lesions at 1-year MRI scan;
- Group 2: 22 relapses during the first year of treat-
ment and =3 new T2 or Gd+ lesions at 1-year MRI scan.

According to these features the 79 % of pediatric MS
patients resulted in group 0, 19% in group 1 and 2%
in group 2. Given the small number of patients in the
highest risk category, groups 1 and 2 were also consi-
dered together, to define the highest risk group.

High risk vs low risk category had a positive predictive
value of 75% and a negative predictive value of 73%,
a sensitivity of 44%, a specificity of 91%, and a global
accuracy of 68% for identifying patients developing
treatment failure over 3 years. Furthermore, pediatric

=

MS patients in low risk category showed a probability
of EDSS worsening over 3 years following the first year
of therapy of 11% while pediatric MS patients in high
risk category of 26%.

CONCLUSIONS

Comparing the natural history of early and late onset
pediatric MS in a large, real-life cohort of patients, our
study identified several specific features of early onset
pediatric MS.

Moreover, this study also points to the critical impor-
tance of early treatment in this population, and it adds
relevant prognostic information to improve the clini-
cal management of pediatric MS patients.

The combination of clinical relapses with substantial
MRI activity appeared as the best predictor of short-
term treatment failure and disease progression in pe-
diatric MS patients. The adoption of this simple and
pediatric MS-specific score in clinical practice could
help clinicians in evaluating treatment failure and in
optimizing treatment strategies.
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INTRODUCTION AND AIMS

The identification of early indicators of multiple sclero-
sis (MS) prognosis is useful in clinical practice to sup-
port early and personalized therapeutic choices.

The aim of the study was to define a prognostic mo-
del, which gives in clinically isolated syndrome (CIS)
patients an individual risk score (risk estimate for CIS,
RECIS), for the early forecast of losing NEDA status (no
evidence of disease activity) within 12 months from
disease onset, through the analysis of a large set of
clinical-demographics (sex, age, type of neurologi-
cal involvement, EDSS) and instrumental-laboratory
(number and site of brain MRI lesions, cerebro-spinal
fluid oligoclonal bands - OB, visual and somatosensory
evoked potentials - VEPs and SEPs) variables collected
at disease onset.

RESULTS

To identify the best prognostic model, we analyzed re-
trospective data of 221 CIS patients from 4 Italian MS
Centres: Gallarate and Pavia (Northern Italy), Florence

(Central Italy), Bari (Southern Italy).

After 12 months from CIS onset, 38% of patients di-
splayed EDA.

The variables were included in four different multiva-
riable regression models with 1000 bootstrap repli-
cations: 1) a stepwise logistic regression, 2) a Lasso
regression with cross-validation approach, 3) a Lasso
regression with adaptive approach, and 4) a Lasso re-
gression with plugin approach. According to the best
prognostic model, the risk of EDA at 12 months was
higher in younger patients and in those patients that
at disease onset had MRI infratentorial lesion(s), OBs
and abnormal SEPs in lower limbs.

A final score (RECIS score) composed by the variables
selected from the best model was reported and the
optimal cut-off (0.65) to predict the probability to
change the status from NEDA to EDA within one year
was estimated. The RECIS score showed good specifi-
city (72%) as a tool for predicting the evolution of CIS:
higher RECIS scores were linked to an increased risk
of losing NEDA within 12 months. For example, accor-

ITALIAN MULTIPLE SCLEROSIS & RELATED DISORDERS REGISTER

35



36

ding to RECIS score, a 30-year-old patient with oligo-
clonal bands, abnormal lower limb SEP and infratento-
rial lesions at MRI at the onset of the CIS will have 85%
of probability to reach EDA status within 12 months.

CONCLUSIONS

RECIS score is a simple tool, which can be used at MS
onset to predict its evolution within 12 months at a sin-
gle patient level. This instrument could promote tailo-
red therapeutic decisions in clinical practice setting.
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INTRODUCTION AND AIMS

Multiple sclerosis (MS) is one of the most common
causes of neurological disability in young adults glo-
bally. It is a chronic degenerative illness and therefo-
re carries a high economic and quality of life burden
associated with it. One of the principal objectives in
the care of people with MS is, therefore, to reduce the
irreversible accumulation of neurological disability.
The diagnosis of progressive MS is clinical and retro-
spective because based on the patient's history and
the neurological exam. In everyday clinical practice,
the identification of the change in the disease course
is often late and there are no applicable predictors of
disability progression.

While group data exist that are prognostic for patients
with MS, there are no individually applicable predic-
tors of disease course or severity. This produces con-
siderable anxiety and concern for patients, difficulty
for clinicians in providing accurate information to pa-
tients and a lack of clear guidance on when and how
to treat progressive MS.

Therefore, the objective of the study is to identify the
predictive factors of disability progression in RR-MS
patients with high disability and patients with a pro-
gressive course of MS included in the datasets of the
Italian MS registry. The early identification of patients
with unfavorable predictive variables will allow trea-
ting patients with the new therapies for MS (ocrelizu-
mab and siponimod).

The population of the Italian MS registry is represen-
tative of MS population of our Country and includes a
large number of patients.

RESULTS
This is a retrospective, longitudinal study that enrol-
ling a large cohort of MS patients of the Italian MS re-

gistry with secondary progressive MS (SP-MS), primary
progressive MS (PP-MS) and relapsing-remitting MS
(RR-MS) with Expanded Disability Disability Status Sca-
le (EDSS) > 4.0 and with an observation period at the
centers of at least 6 months. The first visit to the cen-
ters is the reference point (baseline) for the beginning
of observation. We included patients who performed
the first visit in the centers before June 2016. Primary
end-point is the disability progression (increase of
EDSS score >1.0 point if baseline EDSS < 5.5 and 0.5
if baseline EDSS was > 6.0) sustained and confirmed
at the end of follow-up. The 3 groups of patients have
been compared during 2-year follow-up to determine
predictive factors of disability progression.

We included 5031 patients (3169 female and 1862
male), 1887 with SP-MS, 1096 with PP-MS and 2048
with RR-MS. Of the 5031, 1587 (32 %) had a disability
progression after a mean of 15.4 months. The mean of
follow-up was 22 months.

At baseline we compared in the three MS groups pa-
tients with disability progression vs stable patients.
The patients with disability worsening were older at
disease onset compared with stable patients in all
three groups [SP-MS group: 32 vs 30 years (p:0.001);
PP-MS group: 41 vs 39 years (p:0.05); RR-MS group 34
vs 32 years (p:0.005)]. In progressive MS groups pa-
tients with disability progression had a shorter dise-
ase duration compared with stable patients [SP-MS
group: 191 vs 219 months (p<0.0001); PP-MS group:
110 vs 128 months (p:0.004)]. Finally, patients with di-
sability progression had a lower EDSS compared with
stable patients in all three groups [SP-MS group: mean
EDSS 5.6 vs 5.8 points (p<0.0001); PP-MS group: 5.4 vs
5.7 points (p<0.0001); RR-MS group 4.9 vs 5.0 points
(p:0.06)]. In the RR-MS group the patients with disabi-
lity worsening had also a lower numbers of relapses 1
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year before baseline (p:0.018). However, the multiva-
riable analysis not confirmed these data in SP-MS and
PP-MS groups. In the RR-MS group the multivariable
analysis confirmed the association between disability
progression and older age at onset.

CONCLUSIONS

The study did not find strong clinical predictive factors
of disability progression. It is necessary to identify flu-
id biomarkers probably more predictive of disability.
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INTRODUCTION AND AIMS

To date, secondary-progressive multiple sclerosis
(SPMS) is diagnosed retrospectively by neurologists,
according to Lublin’s definition: a history of a gradual
disability progression, independent of relapses, after
an initial relapsing course. No biological nor clinical
markers are available to make more sensitive and
reliable the identification of the SP conversion. Thus,
it is difficult to establish the exact date of conversion
from one course to the other one, mainly because,
on a clinical standpoint, the relapsing-remitting (RR)
and the SP forms are a continuum of disease with the
boundary between them being somewhat indistinct.
Recently, objective definitions of SPMS have been pro-
posed. The data driven definitions are based on the
application of algorithms to the EDSS score evalua-
tions longitudinally recorded in disease registries or
clinical databases.

The majority of the studies so far performed to assess
the risk factors for SPMS transition have been con-
ducted on clinical cohorts in which the SPMS definition
was based on the subjective judgement of the neuro-
logists. The way the conversion to SPMS is defined mi-
ght affect the evaluation of risk factors, including the
effect of disease modifying therapies (DMTs), poten-
tially associated with the disease course transition.

In this study we compared the risk factors for the tran-
sition from RR to SP course in a large cohort of relap-
sing onset MS prospectively followed-up in the Italian
MS Registry, using two different SPMS definitions: the
first was based on the subjective decision made by
the treating neurologist, and the second was based
on a more recently proposed data-driven algorithm.
Risk factors for reaching an irreversible EDSS score 6.0
after the SP transition were also evaluated.

RESULTS

On 20th September 2018 the Scientific Committee of
the Italian MS Registry granted the approval to this
project and the approval of data use. After receiving
all the approval needed, we performed the data ex-
traction using the global Italian dataset updated at
31st May 2018. Relapsing onset MS patients (n=19,318)
were extracted from the Italian MS Registry. Risk fac-
tors for SPMS and for reaching irreversible EDSS 6.0,
after SP transition, were estimated by using multiva-
riable Cox regression models.

Two SPMS definitions were used:

1. Neurologist Definition (ND). A definition based on

the subjective decision made by the neurologists ac-
cording to the Lublin criteria for SP. For this definition
the date of SP conversion, entered by the neurologists
in the (iMed®) software, was used.

2. Data-Driven Algorithm (DDA). An algorithm based
on a previous published definition with some modi-
fications: a 3-strata progression magnitude (1.5-point
increase if the baseline EDSS was 0, 1.0-point increase
if the baseline EDSS was 1.0-5.5, 0.5-point increase if
the baseline EDSS was > 5.5 ) with a minimum EDSS
score of 4.0 and a minimal pyramidal FS score of 2.0 at
the time of conversion to SPMS confirmed at 3 mon-
ths and at the end of follow-up (last EDSS score > 4.0;
last pyramidal FS score > 2.0). In order to reduce the
impact of transient EDSS modifications due to relap-
ses, all the EDSS scores collected during a relapse (+
30 days) were excluded.

SPMS identified by the DDA (n=2,343, 12.1%) were ol-
der, more disabled and with a faster progression to
severe disability (p<0.0001), than those identified by
the ND (n=3,868, 20.0%). In both groups, the most
consistent risk factors (p<0.05) for SPMS were a multi-
focal onset, an age at onset >40 years, higher baseline
EDSS score and a higher number of relapses; the most
consistent protective factor was the DMT exposure.
DMT exposure during SP, did not impact the risk of
reaching irreversible EDSS 6.0.

CONCLUSIONS

Our study suggests that a more objective definition of
SPMS based on a DDA is more reliable to identify pa-
tients with a more aggressive SP course in comparison
to a retrospective subjective judgment of the treating
neurologist. These findings can help to select more
homogeneous population of SPMS patients to be in-
cluded in future clinical trials or observational studies
to evaluate the effect of DMTs during the SP phase
of the disease. Moreover, our results provide further
insights on the most robust prognostic factors asso-
ciated to the SPMS transition confirmed by using diffe-
rent criteria of SPMS. It is noteworthy that the results
also confirm the role of DMT exposure in reducing this
risk, but not in preventing the disability accumulation
after the transition to SPMS.

National MS registries, such as the Italian MS Registry,
represent formidable tools to provide important infor-
mation on the disease course and the effect of DMTs
in the different phases of the disease.
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INTRODUCTION AND AIMS

Except for Ocrelizumab, previous phase-lll randomi-
zed controlled trials largely failed in finding benefit
of disease modifying drugs (DMDs) among patients
affected by primary progressive multiple sclerosis
(PPMS). Consistently with these findings, most of the
Real word studies drove to the same conclusion, fin-
ding no substantial differences between treated and
untreated patients in the real clinical setting. Howe-
ver, some recent results highlighted that a sustained
exposure to DMDs, especially when the drug is admi-
nistered at a young age and in patients with inflam-
matory activities, may exert a protective role, reducing
the risk of hard disability milestones.

RCTs suffer from low generalizability and explore the
effect of therapy for a time-window that rarely covers
more than two years. Moreover, variables like the du-
ration of DMT exposure or the delay in treatment ini-
tiation are not evaluated in the setting of clinical trials,
but they may be crucial in the real-world setting.

In the absence of previous licensed therapeutic op-
tions, DMTs have been used off-label in PPMS pa-
tients, and registry-based cohort study represents a
major source of real-world data to elucidate the above
issues.

We hypothesized that, among PPMS patients, those
who had active disease at baseline or experienced su-
perimposed relapses during follow-up might benefit
from DMT. Moreover, to better understand the effects

of DMTs, we evaluated the type of DMT, the delay in
treatment initiation and the duration of DMT exposure.

RESULTS

Using the Italian MS Registry, we selected PPMS pa-
tients with at least three EDSS evaluations and three
years of follow-up. Study baseline was defined as the
first EDSS evaluation for untreated patients and the
date of the first DMT initiation for treated patients.

Of the 1,139 patients we included (629 females, mean
+ Standard Deviation [SD] baseline age 48.3 + 11.1 ye-
ars, mean EDSS score 4.1 + 1.8), 746 (65%) received a
DMT during the follow-up. In the whole sample, after
a mean (SD) follow-up of 11.8 (+ 6.3) years, 438 (38%)
reached the EDSS 7.0. In the multivariable Cox regres-
sion models, the use of DMT, analysed as dichotomous
variable, did not influence the risk of reaching EDSS
7 (aHR = 1.09, 95% CI 0.88-1.36, p = 0.417). However,
in patients with superimposed relapses, DMT expo-
sure significantly reduced the risk of reaching EDSS
7 (aHR = 0.61, 95% Cl 0.42-0.87, p =0.007). Moreover,
we found that, among good responders to DMT, those
who persisted on treatment had the most beneficial
effect (aHR = 0.45, 95% Cl 0.29-0.71, p = 0.001).

These results have been confirmed after propensi-
ty-score matching.



CONCLUSIONS

This study suggests that inflammatory activity may be
a modifiable component of long-term disability outco-
mes in PPMS patients. Moreover, in PPMS patients
who have inflammatory activity during follow-up, lon-

=

ger exposure to DMT may increase the beneficial ef-
fect of treatment.

To optimize treatment decision-making in PPMS fur-
ther profiling of the best candidates to treatment is
needed.
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INTRODUCTION AND AIMS

The clinical course of relapsing remitting multiple scle-
rosis (RRMS) is largely determined by the frequency,
severity, and recovery of relapses, which show extre-
me variability during the disease course.

A high frequency and severity of relapses, particularly
in the first 2 years, have been described as strong pre-
dictors of greater disease burden in terms of disability
accumulation and treatment failure(s).

The relapse phenotype has not been fully investigated
and it has not been included as parameter in clinical
trials to verify a disease modifying therapy (DMT) and
scarce data with controversial results are available
from small studies

The incomplete recovery, defined by the persistence
of neurologic deficits after a relapse, has been obser-
ved in 34-59% of relapses.

The disease characteristics that could be associated to
the degree of recovery have only been found in few
real-world studies and cannot be generalized.
Notably, the degree of recovery from the first relapse
in a patient’s course was shown to predict the time to
disability progression and the time to transition into
secondary progressive MS, although the association
of each relapse phenotype to the degree of recovery
has not been characterized unequivocally.

The primary study outcome was the evaluation of first
relapse phenotype in RRMS patients generally and ba-
sed on the first-line DMT prescribed during the first
5 years of treatment. Next, incomplete recovery (se-
quelae) based on relapse phenotype and the type of
first-line DMT was determined.

Ancillary, the role of each relapse phenotype on the
probability to obtain an EDSS score > 4.0 during the



entire follow-up period (the first 5 years of therapy
unless the DMT was discontinued earlier) was investi-
gated.

RESULTS

All the 2,676 patients fulfilled the required criteria. The
first-relapse phenotype of 712 relapses was determi-
ned. Being female and higher number of relapses be-
fore diagnosis were associated with higher risk of re-
lapse in the 5-year period (HR = 1.3, 95%CI 1.07-1.46;
p = 0.005 and HR = 1.1, 95%Cl 1.06-1.15; p < 0.001,
respectively) whilst older age at the time of first DMT
prescribed (HR = 0.98, 95% Cl 0.98-0.99; p < 0.001) to
a lower risk. The pyramidal phenotype was associated
with higher age and baseline EDSS score. Older age

correlated also with worse sequelae (proportional OR
= 1.02, 95%CI 1.01-1.04; p = 0.004), as the occurren-
ce of a second relapse before the DMT starting (pro-
portional OR = 1.72, 95%Cl 1.01-2.92; p = 0.044). The
pyramidal phenotype, adjusted for age and other phe-
notypes was associated to a 1.95-fold higher risk of
severe or moderate sequelae (proportional OR = 1.95
95%Cl 1.35-2.80; p < 0.001).

CONCLUSIONS

The characterization of different relapse phenotypes
from early phases of RRMS and the first DMT prescri-
bed should be considered a determinant of therapeu-
tic choice.
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INTRODUCTION AND AIMS

The aim of this Italian pilot study call CLARINET-MS
study is to explore the feasibility of the retrospective
approach for evaluating effectiveness in subjects pre-
viously treated with Cladribine and then followed as
per clinical practice.

The CLARINET-MS study assessed the long-term ef-
fectiveness of cladribine tablets by following patients
with multiple sclerosis (MS) in Italy, using data from
the Italian MS Registry. Real-world data (RWD) from
Italian MS patients who participated in cladribine
tablets randomised clinical trials (RCTs; CLARITY, CLA-
RITY Extension, ONWARD or ORACLEMS) across 17 MS
centres were obtained from the Italian MS Registry.
RWD were collected during a set observation period,
spanning from the last dose of cladribine tablets du-
ring the RCT (defined as baseline) to the last visit date
in the registry, treatment switch to other disease-mo-
difying drugs, date of last Expanded Disability Status
Scale recording or date of the last relapse (whichever
occurred last). Time-to-event analysis was completed
using the Kaplan-Meier (KM) method. Median dura-
tion and associated 95% confidence intervals (Cl) were
estimated from the model.

RESULTS

Time span under observation in the Italian MS Regi-
stry was 1-137 (median 80.3) months. In the total Ita-
lian patient population (n = 80), the KM estimates for
the probability of being relapse-free at 12, 36 and 60
months after the last dose of cladribine tablets were
84.8%, 66.2% and 57.2%, respectively. The correspon-
ding probability of being progression-free at 60 mon-
ths after the last dose was 63.7%. The KM estimate for
the probability of not initiating another disease-modi-
fying treatment at 60 months after the last dose of cla-
dribine tablets was 28.1%, and the median time-to-tre-
atment change was 32.1 (95% Cl 15.5-39.5) months.

CONCLUSIONS

CLARINET-MS provides an indirect measure of the
long-term effectiveness of cladribine tablets. Over half
of MS patients analysed did not relapse or experience
disability progression during 60 months of follow-up
from the last dose, suggesting that cladribine tablets
remain effective in years 3 and 4 after short courses at
the beginning of years 1 and 2, and in some patients
with RRMS and relapsing SPMS up to 60 months after
the last dose.
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INTRODUCTION AND AIMS

In 2013, five MS registries (Italian MS registry - former-
ly known as iMEDweb network, SMSReg of Sweden,
MSBase based in Australia, OFSEP of France and the
Danish MS registry) started to evaluate the potential,
usefulness and potential paths of collaboration and/
or pooling of data for research on the diagnosis, epi-
demiology and treatment of MS - the Big MS Data
Network (BMSD).

RESULTS

A feasibility phase was carried out between 2014 and
2015. This feasibility evaluation comprised the fol-
lowing steps: registries descriptions; registries compa-
rison in terms of governance structure, data collection
tools and data storage systems, availability of key va-
riables for MS research.

The governance of the BMSD network has been
established as follows: a steering committee compo-
sed by the principal investigator of each involved re-
gistry; a data management subcommittee composed
by data analysts involved in the data management of
each dataset; a statistical analysis committee compo-
sed by statisticians and project leaders of the research

projects.

At the end of the feasibility phase was decided to laun-
ch three demonstrator projects in order to test the ca-
pability to pool data which come from different sour-
ces, working also on the harmonization of the data
structure, outcomes definitions and data analysis.
The following were the title of the projects along with
the leading registry: Very long term effectiveness of
DMTs in multiple sclerosis - Italian MS Registry; Di-
scontinuation frequencies of DMTs - Swedish MS Re-
gistry; Efficacy of DMTs in progressive MS - MSBase.
Here are reported the objectives and the main results
obtained from these projects.

1. Very long term effectiveness of DMTs in multiple
sclerosis - Italian MS Registry: The aim was to evaluate
the impact of the time interval from disease onset to
the first DMT on the treatment effect on long-term di-
sability accumulation.

Four study outcomes were evaluated: 3- and 12-mon-
th Confirmed Disability Worsening (CDW) and assign-
ment of either irreversible EDSS 4.0 or EDSS 6.0.

In the first step of our analysis, four Cox regression
models were used to estimate the risk of reaching
each of the 4 outcomes. The time from disease onset



to the first DMT start was included as quintiles and the
first quintile was included as reference class.

In the second step of this analysis, propensity score
(PS) matching was used to enable pairwise compari-
sons among patients grouped by the time from disea-
se onset to the first DMT start.

The final cohort obtained by applying the inclusion cri-
teria was composed by 11,871 RRMS patients.

A 3- and 12-month confirmed disability worsening
event and irreversible EDSS 4.0 and 6.0 scores were
reached by 7,062 (59.5%), 4,138 (34.9%), 3,209 (31.1%)
and 1,909 (16.5%) patients, respectively.

The risk of reaching all the disability outcomes was
significantly lower (p<0.0004) for the 1st quintile pa-
tients’ group. These data represent the largest RRMS
cohort with the longest follow-up ever analysed to
determine the long-term effectiveness of the early ini-
tiation of DMTs. Our results indicate that the optimal
time to start DMTs in MS to prevent long-term disabili-
ty accumulation is within 12 months of disease onset.
2. Discontinuation frequencies of DMTs - Swedish MS
Registry: The objective of this study was to describe
treatment interruption and discontinuation in the
BMSD network. Information on 269,822 treatment
episodes in 110,326 patients from 1997 to 2016 were
retrieved. Treatment stop was defined as a clinician
recorded DMT end for any reason and included treat-
ment interruptions, switching to alternate DMTs and
long-term or permanent discontinuations. The inci-
dence of DMT stopping across the full observation pe-
riod was lowest in fingolimod (19.7 per 100 person-ye-
ars (PY) of treatment; 95% Cl 19.2-20.1), followed by
natalizumab (22.6/100 PY; 95% ClI 22.2-23.0), IFNb
(23.3/100 PY; 95% Cl 23.2-23.5). Of the 184,013 ob-
served DMT stops, 159,309 (86.6%) switched to an al-
ternate DMT within 6 months. DMT stopping reasons
and rates were mostly stable over time with a slight
increase in recent years, with the availability of more

DMTs. The results suggest that discontinuation of MS
DMTs is mostly due to DMT properties and to a lesser
extent to risk management and a competitive market.
3. Efficacy of DMTs in progressive MS - MSBase: The
objective was to identify subgroups of SPMS patien-
ts with similar longitudinal trajectories of EDSS over
time. Longitudinal EDSS scores were modelled by a
latent class mixed model (LCMM), using a nonlinear
function of time from the first EDSS visit with an EDSS
value of 3 to 4.

Atotal of 3613 SPMS (66.2% females; 39.1% from Fran-
ce, 24.4% from ltaly, 19.6% MSBase, 16.9% Sweden).
LCMM detected 3 different subgroups of patients with
a mild, a moderate and a severe disability trajectory.
Median time to EDSS 6 was 12.2, 5 and 1.7 years, for
the 3 groups respectively. Patients with the “severe” di-
sability time course were younger (p<0.001) and with
a shorter disease duration at baseline (p<0.001). He-
terogeneity among the four Registries was also obser-
ved (p<0.001) with a higher frequency of patients with
milder MS in the French (39.2%) and Swedish (43.9%)
registries. We observed a higher frequency of mode-
rate MS in the Italian (59.6%) and MSBase (55.6%) regi-
stries. These results indicate that for the treatment of
SPMS and in the design of

future clinical trials, with time to confirmed EDSS pro-
gression as the primary endpoint, the existence of he-
terogeneous classes of patients could have important
implications.

CONCLUSIONS

In conclusion, the results obtained by the BMSD
network provide evidence that data sharing among
MS registries and databases is feasible and can pro-
vide enough statistical power to detect the impact of
treatment on disability outcomes over the long term
and to select specific sub-population that may need a
more tailored treatment approach.
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INTRODUCTION AND AIMS

Multiple sclerosis (MS) therapies have changed con-
siderably over the last several decades, with the ap-
proval of oral disease modifying therapies (DMTs)
following the demonstration of efficacy and safety for
the treatment of the relapsing forms of MS (RRMS).
This multicenter, observational, retrospectively ac-
quired, and propensity adjusted cohort study utilized
RRMS-naive patients from the Italian MS Register who
started either injectable or oral first-line DMTs betwe-
enJanuary 1, 2010, and December 31, 2017, to evalua-
te the impact on disability outcomes in patients.

RESULTS

Enrolled patients were divided into two groups, na-
mely the injectable group (IG) and the oral group (OG).
Of a cohort of 11,416 patients, 4,602 were enrolled
(3919 inthe IG and 683 in the OG). The IG had a higher

rate of women (67.3% vs 63.4%, p < 0.05) and a lower
meanage(36.1+10.9vs38.9+11.8,p<0.001). Theevent
timetofirstrelapse demonstrated alowerriskinthe OG
(HR = 0.58; Cl 95% 0.48-0.72, p < 0.001). However, no
differences were found between the two groups with
respect to the risk of CDP (HR = 0.94; Cl1 95% 0.76-1.29,
p = 0.941), while a lower risk of DMT was found in the
OG (HR = 0.72; Cl 95% 0.58-0.88, p = 0.002) for the
event time to discontinuation.

CONCLUSIONS

Real-world data from the Italian MS Register suggests
that first-line oral DMTs are associated with a lower
risk of experiencing a new relapse and of therapy di-
scontinuation compared to injectable DMTs. From this
project derived three scientific publications, focusing
on first line DMT's comparison.

PUBLICATIONS AND CONGRESS PRESENTATIONS

o DAmico E, Zanghi A, Romeo M, et al. Injectable
Versus Oral First-Line Disease-Modifying The-
rapies: Results from the Italian MS Register.
Neurotherapeutics. 2021;18(2):205-919.
doi:10.1007/513311-020-01001-6

e Zanghi A, Avolio C, Amato MP, et al. First-line the-
rapies in late-onset multiple sclerosis: An Italian
registry study. Eur J Neurol. 2021;28(12):4117-
4123.doi:10.1111/ene.15006

e Zanghi A, Avolio C, Amato MP, et al. Real world
comparison of teriflunomide and dimethyl fuma-
rate in naive relapsing multiple sclerosis patients:
Evidence from the Italian MS register. Mult Scler
Relat Disord. 2022;58:103489. doi:10.1016/].
msard.2022.103489



Autologous Hematopoietic Stem Cell Transplantation
for Secondary Progressive Multiple Sclerosis: a
comparative study with matched control patients
from the Italian Multiple Sclerosis Register

Q\Ci Matilde Inglese

Dipartimento di Neuroscienze, Riabilitazione Oftalmologia, Genetica e Scienze Materno-
Infantili (DINOGMI) Universita degli Studi di Genova, Genova, Italia

PRINCIPAL INVESTIGATORS

Matilde Inglese, Giacomo Boffa, Dipartimento di Neuroscienze, Riabilitazione Oftalmologia,
Genetica e Scienze Materno-Infantili (DINOGMI) Universita degli Studi di Genova, Genova, Italia.
On behalf of the Italian BMT-MS Study Group and the Italian MS Register

COLLABORATORS

Maria Pia Sormani, Alessio Signori, Unita di Biostatistica, Dipartimento di Scienze della Salute,
Universita degli Studi di Genova, Genova, Italia

Luca Massacesi, Alice Mariottini, Anna Maria Repice, Dipartimento di Neuroscienze,
Psicologia, Area del Farmaco e Salute del Bambino e Seconda divisione di Neurolgia, Azienda
Ospedaliero Universitaria Careggi, Firenze, Italia

Elvira Sbragia, Dipartimento di Neuroscienze, Riabilitazione, Oftalmologia, Genetica e Scienze
Materno-Infantili, Universita degli Studi di Genova, Genova, Italia

Salvatore Cottone, Dipartimento di Neurologia, A.R.N.A.S. CIVICO, Palermo, Italia

Maria Pia Amato, Dipartimento NEUROFARBA, Sezione di Scienze Neurologiche, Universita degli
Studi di Firenze, IRCCS Fondazione Don Carlo Gnocchi, Firenze, Italia

Claudio Gasperini, Dipartimento di Neurologia,Ospedale San Camillo-Forlanini, Roma, Italia
Massimo Filippi, Lucia Moiola, Unita di Neurologia, Unita di Neuroriabilitazione, Servizio di
Neurofisiologia, Unita di Ricerca di Neuroimaging, Divisione di Neuroscienze, Universita Vita-
Salute San Raffaele, IRCCS Istituto Scientifico San Raffaele, Milano, Italia

Stefano Meletti, Dipartimento di Scienze Biomediche, Metaboliche e Neuroscienze, Universita
di Modena e Reggio Emilia, Modena; Dipartimento di Neuroscienze, Unita di Neurologia, Azienda
Ospedaliera Universitaria, Modena, Italia

Vincenzo Brescia Morra, Dipartimento di Neuroscienze e Scienze riproduttive ed
odontostomatologiche, Universita “Federico Il,” Napoli, Italia

Giuseppe Salemi, Dipartimento di Biomedicina, Neuroscienze e Diagnostica Avanzata, Universita
degli Studi Palermo, Italia

Francesco Patti, Dipartimento di Scienze Mediche e Chirurgiche e Tecnologie Avanzate, AOU
Policlinico-San Marco, Universita degli Studi di Catania, Catania, Italia

Giovanna De Luca, Centro MS, Unita di Neurologia, Ospedale Universitario SS. Annunziata,
Chieti, Italia

Giacomo Lus, Universita della Campania “Luigi Vanvitelli”, Dipartimento di Scienze Mediche e
Chirurgiche Avanzate, Seconda Divisione di Neurologia, Napoli, Italia

Mauro Zaffaroni, Centro MSM, ASST della Valle Olona, Ospedale di Gallarate, Italia

Patrizia Sola, Dipartimento di Neuroscienze, Unita di Neurologia, Azienda Ospedaliera
Universitaria, Modena, Italia

Antonella Conte, IRCCS Neuromed, Pozzilli (IS); Dipartimento di Neuroscienze Umane, Sapienza
Universita Roma, Italia

ITALIAN MULTIPLE SCLEROSIS & RELATED DISORDERS REGISTER

53



54

Riccardo Nistri, Silvia Romano, Dipartimento di Neuroscienze Umane, Sapienza Universita, di
Roma, Ospedale S. Andrea, Centro SM, Roma, Italia

Umberto Aguglia, Dipartimento di Scienze Mediche e Chirurgiche, Universita Magna Grecia di
Catanzaro, Italia

Franco Granella, Unita di Neuroscienze, Dipartimento di Medicina e Chirurgia, Universita di
Parma, Italia

Simonetta Galgani, Dipartimento di Neuroscienze, Ospedale San Camillo-Forlanini, Roma, Italia
Luisa Maria Caniatti, Dipartimento di Neuroscienze e Riabilitazione, Azienda Ospedaliero-
Universitaria di Ferrara, Ferrara, Italia

Alessndra Lugaresi, IRCCS Istituto delle Scienze Neurologiche di Bologna; Dipartimento di
Scienze Biomediche e Neuromotorie, Universita di Bologna, Bologna, Italia

MariaTrojano, Pietro laffaldano, Dipartimento di Scienze Mediche di base, Neuroscienze e
Organi di Senso, Universita degli Studi di Bari Aldo Moro, Bari, Italia

Eleonora Cocco, Centro SM, Ospedale Binaghi, ATS Sardegna, Universita degli Studi di Cagliari,
Cagliari, Italia

Riccardo Saccardi, Dipartimento di Terapie Cellulari e Medicina Trasfusionale, Policlinico
Universitario Careggi, Firenze, Italia

Emanuele Angelucci, Ematologia e Centro Trapianti, IRCCS Ospedale Policlinico San Martino,
Genova, Italia

Gian Luigi Mancardi, Dipartimento di Neuroscienze, Riabilitazione, Oftalmologia, Genetica e
Scienze Materno-Infantili, Universita degli Studi di Genova, Genova; Ospedale Policlinico IRCCS
San Martino, Genova, Italia

CO-INVESTIGATORS FOR THE ITALIAN-BMT STUDY GROUP

Marco Capobianco, Dipartimento di Neurologia, Ospedale San Luigi Gonzaga, Orbassano, Italia
Giovanni Bosco Zimatore, Ospedale Generale Regionale “F. Miulli,” Acquaviva delle Fonti, Italia
Jessica Frau, Centro Sclerosi Multipla, Ospedale Binaghi, ATS Sardegna, Universita degli Studi di
Cagliari, Cagliari, Italia

Elio Scarpini, Dipartimento di Neurologia, Universita degli Studi di Milano, Italia

Giuseppe Meucci, Ospedale USL, Livorno, Italia

Donata Guidetti, Ospedale Guglielmo Da Saliceto Piacenza, Italia

Francesca Gualandi, Riccardo Varaldo, Anna Maria Raiola, Ematologia e Centro Trapianti,
IRCCS Ospedale Policlinico San Martino, Genova, Italia

Chiara Innocenti, Dipartimento di Terapie Cellulari e Medicina Trasfusionale, Azienda
Ospedaliera Universitaria di Careggi, Firenze, Italia

Valerio Zoli, Dipartimento di Ematologia, Ospedale San Camillo-Forlanini, Roma, Italia

Fabio Ciceri, Raffaella Greco, Dipartimento di Ematologia e Trapianto di Midollo Osseo,
Universita Vita-Salute San Raffaele, Istituto Scientifico San Raffaele, Milano, Italia

Rosanna Scimeé, Dipartimento di Ematologia, Ospedale Villa Sofia, Palermo, Italia

Marco De Gobbi, Dipartimento di Scienze Cliniche e Biologiche, Unita Trapianto di Cellule
Staminali Emopoietiche, Universita degli Studi di Torino, Ospedale San Luigi Gonzaga, Orbassano,
Italia



INTRODUCTION AND AIMS

Treatment of secondary progressive multiple scle-
rosis (SPMS) remains unsatisfactory. Uncontrolled
evidence suggests that autologous hematopoietic
stem cell transplantation (AHSCT) can be effective in
people with active SPMS, as a result of the profound
immune ablative effect of CNS-penetrant chemothe-
rapy. In this study, we compared the effect of AHSCT
with that of other anti-inflammatory disease modi-
fying therapies (DMT) on long-term disability worse-
ning in active SPMS.

Methods: We collected data from the Italian-Bo-
ne-Marrow-Transplantation-Study-Group and the
Italian-Multiple-Sclerosis-Register. Patients were con-
sidered eligible if treatment had been started after
the diagnosis of SPMS. Disability worsening was as-
sessed by the cumulative proportion of patients with
a 6-months confirmed-disability-progression (CDP)
according to the Expanded-Disability-Status-Scale
(EDSS) score. Key secondary endpoints were the EDSS
time-trend after treatment start and the prevalence
of disability improvement over time. A linear mixed
model with a time*treatment group interaction was
used to assess the longitudinal EDSS time-trends.
Time to CDP was assessed by means of proportional
hazard Cox regression models. Prevalence of im-
provement was estimated according to a modified

Kaplan-Meier estimator and compared between
groups by bootstrapping the area under the curve.

RESULTS

79 AHSCT-treated patients and 1975 patients treated
with other DMT were matched to reduce treatment
selection bias using propensity-score and overlap
weighting approaches. Time to first CDP was signifi-
cantly longer in transplanted patients (HR= 0.50; 95%
Cl: 0.31, 0.81; p=0.005), with 61.7% of transplanted
patients free from CDP at 5 years. Accordingly, EDSS
time-trend over 10 years was higher in patients trea-
ted with other DMT than in AHSCT- treated patients
(+0.157 EDSS points per year compared to -0.013
EDSS points per year; interaction p<0.001). Patients
who underwent AHSCT were more likely to expe-
rience a sustained disability improvement: 34.7% of
patients maintained an improvement (a lower EDSS
than baseline) 3 years after transplant versus 4.6% of
patients treated by other DMT (p<0.001).

CONCLUSIONS

The use of AHSCT in people with active SPMS is asso-
ciated with a slowing of disability progression and a
higher likelihood of disability improvement compared
to standard immunotherapy.
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INTRODUCTION AND AIMS

Natalizumab (NTZ; Tysabri) is a humanized anti-a4 in-
tegrin monoclonal antibody that blocks lymphocyte
adhesion to endothelial cells, thereby preventing their
migration to the central nervous system (CNS) and
reducing inflammation. The NTZ safety and efficacy
in relapsing-remitting multiple sclerosis study (Safety
and Efficacy of Natalizumab in the Treatment of Mul-
tiple Sclerosis- AFFIRM study) showed that NTZ, com-
pared with placebo, was able to reduce the annualized
relapse rate (ARR) by 68% relative to placebo, the ac-
cumulation of new or enlarging hyperintense lesions
by 83%, 12-week sustained disability progression by
42% and 24-week sustained disability progression by

54% over 2 years. Since its approval in 2006/2007,
NTZ has demonstrated higher efficacy in reducing the
progression of MS compared with second-line drugs,
although safety issues have imposed a strict clinical
surveillance. The potential occurrence of progressive
multifocal leukoencephalopathy (PML) in NTZ-treated
patients has prompted an intense search for the best
strategy to reduce such a serious complication and
to prevent the clinical and radiological relapses asso-
ciated to NTZ discontinuation, in particular the risk of
a clinical rebound. In this regard, an early study has
proved that a progressive return of subclinical MRI
activity may occur after approximately 7 weeks from
the last NTZ infusion in patients with MS, suggesting



that the therapeutic window of NTZ could be larger
than that approved based on clinical trials. Thus, a re-
asonable delay of time between infusions could provi-
de advantages in terms of safety (i.e., reduced risk of
PML), likely without exposing patients to a risk of MS
relapse. Therefore, in real-world clinical practice, the
neurologists of Italian MS centers across the country
have begun to treat patients with MS using various ex-
tended interval dosing schedules.

This multicenter retrospective observational study aims
to provide additional information on NTZ effectiveness
in the real-world clinical practice and to evaluate the
therapeutic durability of different extended dosing stra-
tegies (standard interval dosing [SID] versus extended
interval dosing [EID]) in a large Italian population of pa-
tients with MS.

RESULTS

At the extraction date, 5,231 patients with relap-
sing-remitting MS (RR-MS) who had received NTZ from
1 June 2012 to 15 May 2018 in 30 Italian MS centers
were recruited. A total of 2,092 patients (mean age of
43.2+12.0 years, 60.6% were women) met the inclu-
sion criteria and were finally enrolled. The remaining
3139 patients were excluded because of missing data.
We found that 1,254 (59.9%) patients received NTZ ac-
cording to SID and 838 (40.1%) according to EID. EID
patients had longer disease duration and higher EDSS
before starting NTZ compared with SID. Moreover, the
percentages of patients drug-naive and of patients
treated with immunosuppressant drugs before star-
ting NTZ treatment were higher in the EID compared
with the SID group.

At 12 and 24 months after start of NTZ, no differences
in terms of annualized relapse rate (ARR) and of expan-
ded disability status scale (EDSS) were found between
the two groups. No statistically significant differences
in terms of percentage of patients reaching NEDA-2,
progression index (Pl) and confirmed disability impro-
vement (CDI) were found between the two groups.
Overall, at 24 months, the percentage of patients po-
sitive to the John Cunningham virus (JCV) slightly incre-
ased from 26.9% to 29.5% (p=0.14), with a significantly
higher JCV index compared with baseline (p<0.001).
Stratifying according to the two different administra-

tions schedules, after 24 months, both SID and EID
groups showed a significant increase of JCV index
values compared with baseline (1.1+1.4 vs 1.4+1.1,
p<0.001 and 2.0+0.9 vs 2.2+1.5, p<0.001, respectively).
At 24 months, in the patients with baseline EDSS
scores available (n=1,651, 78.9% of 2,092), the cu-
mulative probabilities of 12-month and 24-month
confirmed EDSS worsening (CEW) were 14.3% and
11.6%, respectively, with worsening defined as an in-
crease in EDSS score of 21.0 point. When worsening
was defined as an increase of >2.0 points, the cu-
mulative probabilities were 8.1% and 6.1%, respecti-
vely. No differences in terms of CEW were found
between SID and EID. In the overall population, 689
(41.7% of 1,651) patients had a baseline EDSS score
0.0-2.0, 432 (41.5% of 1040) in SID and 257 (41.6%
of 611) in EID. Among these patients, the cumulative
risk of confirmed transition to an EDSS score >3.0 was
7.3% at 12 months and 8.1% at 24 months. Among the
643 (38.9% of 1651) patients with a baseline EDSS sco-
re of 2.5-3.0, 402 (38.7% of 1,040) in SID and 241 in
EID (39.4% of 611), the cumulative risk of confirmed
transition to an EDSS score of >4.0 was 12.4% at 12
months and 13.2% at 24 months with a trend towards
a higher probability to proceed from 2.0 to 3.0 to >4.0
EDSS score in the EID (16.9% at 12 months and 16.9%
at 24 months) versus the SID (12.4% at 12 months
and 13.6% at 24 months) group. For the 319 (19.3% of
1,651) patients with a baseline EDSS score of >4.0, 206
(19.8% of 1040) in SID and 113 (18.5% of 611) patients
in EID, the cumulative risk of confirmed transition to
an EDSS score of 26.0 was 18.4% at 12 months and
23.6% at 24 months with no differences between SID
and EID patients. Moreover, Kaplan-Meier estimates
for the first relapse occurrence, CEW of 1 point and
CEW of 2 points showed no statistically significant dif-
ferences between the two groups.

CONCLUSIONS

The use of NTZ with an extended interval schedule
showed similar effectiveness compared with SID. Un-
changed clinical efficacy of EID schedule may raise the
question of a possible advantage in terms of tolerabi-
lity and safety.
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INTRODUCTION AND AIMS

Decisions regarding the duration of washout periods
between disease-modifying therapies (DMTs) in multi-
ple sclerosis (MS) patients need to take both the risk
of disease reactivation and safety issues regarding
overlapping immunological mechanisms of action into
account.

Fingolimod is an oral DMT, approved for the treat-
ment of highly active relapsing-remitting (RR) MS. It
induces sequestration of B and T lymphocytes in se-
condary lymphoid organs, with decrease of absolu-
te lymphocyte counts (ALC) to 20%- 30% of baseline
values between days 3 and 7 of treatment initiation.

After FTY discontinuation ALC progressively increase
and return within the normal range for approximately
half the patients by six weeks and to approximately
80% of pre-treatment values by 12 weeks.

Following the publication of case-series and case-re-
ports on the lack of response to alemtuzumab, rituxi-
mab and ocrelizumab following FTY withdrawal, it has
been hypothesized that their efficacy may be incom-
plete if commenced before ALC has recovered, possi-
bly because sequestered lymphocytes are protected
from cell-depleting agents. Studies on larger cohorts,
however, have found both alemtuzumab and rituxi-
mab to be an effective option after FTY withdrawal,
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and that disease activity during alemtuzumab did not
correlate with the baseline ALC or with the washout
interval.

Seeing the kinetics of lymphocyte reconstitution, it
is plausible to think that the risk of incomplete lym-
phocyte recovery is greater in the first 6-8 weeks
following FTY discontinuation. This potential risk,
however, has to be balanced with the risk of return
of disease activity/persisting disease activity or even
of a rebound syndrome, starting from 4 weeks after
ceasing FTY.

Given the growing complexity of treatment choices it
is important to gather information on drug- sequen-
cing and on the most appropriate washout duration
between drugs.

Aim of this study was, therefore, to assess the risk of
relapses following FTY discontinuation and the initia-
tion of a B/T cell-depleting agent (aletumzumab, cla-
dribine or anti-CD20 agents - ocrelizumab and ritu-
ximab) in relation to the duration of washout, using
data from the Italian MS Register.

RESULTS

Out of 61,625 patient records available at the time
of data extraction (on November 14th 2019), a total
of 329 patients were included in the analysis (226F,
103M; mean age 41+10 years).

e Risks associated with wash-out duration when
switching from fingolimod to cell-depleting agen-
ts. Poster (P0913), MSVirtual2020 ECTRIMS,
Multiple Sclerosis Journal 2020; 26: (S3) 552-
659

Ninety patients relapsed during the washout period
and 72 during the subsequent cell-depleting therapy.
During the cell-depleting treatment, the incidence rate
ratio (IRR) for a relapse was significantly greater in pa-
tients with a washout-period of 12-17 (IRR (95%Cl):
2.4 (1,1-5,5); p=0.037) and >/=18 weeks (6.0 (2.8-12.7);
p<0.001) compared to the reference period (<6 we-
eks).

The multivariable Cox analysis showed that the time
to a relapse (hazard ratio - HR) was significantly in-
fluenced by the occurrence of relapses during FTY
treatment [HR (95%CI): 1.4 (1.2-1.7); p<0.001]. More-
over, washout durations of 6-11, 12-17 and >/=18 we-
eks were associated with a higher risk of a relapse in
comparison to washout durations shorter than 6 we-
eks [HR: 3.7 (1.1-12.7), p=0.041; 5.7 (1.6-20.6), p=0.008;
15.9 (4.6-54.6), p<0.001, respectively].

CONCLUSIONS

Results of the present study underline the risk of dise-
ase reactivation, which increases with the duration of
washout when switching from FTY to lymphocyte-de-
pleting agents.

Real-life studies on large populations and on MS regi-
stries such as this one can provide useful data to guide
clinicians on strategies for treatment switches.
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INTRODUCTION AND AIMS

The increase in disease-modifying drugs (DMDs) al-
lows individualization of treatment in relapsing multi-
ple sclerosis (RMS); however, the long-term impact of
different treatment sequences is not well established.
This is particularly relevant for MS patients who may
need to postpone more aggressive DMD strategies.
To evaluate different therapeutic strategies and their
long-term outcomes, measured as relapses and con-
firmed disability progression (CDP), in MS ‘real-world’
settings.

The multicentre, observational, retrospectively acqui-
red cohort study evaluates the long-term impact of
different treatment strategies on disability outcomes
in patients with RMS in the Italian MS Register.

RESULTS

We evaluated 1152 RMS-naive patients after propensi-
ty-score adjustment. Patients included were receiving:
interferon beta-1a (IFN-31a) 44 g switching to fingoli-
mod (FTY; IFN-switchers; n = 97); FTY only (FTY-stayers;
n = 157); IFN-B1a only (IFN-stayers; n = 849). CDP
and relapses did not differ between FTY-stayers and
IFN-switchers [HR (95% Cl) 0.99 (0.48-2.04), p = 0.98
and 0.81 (0.42-1.58), p = 0.55, respectively]. However,
IFN-stayers showed increased risk of relapses compa-
red with FTY-stayers [HR (95% Cl) 1.46 (1.00-2.12), p =
0.05].

CONCLUSIONS

The ideal treatment option for MS is becoming incre-
asingly complex, with the need to balance benefit and
risks. Our results suggest that starting with FTY affects
the long-term disease outcome similarly to escalating
from IFN-B1a to FTY.
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INTRODUCTION AND AIMS

The most important goal of multiple sclerosis (MS) the-
rapy is the prevention of long-term disability accumu-
lation. The therapeutic scenario for relapsing-remit-
ting MS (RRMS) has widely expanded during the past
20 years. Choosing the MS therapy has become incre-
asingly complex, due to the difficulties in weighing the
risk/benefit ratio of several different available disease
modifying therapies (DMTs). To date, except for indivi-
duals expressing poor clinical and radiological featu-
res at baseline, the most applied treatment algorithm
for early naive MS is based on an escalation strategy.
According to this approach, patients start with safe
moderate-efficacy DMTs and switch to high-efficacy
immunotherapies with a more complex safety profi-
les in case of first treatment failure. The superiority
of high-efficacy DMTs, such as natalizumab, alemtu-
zumab, ocrelizumab, cladribrine, mitoxantrone or
fingolimod, in reducing measures of clinical and MRI
disease activity in comparison to the traditional first-li-
ne MS therapies, such as interferon (IFN) 3, glatiramer
acetate (GA), teriflunomide or dimethylfumarate have
been consistently proven by different randomized cli-
nical trials (RCTs) and/or observational studies. More-
over, indirect comparisons from extension arms and
subgroup analyses of randomized trials suggest that
high-efficacy therapies are associated with improved
control of relapse activity when initiated earlier after
MS onset. Whether patients initiating therapy with hi-
gh-efficacy DMTs derive a greater long-term benefit
on disability accumulation than those who start with
moderate-efficacy agents, remains a matter of debate.
Recent observational studies showed evidence that
early initiation of highly effective therapy in RRMS may
provide more benefit that an escalation approach in
decreasing the risk of developing secondary progres-
sion and disability accrual, at least in a medium-term
of 5-6 years of follow-up.

In this study, we compared the long-term effect of an
early versus a late start (escalation approach) of hi-
gh-efficacy DMTs on disability trajectories in a large
population of naive RRMS who started the first treat-
ment within the first year from the disease onset and
longitudinally followed up to 10 years.

RESULTS

According to the Registry rules, on February 5th 2018,
the Scientific Committee of the lItalian MS Registry
granted the approval to conduct this project and ex-
tract and use the registry data. Patients with relapsing
onset MS, with a follow-up duration of at least 5 years,

a first visit within 3 years from disease onset and at
least 3 Expanded Disability Status Scale (EDSS) score
evaluations after the first DMT start were extracted
from the Italian MS Registry database. Patients mee-
ting the eligibility criteria were divided in two groups:
the early intensive treatment

(EIT) group if their first treatment was one of the six
high-efficacy DMTs (natalizumab, alemtuzumab, mi-
toxantrone, fingolimod, cladribine or ocrelizumab)
and the escalation treatment (ESC) group if their first
therapy was a moderate-efficacy DMT (IFN B, GA, te-
riflunomide, dimethylfumarate or azathioprine) fol-
lowed by escalation to a high-efficacy DMT, due to a
lack of efficacy, after at least one year of treatment.
Patients were 1:1 propensity score (PS)-matched for
characteristics at the first DMT. The disability trajecto-
ries were evaluated by applying a longitudinal model
for repeated measures. The effect of early versus late
start of high-efficacy DMT was assessed by the mean
annual EDSS changes compared to baseline values
(delta-EDSS) in EIT and ESC groups.

Longitudinal clinical data of 53,010 patients from 89
MS centers were available in the Italian MS Registry
at the time of data extraction (November 2019). After
applying the inclusion and the exclusion criteria we
retrieved 2,702 RRMS patients from 62 Italian MS cen-
ters. In this cohort, 365 patients received a treatment
classifiable as EIT approach, while a larger sample of
2,337 patients was treated according to the ESC stra-
tegy. The PS matching procedure produced 363 pairs
of patients. Mean annual delta-EDSS were all signifi-
cantly (p<0.02) higher in the ESC group compared to
the EIT group. In particular, the mean estimated del-
ta-EDSS differences between the two groups tend to
increase from 0.1 (0.01-0.19, p=0.03) at 1 year, to 0.30
(0.07-0.53, p=0.009) and to 0.64 (0.35-0.93, p<0.001)
at 5 and 8 years respectively, while at 10 years (the
last year of study observation) it was 0.67 (0.31-1.03,
p=0.0003). The maximum mean delta-EDSS difference
was 0.72 (0.40-1.04, p<0.001) measured at 9 years.

CONCLUSIONS

The results of our real-world study indicate that the
long-term disability trajectories are more favorable
with an EIT strategy than with moderate-efficacy DMTs
followed by escalation to high-efficacy DMTs. Although
further studies are necessary, especially to establish
the long-term safety risks of the EIT approach, these
findings may drive the treatment decisions of physi-
cians, in particular in the cases of naive patients with
poor prognosis factors at the onset of disease.
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INTRODUCTION AND AIMS atments (DMTs) is the prevention of further relapses
The treatment options for people with multiple sclero-  and accumulation of disability. In the European Union
sis (MS) have expanded dramatically during the past  neurologists and patients can currently choose from
20 years. The objective of these disease-modifying tre-  different licensed DMTs, making it increasingly diffi-



cult for patients and their physicians to choose betwe-
en treatments at disease onset and in case of non-re-
sponse to treatment.

The main objectives of this study were: to evaluate the
changes in therapeutic approach in 2 different treat-
ment epochs and to compare the clinical efficacy of
the different first line choices in treatment-naive re-
lapsing-remitting (RR)MS patients.

RESULTS

On 14th December 2016 our research group, on
behalf of 18 Italian MS centers, notified to the Italian
MS Register the study protocol. Subsequently, on 23rd
March 2017 the Scientific Committee of the Italian MS
Register granted the approval to this project and the
approval of data use.

By using data obtained from the Italian MS Register
we extracted two cohorts of naive RRMS patients re-
ceiving the 1st DMT:

- 1st cohort: first DMT prescription during the 2 years
prior to the marketing of Teriflunomide in Italy (Old
Era);

- 2nd cohort: first DMT prescription during the 12
months after the marketing of Dimethylfumarate in
Italy (New Era).

Predictors of treatment choice have been evaluated
by regression models with an unstructured correla-
tion-type matrix to account for the hierarchical nature
of the data (patients clustered within geographic area
(north, center and south)). The intra-class correlation
coefficient (ICC) was calculated to assess the varia-
tion in the use of treatment choice among geographic
area; a greater impact of the geographic area is shown
by higher ICC values. The relapse risk during the cour-
se of the first DMT prescribed in the New Era cohort,
stratified by the baseline EDSS score (<3, >3), has been
evaluated using a Poisson regression model.

The first cohort (Old Era) was composed by 1,795
RRMS patients, 422 of whom received Glatiramer Ace-
tate (GA) as first DMT. The presence or lack of comor-
bidities, the age and the disease duration at the time

=]

of the 1st DMT prescription were all factors associated
with the first treatment choice when only injectables
DMT were available as first line drug. Furthermore, the
variation in the use of treatment choice among geo-
graphic area as impact of ICC was comprised between
2 and 20%. Interferon Beta was more frequently pre-
scribed as first-line DMT in the south of Italy.

The second cohort was composed by 1,097 MS patien-
ts, 338 of whom with first line Oral DMTs. No signi-
ficant predictors were associated to the dimethylfu-
marate choice. Teriflunomide was more significantly
prescribed in patients with low rates of comorbidities,
who were older and with a longer disease duration
than patients who received the injectables or the dy-
methylfumarate treatment. Variation in the use of oral
treatment choice among geographic areas as impact
of ICC was 7%.

The relapse risk during the course of the first DMT pre-
scribed in the New Era cohort was evaluated in two se-
parated models based on the baseline EDSS score. In
patients with a baseline EDSS > 3 a higher relapse risk
was found in younger patients. In patients with a ba-
seline EDSS < 3 increasing age and disease duration at
the treatment start, and choice of dimethylfumarate
were associated with a lower risk of relapse. A higher
number of relapses before the first DMT prescription
and the choice of teriflunomide as first DMT were as-
sociated with an increased risk of relapse.

CONCLUSIONS

Our results indicate that in Italy GA was used more
frequently in patients older and with more comorbidi-
ties than patients treated with IFNB before the intro-
duction of oral first-line DMTs.

The new first line oral DMTs have been more frequent-
ly used in patients without comorbidities in compari-
son to injectable DMTs. This latter finding was more
pronounced in patients treated with teriflunomide. In
less-disabled patients (EDSS <3) the use of dimethylfu-
marate was associated with a reduced risk of relapse
in comparison to teriflunomide.
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INTRODUCTION AND AIMS

The clinical course of MS is increasingly considered
as a continuum but the classification in classic clini-
cal phenotypes remains fundamental in clinal practi-
ce and academic world. Approximately 85% of people
with MS are initially diagnosed with the relapsing-re-
mitting form of MS (RRMS), typically between the ages
of 20 and 40 years. Primary progressive MS (PPMS)
is not considered as a separate entity but part of
the spectrum of progressive disease, including the
challenging definition of secondary progressive MS
(SPMS). (Lublin F et al. 1996, 2014).

Moreover, different recently published therapeu-
tic studies have included patients with relapsing MS
(RMS), a term that comprises active RRMS and SPMS
patients, and consequently health authorities have
granted the authorization of DMTs to patients with
RMS. (Lublin et al. 2020, Comi et al. 2021, Filippi M et
al. 2022).

The therapeutic scenario for MS patients has widely
expanded during the past 20years but a large pro-
portion of patients continue to experience clinical and
subclinical disease activity. (Gross RH and Corboy JR,
2019)

Reasons for suboptimal response to DMTs may vary
considering the highly heterogeneous nature of the
disease, but switching patients who experience a su-
boptimal treatment response on one DMT to a more
effective option is crucial to minimize the accumula-
tion of disability and delay disease progression (Wein-
stock-Guttman B et al. 2022) In patients who experien-
ce first-line treatment failure (Kalincit T et al. 2015)
or who have a high risk of reactivation of the disease
after discontinuation of treatment, it is reasonable to
consider highly effective therapies (laffaldano P et al.
2015).

The primary objective of this study is to assess clinical
and therapeutic characteristics of the RMS patients in
the Italian Multiple Sclerosis Registry (IMSR), in order
to evaluate the percentage of patients switching DMT
due to disease activity, defined as occurrence of relap-
ses, and to describe the different drivers of treatment
patterns during the disease course.

RESULTS

The study has been conducted using longitudinal, re-
trospectively acquired clinical data extracted from the
Italian MS register.

Patients with RRMS and SPMS disease course, with >
5 year follow-up, with a first medical visit within 3 ye-
ars from the disease onset and at least 3 Expanded
Disability Status Scale (EDSS) score evaluations were
extracted from the IMSR database.

In order to define the MS phenotypes, we used the
following definitions:

- RRMS definition according to McDonald 2010 criteria;
- SPMS definition: data-driven SPMS definitions based
on a modified version of the Lorscheider’s algorithm
(DDA) (laffaldano P et al. 2020);

- Active RRMS and SPMS: RRMS and SPMS with at least
one relapse in the last 2 years of follow up available;

- All RMS: Population of all patients with active RRMS
and active SPMS (as above).

To evaluate the impact of disease activity in the choice
of the next therapeutic strategy, we have first deter-
mined the proportion of patients with relapses occur-
red during treatment, then we evaluated how these
disease activity measures can influence the treatment
switch.

The effect of demographic, clinical and DMT exposu-
re on the risk of treatment switch was assessed using
multivariable logistic regression models.

The role of DMTs exposure was assessed in 2 diffe-
rent models including: last recorded DMT or last DMTs
grouped according to their efficacy and mechanism
of action (MoA) (moderate efficacy (ME), high efficacy
(HE) DMTs, anti-CD20 drugs).

The final cohort was composed of 21,174 RRMS and
1153 SPMS patients. Using a clinical definition, we
identified 4161 RR (19.7%) and 578 SP (50.1%) active
patients, of whom 2694 (56.8 %) switched DMT. RMS
patients were significantly younger (median (IQR) ye-
ars: 36.50 (29.10-44.80) years vs 39.60 (32.80-48.00),
p<0.0001), less disabled (median (IQR) EDSS score:
2.00 (1.00-3.50) vs 2.50 (1.50-4.00), p<0.0001), more
frequently affected by a RR disease course (89.8%
vs 85.2%, p<0.0001) in comparison with not active
patients. The multivariable logistic regression model
performed revealed that Alemtuzumab (OR 0.08 95%
Cl 0.02-0.37), Natalizumab (OR 0.48 95% Cl 0.30-0.76),
Ocrelizumab (OR 0.1 95% Cl 0.02-0.45) and Rituximab
(OR 0.23 95% CI 0.06-0.82) were protective factors
against treatment switch due to relapses in compari-
son with patients exposed to Interferon beta products.
Our model also revealed that the use of HE DMTs was
a protective factor against the treatment switch due
to a relapse (OR 0.43 95% Cl 0.31-0.59), especially con-
sidering anti-CD20 drugs (OR 0.14 95% Cl 0.05-0.37) in
comparison with the use of ME DMTs.

CONCLUSIONS

In conclusion, our results showed that clinical disea-
se activity is an important trigger of treatment switch
in RMS patients. HE DMTs, especially those with an-
ti-CD20 MOoA, significantly reduce the risk of disease
activity in RMS.



PUBLICATIONS AND CONGRESS PRESENTATIONS

38th Congress of ECTRIMS - OCTOBER 2022: “Dri-
vers of therapy switch in relapsing multiple sclerosis:
Poster Session 1; Session Date: 26.10.2022; Presen-
ting Time: 16:30 h; Poster Number: P371

e 52°SIN Congress - Milano 2022: “Evaluation of de-
terminants of therapy switch in Relapsing Multiple
Sclerosis: a study from the Italian MS Register” - Ses-
sion Title: Poster Session Multiple Sclerosis 1

ITALIAN MULTIPLE SCLEROSIS & RELATED DISORDERS REGISTER

71



Notes




Printed by Ditta Lang Srl - Genova, October 2022



