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Relazioni con soggetti portatori di interessi commerciali in campo sanitario

• Ai sensi dell’art. 76 sul Conflitto di Interessi, pag. 34 dell’Accordo Stato-
Regione del 2 febbraio 2017, dichiaro che negli ultimi due anni ho avuto i 
seguenti rapporti anche di finanziamento con soggetti portatori di interessi 
commerciali in campo sanitario:

• BIOGEN INDEC

• NOVARTIS

• SANOFI-GENZYME

• MERCK-SERONO

• ALMIRALL

• JANNSEN

• BRISTOL-MYERS
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• Smouldering inflammation: chronic active and slowly expanding MRI lesions
(Elliot, Brain 2019)

• Silent progression: worsening disability that occurs indipendently of relapses or 
white-matter lesion; it appears to be correlated with brain atrophy (Cree, Ann 
Neurol 2019)

• PIRA: progression disease does non take into account MRI activity (Kappos, 2018)

Dal-Bianco A, Acta Neuropathol 2017

Definizioni



RAW (Relapse Associated Worsening): peggioramento
stabilizzato di disabilità su scala EDSS confermato ad
almeno 90 giorni da una ricaduta

PIRA (Progressive Indipendent Relapse Activity):
peggioramento di disabilità su scala EDSS in
assenza di ricaduta (oltre 90 giorni dall'ultima
ricaduta).



1. Relapses during the study were most common in RRMS

2. The risk of an all-cause disability worsening (6-month CDW) event was higher in 

progressive than relapsing multiple 

3. Relapse-associated disability worsening (out of all 6-month CDW events) occurred 

more frequently in RRMS than SPMS and least frequently in PPMS

4. PIRA had already begun in adult patients with RRMS: Sustained PIRA events occurred 

with similar or higher frequency to RAW events in adult patients with



 RAW was the dominant driver of disability worsening only in patients with paediatric onset of RRMS
 Only a single patient worsened in the absence of any reported relapse activity, fulfilling the definition

of PIRA.



1. DMTs reduced the proportions of patients who relapsed and those who had all-cause disability worsening events, with the strongest 

effect in RRMS
2. In patients tretad with DMTs, proportionally more of the 6-month CDW events were sustained PIRA events, most notably in RRMS



Classification of Progressive MS

New classification of MS recognizes parallel process of disease activity on MRI and 
clinical disease progression in both relapsing-onset and progressive-onset MS

Lublin FD, et al. Neurology. 2014;83:278-286



1. The first is the focal bulk invasion of T- and B-lymphocytes with profound BBB leakage, which predominately affects the white 

matter and which gives rise to classical active demyelinated plaques. 

2. The other type of inflammation is compartmentalized, is a slow accumulation of T-cells and B-cells (memory cells) in the 

absence of major BBB damage in the connective tissue spaces of the brain, and is associated with  

• formation of subpial demyelinated lesions in the cortex

• diffuse neurodegeneration in the normal appearing white or gray matter

• slow expansion of pre-existing lesions (chronic active) in the white matter 

This  second type of inflammation is already present in early stages of MS, but gradually increases with disease duration and

patient age. 

In MS  two types of inflammation occur, which develop in parallel but partially independent 

from each other.

Neurodegeneration and 

CNS-resident inflammation

dominates

Peripheral 

inflammation dominates

RRMS SPMS

Lassmann H. Frontiers of Immunology, 2019





The appearance of silent
progression during the RRMS
phase and its association with
brain atrophy suggest that the
same process that underlies
SPMS likely begins far earlier
than is generally recognized and
support a unitary view of MS
biology, with both focal and
diffuse tissue destructive
components, and with
inflammation and neuro-
degeneration occurring
throughout the disease
spectrum.



Peripheral inflammation and CNS-resident inflammation: 
involved cells

Peripheral immune system Central nervous system

Immune 

stimulus

B cell T helper cell

Proliferation & 

activation of 

lymphocytes in 

the lymph nodes

Circulating 

autoreactive 

lymphocytes 

B
B

B

Reactivation & 

amplification of 

immune response

Inflammation:
Astrocyte 

activation/migration

Microgliosis

Demyelination

Neurodegeneration
(axonal/neuronal loss, gliosis)

Immune stimulus causes proliferation and 
activation of lymphocytes in the lymph nodes/ 
lymphoid organs. Activated lymphocytes enter 

the circulation and cross the BBB1,2

Immune response is amplified further once the antigen (likely components of 
oligodendrocytes/myelin), is re-encountered. This leads to demyelination, axonal 

damage and subsequent axonal degeneration1,2
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Dendritic
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Activated T and B cells



13

Iron laden macrophages

Phase RIM is visible 

with advanced MRI 

tecniques 
(susceptibility imaging)

Immunohistochemical staining for KiM1P-positive microglia / macrophages

2476 plaques identified from autopsies of 120 cases of MS

Smouldering (slowly-expanding) and inactive plaques accumulated in PMS and are 
associated with disability

Frischer JM et al. Ann Neurol 2015; Absinta et al., J Clin Investig 2016; Absinta M, Sati P, 

Masuzzo F, et al. JAMA Neurol. doi: 10.1001/jamaneurol.2019.2399; Absinta M et al, 

Nature 2021

Novel glial phenotypes with neurodegenerative

programming: “Microglia inflamed

in MS” (MIMS) and “Astrocytes inflamed in MS

(AIMS)”. MIMS transcriptional profile overlaps

with that of microglia in neurodegenerative

diseases  primary and secondary

neurodegeneration share common mechanisms

and could benefit from similar therapeutic

approaches.



MRI pathology of a lesion that slowly expanded in vivo

Absinta M et al, Jama Neurol. 2019 Dec; 76(12): 1474–1483.

7 YEARS



1. 57% of demyelinated white matter and mixed grey–white matter lesions were either 

active or mixed active/inactive (chronic active lesions) considerable inflammatory 

lesion activity even in autopsy patients with long-term progressive disease

2. In patients with the longest disease duration (42–64 years), active or mixed 

active/inactive lesions account for 34% of all lesions  lesion activity is substantial in 

the progressive late phase of the disease

3. ‘Smouldering’ lesions (mixed active/inactive lesions (chronic active lesions) were not 

predominant in very severe patients (disease duration < 1 year), and instead peaked 

at medium disease duration (around 18 years) before declining  These findings 

suggest that mixed active/inactive lesions are involved in disease progression

• 182 MS patients (8% relapsing, 31% PP, 55% SP)
• Mean disease duration of 24.2 ± 11.6, 27.6 ± 11.7 and 

29.9 ± 14.2 years
• Age of death: 60.8 ± 15.2, 59.8 ± 16.5 and 65.3 ± 13.2 years

1. Luchetti S et al, Acta Neuropathologica (2018) 135:511–528

Mainly of chronic 
progressive MS patients



TAKE HOME 
MESSAGES

1. La sclerosi multipla è una patologia con elementi di

neurodegenerazione fin dalle fasi più precoci

2. La progressione delle disabilità confermata sul

lungo termine appare solo limitatamente correlata

alle ricadute (ad oggi è solo parzialmente

modificata dall’uso delle terapie modificanti il

decorso)

3. Le smouldering lesions rappresentano il substrato

neuropatologico della progressione

4. L’immunità innata gioca un ruolo sostanziale nella

progressione delle disabilità indipendente dalle

ricadute (MIMS E AIMS)









Atrofia cerebrale come markers di progressione

La MS inizia precocemente rispetto 
all’esordio clinico di malattia:
• Minime variazioni tissutali sono già visibili 

nella fase molto precoce del decorso i 
malattia

• Tra i pazienti con RIS: 
 2/3 mostrano progressione 

radiologica
 1/3 sviluppa sintomi neurologici 

entro 5 anni dalla diagnosi
• I pazienti con RIS possono mostrare 

atrofia cerebrale, perdita assonale e 
deficit cognitivi



a. Relazione fra età e livelli di sNfl

b. Relazione tra livelli di sNfl e forme di 
malattia SM rispetto ai controlli sani

c. Relazione tra disabilità valutata su scala 
EDSS e livello di sNfl

d. Relazione tra disabilità sul piano EDSS 
nelle diverse forme di malattia SM e 
livelli di sNfl



This study assessed chronic lesion activity (CLA) 
and acute lesion activity (ALA) in the brain white 
matter of a secondary progressive MS (SPMS) 
population. CLA as measured by change over time 
in T1- hypointense lesion volume (T1LV) in SELs 
and non- SELs was shown to predict disability 
progression in primary progressive MS.



This study assessed chronic lesion activity (CLA) and 
acute lesion activity (ALA) in the brain white matter of 
a secondary progressive MS (SPMS) population. CLA 
as measured by change over time in T1- hypointense 
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This study assessed chronic lesion 
activity (CLA) and acute lesion activity 
(ALA) in the brain white matter of a 
secondary progressive MS (SPMS) 
population. CLA as measured by change 
over time in T1- hypointense lesion 
volume (T1LV) in SELs and non- SELs 
was shown to predict disability 
progression in primary progressive 
MS.



CONCLUSION: 
• CLA in SELs and non-SELs is an imaging biomarker of chronic active lesions and/or secondary axonal degeneration 

that reflects ongoing inflammation and is associated with clinical disability progression. 
• We demonstrate that the presence of ALA, whether new Gd+ lesions or new T2-hyperintense lesions, is associated 

with a higher SEL prevalence in patients with SPMS. This indirect evidence for the influence of ALA on CLA 
highlights the importance of limiting acute inflammation with highly effective DMTs

• However, even in the absence of ALA, the association between CLA and confirmed disability progression persists, 
although to a more limited extent, with the greater increase in T1w lesion volume in progressors than in non-
progressors seen primarily within non-SEL tissue of T2w non-enhancing lesions

• The onset of the effect of natalizumab on CLA was rapid in this study, with a statistically significant reduction in 
T1w lesion volume increase in SELs and non-SELs seen starting at 24 weeks of treatment. Taken together, these 
results highlight the need to continue to develop therapies that impact ALA but also more specifically target CLA, 
which may represent the pathological correlate for smouldering inflammation and neurodegenerative pathways.



This study assessed chronic lesion activity (CLA) and acute lesion activity (ALA) in the brain white matter of a 
secondary progressive MS (SPMS) population. CLA as measured by change over time in T1- hypointense lesion 
volume (T1LV) in SELs and non- SELs was shown to predict disability progression in primary progressive MS.







a. Relazione fra il livello di Nfl liquorali 
(CSF Nfl) e sieriche (sNfl)

b. Relazione tra carico lesionale encefalico 
in T2 e livelli di sNfl

c. Relazione tra numero di lesioni GE e 
livelli di sNfl

d. Relazione tra lesioni GE spinali ed 
encefaliche e livelli di sNfl



Neurofilamenti a catena leggera (Nfl)

• Variazioni della concentrazione dei Nfl correlano con 
cambiamenti dell’EDSS

• Il volume cerebrale diminuisce più rapidamente nei 
pazienti con alti livelli di Nfl al basale

• L’aumento della concentrazione dei Nfl ed un livello più 
alto degli stessi al basale predicono un maggior numero 
di lesioni con presa di contrasto alla risonanza

Khule J, et al. Neurology 2017;88:826-831

Nfl sierici come marker di danno neuroassonale nelle fasi precoci 
della Sclerosi multipla





Dal-Bianco A, Acta Neuropathol 2017

This pattern of iron accumulation was restricted 
to edges of chronically demyelinated lesions, not present 
in active lesions [1], and hardly observed in fully remyeli-
nated shadow plaques [21].





Atrofia cerebrale

• Può essere misurata con la MRI
• La valutazione dell’atrofia aiuta a 

differenziare clinicamente e cognitivamente 
il declino dei pazienti e ha valore predittivo 
sul lungo termine

• I pazienti con peggioramento della disabilità 
hanno un maggior grado di atrofia cerebrale 
rispetto a quelli che sono stabili 
clinicamenteᵃ

• Le misure del volume cerebrale possono 
essere utilizzate negli studi e come 
endpoints nei trials

a. Rocca MA, et al. Neurology. 2017;88:403-413; b.Wattjes MP, et al. Nat Rev Neurol. 2015;11:597-606



• Smouldering inflammation: chronic active and slowly expanding MRI lesions (Elliot, Brain 2019)
• Silent progression: worsening disability that occurs indipendently of relapses or white-matter lesion; it appears to be 

correlated with brain atrophy (Cree, Ann Neurol 2019)
• PIRA: progression disease does non take into account MRI activity

Slowly expanding lesions were predominantly found in progressive MS; focal T-cell-mediated CNS inflammation causing
relapses seems to differ from the typical microglial-mediated wide-spread inflammation that features progressive MS

Mitochondrial DNA deletions, oxidative stress and iron accumulation and its liberation during demyelination are 
thought to be key factors during neurodegeneration in progressive MS

1. An iron rim at the edge of an MS lesion is predominantly seen in slowly expanding lesions, much less frequently in 
inactive lesions, not in active and hardly in remyelinated lesions

2. The iron containing cells in the rim are in their vast majority microglia/macrophages with a pro-inflammatory 
activation status, while iron-positive astrocytes are sparse or absent

3. Direct 7 T MRI—pathology correlation shows that the iron rim, defined by pathology, can be reliably visualized by 
magnetic resonance imaging

4. Lesions with an iron rim on average expand very slowly, while non-rim lesions show a tendency to shrink. 

Dal-Bianco A, Acta Neuropathol 2017

Definizioni


