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A Multiple Sclerosis (MS) is a chronic, immumediated,
inflammatory demyelinating and degenerative disease of

Central Nervous System (CNS) affecting both the Brain
the Spinal Cord.




There are two different types of inflammation in MS patient

The first pattern

which is associated with: the focal bulk invasion of inflammatory cells ==

the brain and the formation of new focal lesions mainly in the white
matter.

ADue to a major disturbance ampening of thebleodbrain
barrier.

AWith lymphocytes enterinthe brain in the course of
Immune surveillance,

ALymphocyterecognition of their cognatantigenwithin the
central nervous system,

AReactivationof these lymphocytes,

AProduction of a variety gfro-inflammatory mediators
activation of microgliaand

ARecruitment of additional cells ars&rum components
through theimpaired /bloodbrain barriet
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@ Role of the innate and adaptive immune responses in the
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I Review

Primary activation by extrinsic antigens

course of multiple sclerosis

Bernhard Hemmer, Martin Kerschensteiner, Thomas Korn Lancet Neurol 2015; 14: 406-19
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A major hypothesisan multiple sclerosis
pathology is that a CNS antigepecific
Immune activation occurs first ime
peripheryand is then transferred to the
previously unaffected CNS.
After migration to the lymph nodes, a few o
these antigerspecific T cells and B cells wi
invade the CNS compartment during fies-
phagocytic phasef lesion development.
The release of inflammatory mediators wil
open the bloodbrain barrier and attract the
Influx of monocytes and additional
lymphocytes and otheserumcomponents
leading to the formation of the phagocytic
lesion.




@ Role of the innate and adaptive immune responses in the

CrossMark

I course of multiple sclerosis Role of EBV in immune
Review  Bemhard Hemmer, Martin Kerschensteiner, Thomas Korn Lancet Neurol 2015; 14: 406-19 intolerance and epltope

TR NN, T LRI mimicry In analternative hypothesisan
initiating event within the CNS causes
the subsequent activation of resident
microglia and an amplification of the

. g 2 Immune reaction, with a secondary
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There are two different types of inflammation in MS patien

The Second Pattern o
of inflammation in the MS brain is an inflammatory reaction, that accumulates in the
large connective tissue spaces of the brain and spinal cord, domiradfabting the
meninges and the large periventricular VirchBabin spacedn the Bcell lineage, CD20
positive cells are most frequent in active lesions, whetbaanajority of.cells present in
chronic/lesions are/ plasmasblasts/andsplasma.dallfhie meninges and perivascular
space, thisnflammatory reaction«s present/diffusely orncanform:focal-aggregates
structures, which resemblertiary lymph/folliclesvhereclearly separated-¢ell, Bcell,
and plasma cell areas can be seen.

A In contrast to the inflammatory reaction in classical active white matter leskiosg-
brain barrier-damagesis:minar ob absent: insthisr.compartmentalized inflammatory
reactionin chrenicpragressive/M I hemeningeal-and perivascular/infiltrates-are
associatedwith slow.expansiondnto-the white/and gray:matfesue injury may be
partly mediated by a cascadevolving microgliavand-macrophageractivation;-oxidative
injury, and-mitechondrial damag&oluble factors, produced by the inflammatory cells,
may exert tissue damage either directly or indirectly throaghvation afrmicregliavor
macrophages asaelk astastroeytes.

=
Y]
L=
“
o
o
=
o
oq
®
v




Multiple SclerostChronic Neurodegenerative Dise

Subclinical
disease

Disease Severity

1** clinical
attack

y il

Relapses

LR T E T t

1*MRI MRI Events
lesion

Time (Years)

A Multiple Sclerosis (MS) is a chronic inflammatory

demyelinating and degenerative disease of the Centra
Nervous System (CNS) affecting both the Brain and the
Cord.




Therapeutic Advances in Neurological Disorders
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Smouldering multiple sclerosis: the ‘real MS’

Gavin Giovannoni“', Veronica Popescu, Jens Wuerfel, Kerstin Hellwig, Ellen lacobaeus,
Michael B. Jensen, José Manuel Garcia-Dominguez, Livia Sousa, Nicola De Rossi,

Raymond Hupperts, Giuseppe Fenu, Benedetta Bodini, Hanna-Maija Kuusisto,
Bruno Stankoff, Jan Lycke""’, Laura Airas, Cristina Granziera
and Antonio Scalfari

A large proportion of people with multiple sclerosis (MS) continue to
experience clinical deterioration despite a lack of overt ongoing
inflammatory disease activityTo this end, such patients exhibit
disability progression despite being relagsee and exhibiting neither
contrastenhancing T4veighted (T1w) lesions nor new or enlarging T
weighted (T2w) lesions on magnetic resonance imaging (MRI). This

often referred to as progression independent of relapse activity (PIF
or smouldering MS.

PIRA(progression independent of relapse activit
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JAMA NeuroR020; 77: 11321140

In relapsingemitting MS (RRMS), the effective therapeutic suppression of relapses does not
always correlate with the prevention of logrm disability accumulation, thus highlighting a
disconnect between mechanisms underlyinffammatory attacksand those responsible for

disease progressian



Kamma et al. Journal of Neurcinflammation (2022) 19:45 JOUI‘na| Of NEUrOinﬂammatiOn
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REVIEW Open Access
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Central nervous system macrophages
in progressive multiple sclerosis: relationship
to neurodegeneration and therapeutics

Emily Kamma't, Wendy Lasisi’", Cole Libner®", Huah Shin Ng** and Jason R. Plemel®®7#"
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Trends in Molecular Medicine

Cellular &MolecularImmunologyvolume 18, pages1353374 (2021)  Trends in Molecular Medicine, June 2018, Vol. 24, No. 6
Lymphoid follicleswhich are associated with more severe microglia activation and cortical demyelination, are found in |

aggregates in the meninges and the perivascular Vircfmbin spaces. They are typically found iq4 of people with SPM:
but not in people with PPMS; however, increased meningeal inflammation associated with more extensive cortical demy
and neurite loss is present in PPMS, but without lymphoid follicles
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Compared with healthy individuals, patients with MS shogher frequencies
and activation states of setéactive B lymphocyteeells with red nuclei), in
addition toimpaired functions of regulatory immune compartmepitsdicating
a lower threshold fobreakdown of selftolerance to CNS antigen$trong

innate immune activation during primary EBV infection could facilitate

activation and expansion of autoreactive and polyspe(ifiat is, both
autoantigenspecific and viraantigenspecific [cells with blue nuclei])and B
cells These cells could be maintained in the presence of continuous antige

exposure. In additiorlatent EBV infection conferséll (anti-EBNA1-

Chronic Infection

Multiple sclerosts

producing plasma cellsjurvival advantages and could rescue autoreactive E |

cells from apoptotic deletion during-&ll development and differentiation
Homing of these rescued autoreactive lymphocytes, which can immuno

modulate and presenantigensto T cells, to the inflamed CNS might contribute '

to the immunopathology of MS.
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EBNA1-specific T cells from patients with
multiple sclerosis cross react with myelin
antigens and co-produce IFN-y and IL-2

[ B

J. Exp. Med. Vol. 205 No. 8 1763-1773
www.jem.org/cgi/doi/10.1084/jem.20072397
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Scientific Session 12: Viral infection and neuroinflammation ECTRIMS 2025

PRESENTATION ID 0099

Track PaThUQEHESiS Unravelling the immune-pathological profile of proliferative B cells infected by Epstein-Barr virus in mul-
;iTi:c:r:s"s_ I:'Ttome"inges 41st Congress of the European Committee for
Room Lecture Hall 113 e N Treatment and Research in Multiple Sclerosis
Date Thursda}a 25 September 2025, 14:30 - 16:00 CEST 30th Conference of Rehabilitation in Multiple Sclerosis
24-26 September 2025 | Barcelona, Spain
Conclusions

» Persistent intrathecal presence of of EBNA2+ latently infected B cells in all the examined MS brains
but not in controls.

» The presence of meningeal EBNA2+ B cells is associated with specific immunopathological features and
rapid disease progression.

» Advanced CSF profile of MS cases with high levels of meningeal EBNA2+ B cells reflects the key role of

B cell signature possibly related to both cytotoxic/inflammatery activity and immunoglobulin production,

EBV latent infection as potential driver of continuous
MS B cell intrathecal expansion and activaty

E\J&T-

Ongoing:  Further molecular validation of the
exact immuno- and molecular-phenotype
of brain EBV latently infected B cells

Single-cell viral and human
genome spatial transcriptomic
(Bruker/CosMX)

(Specific MS targets)

CING study on EBV genetic profile
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Pathogenic Mechanisms Associated
With Different Clinical Courses of
Multiple Sclerosis

Hans Lassmann*

Center for Brain Research, Medical University of Vienna, Vienna, Austria

Cortex

White Matter

A

(A) Active cortical lesions are associated with inflammatory infiltrates in
the meninges, which are composed of CD8+ T-cells (red), CD20+ B-cells
(green) and plasma cells (blue). Active demyelination occurs at a distance
of the inflammatory infiltrates and is associated with activated microglia
(blue lesion rim). The lesions gradually expand from the pial surface of

Activated microglial cells,
which are full of Iron deposit

.
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(B) In slowly expanding lesions in the white matter T-cell, B-cell
and plasma cell infiltrates are present in the large perivascular
Virchow Robin spaces. Active demyelination and
neurodegeneration occurs at a distance and is associated with
microglia activation. Also in these lesions it is suggested that

the cortex toward the depth of the gray matter. Lymphocyte infiltrates
are rare or completely absent in the cortical tissue and in particular at the
zone of active demyelination. It is suggested that the inflammatory
infiltrates in the meninges produce a soluble factor, which induces
demyelination and neurodegeneration either directly or indirectly through
microglia activation (arrows).

demyelination and neurodegeneration is driven by a soluble factor,
produced by the perivascular lymphocytes or plasma cells (arrows).



The role of the complement
system in Multiple Sclerosis:
A review

Front. iImmunol. 13:970486.
doi: 10.3389/fimmu.2022.970486

A: Acute MS exacerbation (initial stage)

Nil Saez-Calveras® and Olaf Stuve®®*

(A) Acute MS exacerbation:

1. Complement factors leak througlcampromised BBBT

and B cells infiltrate the parenchyma and are activated by
myeloid APCs.

2. ActivatedC3b and C3d deposit on myelin promoting its
opsonizationC1g binds resting microgleand modulates its
phenotype switch to diseasassociated microglia (DAM).

3. Downstream activation of complement leads to the
formation of membrane attack complex ( MAC) and damage
to the myelin membrane.

(B) Progressive MS:

1. Complement and other factors asecreted by DANANd by
the tertiary lymphoid tissue (TLand diffuse into the brain
parenchyma.

APC-T cell e £
activation o

2. C3bound myelin products are opsonized by myeloid cells Eff\q

and activated microglia. 2 b

3. In this stage, MAC formation exerts protective effects S ‘

through the apoptosis of inflammatory cells and prevention of R e | b
OLG apoptosis oan . B corpiamecytants

through a damaged BBB

= MAC formation;
Myelin degradation

TandBeell * ¥ "D ‘7
infiltrate A= A

B : Chronic or progressive MS
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2) Complement
mediated synaptic
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Hot Topic 7: Imaging chronic inflammation = ——=——1 ECTRIMS 2025

Track Imaging and non-imaging biomarkers ™", lron, SEL and PRL
m f-g ] .
%% Lo 5 Alessandro Cagol (Switzerland) ]
R i 41st Congress of the European Committee for

Room Lecture Hall 111 Treatment and Research in Multiple Sclerosis

Date Thurﬂday 25 Septemher 2025 09:45 - 10:45 CEST 30th Conference of Rehabilitation in Multiple Sclerosis

24-26 September 2025 | Barcelona, Spain
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European Charcot Foundation Symposium: MS update capsules ECTRIMS 2025

Track Clinical

41st Congress of the European Committee for
Room Lecture Hall 111 Treatment and Research in Multiple Sclerosis
Date Wednesdayr 24 Septem ber 2025, 14:30 - 15:30 CEST 30th Conference of Rehabilitation in Multiple Sclerosis

24-26 September 2025 | Barcelona, Spain

Key pathological mechanisms of progression across the continuum of MS

Focal inflammation Smouldering chronic inflammation

-Lymphocytic infiltrates of T and B
lymphocytes, plasma cells, and
macrophages (lymphoid follicles in
the meninges and the perivas. spaces)

- Primarily driven by Tand B
lymphocytes. Perivenular
inflammation. BBB damage

4

- Active Gd-enhancing
demyelinating lesions
prevalent in the white
matter. ‘Central vein sign’ on
FLAIR imaging

-Largely driven by
macrophage/microglial activation,
(oxidative injury, mitochondrial
dysfunction, energetic failure)

4

- Chronic active demyelinating lesions
(slowly expanding lesions-SELs-
Paramagnetic rim lesions —PRLs-)

Failure of remyelination

Biological substrate of
Relapses and RAW

‘ -Cortical lesions
' -Leptomeningeal enhancement

neuro-axonal degeneration

Biological substrate of
brain and spinal atrophy PIRA and SAW

Lambe J. and Ontaneda D.,
Curr Opin Neurol 2025
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CONTEMPORARY ISSUES IN PRACTICE, EDUCATION, & RESEARCH OPEN ACCESS

Using the Progression Independent of Relapse Activity
Framework to Unveil the Pathobiological Foundations
of Multiple Sclerosis Neurology® 2024;103:6209444. doi:10.1212/WNL.0000000000209444

Figure 1 Annual Frequency of PIRA Events Reported by Previous Studies

Tur, et al., ECTRIME 2023
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This figure represents the percentage of people with M5 who develop at least 1 PIRA event a year, as reported by previous studies. Each study is represented
by an arrow, whose length indicates the median time of the study follow-up. The position of the start of the arrow along the x-axis represents the median/
mean (as available) disease duration of the patients at study entry. The references are given in the eTable 1. M5 = multiple sclerosis; NEDA = no evidence of
disease activity; PIRA = progression independent of relapse activity.



JAMA Neurology | Original Investigation

Association of Early Progression Independent of Relapse Activity With
Long-term Disability After a First Demyelinating Event in Multiple Sclerosis

JAMA Neurol. 2023;80(2):151-160. doi:10.1001/jamaneurol.2022 4655
Published online December 19, 2022.

Table 2. Prediction of Long-term Outcomes (N = 1128)

Within 5 years P

value, early P value,
All study [ \ PIRA / \ PIRA ﬁct‘we NDnactivh active PIRA
patients PIRA No PIRA vsno | Early PIRA Late PIRA vslate | PIRA PIRA Vs nonactive
Outcome (N=1128) | (n=277) (n = 851) PIRA (n = 86) (n=191) PIRA (n=73) (n=71) PIRA
Adjusted yearly 0.07 0.18 0.04 <.001] 0.31 0.13 <.001 ] 0.20 0.12 .05
EDSS increase  (0.06-0.09)] (0.16-0.20) (0.02-0.05) (0.26-0.35) (0.10-0.16) (0.15-0.25) (0.06-0.18)
rates (95% CI)
Kaplan-Meier
estimates (95%
Cl) of %
patients
reaching EDSS
6.0 from the
first
demyelinating
event®
S5y 0.48 1.09 0.24 2.41 0.52 1.37 1.52
(0.06-0.90) (0-2.31) (0-0.57) (0-5.67) (0-1.54) (0-4.00) (0-4.42)
10y 2.54 5.58 1.02 12.03 3.24 0.11 4.86
(1.41-3.65)| (2.69-8.39) (0.18-1.86) <001 (3.71-19.63) (0.65-5.76) 07 (1.86-15.82) (0-10.09) 003
15y 6.00 12.82 1.74 ’ 23.93 9.10 ) 24.54 4.86 ]
(3.97-7.98)| (8.18-17.23) (0.42-3.03) (11.01-34.98) (4.55-3.42) (12.18-35.15) (0-10.09)
20y 9.25 18.49 2.45 23.93 16.41 38.32 10.46
(6.23-12.19 (12.37-24.19) (0.53-4.33) (11.01-34.98) (9.47-22.82) (22.05-51.19) (0-21.50)
Adjusted HR NA 7.93 1 .001 26.21 1 .009 2.51 1 [Reference]| .22
(95% CI) for (2.25-27.96) [Reference] (2.26-303.95) [Reference] (0.58-10.85)
reaching \ \ J \ /
confirmed

EDSS 6.0 from

the first
demyelinating
event?
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Hot Topic 7: Imaging chronic inflammation = — =1 ECTRIMS 2025

Track Imaging and non-imaging biomarkers A Iron, SEL and PRL

e Q BBl Alescandro Cagol (Switzerland) _

e 41st Congress of the European Committee for
Room Lecture Hall 111 Treatment and Research in Multiple Sclerosis
Date Thurﬂday 25 Septemher 2025. 09:45 - 10:45 CEST 30th Conference of Rehabilitation in Multiple Sclerosis

24-26 September 2025 | Barcelona, Spain

Clinical Value of PRLs

Diagnosis

* Observed across all MS clinical phenotypes.

2024 revisions of the McDonald criteria

* Pooled prevalence: 51.3%.

Paramagnetic rim lesions (PRLs)

*« Rare lY seen in non-MS conditions. « Demonstrating one or more PRLs by MRI can be used to
diagnose multiple sclerosis in specific situations
Demonstrating one or more PRLs by MRI can increase the

* In CIS: predict conversion to MS. specificity of the diagnosis
» Demonstrating PRLs is not required for diagnosis

« In patients with typical symptoms and typical lesions in
= Can support the diagnusi s of MS. one region, the presence of one or more PRLs plus
dissemination in time or positive CSF is sufficient for
diagnosis

Montalban et al., Lancet, 2025




Hot Topic 7: Imaging chronic inflammation
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Iron, SEL and PRL

Track Imaging and non-imaging biomarkers
Room Lecture Hall 111 —
Date Thursday, 25 September 2025, 09:45 - 10:45 CEST

Clinical Value of PRLs

Prognosis

Manifestation of chronic inflammation = contribution to
disease progression.

* PRL: more severe pathological changes.

= Associate with sNfL and brain atrophy.

* Correlate with higher physical and cognitive disability;
predict worsening of disability/conversion to SPMS.

* Associate with progression independent of relapse
activity (PIRA).

“ - a m Alessandro Cagol (Switzerland)

ECTRIMS 2025

41st Congress of the European Committee for

Treatment and Research in Multiple Sclerosis

30th Conference of Rehabilitation in Multiple Sclerosis

24-26 September 2025 | Barcelona, Spain
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Smouldering-Associated Worsening

in Multiple Sclerosis: An International

Consensus Statement on Definition,
Biology, Clinical Implications, and Future

Worsening

Biological
onset of MS

Directions

Clinical
onset

Clinically evident MS (relapsing/progressive MS)

ANN NEUROL 2024,;96:826-845

EosstDSSépluamat%?Pm

Age related worsening

Smoldering
. Associated
Worsening

(SAW)

EDSS threshold for detection
linked to loss of reserve

Biomarkers or neurological stress
- = = « testing threshold for detection
of subtle disease worsening

RAW

Worsening detected by
EDSS/EDSS-plus (PIRA)

Worsening not-detected
by EDSS

Age related worsening

Smoldering associated
worsening (SAW)



Smouldering-Associated Worsening
in Multiple Sclerosis: An International

e e ANN NEUROL 2024;96:826-845
Consensus Statement on Definition,
Biology, Clinical Implications, and Future

Remember NEDA?
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Slowly Expanding Lesions (SEL)

Radiological biomarker of chronic active lesions = steady, concentric, progressive expansion

Baseline 6 months 12 months 24 months

§ > 2 i
4 " - !
Image from: Bagnato et al, Brain, 2024

T 1 Black Holes/ T2 Lesions

24-26 September 2025 | Barcelona, Spain

Prognosis
Manifestation of chronic inflammation = contribution to
disease progression.
* In 959% of PMS cases and 86% of RMS cases.
+ SEL: more severe pathological changes.
= Associated with brain atrophy.

* Predict disease worsening.
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Relation Between PRLs and SELs

@ C
®

Y

2-8 times more
frequent

ECTRIMS 2025

41st Congress of the European Committee for

Treatment and Research in Multiple Sclerosis

30th Conference of Rehabilitation in Multiple Sclerosis

24-26 September 2025 | Barcelona, Spain

(a)

res estimates of "MTR
-10

Expanding
PRLs

<20% SELs co-localize with PRLs.

Limited overlap:
- Different CAL types?
- Different developmental phases?

Linear Change Over Time in nMTR
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Our results indicat@rogressive focal and global demyelination inSgdrticipants, and that the presence of SELs might
a biomarker for ongoing diffuse or smouldering inflammation within the brain.
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EVEN MORE COMPLICATED THI

Juxtacortical paramagnetic rims: a novel MR-biomarker in MS

Juxtacortical paramagnetic rims (JPR)

QSM postmortem

Background:
Identified in ~10% of pwMS in vivo on 3T MRI
(quantitative susceptibility mapping -QSM-)
Histological correlate: cortical lesion type |1V surrounded
by iron-laden microglia at the gray-white matter boundary

“ . A“ ‘

- ' &

Salbusera et al., Neurology 102.3 (2024): €207966. - Itis not surrounding a WML, but a cortical lesion

- Similarity to PRL: the rim is due to iron-laden phagocytes ' e ¢
& ‘

Research gap: clinical significance still unknown
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JPR are associated with more severe disability (MSSS)
- Juxtacortical paramagnetic rims (JPR), counterpart of the PRL in the cortex? -

Results:
PwMS with JPR have higher MSSS at last visit compared to _—
matched pwMS without JPR (3.584 [2.955:4.213] vs 2.645 »
[2.206;3.085]; 95% CI1 0.17-1.81, p = 0.018]. ‘ .. - '
oy o7 ] o any 75 [ 0 [ ‘ b ‘
]
; T

- [ 15 ok 3 il b
Tl WS i T yadars tu
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JPR are associated with more severe disability (MSSS)
- Juxtacortical paramagnetic rims (JPR), counterpart of the PRL in the cortex? -

Conclusions: Prototypical JPR on QSM in vivo

- Our data suggest that JPR may serve as a marker of disease

severity

- Lack of correlation with relapse activity or sNfL levels

indicates possible association with smouldering inflammation

- Future studies should confirm our results
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Journal of Neurology (2024) 271:4412-4422
https://doi.org/10.1007/500415-024-12389-y

ORIGINAL COMMUNICATION

Association of serum glial fibrillary acidic protein with progression
independent of relapse activity in multiple sclerosis

Igal Rosenstein'?( . Anna Nordin' - Hemin Sabir? - Clas Malmestrom'? . Kaj Blennow®*3® . Markus Axelsson'? .
Lenka Novakova'-

A. ROC of baseline sGFAP and sustained CDW
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Glial fibrillary acidic protein (GFARonstitutes the major
component of astrocytic intermediate filaments implicated in
the control of cell motility and morphology, providing structural
stability to astrocyte processes.

B. ROC of baseline sGFAP and sustained PIRA*
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Ss-GFAP was significantly higher in PIRA at baqgglle[laRI[O] s ReR[c10 e NI RN RVERCTORCRP: STez 4 el BN =R ON 0N D)}

REGT LI M SV (Y0 E ANl IAVET SRS glolWsTeRigp atients with PIRA during follewp had higher levels ofGFAF

algelslelalelVimigl=R{e}i[e)W"8]6 \When compared to stable patientp € 0.001).



Research
JAMA Neurol. 2023;80(3):287-297. doi:10.1001/jamaneurol. 2022 5250

JAMA Neurology | Original Investigation

Serum Glial Fibrillary Acidic Protein Compared With Neurofilament Light
Chain as a Biomarker for Disease Progression in Multiple Sclerosis

sGFAP and sNfL levels high sGFAP level low and sNfL level high

[A] SGFAP z scores | B| sNfL z scores SGFAP level high and sNfL level low SGFAP and sMfl levels low
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The combination of elevated serum NfL and GFAP is indicative of
ongoing acute inflammation and a disrupted blood-brain barrier

/]\ Acute peripheral inflammation T GFAP

Association between elevated serum GFAP and NfL levels in MS1-3

100 4
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Elevated serum GFAP in the absence of NfL indicates
compartmentalised inflammation through activated microglia

Chronic compartmentalised inflammation /‘\ GFAP

Serum GFAP-dependent risk of CDW Multivariable Cox regression models of associations
in patients with low serum NfL-2 between serum biomarker levels and the risk of PIRA?
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Chitinase 3-like 1 protein (CHI3L1 or YKL40) CHI3L1 and MS

» CHI3L1 in the CSF was found to be a risk factor for conversion to multiple
sclerosis HR 1.6; p=3.7x10¢ by the 2005 McDonald criteria (Canto, Brain 2015)

« CHI3L1 is a member of

gIYCOSIde hYdr0|ase famlly - ) - ‘> * Increased concentrations of CHI3L1 in CSF correlated with higher scores
Secreted by macrophages, = ay. . - EDSS seaieh oak dran 2010
neutrophils, varied stromal 1 : =
and epithe”al cells and by i i ] + CHI3L1 was associated with cognitive impairment (Modvig, MSJ 2015; Quintana
astrocytes o> @ ' L EJN, 2018)
' LG o m®®

Bl e kel R L fm— @ o W 3 + CHI3L1 associated with iron rim lesions in CIS (Comabella, MSJ 2021)

inflammatory stimuli and e 2 == ﬁ‘f

other stressors

« Serum CHI3L1 was reduced in Beta-IFN but not GA-treated patients

Zhao, Nature Signal Transduction and Targeted Therapy, 2020 * GSF CHI3L1 protein was reduced after 4-12 months in fingolimod-treated
patients

« CHI3L1 was the most important predictor of NEDA status in Cladribine-
treated patients



RESEARCH ARTICLE

Central Vein Sign, Cortical Lesions, and Paramagnetic
Rim Lesions for the Diagnostic and Prognostic Workup

of Multiple Sclerosis

B. combination of Cvs, CL, and PRL
1.04
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(=)}
1
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f SaA2yakxm /[ [ Kxfis)hadw
96%/90%/ 93% specificity, 97%/84%/60%
sensitivity in diagnosis of Multiple Sclerosig

Sensitivity

e
=
1

0.2-
— CVS-proportion + CL + PRL; AUC=0.997
— Select3* + CL + PRL; AUC = (0,988
0.04, Select6* + CL + PRL; AUC = 0.984
T I T I I T
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Specificity

Neurol Neuroimmunol Neuroinflamm 2024;11:€200253.

Longitudinal analysis (n = 61) showed that MS caligie{a =iz
baseline were more likely to experience PIRA ay&ar follow-up
(odds ratio 17.0, 95% confidence interval: 21138.5; p = 0.008),

whereas no association was observed between other baseline

measures and PIRA, including the number of CL.



Clin Transl Imaging (2015) 3:461-473

DOL 10,1007 /5403 36-015-0147-6

@ CrossMark

REVIEW ARTICLE

Imaging neuroinflammation in multiple sclerosis using TSPO-PET

Laura Airas'?+ Eero Rissanen™® « Juha O. Rinne'?

Fig. 1 In vivo differentiation of
chronic T1 lesions using TSPO-
PET. Left image a T1-weighted
MRI image with two similar-
looking (non-gadolinium-
enhancing) T1 black holes.
TSPO-PET (on the right) shows
that in the upper lesion there is
microglial activation,
confirming this lesion to be a
chronic active lesion. whereas
i the lower lesion there is no
radioligand uptake. confirming
this lesion to be a chronic
inactive lesion

TS POI'ransIocator Protein located in the outer surface of mitochondria
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Microglia density in the thalamus is highest in patients with progressive multiple sclerosis and is associated
imaging biomarkers of neurodegeneration and clinical disease severity. As a signature imaging biomarketr
progression in multiple sclerosis, effectively reflecting the global disease burdesR115 PET may aid
development and efficacy evaluation of therapeutics targeting microglia.
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Slowly Expanding Lesions (SEL)

Radiological biomarker of chronic active lesions = steady, concentric, progressive expansion

Baseline 6 months 12 months 24 months

Image from: Bagnato et al, Brain, 2024

24-26 September 2025 | Barcelona, Spain

Prognosis

Manifestation of chronic inflammation = contribution to

disease progression.

*  |In 99% of PMS cases and B6% of RMS cases.

+ SEL: more severe pathological changes.

» Associated with brain atrophy.

* Predict disease worsening.
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JPR are associated with more severe disability (MSSS)
- Juxtacortical paramagnetic rims (JPR), counterpart of the PRL in the cortex? -

Conclusions: Prototypical JPR on QSM in vivo

- Our data suggest that JPR may serve as a marker of disease

severity

- Lack of correlation with relapse activity or sNfL levels

indicates possible association with smouldering inflammation

- Future studies should confirm our results
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Treatment Effectiveness Evaluation
Clinical Value of PRLs

* PRL appearance/disappearance is related to clinical
outcomes.

* No evidence of treatments inducing PRL resolution so far.

- Resolution of existing rims
- Absence of new PRLs

!

Reduced risk of progression
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JAMA Neurology | Original Investigation ) )
JAMA Neurol. 2023;80(2):151-160. doi:10.1001/jamaneurol.2022 4655

Association of Early Progression Independent of Relapse Activity With Published online December 19, 2022.
Long-term Disability After a First Demyelinating Event in Multiple Sclerosis

Table 2. Prediction of Long-term Outcomes (N = 1128)

p
P value,
value, early P value,
All study / \ PIRA / \ PIRA ﬁ{tive Nnnactivh active PIRA
patients PIRA No PIRA vsno | Early PIRA Late PIRA vslate | PIRA PIRA Vs nonactive
Outcome (N=1128) | (n=277) (n = 851) PIRA (n = 86) (n=191) PIRA (n=173) (n=71) PIRA
Adjusted yearly 0.07 0.18 0.04 <.001] 0.31 0.13 <.001 ] 0.20 0.12 .05
EDSS increase  (0.06-0.09)] (0.16-0.20) (0.02-0.05) (0.26-0.35) (0.10-0.16) (0.15-0.25) (0.06-0.18)
rates (95% CI)
Kaplan-Meier
estimates (95%
Cl) of %
patients
reaching EDSS
6.0 from the
first
demyelinating
event®
S5y 0.48 1.09 0.24 2.41 0.52 1.37 1.52
(0.06-0.90) (0-2.31) (0-0.57) (0-5.67) (0-1.54) (0-4.00) (0-4.42)
10y 2.54 5.58 1.02 12.03 3.24 0.11 4.86
(1.41-3.65)| (2.69-8.39) (0.18-1.86) <001 (3.71-19.63) (0.65-5.76) 07 (1.86-15.82) (0-10.09) 003
15y 6.00 12.82 1.74 ’ 23.93 9.10 ) 24.54 4.86 ]
(3.97-7.98)| (8.18-17.23) (0.42-3.03) (11.01-34.98) (4.55-3.42) (12.18-35.15) (0-10.09)
20y 9.25 18.49 2.45 23.93 16.41 38.32 10.46
(6.23-12.19 (12.37-24.19) (0.53-4.33) (11.01-34.98) (9.47-22.82) (22.05-51.19) (0-21.50)
adjusted HR NA 7.93 1 .001 26.21 1 .009 2.51 1 [Reference] .Zﬁ
(95% CI) for (2.25-27.96) [Reference] (2.26-303.95) [Reference] (0.58-10.85)
reaching \ \ / \ /
confirmed

EDSS 6.0 from
the first
demyelinating

\ event )




CONTEMPORARY ISSUES IN PRACTICE, EDUCATION, & RESEARCH OPEN ACCESS

Using the Progression Independent of Relapse Activity
Framework to Unveil the Pathobiological Foundations
of Multiple Sclerosis Neurology® 2024;103:6209444. doi:10.1212/WNL.0000000000209444

Figure 1 Annual Frequency of PIRA Events Reported by Previous Studies

Tur, et al., ECTRIME 2023

Cagaol, et al., JanA MeuFal 2022

Maier, et al., JAMA Meural 2023
’—-----------------~
4
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= Bischaf, et al,, Ann Neurol J022
=
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| 12% [cohort of patients with MEDA-3)
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| _
1

Gartner, et al, Mult Scler 2022
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This figure represents the percentage of people with M5 who develop at least 1 PIRA event a year, as reported by previous studies. Each study is represented
by an arrow, whose length indicates the median time of the study follow-up. The position of the start of the arrow along the x-axis represents the median/
mean (as available) disease duration of the patients at study entry. The references are given in the eTable 1. M5 = multiple sclerosis; NEDA = no evidence of
disease activity; PIRA = progression independent of relapse activity.
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Original Article

First-year treatment response predicts the following 5-year disease course in
patients with relapsing-remitting multiple sclerosis

Multivariate survival model for all outcomes.

Explanatory variable First relapse Disability EDSS 3.0° EDSS 6.0° Conversion to SPMS New brain MRI New spine MRI
progression lesions lesions
Category
Sub-optimal Yes” 3.84 (3.51, 4.19) 1.74 (1.56, 1.93) 3.01 (2.58, 3.51) 1.77 (1.43,2.20) 1.20 (087, 1.66) 2.33(2.04, 2.66) 1.65 (1.29, 2.09)
response in first =<0.001 =<0.001 <0.001 =<0.001 0.258 =<0.001 <0.001
year of No Reference Reference Reference Reference Reference Reference Reference
treatment”
First DMT - high Yes 0.78 (0.67, 0.91)
efficacy 0.002
No Reference

We recruited patients from the MSBase Registry covering the péebgdeen1996 and 2022All patients were diagnosed with RRMS and actively followed up

at least 5 years to explore the following outcomes: clinical relapses, confirmed disability worsening (CDW) and impr@@mEnt{S 3.0, EDSS 6.0, conversic

to secondary progressive MS (SPM8Y MRI lesions, Progression Independent of Relapse Activity (PIRA). Predictors included demographic, clinical, :
radiological data, as well as sabtimal response (SR) within the first year of treatment.




JAMA Neurology | Original Investigation

Contribution of Relapse-Independent Progression vs
Relapse-Associated Worsening to Overall Confirmed
Disability Accumulation in Typical Relapsing Multiple Sclerosis
in a Pooled Analysis of 2 Randomized Clinical Trials

Ludwig Kappos, MD; Jerry S. Wolinsky, MD; Gavin Giovannoni, PhD; Douglas L. Arnold, MD; Qing Wang, PhD; Corrado Bernasconi, PhD;

Fabian Model, PhD; Harold Koendgen, MD; Marianna Manfrini, MD; Shibeshih Belachew, MD; Stephen L. Hauser, MD JAMA Neurol. 2020:77(9):1132-1140. d0|:10.l001fjamaneurol.2020.1568

Published online June 8, 2020.
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i30d EBUd . . . . n r .
107 | CONCLUSIONS AND RELEVANCE Most disability accumulation in RMS is not associated with
i overt relapses. This indicates an underlying progression in this typical RMS population and
£¢ 6 . . . . . . . .
£4 5, challenges the current clinical distinction of relapsing and progressive forms of multiple
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Anti-CD20 therapies result in long-term reduction of
annualised relapse rates

Annualised relapse rate in people with RMS
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Anti-CD20 therapies result in a long-term reduction of risk of
disability progression
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Research

JAMA. 2019;321(2):175-187. doi:101001/jama.2018.20588 DESIGN, SETTING, AND PARTICIPANTS Cohort study with prospective data from 68 neurology
Last corrected on April 7, 2020. . . .. . ; . o .
centers in 21 countries examining patients with relapsing-remitting MS commencing DMTs
JAMA | Original Investigation (or clinical monitoring) between 1988-2012 with minimum 4 years' follow-up.

Association of Initial Disease-Modifying Therapy With
Later Conversion to Secondary Progressive Multiple Sclerosis

Figure 4. Comparison of Cumulative Hazard of Conversion to Secondary Progressive Multiple Sclerosis
for Initial Treatment With Glatiramer Acetate or Interferon Beta vs Fingolimod, Alemtuzumab, or Natalizumab
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