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Multiple sclerosis remains one of the most common causes of neurological 

disability in the young adult population (aged 18–40 years). 

Novel pathophysiological findings underline the importance of the 

interaction between genetics and environment.

Improvements in diagnostic criteria, harmonised guidelines for MRI, and 

globalised treatment recommendations have led to more accurate 

diagnosis and an earlier start of effective immunomodulatory treatment 

than previously.

Multiple Sclerosis I

THE LANCET
Published: November 07, 2023DOI:https://doi.org/10.1016/S0140-6736(23)01473-3  
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Understanding and capturing the long prodromal multiple sclerosis period 

would further improve diagnostic abilities and thus treatment initiation, 

eventually improving long-term disease outcomes.

The large portfolio of currently available medications paved the way for 

personalised therapeutic strategies that will balance safety and 

effectiveness. Incorporation of cognitive interventions, lifestyle 

recommendations, and management of non-neurological comorbidities 

could further improve quality of life and outcomes.

Multiple sclerosis II
THE LANCET
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Giovannoni et al. Smouldering multiple sclerosis:

the ‘real MS’. Ther Adv Neurol Disord 2022, Vol. 15: 1–18.
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The new natural history of multiple sclerosis

• In RRMS, disability accumulation was

thought to result from incomplete

recovery from relapses, until relapse-

independent disability occurs 1

• Effective therapies have reduced

attacks in most patients, however, a

“silent progression” independent of

relapse activity still may occur and is

now evident in RRMS 1,2

• The effectiveness of the DMTs against

silent progression and on associated

measures of brain atrophy is likely to

represent a key determinant of their

relative value 2
S. Wolinsky, ACTRIMS 2008.

Where have all the relapses gone?
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Rationale for early treatment of multiple sclerosis

CIS, clinically isolated syndrome; CNS, central nervous system; DMTs, disease modifying therapies; MS, multiple sclerosis

Comi G et al. Lancet. 2017;389(10076):1347-1356. Figure adapted with permission from lancet

Rationale

for early

treatment

in MS

Early course 
influences 
long-term
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Long term
benefits of 

early
treatment
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spreading

Longitudinal 
changes of 
immuno-
pathology

Positive 
results of 
studies in 

CIS 
patients 

Irreversible
CNS damage 
occurs early

DMTs affect 
inflammation 
predominant

in early
phases

Disease severity and 

recovery mechanisms that 

may become less effective 

during the course of MS are 

also considered as a 

rationale for early 

treatment
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The window of therapeutic opportunity in multiple sclerosis

The benefit-risk profile for a given treatment

is not constant during the course of MS1

Benefits tend to be greater in the earlier

phases, whereas risks tend to increase with

disease evolution, age and comorbidities1

Early initiation of more efficacious DMTs has

shown benefits in different clinical studies in

MS suggesting a “window of opportunity” for

treatment to achieve better results and long-

term clinical outcomes 2,3,4,5,6,7,8

DMTs, disease-modifying therapies; MS, multiple sclerosis

1. Comi G et al. Lancet. 2017;389(10076):1347-1356. 2. Coban H et al. Mult Scler Relat Disord. 2021;47:102631. 3. Kavaliunas A et al. Mult Scler. 2017;23(9):1233-1240. 4. Brown 

JWL et al. JAMA. 2019;321(2):175-187. 5. He A et al. Lancet Neurol. 2020;19(4):307-316. 6. Iaffaldano P et al. Mult Scler. 2021;27(10):1543-1555. 7. Harding K et al. JAMA 

Neurol. 2019;76(5):536-541. 8. Ziemssen T et al. J Neurol. 2016;263(6):1053-1065. Figure reproduced with permission from J Neurol.

The window of opportunity for treatment in MS 8
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Data prospectively collected from the Danish Multiple Sclerosis Treatment Register (DMSTR) and The Danish Multiple Sclerosis Registry for 
3795 RRMS patients treated with DMT from the first drug approval in 1996 to October 2015. CI, confidence interval; DMT, disease-modifying 
therapy; EDSS, Expanded Disability Status Scale; HR, hazard ratio; vs. versus; RRMS, relapsing remitting multiple sclerosis; yrs., years 
Chalmer TA et al. Eur J Neurol. 2018;25(10):1262-e110. Figure reproduced with permission from Eur J Neurol.

• A register-based cohort study compared long-term

treatment effectiveness of DMT initiated early in

RRMS patients (within 2 yrs. from clinical onset; 2316

patients) vs. later (2-8 yrs. from clinical onset; 1479

patients)

— 10.2% of early-treated patients reached EDSS 6 vs.

16.5% of later-treated patients during a median

follow-up of 7 and 6.9 yrs, respectively

— Patients with later treatment showed 42%

increased hazard of reaching an EDSS score of 6

compared with the early-treated patients [HR,

1.42; 95% CI, 1.18–1.70; P < .001]

Early DMTs initiation from clinical onset might delay long-term disability in RRMS
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Earlier treatment initiation with recent diagnostic criteria in MS
may lower risk of reaching disability in CIS patients 

Barcelona-CIS cohort between 1994 and 2020 included 1174 CIS patients. Patients were classified into five periods according to different MS diagnostic criteria: 

Ref,reference Tintore M et al. Neurology. 2021;97(17):e1641-e1652. Figures reproduced with permission from Neurology

• Retrospective cohort study in CIS assessed whether time to MS diagnosis, time to treatment initiation, and age at which CIS patients reached an

EDSS ≥ 3.0 changed according to different diagnostic criteria periods; 62.6% of patients had an MS diagnosis at any time (N = 1174)

• From the Poser (1994-2000) to the McDonald 2017 period (2017-2020),

— Proportion of patient with MS diagnosis increased from 25.2% to 55.1%, while median time to MS diagnosis and time to

treatment initiation was reduced by 77% and 82%, respectively

— Early-treatment was independently related to a lower risk of reaching ≥ EDSS 3.0 vs late-treatment patients (adjusted

HR 0.53 [95% CI, 0.33-0.85])

Multivariate Cox regression analysis, applying McDonald 2017 criteria
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*Second generation sphingosine-1-phosphate receptor modulator. Image adapted from EMA Drug Approvals at www.ema.europa.eu; Faissner S and Gold R. 2022 CNS Drugs; Coyle PK, et al. 2018 Int J MS Care.
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Towards a tailored approach to guide the therapeutic algorithm

Personalization of MS therapy involves two key components

DMTs, disease modifying therapies; MS, multiple sclerosis . Rotstein D et al. Nat Rev Neurol. 2019;15(5):287-300.

Prediction of prognosis
Initial treatment decision
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Different predictors of poor prognosis in MS 

a  in serum and CSF; b in the CSF 
CSF, cerebrospinal fluid; EDSS, Expanded disability status scale; GM, gray matter;  MS, multiple sclerosis; NfL, neurofilament light chain; WB, whole brain. 
1. Rotstein D, Montalban X. Nat Rev Neurol. 2019;15(5):287-300. 2. Bischof A et al. Ann Neurol. 2022;91(2):268-281.

Male gender1 Older age at 

onset1

Higher rate

of relapse1

Shorter time 

between relapses1

Primary progressive 

disease course1

Poor recovery & increased rate 

of progression1

Higher EDSS score at 

diagnosis1

Polysymptomatic onset

Early cognitive deficits1

High number of T2 lesions

High T2 lesion volume

WB or GM atrophy

Spinal cord lesions1 or atrophy2

High NfL levelsa

IgG, IgMb

High chitinase levelsb
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Poor outcome (prognostic factors)

Stress

Adherence

Smoking 

habit

Poor

physical

activity

Comorbidity

Vitamin D 

insuficiency
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‘I feel 

well; why 

do I need 

to begin 

therapy?’

‘Someone told me 

that therapy 

cause side effects 

which may worsen 

my quality of life’

Predictive Adherence Targeting

Swoop, a New York-based consumer health data company, has launched a first-of-its-kind 

targeting algorithm designed to predict the likelihood of patients becoming non 

adherent. The methodology, called Predictive AI Adherence Targeting, applies 

machine learning (ML) and artificial intelligence (AI) approaches .

According to the World Health 

Organization, an estimated 50% 

of patients with chronic 

conditions are non adherent 

with their treatments or 

medications. Non adherence 

contributes to treatment failure 

and raises healthcare costs.

92% of all patients who became non-adherent 

in the next 30 days were accurately predicted 

for a multiple sclerosis treatment

https://www.swoop.com/
https://www.swoop.com/blog/swoop-launches-predictive-ai-adherence-targeting
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Predict  therapeutical response based on MRI imaging pathology

Tauhid S et al. MRI phenotypes based on cerebral  lesions and atrophy in patients with multiple sclerosis. J Neurol Sci 2014;346:250–4.

Type I 
-Low 

atrophy

-Low T2LV

Type II 

-Low 

atrophy    

-High 

T2LV

Type III

-High 

atrophy

-Low T2LV

Type IV

-High 

atrophy

-High T2LV

T2-hyperintense lesion volume
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MRI negative prognostic factors in MS

Filippi et al.  J Neurol 2022 et al, 

Neuroradiological factors

Higher number and volume of T2-hyperintense 

lesions

Brainstem and cerebellar lesions

Spinal cord lesions (especially affecting the 

central GM)

T1-hypointense lesions (“black-holes”)

Cortical lesions

Presence of gadolinium-enhancing lesions

New T2 lesions formation in the first 5 years

Chronic active lesions (paramagnetic iron rim 

or slowly-expanding)

Brain atrophy (especially GM)

Spinal cord atrophy (especially GM)
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Prosperini L et al, Neurol Neuroimmunol Neuroinflamm 2021

Age and Spinal cord  lesions predict progression independent relapse activity (PIRA)  but not 

relepse activity Worsening (RAW) in the long term period. 
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Laurer M.J. Neurol. Neurosurg. Psychiatry 2023

Both the number and volume of SC lesions on MRI are associated with future 

accumulation of disability largely independent of relapses.
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Promising MRI markers to identify  PIRA 

≥ 4 rim positive lesions

Having four or more rim lesions has 

been associated with more severe 

brain atrophy, earlier development 

of motor disability and cognitive 

impairment and a 3.2-fold higher 

prevalence of PMS.1

1 Absinta M et al, Jama Neurology 2019; 2Derakhshan M et al, Human brain mapping 2014 

These lesions are characterized by a paramagnetic hypointense rim on 

susceptibility-based sequences, a slow rate of increase in size, more 

limited lesional repair, and lower T1 signal intensity compared to not

evolving lesions. 

Slowly-evolving lesions. Slowly-evolving lesions have been

suggested as one of the pathological substrates contributing to 

disability progression in MS . 
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22

Using  a modern machine 

learning algorithm the authors 

demonstrate that cortical 

lesions are extremely frequent 

in MS while rim lesions 

development occurs only in a 

subset of patients

Both, however persist over time 

and related to disease 

progression. Their combined 

assessment is needed to 

improve the ability of identifying 

MS patients at risk of 

progressive disease
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Abdelhak a.et al . Jama Neurology; Nov 6 2023
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Towards a tailored approach to guide the therapeutic algorithm

Personalization of MS therapy involves two key components

DMTs, disease modifying therapies; MS, multiple sclerosis . Rotstein D et al. Nat Rev Neurol. 2019;15(5):287-300.

Prediction of prognosis
Initial treatment decision
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Treatment strategies in MS: escalation and induction

A, B, C, D stand for different treatments
DMT, disease modifying therapy; MS, multiple sclerosis

1. Filippi M, Rocca MA. Lancet Neurol. 2020 Apr;19(4):281-282. 2. Ruggieri et al. Multiple Sclerosis and Demyelinating Disorders (2018) 3:5. https://doi.org/10.1186/s40893-018-0037-7.

Figure adapted with permission from Mult Scler Demyelinating Disord. 

• This approach focuses on safety

• Treatment starts with lower-risk, lower-efficacy

DMTs and only moves on treatments with higher

risk if the disease activity occurs1,2

• This approach prioritizes efficacy

• Treatment is based on the use of high-efficacy DMTs 

with strong immune effect from the diagnosis of MS 1,2
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Burning Debate: 

It is inappropriate to prescribe interferonbeta and 

glatiramer acetate for active relapsing MS.

This burning debate will address the topical motion: From a healthcare 

provider perspective, it is now inappropriate to prescribe 1st generation 

injectables(interferon-beta and glatiramer acetate) to newly diagnosed 

patients with active relapsing MS.
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Fingolimod was superior to IFN β-1a IM in reducing ARR up 
to Month 24 in pediatric patients with MS

aNegative binomial regression model with a log link, adjusted for 

trial regimen, the number of relapses in the 2 years before 

randomization, pubertal

status, and geographic region

ARR, annualized relapse rate; CI, confidence interval; IFN β-1a, 

interferon beta-1a; IM, intramuscular; MS, multiple sclerosis

Chitnis T, et al. N Engl J Med 2018;379:1017–1027.
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Early initiation of higher-efficacy therapy

• MSBase analysis of RRMS 

patients who started a higher-

efficacy therapy either Early (0-2 

years after onset; n=170) or Late 

(>4 years after onset; n-578)

• Higher-efficacy DMDs: Rituximab, 

ocrelizumab, mitoxantrone, 

alemtuzumab, natalizumab

• From Years 2-10, the risk of CDP 

was significantly lower in the Early 

group

• EDSS change from baseline to 

Year 6:*

• Early: EDSS 2.3 to 2.5

• Late: EDSS 2.3 to 3.4  *Propensity score match analysis, n=117 (Early) and n=181 (Late)CDP, confirmed 

disability progression

He A et al. Lencet Neurology 2020
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The effect of highly efficient drugs contributed to the decrease in disease activity 

and disability worsening observed during the last decade. 

Sorensen et al.  Brain 2020 

REVIEW ARTICLE 

The apparently milder course of multiple sclerosis: changes in the 

diagnostic criteria, therapy and natural history
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• It is advisable to offer an early treatment with an 

HE DMT to all MS patients

• It is mandatory to offer early treatment initiation 

with an HE DMT in case prognostic factors are 

indicative of aggressive disease

• In evaluating treatment options, patient-related 

factors should be considered (e.g. comorbidities, 

preferences, family planning, etc.)
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Risk of

adverse

events

Risk of

inefficacious

treatment strategy

(disease worsening)

Age, Presence of comorbidities, Desire for pregnancy, Previous use of other 

immunosuppressants (for MS or other conditions), John Cunningham virus (JCV) antibody 

seropositivity, Sustainability, Patient/neurologist preferences

Reasons for treatment selection in MS

Safety concerns are the major factors

impacting the decision for HE DMTs

utilization1,2,3 and long-term safety data of

HE DMTs are needed to optimize MS

treatment strategies in routine clinical

practice 1

Risk of infections is generally increased

with age with an increased incidence

of neoplasms especially over 45 years of

age 4.

1. Filippi M et al. J Neurol. 2021;1-8.doi:10.1007/s00415-021-10836-8. 2. Stankiewicz JM et al. Neurol Neuroimmunol Neuroinflamm. 
2019;7(1):e636. 3. Wiendl H et al. Ther Adv Neurol Disord. 2021;14:17562864211039648 4. Prosperini L. et al. Mult Scler 2022
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Risk in MS treatment – Therapeutic inertia

Factors influencing therapeutic inertia in MS care

Saposnik G, Montalban X. Therapeutic inertia in the new land of multiple sclerosis care. Front Neurol 2018Cooke CE, et al. Review: clinical inertia in the management of 

chronic obstructive pulmonary disease. COPD 2012 Reach G, et al. Clinical inertia and its impact on treatment intensification in people with type 2 diabetes mellitus. 

Diabetes Metab 2017. Terzaghi MA, et al. Factors associated with therapeutic inertia among pharmacists caring for people with multiple sclerosis. Mult Scler Relat Dis 2020

High rate of therapeutic inertia among 

neurologists (60-70%)

Older age, Lower years of experience.

High patient volume; Time constraints: 

Limited training in risk management.
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We recommend making treatment decisions based on the individual patient’s 

pattern of disease profile, as well as functional, clinical, and  MRI parameters, 

rather than on their clinical phenotype

Conclusions

Data on the treatment of  MS highlight the importance of assessing the extent of 

the ongoing inflammatory component of the disease, and the needs of an early 

treatment with high efficacy therapy

Successful MS treatment depends upon appropriate management of risk of both 

DMTs adverse events and delays/under treatment



Dalla ricerca ai real World data: la scelta di una terapia ideale per il paziente con sclerosi multipla
Roma - 9 Febbraio 2017

Thank you


