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I era (1993-2003) II era (2003-2011) III era (2011-oggi)

The success of immunotherapies 

From Tintore et al, Nat Rev Neurol, 2019



Immunomodulators
1° line treatments

injectables oral



Immunosuppressants
2° line treatments

! !



Objectives

Symptom 
management 

• Reduction of 
relapses

• Reduction of 
radiological 
activity on 
MRI (new T2 
lesions;  Gd+ 
lesions)

• Slowing 
disease 
progression

“No evidence of 
disease activity” 
NEDA



«NEDA» - new efficacy outcomes

NEDA - 4
Brain atrophy as a 

“marker” of the 
neurodegenerative 

component 

NEDA - 5
Adding cognitive 

measures and 
recently, serum 
neurofilaments

From Cree et al, Curr Opin Neurol, 2019



Early treatment: rational

Why treat 
immediatly?

Irreverisible neuronal 
damage from the early 
phases of disease (CIS, 

RIS)
DMTs against the 

inflammatory 
component, 

predominant in the 
early phases

Better response to 
treatment in the 
early phases of 

disease

Precarity of the 
mechanisms of 

repair

Progressive 
complexity of the 

pathogenic 
mechanisms 



Treatment choice

Escalation

vs

Induction

Start safer drugs, even though they are 
less effective, and shift to more 
aggressive therapies in case of disease 
activity

Begin treatment with a highly effective 
DMT even with a higher risk of adverse 
effects



• Significative reduction of the 
risk of conversion to SPMS in 
patients initially treated with 
Fingolimod, Alemtuzumab or 
Natalizumab vs Glatiramer 
acetate or IFN-beta



Waiting for… 2023 – results from RCTs



Drug name Dose/route of administration Side effects 

Avonex® (interferon beta-1a) 30 mcg intramuscular once a week • headache, flu-like symptoms, 
injection site pain and 
inflammation

Copaxone® (glatiramer acetate) 20 mg subcutaneous injection every 
day, or 40 mg subcutaneous injection 
three times per week

• Injection site reactions, flushing, 
shortness of breath, rash, chest 
pain

Aubagio® (teriflunomide) 7 mg or 14 mg capsule once daily • Headache, hair thinning, 
diarrhea, nausea, abnormal liver 
tests 

• Decrease in white blood cell 
count and more frequent 
infections

• Controindicated in pregnancy

Tecfidera® (dimethyl fumarate) 120 mg capsule twice daily for one 
week, followed by 240 mg capsule 
twice daily thereafter

• Flushing, gastrointestinal issues
• Progressive multifocal 

leukoencephalopathy (PML) 
• Herpes zoster (shingles) and 

other infections 
• Decreases in white blood cell 

counts 
• Liver problems

Side effects of 1° line DMTs



Side effects of 2° line DMTs

Drug name Dose/route of administration Side effects

Tysabri® (natalizumab) 300 mg intravenous infusion once every 28 days • Headache, fatigue, joint pain, chest discomfort
• Risk of infections: urinary tract, lower respiratory 

tract, herpes, gastroenteritis, vaginitis, abdominal 
discomfort

• Progressive multifocal leukoencephalopathy 
(PML)

• Liver damage 
• Low blood platelet counts

Gilenya® (fingolimod) 0.5 mg capsule once daily for adults and children 
weighing greater than 40 kg or 0.25 mg once 
daily for children weighing less than or equal to 
40 kg

• Headache, flu, diarrhea, back pain, abnormal liver 
tests, sinusitis, abdominal pain, pain in extremities

• Bradycardia
• Progressive multifocal leukoencephalopathy (PML) 
• Macular edema 
• Basal cell carcinoma and melanoma 
• Controindicated in pregnancy

Lemtrada® (alemtuzumab) 12 mg per day intravenous infusion for five 
consecutive days, followed by 12 mg per day on 
three consecutive days one year later

• Rash, headache, fever, nasal congestion, nausea, 
urinary tract infection, fatigue, insomnia, upper 
respiratory tract infection, herpes viral infections, 

• Infusion reactions 
• Autoimmune diseases 
• Increased risk of certain cancers
• Progressive multifocal leukoencephalopathy (PML)
• Bleeding disorders 
• Thyroid disorders



Side effects of 2° line DMTs

Drug name Dose/route of administration Side effects

Ocrevus ® (ocrelizumab) 600 mg intravenous infusion every 6 
months (first dose: 300 mg on day one and 
300 mg 2 weeks later)

• Infusion reactions 
• Increased risk of infections, including 

respiratory tract infections and herpes 
infections 

• Infections, including hepatitis B 
reactivation that may cause serious liver 
problems 

• Risk of cancers including breast cancer

Mavenclad® (cladribine) Capsules in two cycles of treatment for two 
years

• Respiratory infection, headache, low 
white blood cell count

• Increased risk of cancer
• Serious infections such as TB, 

hepatitis B or C, and shingles (herpes 
zoster). 

• Controindicated in pregnancy



Infectious risk minimizing strategies for DMTs



SARS-COV-2 vaccine? Yes or no?

YES!
But patients in treatment with: Ocrelizumab, Rituximab, Cladribine 
must keep a distance between treatment and vaccine and viceversa: 

Vaccine Treatment 

3 months 

6 weeks
Vaccine Treatment 



New therapies 

Sphingosine 1 phosphate modulators
•Ozanimod🡪 RRMS
•Siponimod (so far used off-label)🡪 SPMS 

CD-20 antagonist
•Ofatumumab🡪 RRMS



Ozanimod (Zeposia) 



Ozanimod and its major metabolites are highly selective for S1P1 and S1P5  



Ozanimod mechanism of action











Dose escalation schedule for all patients:
•Initiation of ozanimod therapy with starter pack (day 1 to 7)
•Maintenance dose of 0,92 mg Ozanimod once a day from day 8

Side effects 🡪 infections (viral and bacterial), hypertension, elevated LFTs, 
bradycardia but much less than Fingolimod!

Ozanimod dose and side effects





Siponimod (Mayzent) 



Siponimod mechanism of action

Animal models suggest penetration and 
distribution of siponimod in the CNS

Bigaud M. et al , Neurology Apr 2020, 94 (15 Supplement) 1536  Poster presented 
at the annual meeting of the American Academy of Neurology. 2020













• Siponimod is metabolized through the CYP450 system 
(primarily through CYP2C9, subsequently by CYP3A4). 

• Genetic variants to the CYP2C9 enzyme can slow 
siponimod metabolism. This is important in determining 
the correct dose and titration schedule for a given patient. 
CYP2C9 *3/*3 genotype is a contraindication to 
siponimod.

Dosage and side effects

• Main side effects🡪  Headache  (16%), Nasopharyngitis (19%), UTI (16%), rare bradycardia, 
macular edema, elevated LFTs. 



Ofatumumab (Kesimpta)

* Siamo in attesa dell’approvazione dell’AIFA



Mechanism of action



ASCLEPIOS I, II TRIALS



Ofatumumab dose and adverse effects  

Adverse effects🡪 injection-related reactions, nasopharyngitis, headache, 
injection-site reaction, upper respiratory tract infection, and urinary tract infection. 



Subcutaneous Natalizumab



Mean serum concentration of 
Natalizumab ev and sc are 
similar.

 

Saturation of  α
4
β

1
-integrin is 

similar. 

REFINE TRIAL

Trojano M, et al. A randomized study of natalizumab dosing 
regimens for relapsing–remitting multiple sclerosis. Mult 
Scler J 



REFINE TRIAL

• Natalizumab 300 mg sc was comparable to standard 300 mg IV every 4 weeks with 
respect to: clinical and MRI efficacy, PK/PD, safety and immunogenicity. 

• Subcutaneous administration could therefore be a valid alternative to endovenous 
administration. 

Trojano M, et al. A randomized study of natalizumab dosing regimens 
for relapsing–remitting multiple sclerosis. Mult Scler J 



Stem cell therapy?

3 PHASES



But…

• Stem cell therapy is limited to serious cases, especially if we consider 
that they are not a life saving procedure.

• Adverse effects:
• Infections
• Viral reactivation: CMV🡪 pneumonia, EBV🡪 lymphoma, HSV🡪 zoster
• Chemotherapy toxicity
• New autoimmune conditions (hypothyroidism)
• Neoplasms
• Sterility (83% of women persistent amenorrhea as in early menopause)



Hauser, and Cree BAC. 2020. “Treatment of 
Multiple Sclerosis: A Review.” The American journal of 
medicine 



When does progression begin?



Future directions: target neurodegeneration



Other ongoing trials 



Ongoing trials in our centre: 
BTK inhibitors 

•BTK is essential for the differentiation 
and activity of B cells during immune 
system ontogeny and normal adaptive 
immune response. 

•In vitro cell base experiments suggest 
that antagonism of BTK leads to 
inhibition of BCR dependent B cell 
proliferation and reduction of 
inflammatory cytokine production from 
myeloid cells, all of which is involved in 
the pathophysiology of MS disease 
progression.



Trials on BTK inhibitors in our centre  

FENHANCEEVOLUTION

Approved BTK inhibitors:

IBRUTINIB (mantle cell lymphoma,chronic 
lymphocytic leukemia, Waldenstrom's 
macroglobulinemia)

ACALABRUTINIB (relapsed mantle cell lymphoma)

ZANUBRUTINIB (mantle cell lymphoma)

RRMS patients

Evobrutinib vs teriflunomide

Recruitment 
terminated 

About to 
start 

RRMS patients

Fenebrutinib vs teriflunomide

PERSEUS

        PPMS patients

           Tolebrutinib vs placebo

About to 
start 



Thank you


