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Timeline of DMDs in MS



• DMTs have been shown to reduce the risk of relapses and have a 

beneficial impact on imaging outcomes

•Because of the importance of humoral and cell-mediated immunity in 

the pathophysiology of MS, nearly all therapies involve modulation of 

the immune system with interferons, glatiramer acetate, and 

immunosuppressive medications

• These drugs target the inflammatory process in MS by modulating 

the immune system or by immunosuppression

• 8 immunosuppressive medications:
•monoclonal antibodies (natalizumab, alemtuzumab, and ocrelizumab)

•a chemotherapeutic agent (mitoxantrone)

•small-molecule oral agents (fingolimod, dimethyl fumarate, and 

teriflunomide, cladribine)

DMDs for MS



The drugs have diverse mechanisms of action

• alteration of lymphocyte trafficking (natalizumab and 

fingolimod)

• lymphocyte depletion (alemtuzumab, cladribine and 

ocrelizumab)

• disruption of lymphocyte replication (mitoxantrone and

teriflunomide)

• dimethyl fumarate acts via unknown mechanisms,

though it clearly causes lymphocytopenia.

DMDs: mechanisms of action



Assessing infectious risk of multiple 
sclerosis therapies

• Patients with MS undergoing immunosuppression
may be at risk of 

– reactivation of latent pathogens, 

– worsening of asymptomatic chronic infections,

– contracting de novo infections. 

– Prevention is preferable to treatment, reducing both infectious 
morbidity and mortality, as well as interruptions of MS therapy. 

– Simultaneously, unnecessary screening, particularly using tests 
with poor sensitivity and specificity, risks false-negative and 
false-positive results, which can result in either unfounded 
reassurance or delayed treatment for MS



MS therapies and IDs

• Overall, all the molecules for MS show a low 
incidence of infectious complications, mostly 
mild and easily managed

• Each single drug moderately increases the risk 
of specific opportunistic infections 

• No or very little and unreliable predictions can 
be deduced for single patients



Lancet Neurol 2014; 13: 545–56

Safety and efficacy of fingolimod in relapsing-
remitting multiple sclerosis (FREEDOMS II)



Case report

• A 50-year-old man with a history of MS and migraine 

• Fingolimod therapy for 3.5 years 

• He presented with 2 weeks of headache

• Lymphocyte count was 0.5x103/mm3

• Afebrile, no nuchal rigidity

• Brain MRI: no evidence of acute intracranial pathologies

• Divalproex sodium for presumed diagnosis of migraine headache

• Headache worsened in 1 week and he developed sleepiness, nausea, 
vomiting, imbalance



Facial skin lesion



Brain MRI

Diffuse meningeal 
enhancement

Formation of ring-like structure with 
enhancement in the corpus callosum and 
left thalamus 



Cryptococcal meningitis: 28 cases
Duration of Fingolimod treatment 
(months)

Outcome Notes

27 Complete resolution

37 Lethal Steroids just before event

> 36 Recovering

36 Recovering Steroids just before event

21 Recovering

36 Recovering Steroids just before event

28 Recovering Disseminated infection

48 Recovering Steroids 2 months earlier

37 Recovering Disseminated infection

40 Lethal

36 Unknown Previous cryptococcosis

42 Recovery with sequelae

43 Unknown

33 Lethal

58 Unknown

37 Recovering

60 Recovering

57 Lethal

> 36 DM, melanoma, carotic sheath tumor, 

16 Unknown

24 Lethal

>24 Lethal Steroids just before event



Neck MRI image revealed
a voluminous left tonsillar mass 
indicated by the white arrow 
Exophytic and ulcerated 
(intraoperative image) 
Hematoxylin eosin staining: high 
grade atypia associated with 
numerous mitoses
in the context of papillary 
squamous carcinoma.
By in situ hybridization diffuse HPV-
16 hybridization signal



Classes of agents with known or possible risk for PML



Stime aggiornate del rischio di PML 
nei pazienti in terapia con natalizumab

Ho et al Risk of  natalizumab associated progressive multifocal leukoencephalopathy in multiple 
sclerosis patients: analysis from four large clinical studies. Lancet Neurology 2017 



Percentage of PD-1+ CD4+ and CD8+ T-

cells in PML patients and controls

Blocking PD-1 receptors increased JCV-

specific CTL response to JCV VP1-p36 

restricted by HLA A*0201 in a PML early 

patient but not in a PML survivor



JCV-specific T-cell response can be augmented 
by blocking PD-1 in some patients

PML patients with and without HIV have significantly elevated median PD-1

expression on CD4+ T-cells (A) and CD8+ T-cells (B) compared to healthy 

controls



Routine brain MRI including pre- and  post-contrast T1 , T2, FLAIR with fat 

suppression, and DWI sequences

At presentation,

several enhancing

lesions associated 

with FLAIR

hyperintensity and 

diffusion restriction

Expansion of all of the lesions



Brain MRI findings 1 year after 
diagnosis

The previously noted lesions had all evolved such that there was no residual enhancement 

or diffusion restriction (yellow arrow and red square). In its place were areas of FLAIR 

hyperintensity (bottom row) and T1 hypointensity (top row), likely reflecting regions of 

gliosis. 



PD-1 Expression and 
Antiviral Immune Responses 

after Treatment with 
Pembrolizumab

Percentage of PD-1+ in CD8+ T cells in blood and in CSF and percentage of PD-1+ 

in CD4+ T cells in blood and in CSF  after treatment with pembrolizumab (month 0).



Percentage of CD4+ T cells reactive to JC viral 
peptides VP1 and LT according to patient
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Alemtuzumab: incidenza di infezioni
Le infezioni, più frequenti nei pazienti trattati con alemtuzumab rispetto ai 
pazienti con IFNB-1a, erano soprattutto di gravità lieve-moderata1,2

CARE-MS I1

Alemtuzumab 
12 mg (n=376)

IFNβ-1a 44 µg SC
(n=187)

Qualsiasi evento, n (%) 253 (67%) 85 (45%)

Eventi riportati in >10% dei pazienti, n (%)

Nasofaringite 74 (20%) 25 (13%)

Infezione del tratto
urinario

64 (17%) 8 (4%)

Infezioni erpetiche 62 (16%) 3 (2%)

Infezioni delle vie 
aeree superiori

57 (15%) 25 (13%)

Eventi avversi seri, n (%) 7 (2%) 2 (1%)

INCIDENZA DI INFEZIONI RIPORTATA NEGLI STUDI CARE-MS I e CARE-MS II

1. Cohen JA et al. Lancet. 2012;380(9856):1819-28. 2. Coles AJ et al. Lancet. 2012;380(9856):1829-39. 

Dati da Tabella 3, Rif. 2

Dati da Tabella 3, Rif. 1

CARE-MS II2

Alemtuzumab 
12 mg (n=435)

IFNβ-1a 44 µg SC
(n=202)

Qualsiasi evento, n (%) 334 (77%) 134 (66%)

Eventi riportati in >10% dei pazienti, n (%)

Nasofaringite 128 (29%) 48 (24%)

Infezione del tratto
urinario

93 (21%) 23 (11%)

Infezioni erpetiche 68 (16%) 8 (4%)

Infezioni delle vie aeree 
superiori

71 (16%) 25 (12%)

Sinusite 58 (13%) 20 (10%)

Influenza 41 (9%) 11 (5%)

Eventi avversi seri, n (%) 16 (4%) 3 (1%)



Dati sulle displasie/patologie invasive HPV correlate negli 
studi analizzati per farmaco vs placebo

Farmaco N 

pazienti 

Displasie/

carcinomi

% IC al 

95%

p OR (95%CI)

Alemtuzumab 1292 pts 7 casi 0.54% 0.2-1.2 0.039 4.01 (1.17-13.73)

Natalizumab 627 1 caso 0.16% 0.0-1.0 0.66 1.18 (0.13-10.55)

Teriflunomide 1230 2 casi 0.16% 0.0-0.7 0.81 1.2 (0.22-6.56)

Glatiramer 351 1 caso 0.28% 0.0-1.8 0.96 2.1(0.23-18.89)

DMF 1525 1 caso 0.07% 0.0-0.4 0.57 1.22 (0.08-19.51)

DAC 1336 1 caso 0.07% 0.0-0.5 0.85 0.48 (0.05-4.33)

IFN beta 1a 1422 1 caso 0.07% 0.1-0.5 0.9 0.52 (0.06-4.64)

Cladribina 884 1 caso 0.11% 0.0-0.7 0.71 0.83 (0.09-7.48)

Fingolimod 3130 1 caso 0.03% 0.0-0.0 0.34 0.23 (0.03-2.11)

Ocrelizumab 486 0 casi 0 0.0-1.0 0.92 0.67 (0.04-12.53)

Placebo 2950 4 casi 0.14% 0.0-0.4 reference



HPV
• No data on the association between MS and the natural history of 

HPV infection and progression to pre-invasive and invasive forms 
are available.

• Referral to a gynecologist for cervical screening according to 
guidelines and adherence to the HPV vaccine proposal are 
recommended for all women at the diagnosis of MS. 

• In patients with MS, data are insufficient to state that the use of the 
following DMDs exposes the patient to a higher risk of pre-invasive 
and invasive HPV-related diseases compared with placebo or 
alternative DMD: natalizumab, teriflunomide, glatiramer acetate,  
dimetilfumarate, IFN beta, cladribine, fingolimod, ocrelizumab. 
Therefore, a standard, age adjusted, HPV screening program, should 
be followed

• The reported higher prevalence of HPV related diseases in MS 
patients treated with alemtuzumab, despite lacks of evidence, 
suggests the recommendation of a specific HPV screening program
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Listeria infections Complicating 
Alemtuzumab Treatment in MS

• Since infections occurred briefly after the first infusions, 
immunosuppression induced by alemtuzumab has to be assumed 
as causative

• Listeria meningitis induced by alemtuzumab may be facilitated by 
immune cell depletion in the adaptive as well as the innate 
immune system, possibly by an outburst of a pre-existing, 
clinically silent and CD8 T-cell controlled infection with Listeria
monocytogenes. 

• In most of these cases, a latent Listeria infection must be 
presumed, since clinical symptoms occurred briefly after the first 
infusions. 

Rau D. et al. Int. J. Mol. 

Sci.2015



Characteristics of reported cases of listeriosis associated with alemtuzumab
reported until February March 3, 2017



Hepatic microabscesses during CMV reactivation in a 
multiple sclerosis patient after alemtuzumab treatment

(A, B) small hypoechoic lesions in the liver, suggestive of multiple microabscesses 
(C, D) no evidence of residual hypoechoic lesions after treatment with valganciclovir.

Stefania Barone et al. Multiple Sclerosis and Related Disorders 2018



Further studies are needed to 
assess:
• the incidence of CMV 
reactivation in real-life setting 
• the effective need of a close
monitoring of serum CMV-DNA
• the indication and duration of 
maintenance therapy.





Rituximab

Farmaco noto ma off label usato dai centri per NMO e meno

per SM Parere favorevole CTS-AIFA febbraio 2017 per

inserimento nell’elenco Legge 648/96 di RTX per la SM-PP,

prescrivibile dopo uscita in gazzetta ufficiale.

Eventi avversi a breve termine: 

• Reazioni infusionali (7,8%)

• Reazioni allergiche

• Infezioni

Eventi avversi a lungo termine :

• Maggior rischio di infezioni  per livelli costantemente 

bassi di IgG

• Scarsa risposta ai vaccini e richiami vaccinali 



Most common adverse events in patients with 
relapsing multiple sclerosis in a pooled analysis of 

the OPERA trials



Most common  adverse events in patients with
primary progressive multiple sclerosis in the 

ORATORIO trial



Herpes

• In the OPERA I–II trials, the proportion of patients
reporting herpesvirus-associated infections was 5.9% in 
the ocrelizumab group and 3.4% in the interferon beta-
1a group. 

• In the ORATORIO trial, herpesvirus infections (4.7% 
with ocrelizumab and 3.3% with placebo) and oral 
herpes were more common among patients who had 
received ocrelizumab than among those who had 
received placebo (2.3% versus 0.4%); all cases were 
mild to moderate. 

• No opportunistic infections were reported in any study 
over the controlled treatment period.



Longitudinal evaluation of hepatitis B virus (HBV)–DNA, liver
enzymes, and white blood cell counts before and after
ocrelizumab treatment. 



HBV-HCV

• No data are available regarding the intake of 
DMDs drugs for MS and the reactivation of 
HBV or HCV, as patients with evidence of 
HBV/HCV infections were excluded from 
clinical trials. 



HBV-HCV

• All patients with MS should be screened for 
HBV/HCV infection at diagnosis and before any 
DMD is started. Screening should include: 
HBsAg, HBcAb, HBsAb and HCVAb. All patients 
positive for any of these markers should be 
referred to a specialist, with the exception of 
HBV vaccinated patient with isolated HBsAb 
reactivity. 



HBV-HCV

• MS patients with acute or chronic  HBV or HCV  
infections should be managed according to 
international guidelines (EASL 2017 Clinical 
Practice Guidelines on the management of 
hepatitis B virus infection. J Hepatol. 2017; 
EASL 2018 Recommendations for the 
management of Hepatitis C J Hepatol 2018 in 
press) 



Recommendations for Approach to Patients With 
Serologic Markers of HBV Infection by Drug



Cladribine 1.14 per 100 

patient-years 

Placebo 0.25 per 100 

patient-years

90% of pts (86/95) 

who had herpes 

zoster events 

non-severe episodes

Total infections

and infestations1

Cladribine  27.12 per 100 patient-

years

Placebo 31.44 per 100 patient-

years 

No increase in risk

Serious or 

severe 

infections1

Cladribine 1.25 per 100 

patient-years

Placebo 1.08 per 100 

patient-years

0.17 additional 
infections

per 100 patient-
years

Localized 

herpetic 

infectionsb,1

Pooled data cohort comprised 1976 patients treated with cladribine and 802 
treated with placebo

aAll-exposed cohort: cladribine 8650 patient-years; placebo 2361 patient-years; maximum follow-up; oral, intravenous and subcutaneous routes of administration are included; bValues presented are those 
for system organ class infections and infestations for the preferred term herpes zoster in the all-exposed cohort. All values quoted are adjusted adverse event rates. cIn clinical studies, events of malignancies 
were observed more frequently in cladribine-treated patients compared to patients who received placebo2

1. Cook S et al. ECTRIMS 2016 [Poster P635; Abstract 552]; 2. MAVENCLAD® EU SmPC, 2017

Cladribine: overview of infections occurring during 

treatment period (all-exposed cohort)



Adjusted HRs and 95% CIs for physician claims for specific infections by multiple 

sclerosis disease-modifying treatment



Temporal Pattern of Cardiovascular Risk after the Onset of Acute 

Infection



Cardiovascular Risk and vaccination

• A meta-analysis of five randomized trials showed a 36% lower risk 
of a composite of cardiovascular events among adults who had 
received influenza vaccine than among those who had not.

• The benefit was even greater when the analysis was limited to 
persons with known coronary artery disease. 

• In contrast, there are limited data from randomized trials regarding 
the effect of pneumococcal vaccination on cardiovascular risk.

• A meta-analysis of eight observational studies showed a 17% lower 
risk of myocardial infarction among patients 65 years of age or 
older who had received pneumococcal polysaccharide vaccine than 
among those who had not.



List  of latent 

infection 

considered 

by the panel 

of expert for 

recommendation 



Infectious diseases assessment

In MS patients at diagnosis, a baseline 

“infectious disease” evaluation is recommended*

This should include, at a minimum, the following:

• Personal history (childhood diseases, present or past 

tuberculosis contacts, travel history, personal or familiar 

potential sources of infection, search for possible 

immune deficiencies (e.g. asplenia, diabetes, etc.) 

• Life style



Baseline ID assessment

– Baseline serologic assessment 
• Toxoplasma IgG, 

• Hepatitis B and C virus

• Herpes simplex virus IgG

• Varicella zoster virus IgG

• Cytomegalovirus IgG, 

• Epstein–Barr virus IgG

• Human immunodeficiency virus

• JCV Screening with Stratify

– Baseline screening for human papillomavirus (Pap 
smear for females) Men? If MSM anoscopy and HPV 
PCR



Baseline ID assessment

– TB-IGRA or PPD-IDR

• If positive

– Lung x-rays

– Verify previous therapy

– If no therap or prophylaxis, consider prophylaxis
regimen before initiating immunesuppressive
treatment

Personal and familiar counseling in order to avoid 
future contagion, if appropriate, and travel medicine 
counseling (for patients intending to travel)



Baseline ID assessment

All MS patients should be evaluated for 
immunization status  with the recommended 
vaccines at the time of diagnosis.

Vaccinations to be considered for adult MS patients 
should include the ones recommended by local 
regulations, except in cases of additional risk factors 
(travel, sexual habits, etc.)



Vaccinations

• Seasonal influenza every year for all patients

• Tetanus/diphtheria/pertussis acellular if never 
received (TD recall if needed)

• Hib if never received

• Pneumococcal conjugate vaccine (PCV13)  
followed by PPV23 after >2 months

• Inactivated polio vaccine if never received and 
planning to travel in endemic countries



Vaccinations

• Hepatitis B vaccine if HBcAb negative and HBsAb
negative

• Hepatitis A vaccine if hepatitis A virus IgG
negative and traveler, men who have sex with 
men, raw seafood eater, etc.

• MCV4 and MenB
• HPV9 for those <26 years
• Varicella (VAR) vaccine for those VZV IgG negative
• Zoster
• Measles



Vaccination

Timing and schedule of vaccinations should be 
tailored to:

– The timing of DMD administration (past or 
planned)

– The time elapsed since last acute exacerbation

– The time elapsed since last corticosteroid pulse​



STATEMENT 4
We infer that interferon beta (IFNB) does not affect the 
response to influenza vaccination, with limitations due to the 
observational nature of studies and small sample sizes.

STATEMENT 5
Conclusions are difficult to be drawn on glatiramer acetate, 
ocrelizumab, dimethyl fumarate, teriflunomide, natalizumab, 
fingolimod, alemtuzumab, daclizumab, and cladribine.




