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Abstract 
Purpose: Aim of the present study was to identify potential safety signals for the six newer disease-modifying therapies 
(DMTs) for multiple sclerosis using the FDA Adverse Events Reporting System (FAERS) database. 

Methods: A case/non-case study was conducted with data from spontaneous reports submitted in FAERS between 2004 
and 2018, using the OpenVigil2.1-MedDRA. Daclizumab, natalizumab integrin, alemtuzumab dimethyl fumarate, fingoli-
mod, teriflunomide were examined. Adverse events were selected by the Summary Product Characteristics of the products, 
including all frequency levels. The reporting odds ratio (ROR) was used to express the association between DMTs and re-
porting adverse events.

Results: Currently approved DMTs share some common side effects such as increased risk for infections (especially progres-
sive multifocal leukoencephalopathy and herpes virus infections), risk for neoplasms (basal and squamous cell carcinoma, 
kaposi's sarcoma) and blood disorders (lymphopenia, leukopenia, pure red cell aplasia) which were confirmed by our anal-
ysis.

Conclusion: This disproportionality analysis strengthens the already knowledge about the safety of DMTs for multiple scle-
rosis and emerges some new potential safety signals.  
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Introduction

Multiple sclerosis (MS) is a chronic disabling disorder of the 
central nervous system with autoimmune demyelinating and 
neurodegenerative components. Disease course is highly vari-
able but it can be classified as relapse-remitting (in about 85% 
of the new-onset MS) and primary or secondary progressive 
[1]. Recent advances in understanding the pathogenetic mech-
anisms led to the development of treatment options aiming to 
modify and improve disease progression rather than simply 
ameliorating symptoms; these treatments are usually called 
disease-modifying therapies (DMTs) [1]. Evolution of DMTs 
started in early 2000s with the introduction IFN-β1b and was 
later expanded with the introduction of natalizumab, but avail-
able DMTS are mainly effective on the relapse-remitting pat-
tern of MS [1]. A considerable number of DMTs with different 
efficacy and tolerability patterns is available, yet their mecha-
nism of actions is not clearly understood. Drug choice should 
consider the benefit-risk ratio for each individual. Therefore, 
DMTs are usually classified as first-line (moderately effective, 
favorable safety profile) and second-line (highly effective, risk 
of more severe side effects) [2]. Accordingly, a recent network 
meta-analysis found that there are differences in the efficacy 
of DMTs; alemtuzumab, natalizumab and ocrelizumab were 
the most efficacious [3]. Older DMTs have a long list of possi-
ble adverse effects in the Summary of Product Characteristics 
(SPC), in contrast to newer DMTs with not well-studied long-
term safety [2]. Long-term safety of a DMTs cannot be studied 
with RCTs, and as a result post-marketing studies are needed. 
Herein, safety signals for the six DMTs for multiple sclerosis 
were evaluated using the FDA Adverse Events Reporting Sys-
tem (FAERS) database. 

Methods

Examined DMTs and adverse events
The Six newer DMTs were examined in this study, three mono-

clonal antibodies (daclizumab, natalizumab integrin, alemtu-
zumab) and three oral agents (dimethyl fumarate, fingolimod, 
teriflunomide). The very recently approved DMTs ocrelizumab 
and cladribrine, were  not included, because their data were 

not accessible with OpenVigil, the software used to analyze  
FAERS data [4].  Adverse events of the DMTs were selected by 
the Summary Product Characteristics of the products, includ-
ing all frequency levels. A long list of adverse events was inves-
tigated (Table 1). 

Table 1. Investigated adverse events selected from SPC of 
DMTs. Preferred terms (PT) according to MedDRA version 17 
were used whenever available, otherwise higher level terms 
were used.
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System Organ Classes Adverse events

infections and infesta-

tions

influenza, upper respiratory tract infection, urinary tract infection, bronchitis, sinusitis, pharyngitis, cystitis, gas-

troenteritis viral, oral herpes, tooth infection, laryngitis, tinea pedis, sepsis, herpes viral infection, tinea versicolor, 

pneumonia, progressive multifocal leukoencephalopathy, cryptococcal infections, nasopharyngitis, conjunctivitis, 

cellulitis, herpes zoster

neoplasms basal cell carcinoma, malignant melanoma, lymphoma, squamous cell carcinoma, kaposi’s sarcoma, merkel cell 

carcinoma, lymphoproliferative disorders

blood and lymphatic 

system disorders

lymphopenia, leuckopenia, neutropenia, anemia, thrombocytopenia, peripheral oedema, red blood cell analyses 

abnormal, leukocytosis, coagulopathies, pancytopenia, thrombotic thrombocytopenic purpura, hypoprothrombi-

naemia, thrombotic microangiopathy, pure red cell aplasia, agranulocytosis, haemolytic anaemia

endocrine disorders hirsutism

immune system disor-

ders

rash, anaphylaxis, angioedema, urticaria, hypersensitivity

psychiatric disorders anxiety, depression, insomnia, confusion and disorientation, hallucination, mental disorders, nightmare, psychotic 

disorder

nervous system disor-

ders

headache, paraesthesia, sciatica, carpal tunnel syndrome, hyperaesthesia, neuralgia, peripheral neuropathy, diz-

ziness, migraine, posterior reversible encephalopathy syndrome-PRES, tremor, seizures, encephalopathy, central 

nervous system haemorrhages and cerebrovascular accidents, coma, paralysis and paresis, amnesia, hypertonia, 

burning sensation, flushing

eye disorders vision blurred, macular oedema, photophobia, cataract, blindness, optic neuropathy

ear and labyrinth dis-

orders

tinnitus, hypoacusis, deafness neurosensory

cardiac disorders palpitations, bradycardia, atrioventricular block, T-wave inversion, myocardial infraction, tachycardia, heart fail-

ures, ventricular arrhythmias, cardiac arrest, supraventricular arrhythmias, cardiomyopathies, ventricular hypertro-

phy, pericardial effusion, torsades de pointes

vascular disorders hypertension, vascular hypotensive disorders, haemorrhage, peripheral vascular disorders, venous thrombosis, 

shock

respiratory thoracic 

and mediastinal disor-

ders

interstitial lung disease, cough, dyspnea, pleural effusion, nasal congestion and inflammations, respiratory fail-

ures, asthma, acute respiratory distress syndrome, hypoxia

gastrointestinal disor-

ders

diarrhoea, nausea, abdominal pain upper, vomiting, toothache, pancreatitis, stomatitis, abdominal pain, gastro-

intestinal inflammatory conditions, gastrointestinal haemorrhages, gastrointestinal ulceration and perforation, as-

cites, stomatitis and ulceration, constipation, dyspeptic signs and symptoms, flatulence, acute and chronic pancre-

atitis, ileus paralytic, gastrooesophageal reflux disease, impaired gastric emptying, pancreatic pseudocyst, subileus, 

gastroenteritis, gastritis

hepatobiliary disorders alanine aminotransferase  increase, gamma-glutamyltransferase increase, aspartate aminotransferase increase, 

acute hepatitis, bile duct disorders, hepatocellular damage and hepatitis, cholestasis and jaundice, venoocclusive 

liver disease, hepatic artery thrombosis, hepatic failure, drug-induced liver injury
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metabolism and nutri-

tion disorders

dyslipidemia, diabetes mellitus, hyperglycaemic conditions, hyperkalaemia, metabolic acidoses, other electrolyte 

abnormalities, hyponatraemia, fluid overload, hyperuricaemia, hypomagnesaemia, hypokalaemia, hypocalcaemia, 

appetite decreased, hypercholesterolaemia, hyperlipidaemia, hypertriglyceridaemia, hypophosphataemia, dehy-

dration, hypoglycaemia, hypoproteinaemia, hyperphosphataemia

skin and subcutaneous 

tissue disorders

alopecia, acne, severe skin disorders, nail disorders, eczema, pruritus, dermatitis, photosensitivity, toxic epidermal 

necrolysis-Lyell's syndrome, Stevens Johnson syndrome, erythema

musculoskeletal and 

connective tissue disor-

ders

musculoskeletal pain, myalgia, arthralgia, back pain, muscle spasms, pain in extremity, mobility decreased

renal and urinary dis-

orders

pollakiuria, renal impairment, nephropathy-BK virus, renal failure, nephropathy toxic, renal tubular necrosis, oligu-

ria, haemolytic uraemic syndrome, anuria, cystitis haemorrhagic

reproductive system 

and breast disorders

menorrhagia, dysmenorrhea, uterine bleeding

general disorders and 

administration site con-

ditions

pyrexia, pain and discomfort, asthenic conditions, oedema, influenza like illness, feeling jittery, feeling abnormal, 

multi-organ failure, temperature intolerance, fall, ulcer, thirst, fat tissue increased

Investigations weight decrease, neutrophil count decrease, white blood cell count decrease, neutrophil count decreased, blood 

creatine phosphokinase increased, blood triglycerides increased, liver function tests abnormal, weight increased, 

amylase increased, blood lactate dehydrogenase increased, echocardiogram abnormal, electrocardiogram QT pro-

longed, blood immunoglobulin M decreased, Blood immunoglobulin G decreased, albumin urine present

injury, poisoning and 

procedural complica-

tions

post-traumatic pain, infusion-related reactions

Case/non-case study
 A case/non-case study was conducted with data from 

spontaneous reports submitted in FAERS between 2004 and 
2018, using the OpenVigil2.1-MedDRA, an open pharmacovig-
ilance data mining and analysis tool [4]. FAERS is consisting of 
individual safety reports mainly by consumers and health pro-
fessionals from the United States, including administrative in-
formation, patient demographics, adverse events, information 
about drug therapy, patient outcomes and type of reporter [5]. 
In FAERS, adverse events are coded using the MedDRA ontol-
ogy (version 17 is implemented in OpenVigil2.1-MedDRA). As 
cases adverse events were evaluated and they were primarily 
identified by Preferred Terms (PT), and if not available a high-
er level term was used. Reports with one or more of DMTs as 
suspected, interacting or concomitant were used to define 
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exposure. In each analysis, all the other events were defined 
as non-cases and all other drugs as non-exposure. OpenVig-
il2.1-MedDRA operates only on cleaned FDA data, that is to say 
deleting most duplicates or reports with missing data [4]. 

Disproportionality analysis
The reporting odds ratio (ROR) was used to express the as-

sociation between DMTs and reporting adverse events. ROR 
estimates the frequency of the examined adverse event co-re-
ported with DMTs compared with all other drugs in the data-
base. Disproportionality or safety signals were defined  when 
the lower boundary of the 95% CI  of ROR was greater than one 
and the number of reports was higher than three [5]. 

Results

The dataset contained 5791772 reports submitted in FAERS 
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between 2014 and 2018. Alemtuzumab (FDA approved 2001) 
was included in 4992, daclizumab (FDA approved 2016) in 
1784, natalizumab (FDA approved 2004) in 103387, dimethyl 
fumarate (FDA approved 2013) in 53621, fingolimod (FDA ap-
proved 2010) in 21077 and teriflunomide (FDA approved 2012) 
in 12122 reports. Disproportionality signals are reported in Ta-
ble 2. 

Table 2. Safety signals identified for the association 
between co-reporting of a DMT and an adverse event. 
PML: progressive multifocal leuckoencephalopathy, BCC: 
basal cell carcinoma, SCC: squamous cell carcinoma , ARDS: 
acute respiratory distress syndrome, TTP: thrombotic 
thrombocytopenic purpura
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Drug Adverse event (ROR; 95% CI)

Alemtuzumab Infections: PML (21.64; 15.87-29.5), herpes zoster (10.54; 8.74-12.71), herpes simplex (9; 5.58-14.51), sepsis (5.57; 4.67-6.64), 

urinary tract infection (3.25; 2.66-3.98), oral herpes (2.57; 1.38-4.79), pharyngitis (2.29; 1.03-5.11), cystitis (2.3; 1.41-3.76), viral 

gastroenteritis (2.11; 1-4.43), pneumonia (2.66; 2.27-3.11), conjunctivitis (3.38; 1.76-6.52), 

Neoplasms: lymphoproliferative disorder (20; 11.78-33.93), BCC (13.19; 9.53-18.26), SCC (13.47; 9.27-19.57), neuroendo-

crine carcinoma (10.59; 2.63-42.63),  melanoma (6.45; 4.28-9.73), Kaposi’s sarcoma (5.68;  2.13-15.17), lymphoma (4.32; 2.69-

6.97),

Blood: lymphopenia (48.66; 39.95-59.27), pure red cell aplasia (20.84; 13.38-32.45), TTP (17.67; 11.59-26.95), leukopenia 

(11.66; 9.66-14.06), neutropenia (7.84; 6.74-9.12), anaemia (1.88; 1.49-2.37), thrombocytopenia (7.2; 6.15-8.44), coagulopathy 

(2.79; 1.58-4.92), pancytopenia (11.14; 9.32-13.32), thrombotic microangiopathy (12.67; 8.05-19.93), agranulocytosis (4.37; 

2.53-7.54), haemolytic anaemia (14.19; 10-20.13)

Ιmmune: rash (2.09; 1.8-2.43)

Psychiatric and neurologic: PRES (8.39; 5.4-13.04), headache (1.73; 1.52-1.97), encephalopathy (2.43; 1.41-4.18), paresis 

(4.85; 1.56-15.09)

Cardiac: bradycardia (5.61; 4.43-7.11), tachycardia (3.06; 2.38-3.93), pericardial effusion (3.25; 1.99-5.32)
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Respiratory: ARDS (6.65; 4.55-9.72), respiratory failure (5.21; 4.23-6.42), pleural effusion (4.85; 3.8-6.2), intersistital lung dis-

ease (3.28; 2.27-4.72), cough (1.71; 1.37-2.13), dyspnea (1.27; 1.08-1.49), hypoxia (4.06; 2.78-5.93)

Gastrointestinal and hepatobiliary disorders: venoocclusive liver disease (30.6; 21.27-44.02), hepatic artery thrombosis 

(13.97; 1.94-100.36), ascites (8.45; 6.43-11.12), ulcer (4.59; 1.48-14.27), gastroenteritis (4.06; 2.3-7.17) , ALT increased (4.51; 

3.56-5.71), AST increased (2.76; 2-3.8), GGT increased (2.26; 1.28-3.98), acute hepatitis (2.73; 1.02-7.28), cholestasis (3.67; 2.03-

6.64), jaundice (2.05; 1.56-3.36), hepatic failure (4.41; 3.19-6.1)

Metabolic: fluid overload (4.37; 2.58-7.38), hyperglycaemia (2.05; 1.27-3.31), 

Skin: eczema (2.39; 1.24-4.6), erythema (1.37; 1.02-1.83)

Renal: BK-virus infection (120.21; 86.36-167.35), cystitis haemorrhagic (27.38; 17.56-42.7), tubular necrosis (5.29; 2.84-9.86),  

renal impairment (2.25; 1.61-3.13), renal failure (2.52; 2.02-3.14), anuria (3.6; 1.8-7.22),

General: pyrexia (5.91; 5.33-6.55), temperature intolerance (2.51; 1.04-6.03), neutrophil count decrease (4.91; 3.46-6.95), 

LDH decrease (4.85; 3.09-7.62), infusion related reaction (4.79; 3.51-6.55), liver function test abnormal (2.12; 1.41-3.2),

Daclizumab Infections: urinary tract infection (7.3; 5.8-9.19), pharyngitis (3.21; 1.03-9.96), herpes zoster (4.35; 2.7-7.01), influenza (2.64; 

1.66-4.21), upper tract infection (2.18; 1.04-4.59), cystitis (2.41; 1.08-5.38), herpes simplex (4.41; 1.42-13.7), sepsis (6.91; 5.31-

9.01), pneumonia (1.73; 1.26-2.39), 

Neoplasms: lymphoproliferative disorder (11.82; 3.8-36.76), BCC (4.92; 2.04-11.84), SCC (12.02; 6.24-23.17), Kaposi’s sarco-

ma (15.92; 5.96-42.58), 

Blood: pure red cell aplasia (40.77; 24.02-69.21), TTP (4.42; 1.1-17.71), lymphopenia (3.67; 1.18-11.4), leukopenia (3.38; 1.92-

5.97), pancytopenia (3.65; 2.2-6.07), agranulocytosis (3.75; 1.41-10.02)

Psychiatric and neurologic: optic neuropathy (15.55; 5-48.4), confusional state (2.49; 1.78-3.48), amnesia (2.28; 1.4-3.74), 

Vascular: hypertension (1.64; 1.12-2.4)

Respiratory: ARDS (4.11; 1.84-9.17)

Gastrointestinal and hepatobillary disorders: obstructive bile duct disorders (excluding neoplasms; 5.04; 1.62-15.67), im-

paired gastric emptying (5.76; 1.85-17.9), diarrhea (1.52; 1.18-1.94), ascites (3.15; 1.5-6.61), gastroenteritis (6.64; 3.16-13.95), 

ALT increased (2.5; 1.48-4.23), AST increased (3.05; 1.83-5.06), GGT increased (2.63; 1.09-6.34), 

Metabolic: fluid overload (6.99; 3.49-14), metabolic acidosis (4.36; 2.41-7.89), hyperglycaemia (3.04; 1.58-5.86), dehydration 

(2.5; 1.69-3.72)

Skin: eczema (6.71; 3.48-12.93), photosensitivity reaction (6.22; 3.23-11.98), dermatitis (4.74; 1.97-11.41),

Muscle: mobility decreased (5.13; 3.48-7.56)

Renal: BK-infection (63.61; 31.55-128.25), tubular necrosis (19.39; 11.22-33.52), HUS (12.22; 3.93-38.01), toxic nephropathy 

(7.9; 3.54-17.62), anuria (5.04; 1.89-13.45) renal impairment (2.15; 1.22-3.8),
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General: temperature intolerance (5.62; 2.1-15), liver function test abnormal (4.94; 3.14-7.77), influenza-like illness (2.83; 

1.91-4.2), LDH increased (2.85; 1.07-7.59), fall (1.5; 1.08-2.09), pyrexia (1.61; 1.18-2.19)

Natalizumab Infections: influenza (3.14; 2.96-3.33), upper tract infection (2.7; 2.46-2.95), urinary tract infection (6.36; 6.14-6.59), bron-

chitis (2.79; 2.61-2.99), sinusitis (3.56; 3.37-3.76), pharyngitis (1.54; 1.24-1.92), cystitis (6.96; 6.49-7.46), viral gastroenteritis 

(4.23; 3.74-4.78), oral herpes (2.11; 1.81-2.47), tooth infection (3.24; 2.75-3.81), laryngitis (2.19; 1.8-2.66), tinea pedis (2.42; 

1.51-3.87), PML (29.6; 27.13-32.28), nasopharyngitis (196.04; 191.6-200.58), cellulitis (1.52; 1.36-1.69), herpes zoster (4.35; 

4.07-4.65)

Neoplasms: BCC (1.61; 1.31-1.97), melanoma (1.81; 1.53-2.15)

Immune: hypersensitivity (1.94; 1.85-2.04)

Psychiatric and neurologic: migraine (2.89; 2.71-3.07), headache (2.25; 2.19-2.31), amnesia (2.06; 1.92-2.21), depression 

(1.39; 1.33-1.45), confusional state (1.43; 1.35-1.52), paraesthesia (1.92; 1.83-2.02), sciatica (1.78; 1.43-2.21), carpal tunnel 

syndrome (1.38; 1.43-2.21), hyperesthesia (1.7; 1.35-2.14), neuralgia (1.7; 1.35-2.14), tremor (1.77; 1.68-1.86), seizures (1.15; 

1.09-1.22), paralysis (1.29; 1.07-1.56), burning sensation (1.51; 1.38-1.64)

Eye: vision blurred (1.5; 1.4-1.59), blindness (1.31; 1.16-1.48)

Ear: hypoacusis (1.48; 1.32-1.66)

Gastrointestinal and hepatobillary disorders: toothache (1.62; 1.36-1.93)

Muscle: mobility decreased (8.71; 8.32-9.11)musculoskeletal pain (1.3; 1.18-1.44), arthralgia (1.16; 1.1-1.21), back pain (1.52; 

1.45-1.6), pain in extremity (2.24; 2.16-2.33),

Renal: pollakiuria (1.18; 11.04-1.35)

General: temperature intolerance (16.26; 14.75-17.92), fall (3.35; 3.25-3.46), infusion-related reaction (3.27; 3-3.57), 

post-traumatic pain (2.75; 1.01-7.51), discomfort (2.05; 1.87-2.24), influenza-like illness (1.91; 1.79-2.04), pain (1.27; 1.23-1.32), 

feeling abnormal (1.23; 1.17-1.29), pyrexia (1.12; 1.06-1.17),
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Dimethyl fu-

marate

Infections: viral gastroenteritis (2.5; 2.02-3.09), herpes zoster (2.41; 2.14-2.71), urinary tract infection (2.04; 1.89-2.21), influ-

enza (1.89; 1.71-2.09), cystitis (1.87; 1.58-2.2), PML (1.74; 1.25-2.41), nasopharyngitis (1.76; 1.63-1.9), 

Blood: lymphopenia (5.24; 4.38-6.28)

Immune: rash (1.08; 1.01-1.15), hypersensitivity (1.26; 1.16-1.37)

Psychiatric and neurologic: flushing (31; 30.16-31.88), burning sensation (4.18; 3.89-4.49), paraesthesia (2.29; 2.14-2.43), 

neuralgia (2.09; 1.72-2.54), amnesia (1.89; 1.71-2.09), confusional state (1.69; 1.57-1.82), headache (1.32; 1.26-1.38), migraine 

(1.68; 1.51-1.87),

Eye: blindness (2.06; 1.8-2.36)

Ear: hypoacusis (2.07; 1.81-2.37)

Gastrointestinal and hepatobillary disorders: abdominal pain upper (5.18; 4.96-5.41), diarrhea (2.71; 2.62-2.81), nausea (2; 

1.93-2.07), vomiting (2.15; 2.06-2.24), abdominal pain (1.56; 1.46-1.67), dyspepsia (2.45; 2.25-2.65), flatulence (2.69; 2.42-

2.98), constipation (1.49; 1.38-1.62), GERD (1.25; 1.1-1.42)

Metabolic: dehydration (1.3; 1.17-1.44)

Skin: pruritus (2.9; 2.77-3.04), erythema (2.68; 2.51-2.86), alopecia (2.3; 2.17-2.45),

Muscle: mobility decreased (4.74; 4.39-5.12)

General: temperature introlerance (4.63; 3.77-5.68), influenza-like illness (1.8;  1.65-1.97), feeling abnormal (1.17; 1.09-1.26), 

fall (1.6; 1.51-1.7)

Fingolimod Infections: herpes zoster (6.93; 6.18-7.76), PML (6.86; 5.25-8.97), nasopharyngitis (2.92; 2.65-3.22), urinary tract infection 

(2.49; 2.3-2.79), influenza (2.03; 1.74-2.37), upper tract infection (2.58; 2.11-3.15), oral herpes (2.02; 1.43-2.84), herpes simplex 

(2.12; 1.31-3.42), laryngitis (2.13; 1.39-3.27), bronchitis (1.98; 1.66-2.36), sinusitis (1.87; 1.59-2.2), cystitis (2.05; 1.59-2.64), viral 

gastroenteritis (1.86; 1.26-2.73), conjunctivitis (1.69; 1.08-2.66), 

Neoplasms: BCC (7.15; 5.76-8.88), melanoma (4.21; 3.28-5.4), SCC (2.37; 1.54-3.64)

Blood: lymphopenia (21.01; 18.1-24.38), leukopenia (2.51; 2.07-3.04)

Psychiatric and neurologic: paresis (8.64; 5.65-13.21), migraine (2.88; 2.52-3.29), headache (2.38; 2.25-2.51), paraesthesia 

(2.48; 2.26-2.74), depression (1.39; 1.26-1.54), confusional state (1.73; 1.54-1.94), neuralgia (3.49; 2.74-4.44), dizziness (2.08; 

1.95-2.22), tremor (1.31; 1.16-1.49), seizures (1.53; 1.37-1.71), paralysis (1.6; 1.11-2.33), amnesia (1.67; 1.41-1.97), hypertonia 

(1.87; 1.2-2.9), burning sensation (1.32; 1.08-1.61)

Eye: macular oedema (46.58; 40.81-53.15), vision blurred (4.25; 3.91-4.63), photobia (3.44; 2.63-4.5), blindness (2.29; 1.87-

2.8), cataract (1.31; 1.01-1.71),
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Cardiac: T wave inversion (9; 6.14-13.21), bradycardia (5.08; 4.49-5.74), atrioventricular block (2.8; 1.87-4.18), palpitations 

(2.32; 2.07-2.61),

Vascular: hypertension (1.2; 1.05-1.36)

Respiratory: cough (1.97; 1.78-2.17), dyspnea (1.26; 1.16-1.36)

Gastrointestinal and hepatobillary disorders: γ-GT increased (4.38; 3.58-5.36) ALT increased (2.68; 2.31-3.11), AST increased 

(1.99; 1.66-2.39), nausea (1.15; 1.07-1.23),

Skin: alopecia (1.46; 1.29-1.64)

Muscle: back pain (2.55; 2.34-2.78), musculosketal pain (1.25; 1-1.56), pain in extremity (1.52; 1.39-1.67), mobility decreased 

(1.89; 1.57-2.27)

Renal: pollakiuria (1.68; 1.32-2.14)

General: temperature intolerance (6.17; 4.67-8.15), blood IgG decreased (5.5; 2.45-12.33), QT prolonged (2.28; 1.84-2.83), 

feeling abnormal (2.03; 1.86-2.22), fall (2.09; 1.93-2.27), influenza-like illness (1.95; 1.7-2.24), liver function test abnormal (2.2; 

1.8-2.67), pain (1.09; 1-1.18), discomfort (1.48; 1.18-1.86), pyrexia (1.38; 1.25-1.52),

Teriflunomide Infections: cystitis (3.7; 2.88-4.75), urinary tract infection (3.35; 2.95-3.81), viral gastroenteritis (2.61; 1.7-4.01), bronchitis 

(2.08; 1.66-2.6), laryngitis (2.11; 1.2-3.72), nasopharyngitis (2.06; 1.77-2.39), influenza (1.94; 1.58-2.39), herpes zoster (1.95; 

1.48-2.56), sinusitis (1.46; 1.15-1.85)

Blood: lymphopenia (3.98; 2.62-6.06)

Immune: rash (1.65; 1.49-1.84)
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Psychiatric and neurologic: paraesthesia (7.11; 6.57-7.69), neuralgia (4.62; 3.5-6.09), burning sensation (3.77; 3.22-4.4), car-

pal tunnel syndrome (2.75; 1.75-4.31), peripheral neuropathy (2.66; 2.21-3.19), paralysis (2.29; 1.52-3.46),headache (2.23; 

2.07-2.4), sciatica (2.12; 1.2-3.74), dizziness (1.18; 1.06-1.31), migraine (1.94; 1.57-2.4), depression (2.18; 1.96-2.43), insomnia 

(1.16; 1-1.33),

Eye: blindness (1.69; 1.24-2.3)vision blurred (1.54; 1.29-1.84),

Respiratory: cough (1.33; 1.14-1.56)

Gastrointestinal and hepatobillary disorders: diarrhea (5.26; 4.97-5.56), abdominal pain upper (1.94; 1.69-2.23), nausea 

(1.89; 1.76-2.03), pancreatitis (1.99; 1.61-2.47), flatulence (1.47; 1.1-1.96),  ALT increased (1.79; 1.41-2.27), hepatocellular inju-

ry (1.73; 1.02-2.93)

Metabolic: decreased appetite (1.46; 1.25-1.7)

Skin: mobility decreased (4.34; 3.69-5.11) back pain (1.72; 1.5-1.96), alopecia (1.35; 1.02-1.78), pain in extremity (2.13; 1.92-

2.37),

Renal: pollakiuria (2.7; 2.1-3.48)

General: temperature abnormal (8.18; 5.96-11.23), fall (3.87; 3.57-4.2), pain (1.58; 1.44-1.72), influenza-like illness (2.08; 1.74-

2.48), weight decreased τ(2.1; 1.87-2.37), liver function test abnormal (1.9; 1.44-2.51), feeling abnormal (1.57; 1.38-1.79), dis-

comfort (1.46; 1.08-1.97)

Interestingly, although alemtuzumab was included in a small-
er number of reports compared to the most of the other agents 
our analysis revealed significantly more safety signals with a 
higher ROR (>5). Particularly, alemtuzumab was significantly 
associated with various types of infections, with the strongest 
signal identified for bk polyomavirus infection (ROR 120.21; 
95% CI 86.36-167.35), progressive multifocal leukoencepha-
lopathy and herpes virus infections. Potential safety signals 
also emerged for blood disorders (lymphopenia, pure red cell 
aplasia, thrombotic thrombocytopenic purpura, haemolytic 
anaemia, leukopenia) but also neoplasms (lymphoprolifera-
tive disorder, basal cell carcinoma, squamous cell carcinoma. 
Venoocclusive liver disease and cystitis haemorrhagic were 
also significantly associated with alemtuzumab. Similar to 
alemtuzumab, the statistically strongest signal for daclizumab 
emerged for bk polyomavirus infections (ROR 63.61; 95% CI 
31.55-128.25). Potential signals from the renal system includ-
ed tubular necrosis and urinary tract infection. Further, the 

analyses showed significant association between daclizumab 
exposure and neoplasms (squamous cell carcinoma and Ka-
posi's sarcoma). Pure red cell aplasia was also strongly associ-
ated with daclizumab use. According to the analysis, the most 
probable safety signal for natalizumab was for nasopharyngitis 
(ROR 196.04; 95% CI 191.6-200.58). Progressive multifocal leu-
koencephalopathy, cystitis, urinary tract infection and herpes 
zoster infection were also identified as potential safety signals. 

 Dimethyl fumarate revealed a different adverse event 
profile since potential safety signals emerged for flushing, 
upper abdominal pain, decreased muscle mobility, lympho-
penia, burning sensation and temperature intolerance. The 
most significant association for fingolimod was found for eye 
macular oedema (ROR 46.58; 40.81-53.15), followed by lymph-
openia and herpes zoster infection. Electrocardiogram t wave 
inversion, basal cell carcinoma and progressive multifocal leu-
koencephalopathy were also significantly associated with fin-
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golimod use. Finally, teriflunamide exposure was significantly 
associated with alopecia, nervous system paraesthesia, tem-
perature intolerance and diarrhea.

Discussion 

The safety profile of DMTs for multiple sclerosis has been eval-
uated using disproportionality analysis in the large pharma-
covigilance database of FDA. Currently approved DMTs have 
different mechanisms of actions on targeting the immune sys-
tem, therefore, they have different side effect profiles [6]. How-
ever, they share some common side effects such as increased 
risk for infections (e.g progressive multifocal leukoencepha-
lopathy, herpes virus infections), risk for neoplasms (basal and 
squamous cell carcinoma, kaposi's sarcoma) and blood disor-
ders (e.g lymphopenia, leukopenia, pure red cell aplasia, hae-
molytic anaemia) which were confirmed by our analysis. 

The first disease-modifying treatment approved were IFN 
beta and glatiramer acetate, while the first approved newer 
agent with a different mechanism of action was natalizumab 
in 2004. Natalizumab, an anti-4alpha integrin monoclonal an-
tibody, was temporarily suspended in 2005 after the reporting 
of 3 cases with progressive multifocal leucoencephalopathy 
in clinical trials. After the implementation of TOUCH safety 
recording system, for the early detection of PML, natalizum-
ab was re-approved in 2006. Globally recording systems were 
developed by the marketing authorization holder to follow up 
infections, malignancies, melanoma and other adverse events 
occurring under natalizumab treatment (Tysabri Global Ob-
servational Program in Safety [TYGRIS], Tysabri Observational 
Protocol [TOP]) [7-9]. Our  analysis confirmed the safety signal 
for PML and other infections, especially cystitis, urinary tract in-
fection and herpes zoster infection. The strongest association 
for natalizumab use was found for nasopharyngitis.

Alemtuzumab is a humanized monoclonal antibody which 
binds to CD52, expressed by T and B lymphocytes, monocytes, 
macrophages, and eosinophils. It has the longest lasting effect 
on immune system among drugs used for MS. Our dispropor-
tionality analysis showed significant associations between 
alemtuzumab exposure and various types of infections, with 

the strongest signal identified for bk polyomavirus infection, 
progressive multifocal leukoencephalopathy and herpes virus 
infections. Potential safety signals also emerged for blood dis-
orders (lymphopenia, pure red cell aplasia, thrombotic throm-
bocytopenic purpura, haemolytic anaemia, leukopenia) but 
also neoplasms (lymphoproliferative disorder, basal cell carci-
noma, squamous cell carcinoma. Our findings strengthen the 
results of previous alemtuzumab trials that recorded mainly 
mild infections, but also serious opportunistic infections such 
as listeria meningitis or CMV activation. Secondary autoimmu-
nity. have also been reported, including  thyroid related disor-
ders, immune mediated thrombocytopenia and rare cases of 
autoimmune nephropathies [10]. Those findings led to the de-
velopment of a safety vigilance program to monitor any auto-
immune disorders, renal, thyroid and hematological functions 
are screened regularly for the first 48 months after treatment 
[11].

 Daclizumab is an anti-IL-2 monoclonal antibody, 
which received warning about hepatic injury and immune-me-
diated disorders. In addition the SPC warned about hypersen-
sitivity reactions, depression, infections (such as upper respira-
tory tract infections and nasopharyngitis) [12]. To our results, 
statistically safety signal emerged for bk polyomavirus infec-
tions, pure red cell aplasia tubular necrosis, urinary tract and 
neoplasms (squamous cell carcinoma and kaposi's sarcoma). 
However, in March 2018, the drug was immediately suspended 
from the market after 12 reports of serious inflammatory brain 
encephalitis and meningoencephalitis with three of the cases 
being fatal [13]. 

The first oral agent approved for MS was fingolimod in 2010, 
a sphingosine 1 phosphate (S1P) analogue. In our analysis the 
most significant association for fingolimod was found for eye 
macular oedema followed by lymphopenia, herpes zoster in-
fection, electrocardiogram t wave inversion, basal cell carci-
noma and progressive multifocal leukoencephalopathy. Sec-
ondary macular edema due to retinal S1P receptor modulation 
leading to increased vascular permeability, has been reported 
in 0.5% of patients receiving 0.5 mg fingolimod in the clinical 
trials. Regulators require ophthalmological exam before initi-
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ation of fingolimod treatment and because macular edema is 
most prevalent in the first 3–4 months after treatment onset, 
ophthalmological examination should be repeated at that 
time. Fingolimod should be stopped in the case of macular 
edema [14]. 

Teriflunomide is the second oral medication approved by 
FDA for the treatment of MS in 2012. In the clinical trials, most 
common side effects were headache, liver enzyme abnormal-
ities, diarrhea, alopecia and nausea. Alopecia is usually mild 
and usually recovers after the first months [15]. Our results con-
firmed that, the most significant association for teriflunamide 
exposure was for alopecia, followed by nervous system paraes-
thesia, temperature intolerance and diarrhea.

Finally, the third oral drug approved 2013 for MS is dimeth-
yl fumarate. It is a first-line drug with immunomodulatory and 
cytoprotective effects. According to the pre-marketing trial the 
most common adverse effects included flushing, abdominal 
pain, diarrhea, nausea, vomiting, pruritus and papular erup-
tion [16]. In accordance, our analysis revealed potential safety 
signals for flushing, upper abdominal pain, decreased muscle 
mobility, lymphopenia, burning sensation and temperature 
intolerance.

The strengths of our analysis are the large number of reports 
and the comprehensive list of adverse events. However, it has 
certain limitations. First, the older disease-modifying agents 
IFN-β and glatiramer acetate were not investigated, yet they 
have quite well-known safety profile. Second, pharmacovig-
ilance databases suffer from under-reporting, temporal pat-
terns of reporting, notoriety of the adverse event and subop-
timal quality of reports [5]. In addition, all other drugs in FAERs 
were used as reference in the disproportionality analysis as well 
as indication bias could have infiltrated the results. Finally, dis-
proportionality analysis is a statistical method that measures 
co-reporting of adverse events and drugs, without being able 
to confirm causality. 

Concluding, this disproportionality analysis strengthens the 
already knowledge about the safety of DMTs for multiple scle-
rosis and emerges some new potential safety signals.  Consid-
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ering the limitations of pharmacovigilance databases and sta-
tistical analysis, an appropriate causality assessment is needed 
to validate these signals, while further research is warranted to 
elucidate the comparative safety profile of DMTs in MS. 
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