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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, fingolimod, 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 reporting adverse events.
Results: Currently approved DMTs share some common side effects such as increased risk for infections (especially progressive 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 analysis.
Conclusion: This disproportionality analysis strengthens the already knowledge about the safety of DMTs for multiple sclerosis 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 variable 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 mechanisms 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 available DMTS are mainly effective on the relapse-remitting pattern of MS [1]. A considerable number of DMTs with different
efficacy and tolerability patterns is available, yet their mechanism 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 possible adverse effects in the Summary of Product Characteristics
(SPC), in contrast to newer DMTs with not well-studied longterm 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 System (FAERS) database.

Safety of the newer disease-modifying agents for multiple sclerosis:
disproportionality analysis in the FDA Adverse Events Reporting
System database.

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, including all frequency levels. A long list of adverse events was investigated (Table 1).

Methods
Examined DMTs and adverse events
The Six newer DMTs were examined in this study, three monoclonal antibodies (daclizumab, natalizumab integrin, alemtuzumab) and three oral agents (dimethyl fumarate, fingolimod,
teriflunomide). The very recently approved DMTs ocrelizumab
and cladribrine, were not included, because their data were

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-

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

tions

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

endocrine disorders

hirsutism

immune system disor-

rash, anaphylaxis, angioedema, urticaria, hypersensitivity

ders
psychiatric disorders

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

nervous system disorders

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

tinnitus, hypoacusis, deafness neurosensory

orders
cardiac disorders

palpitations, bradycardia, atrioventricular block, T-wave inversion, myocardial infraction, tachycardia, heart failures, ventricular arrhythmias, cardiac arrest, supraventricular arrhythmias, cardiomyopathies, ventricular hypertrophy, pericardial effusion, torsades de pointes

vascular disorders

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

respiratory

thoracic

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

and mediastinal disor- ures, asthma, acute respiratory distress syndrome, hypoxia
ders
gastrointestinal disorders

diarrhoea, nausea, abdominal pain upper, vomiting, toothache, pancreatitis, stomatitis, abdominal pain, gastrointestinal inflammatory conditions, gastrointestinal haemorrhages, gastrointestinal ulceration and perforation, ascites, stomatitis and ulceration, constipation, dyspeptic signs and symptoms, flatulence, acute and chronic pancreatitis, 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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dyslipidemia, diabetes mellitus, hyperglycaemic conditions, hyperkalaemia, metabolic acidoses, other electrolyte
abnormalities, hyponatraemia, fluid overload, hyperuricaemia, hypomagnesaemia, hypokalaemia, hypocalcaemia,
appetite decreased, hypercholesterolaemia, hyperlipidaemia, hypertriglyceridaemia, hypophosphataemia, dehydration, 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

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

connective tissue disorders
renal and urinary disorders

pollakiuria, renal impairment, nephropathy-BK virus, renal failure, nephropathy toxic, renal tubular necrosis, oliguria, haemolytic uraemic syndrome, anuria, cystitis haemorrhagic

reproductive

system

menorrhagia, dysmenorrhea, uterine bleeding

and breast disorders
general disorders and

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

administration site con- multi-organ failure, temperature intolerance, fall, ulcer, thirst, fat tissue increased
ditions
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 prolonged, blood immunoglobulin M decreased, Blood immunoglobulin G decreased, albumin urine present

injury, poisoning and
procedural

post-traumatic pain, infusion-related reactions

complica-

tions

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 pharmacovigilance data mining and analysis tool [4]. FAERS is consisting of
individual safety reports mainly by consumers and health professionals from the United States, including administrative information, patient demographics, adverse events, information
about drug therapy, patient outcomes and type of reporter [5].
In FAERS, adverse events are coded using the MedDRA ontology (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 higher level term was used. Reports with one or more of DMTs as
suspected, interacting or concomitant were used to define

exposure. In each analysis, all the other events were defined
as non-cases and all other drugs as non-exposure. OpenVigil2.1-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 association between DMTs and reporting adverse events. ROR
estimates the frequency of the examined adverse event co-reported with DMTs compared with all other drugs in the database. 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 approved 2010) in 21077 and teriflunomide (FDA approved 2012)
in 12122 reports. Disproportionality signals are reported in Table 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

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), neuroendocrine 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; 2.696.97),
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 disease (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; 2.036.64), 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; 5.319.01), 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 sarcoma (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; 1.925.97), 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), impaired 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), bronchitis (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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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), influenza (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; 2.422.98), 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; 1.872.8), 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), carpal 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 injury (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; 1.922.37),
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; 1.742.48), 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), discomfort (1.46; 1.08-1.97)

Interestingly, although alemtuzumab was included in a smaller 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 leukoencephalopathy 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 (lymphoproliferative 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 included tubular necrosis and urinary tract infection. Further, the

analyses showed significant association between daclizumab
exposure and neoplasms (squamous cell carcinoma and Kaposi's sarcoma). Pure red cell aplasia was also strongly associated 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 leukoencephalopathy, 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, lymphopenia, 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 lymphopenia and herpes zoster infection. Electrocardiogram t wave
inversion, basal cell carcinoma and progressive multifocal leukoencephalopathy were also significantly associated with fin-
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golimod use. Finally, teriflunamide exposure was significantly
associated with alopecia, nervous system paraesthesia, temperature intolerance and diarrhea.

Discussion
The safety profile of DMTs for multiple sclerosis has been evaluated using disproportionality analysis in the large pharmacovigilance database of FDA. Currently approved DMTs have
different mechanisms of actions on targeting the immune system, therefore, they have different side effect profiles [6]. However, they share some common side effects such as increased
risk for infections (e.g progressive multifocal leukoencephalopathy, herpes virus infections), risk for neoplasms (basal and
squamous cell carcinoma, kaposi's sarcoma) and blood disorders (e.g lymphopenia, leukopenia, pure red cell aplasia, haemolytic 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 antibody, 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, natalizumab 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 Observational 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 infection 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 disproportionality analysis showed significant associations between
alemtuzumab exposure and various types of infections, with
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the strongest signal identified for bk polyomavirus infection,
progressive multifocal leukoencephalopathy 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 (lymphoproliferative disorder, basal cell carcinoma, 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 autoimmunity. have also been reported, including thyroid related disorders, immune mediated thrombocytopenia and rare cases of
autoimmune nephropathies [10]. Those findings led to the development of a safety vigilance program to monitor any autoimmune 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-mediated disorders. In addition the SPC warned about hypersensitivity reactions, depression, infections (such as upper respiratory tract infections and nasopharyngitis) [12]. To our results,
statistically safety signal emerged for bk polyomavirus infections, 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 infection, electrocardiogram t wave inversion, basal cell carcinoma and progressive multifocal leukoencephalopathy. Secondary 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 abnormalities, diarrhea, alopecia and nausea. Alopecia is usually mild
and usually recovers after the first months [15]. Our results confirmed that, the most significant association for teriflunamide
exposure was for alopecia, followed by nervous system paraesthesia, temperature intolerance and diarrhea.
Finally, the third oral drug approved 2013 for MS is dimethyl 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 eruption [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, pharmacovigilance databases suffer from under-reporting, temporal patterns of reporting, notoriety of the adverse event and suboptimal 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, disproportionality 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 sclerosis and emerges some new potential safety signals. Consid-
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ering the limitations of pharmacovigilance databases and statistical 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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Abstract
Randomized controlled trials (RCTs) are the most valid methodological tool for establishing causal relationships. Nevertheless, their validity is constrained by various methodological details concerning their design, conduction and implementation. Failure of successful randomization, absence of correction for multiple comparisons, use of noisy scales for measuring
a disease parameter, are a few of these constraints. Furthermore, there are constraints inherent in the scientific research
methodology, like the use of the p-value as a threshold of statistical significance and in succession of inferential reasoning,
as a threshold of truth. In this work, the examples of RCTs illustrating these limitations are drawn from the field of multiple
sclerosis (MS). In general, RCTs in MS mostly are well designed, adequately powered, and well conducted. Nevertheless,
sometimes there are exceptions, leading to false conclusions and steering clinical practice toward wrong choices.
Keywords: Clinical trials, multiple sclerosis, methodology, disability, p-value, replication.
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Introduction

Natalizumab

Multiple Sclerosis is a chronic autoimmune disease
of the central nervous system (CNS), implicating both inflammatory and neurodegenerative pathogenic mechanisms (1).
The main clinical phenotype is the relapsing-remitting type of
the disease (RRMS). In the majority of cases it is characterized
by acute exacerbations and subsequent various degrees of recovery (2). The typical course of RRMS, after several years of relapses and remissions, is the gradual and continuous (perhaps
fluctuating) worsening of disability, marking the transition to
the secondary progressive subtype of the disease (SPMS) (3).
In a minority of patients, this gradual and continuous worsening of disability begins from the disease onset. This is the
defining clinical feature of the primary progressive subtype of
MS (PPMS). Both SPMS and PPMS subtypes belong to the spectrum of progressive type of MS (3).
European Medicines Agency (EMA) has already approved 16 drugs for MS (4), which aim to either prevent relapses or treat symptoms (Table 1). In Greece, 14 of these drugs are
already being reimbursed from social security services while
the other two (Cladribine and Ocrelizumab) will be integrated
in the forthcoming months. Ιt should be noted that Ocrelizumab has been approved by EMA for the early stages of PPMS (4).
It is the first drug approved with this indication.
TABLE 1
Active Substance

Year of
Approval

Interferon β 1-b

1995

Administra-

Indication

tion
Injectable

RRMS

SC
Interferon β 1-a

1997

EM
Interferon β 1-a

Injectable

RRMS

SC
1998

SC

Injectable

RRMS

2006

Injectable

RRMS

IV
Fingolimod

2011

Per os

RRMS

Fampridine

2011

Per os

Walking
Disability

Cannabidiol /

2011

δ-9-tetrahydrocan-

Oromucosal

Spasticity

Spray

nabinol
Chronic Pain
Teriflunomide

2013

Per os

RRMS

Alemtuzumab

2013

Injectable

RRMS

IV
Dimethylfuma-

2014

Per os

RRMS

2014

Injectable

RRMS

2016 | With-

Injectable

rate
Peginterferon
β-1a
Daclizumab

SC
drawn

RRMS

IV

Cladribine

2018

Per os

RRMS

Ocrelizumab

2018

Injectable

RRMS |

IV

PPMS

Randomized Controlled Trials
A prerequisite for drug approval by the authorities is the design and implementation of large scale, multicenter, multinational, double blind, RCTs. The randomization procedure is considered as the most valid and reliable method for balancing all
the baseline confounders (effect modifiers), both known (table
2a and 2b) and unknown, between the groups under comparison e.g. novel therapy vs placebo. This is why in the framework
of evidence-based medicine, RCTs are graded with the highest
level of validity among other types of studies, namely cohort or
case control observational studies (5).

SC

Mitoxantrone

1998

Injectable

Glatiramer

2002

Injectable

RRMS

IV
Acetate

RRMS

SC
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TABLE 2a
Effect modifiers usually checked for balancing between groups,
after randomization
NOVEL THERAPY

PLACEBO

Age

Age

Sex (Usually % of females)

Sex (Usually % of females)

Duration from disease onset

Duration from disease onset

No of Relapses the Last 1 or 2

No of Relapses the Last 1 or 2

years or ARR*

years or ARR*

Disability-EDSS** score

EDSS** score

MRI‡- No or volume of T2 hy-

MRI‡ - No or volume of T2 hy-

perintense lesions
MRI‡ – No of Contrast enhancing T1 lesions
Previous use of DMT§

perintense lesions
MRI‡ – No of Contrast enhancing T1 lesions
Previous use of DMT§

TABLE 2b
Effect modifiers usually not-checked for balancing between
groups, after randomization
CSF†

CSF†

Cognitive Status

Cognitive Status

Total Brain Volume or Grey or

Total Brain Volume or Grey or

White Matter Volume

White Matter Volume

Nfl$ in CSF or Blood

Nfl$ in CSF or Blood

*ARR: Annualized Relapse Rate
ty Status Scale

**EDSS: Expanded Disabili-

‡MRI: Magnetic Resonance Imaging §DMT: Disease Modifying Therapy
†CSF: Cerebrospinal Fluid $Neurofilaments (Light Chain)

Does Randomization always succeed?
In the majority of clinical trials randomization works as
expected. Nevertheless, sometimes it may result in imbalances,
due to mostly unidentified reasons. An example is the pivotal clinical trial of glatiramer acetate 20mg (GA), published on
1995 (6). The randomization was implemented using the SAS
statistical package. The baseline EDSS score, after randomiza-

tion, was 2.8±1.2 (mean± standard deviation) for the GA group
and 2.4±1.3 for placebo (6). This difference is imbalanced since
a t-test results in t=2.5, p<0.02 (7). The effect of GA on disability
progression, as measured by the EDSS change (increase) for 3
or 6 consecutive months, was not significantly different from
the effect of placebo. The final conclusion was that GA does not
inhibit disability deterioration more significantly than placebo.
In addition, for the calculation of the relapse rate, the authors
employed a multiple regression statistical technique, using the
EDSS change as a covariate in order to adjust for the EDDS imbalance. This adjustment resulted in a significant difference in
relapse rate between GA and placebo, with a p-value=0.007.
The Food and Drug Administration (FDA) did not accept this
statistical adjustment because it was not pre-planned. In its
own report only the unadjusted comparisons of relapse rate
with a p-value=0.055 are mentioned (8). This pivotal RCT of
GA was the only one for several years. As a result, a systematic
review of disease modifying therapies (DMTs) in MS, including
only double blind RCTs, reported (21) the efficacy of GA as
simi-lar to the efficacy of placebo under several outcome
measures, without any mention to the EDSS imbalance in the
baseline of GA’s pivotal RCT (9). For a whole decade after this
RCT of GA, there was a growing bibliographic trend of
suggesting that GA is as effective as placebo. This trend
changed after the publica-tion of two open label, randomized,
head-to-head trials, com-paring GA to interferon β-1b
(BEYOND) (10) and subcutaneous interferon β-1a (REGARD)
(11). According to their conclusion, the efficacy of GA was
equivalent to that of the two other inter-ferons-β in all
outcome measures.

Multiple Comparisons
All pivotal clinical trials in MS aim to establish a statistically significant outcome of a primary endpoint. This may be
a single outcome measure e.g. annualized relapse rate (12) (13).
Alternatively, multiple primary endpoints (e.g. multiple dosing
schemas) may be investigated. Furthermore, the endpoint may
be composite. For example, in the context of time to failure,
failure is defined either as the first occurrence of a relapse or
the permanent discontinuation of treatment due to any cause
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(14). In addition to these primary endpoints several other secondary ones are also included in the trial’s list of endpoints,
e.g. disability progression, magnetic resonance imaging (MRI)
lesion burden, adverse events etc. All these endpoints have to
be investigated through a vast number of comparisons. However, increasing the number of comparisons leads to a higher
probability of getting falsely lower p-values (at the significance
threshold 0.05). In turn, this may lead to a higher number of
false positive results (15). In order to tackle the inflation of
false positives due to multiple comparisons, several statistical
procedures have been developed. The Bonferroni test is the
most traditional. Roughly, it divides the p-value by 2 for every
successive comparison. Nevertheless, this correction may be
dramatic and has been criticized for overcorrection (15). Other
more modest corrective procedures are used more frequently,
like Hochberg, Benjamini-Hochberg, Hommel, Dunnet etc. The
pivotal RCTs in MS include prespecified statistical procedures
for controlling false positives due to multiple comparisons,
since the regulatory agencies, namely FDA (16) and EMA (17),
demand adherence to their guidelines on controlling multiplicity issues. Nevertheless, after the approval of a DMT by the authorities, several post-hoc group comparisons are published in
order to assess various aspects of the treatment profile of DMT
based on the original data of the pivotal RCT. All these comparisons should be embedded in the succession of comparisons of
the initial RCT and should be corrected for multiplicity in order
to avoid type I error inflation.
The latest example is the ORATORIO trial of ocrelizumab for PPMS (18). In this trial a prespecified exploratory
endpoint (among several others, both primary and secondary)
was a 20% confirmed progression in the time of Nine-Hole
Peg Test (9-HPT) in all patients with PPMS in order to examine
upper extremity function separately. One year after the initial
publication of ORATORIO trial in the New England Journal of
Medicine, a paper dedicated to the upper extremity function in
PPMS patients was published in Multiple Sclerosis (19). This paper is a re-analysis of the ORATORIO upper extremity data. But
this time, several more groups of patients were investigated,
each with different confirmed progression thresholds in 9-HPT:
25%, 30% and 35%, during three different time periods: 12, 24
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and 120 weeks. In addition, confirmed i mprovement ( instead
of progression) was used as a grouping factor in order to compare the two groups (improvement versus no improvement)
according to two different t hresholds o f 9 -HPT:15% a nd 2 0%
(19). All these comparisons were carried out for the total number of patients, and additionally the authors examined two
more groups: patients with EDSS ≥ 6 and EDSS < 6. All these
post-hoc comparisons were carried out without any multiplicity correction resulting in inflation of type I error. For example,
the time to ≥ 25% confirmed progression in 24 weeks was significantly less than the corresponding time for placebo with a
p-value 0.027 for both hands and 0.033 for the better hand.
These p-values are close to the significance threshold of 0.05
and should be rather insignificant if corrected (at least according to the Bonferroni correction). In spite of the authors of this
paper declaring these analyses as exploratory (19), multiplicity
testing should be rigorously performed even in exploratory
tri-als (15).

Estimation of disability with EDSS score
Permanent, irreversible disability, of any severity, is
the greatest concern of all MS patients and the most important
outcome measure of RCTs. Relapses cause temporary disability and, if absolutely remitted, cause only a dysfunction for few
days or weeks. On the contrary, permanent disability affects
decisively all aspects of the patients’ daily life, their present and
future. All the outcome measures of RCTs, like the relapse rate,
the MRI lesion burden or the degree of short-term disability
sustained over 3 or 6 months, are surrogate measures of permanent disability.
The EDSS scale is the gold standard tool for the assessment of disability in MS. Besides that, many RCTs also used
EDSS for the confirmation of relapse. This is defined by an increase of 0.5 points in EDSS score or 2 points in one functional
system or by 1 point in two functional systems of EDSS. To estimate the improvement or the worsening of permanent disability, the threshold for the EDSS score change is 1 point or more,
except from the patients with baseline EDSS score 0 and >5.5,
for whom a change of 1.5 and 0.5 has to be confirmed, respec-
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tively. But the most important parameter for the confirmation
of disability as (permanent) progression is the period of time.
The vast majority of RCTs use the 3 or/and 6 months period of
sustained EDSS score change to define disability progression
or improvement. Is this time period sufficient to confirm any
EDSS score change as irreversible? A study published in Brain
on 2015 (20), investigated the events of EDSS score progression, as defined by the persistence of this score over 3, 6, 12 and
24 months, and calculated the proportion of events sustained
over the following five years. The number of patients included
in the study was 16.636, extracted from the international MSBASE registry. The proportion of events persisted over 5 years
was 70%, 74%, 80% and 89%, for the 3, 6, 12, 24 months of confirmed disability progression (CDP), respectively. That is, the 3
months confirmation for the estimation of permanent disability progression is false in 30% of events, the 6 months estimation
in 26% of events, the 12 months estimation in 20% of events
and even the 24 months estimation is false in 11% of events.
More commonly the restored progression confirmations were
recorded in younger patients, those with relapsing-remitting
course of MS, small changes in EDSS score and more frequent
visits. The prominence of false permanent progression in these
subpopulations of patients probably highlights the implication
of measurement errors in low EDSS scores. This is in accordance
with the finding of Ebers et al (21), who examined the placebo
arms of 31 RCTs and concluded that the EDSS score as a surrogate marker of disability progression is totally unreliable in
RRMS. Furthermore, a baseline EDSS score < 4, reflects measurement errors, random variations and remitting relapses (21).
In contrast, baseline EDSS score > 4, which is usually the case of
SPMS, is significantly more reliable and less noisy.
Taking in mind these findings, we may estimate that
many disability progression events recorded in RCTs eventually proved to be relapses with delayed remittance. In addition,
high potency DMTs (Natalizumab, Alemtuzumab, Ocrelizumab,
Cladribine), which were thought to significantly affect the disability status (either higher rate of inhibition of disease worsening or higher rates of disability improvement), may simply
act by their potent anti-inflammatory mechanism of action (remitting of relapses) and not against neurodegenerative patho-
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physiological mechanisms. Besides this disadvantage of EDSS,
we have to mention the absence of a cognitive functional system assessment, as well as the absence of fatigue estimation.
Both are important sources of disability of MS patients, affecting seriously their activities of daily living and subsequently
their quality of life.

No Evidence of Disease Activity (NEDA)
NEDA is a recently proposed treatment target for MS
(22) and denotes the absence of any disease activity concerning relapses, disability progression and MRI lesion burden. A
NEDA-4 treatment target has also been proposed (23), incorporating the brain volume loss as measured by MRI, as well as
NEDA-5, adding to the NEDA-4 the light chain neurofilament
levels in cerebrospinal fluid. Among all these proposed treatment targets only NEDA has been widely adopted by the MS
community.
In a 7-years longitudinal cohort, 46% of the patients
fulfilled NEDA at 1 year, while only 7.9% after 7 years (24). Another similar 10-years cohort found that only 9% of the patients
fulfilled NEDA at the 10th year. (25) Thus, it is clear that NEDA
could not be maintained in the long-run. It is an acceptable
treatment goal but too ambitious at present time, under the
current pharmacological armamentarium in MS.
The extension of TRANSFORMS trial presents special interest, since it
compares two DMTs using NEDA as an outcome measure, and
may provide some insights. The TRANFORMS trial compared
fingolimod with intramuscular interferon β-1a for one year. At
the end of first year, all patients on interferon β-1a switched
to fingolimod and followed up over the next 3.5 years (26). At
the end of first year, the proportion of patients with NEDA was
44.3% for interferon β-1a and 63.4% for fingolimod. At the end
of second year (one year after the switch to fingolimod), the
interferon β-1a group showed a statistically significant increase
in the proportion of patients with NEDA to 66% (i.e. 21.7% increase). On the contrary, for the fingolimod group, the continuation of the same drug resulted in an insignificant increase,
to 69%. Hence, by relying on NEDA as an outcome measure, it
seemed that there was a striking difference in the therapeutic
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effect between the two DMTs, in favor of fingolimod. However,
there is a point demanding special attention: the disability progression. Both criteria of disability confirmation, i.e. persistence
over 3 or 6 months, showed statistically insignificant differences between groups throughout the whole period of study.
More specifically, after the switch, the proportion of patients
with 3 months CDP was 21% for interferon β-1a and 22% for
fingolimod. Similarly, with 6 months CPD the proportions were
15% and 17% respectively (26). Therefore, there is a striking
discrepancy between NEDA and disability progression. But the
latter is included in the former and subsequently NEDA should
have been affected by the proportion of patients with disability
progression, resulting in a non-significant difference for NEDA
as well. In order to clarify this point we propose an alternative
interpretation of these findings of the study, as illustrated in
figure 1. In short, after exposition to a DMT improving NEDA,
the patients with the better course (without disability progression) of their disease continue to improve even more (as estimated by NEDA proportion), while those with the worse course
remain unaffected.

A

(Before switch)

With Disability
Progression

Figure 1
Column A represents the patients in the group of interferon
β-1a, before switching (at first year of study) and column B
after switching (at the second year of study). The patients in
column A were divided in two sets: 1. With disability progression, 2. Without disability progression. Group 1, in the first row,
remained unchanged (i.e. the proportion of patients with disability progression was equal to fingolimod during first year.
After switching, during the second year, the equality was sustained). Group 2, in the second row, includes a subset of patients with NEDA. This subset, during the first year of the study,
was already significantly smaller in interferon β-1a group than
fingolimod. This subset increased in favour of fingolimod after
switching during the second year. That is, the patients with the
better course of the disease from the beginning (without disability progression, group A, 2) improved even more.

B

(After switch)

1

With Disability
Progression

2
ΝEDA

Without Disability
Progression
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P-value per se
The meaning of the p-value (the threshold 0.05).
The conceptual definition (without mathematical formulation) of the p-value may be the following. It is the value of probability of the data under examination, or even smaller values,
provided the null hypothesis is true (27). This definition may be
further divided in two conceptual steps:
1.
The observed data may correspond to a probability
value (p-value or less) in the tails of probability distribution,
given the null hypothesis.
2.
There are two hypotheses for testing, before any experimentation: the null hypothesis and the alternative hypothesis. After the calculation of type I (α) and type II (β) error, and
using both of them, we define the critical region and accordingly accept/reject the null or alternative hypothesis (28).
The first step was introduced by Ronald A. Fisher and the second by Jersey Neyman and Egon Pearson. Among them, there
was a conceptual and methodological-philosophical gap. Nevertheless, the concept of p-value used after them and up to this
day is a hybrid of the two conceptual steps. None of the founders intended this interpretation of the p-value (28). According to Steven Goodman, the most pernicious misconception
around the p-value is believing that a 0.05 value represents a
5% chance of the null hypothesis to be true (27). This misconception and the definition of the p-value in the beginning of
the paragraph differ at the point that the definition considers
as given that the null hypothesis is true and does not attribute
any probability of being true to either the null or the alternative
hypothesis. Nevertheless, the p-value deviated from its original
meaning and is used in every day scientific research practice as
a threshold of truth.
An extension of the misconception around the p-value is that it denotes the false positives of the null hypothesis.
Nevertheless, a method employing Bayes theorem and the likelihood ratio (Bayes factor) has been proposed by Colquhoun
(29) in order to calculate more precisely the false positive risk,
which is the complementary of positive predictive value. He

Randomized Controlled Trials: The case of Multiple Sclerosis Refining the constraints of a treasure, a short outline

points out that if you get a p=0.05 from your analyzed data,
then the probability of being wrong is at least 30%, and even
higher if the study is underpowered (30). Colquhoun constructed a free access web page for the calculation of false positive
risk, requiring the user to provide the sample sizes, the level of
p-value, the prior probability and the standardized effect size:
http://fpr-calc.ucl.ac.uk/.

Replication crisis
During the last twenty years, there has been a growing body
of evidence questioning the validity of research findings (31),
culminating in a 2005 publication by Ioannidis (32). Ioannidis
mentioned that the increased number of false positives due to
the use of the p-value threshold is an important factor contributing to the replication crisis. One corrective proposal concerning the p-value was signed by 72 renowned statisticians and
epidemiologists (33). Its authors proposed lowering the p-value threshold to 0.005, which is 10 times lower than its current
value. With the use of Bayesian statistics, it was shown that the
number of false positives decreases down to 5% if the p-value
threshold is set to 0.005. In addition, on March 20, 2019, the
American Statistician journal dedicated a whole supplement to
the subject: “Statistical Inference in the 21st Century: A World
Beyond p < 0.05” (34). On the same day, a plea was published
in Nature to “retire statistical significance” (35). The plea was
signed by more than 800 statisticians and epidemiologists
around the globe. This indicates a significant consensus on the
role of the p-value threshold on the depreciation of the validity
of research findings.
Significance tests are used in every scientific field and
of course in RCTs. Hence a number of comparisons should be
false positives, especially those with marginal significance. We
would like to mention two large RCTs, for two different DMTs,
that did not replicate their own previous results. The FREEDOMS trial of fingolimod showed a significant effect on the
disability progression, 30% greater than placebo (HR=70%)
(36). Nevertheless, the FREEDOMS II trial failed to reveal any
significant effect on the disability progression in comparison
to placebo (37). Exactly the same failure of duplicating the dis-
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ability progression effect occurred between DEFINE (38) and
CONFIRM (39) trials of dimethyfumarate (DMF). The disability
progression effect of the twice daily DMF in DEFINE trial was
38% better than placebo, while in CONFIRM trial, the same two
comparisons were equally effective. Do these discrepancies
represent the noisy EDSS score mentioned above? Or rather
the false positive results of the first trial of the couple of trials
(FREEDOMS, DEFINE)? Or even the false negative of the second
trial of the couples (FREEDOMS II, CONFIRM)? The questions
could not be answered. The fact is the absence of replication.

Long-term DMT use and ethical issues
In general, the majority of RCTs in MS, are well designed, adequately powered, well conducted and of long
enough duration (usually about 2 years).
The long-term extensions of RCTs in MS, concerning
the first line injectables, have shown convincingly, that 15 years
after randomization, there was a substantial decrease in the
ac-cumulation of disability (EDSS≥4 or ≥6) for the patients taking the injectable DMT (subcutaneous interferon β-1a) consistently (high cumulative dose drug exposure), in comparison
to those with intermittent use of DMT (low cumulative dose
drug exposure) (40). The patients in the placebo arm were
part of the last group of low dose drug exposure. In addition,
the stron-gest predictor of the long-term disability
accumulation was the EDSS change during the first two years
after randomization (40). This change was equivalent to 30%
benefit for the DMT group versus placebo (40). Besides that,
21 years after random-ization, a significant number of the
patients assigned to sub-cutaneous interferon β-1b showed a
considerable reduction in all-cause mortality. In terms of
hazard rate, this reduction cor-responded to a 46.8%, in the
proportion of deaths among DMT patients compared to
placebo.
The majority of RCTs used a placebo arm for comparison to the novel therapy. According to the above-mentioned
long-term disability accumulation and survival rates, every RCT
designed with a placebo arm condemns the patients in this
arm to long-term disability progression and decreased survival.
Of course, this is a serious ethical issue.
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This article is intended to be only a very short outline
of several major methodological and statistical issues, concerning the design, conduct and analysis of RCTs, drawing examples from the field of MS. It aims only to highlight several
points of interest in order to facilitate the critical reading from
the viewpoint of the clinicians.
Disclosures: The author declares no conflicts of interest relevant to the present article.
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Abstract
Multiple sclerosis (MS) is an autoimmune central nervous system disease, with inflammatory and degenerative components, affecting mostly young individuals, and resulting in accumulation of motor and cognitive dysfunction. Even from
its insidious, subclinical phase, and through the entire course, cognitive impairment is frequently present, although often
undiagnosed, and almost always untreated. Cognitive impairment is important, due to its impact on patients’ quality of
life and everyday functioning capacacity as current pharmaceutical interventions have not provided sufficient therapeutic
efficacy. One reason why cognitive impairment remains hidden for long periods is the brains functional reorganization, in
other words its capacity to recruiting reserve networks in order to compensate for damaged ones, retaining “normal” functioning. In the era of neuromodulation, techniques such as repetitive Transcranial Magnetic Stimulation (rTMS) can serve
as a non-pharmacological therapeutic option, enhancing neuroplasticity changes, and maintaining or improving cognitive
functioning. In this short review we discuss the therapeutic potential of rTMS in the management of cognitive impairment
in MS patients.
Key-words: multiple sclerosis, cognitive impairment, transcranial magnetic stimulation
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Multiple sclerosis (MS) is considered the most common
non traumatic neurological disorder. Although the etiology
of the disease is still unknown, MS is considered an autoimmune, chronic, central nervous system disease. Its
major neuropathological characteristics are an ongoing
demyelinating, inflammatory and degenerative process,
that affects both the white and grey matter of the brain and
the spinal cord. As a result there is an accumulation of disabling motor and cognitive dysfunction over time. These
symptoms have a significant impact on functional capacity,
psychosocial and professional status and overall quality of
life [1, 2, 3].
Although Charcot firstly described the cognitive and mood
aspects of MS almost 150 years ago, it was only more recently that these symptoms were considered an important
aspect of the disease. Evidence now exists that deterioration of cognitive performance can be detected many years
before formal diagnosis [4,5]. Of significant interest is that
even in the so-called “benign” form of the disease, where
the disability status (EDDS) score remains up to 3, at least
15 years after the diagnosis, cognitive impairment can be
diagnosed in at least 50 % of these patients [6].
The therapeutic impact of disease modifying medications on patients’ cognitive capacity, has not reached the
desired outcomes [7], although they do provide protection
by delaying the accumulation of brain tissue damage and
brain volume loss. Even in the small proportion of patients
achieving the desired NEDA status (no evidence of disease
activity) over time, cognitive dysfunction was not precluded [8]. The lack of sufficient evidence from the pharmacological arena to treat cognitive deficits in MS has provided
the ground for non pharmacological neurobehavioral treatments to emerge with relatively positive outcomes [9, 10].
Various other non pharmaceutical interventions have also
been introduced in ameliorating the physical and cognitive
aspects of the disease [11]. Among these interventions repetitive transcranial magnetic stimulation (rTMS) appears

to have both the scientific-theoretical support and evidence
from experimental models of the disease and trials in MS
patients. [12,13,14,15]
Transcranial magnetic stimulation (TMS) is a neurostimulatory and neuromodulatory technique, based on the principle of electromagnetic induction of an electric field in the
brain [12]. This technology has become a method of choice
for noninvasive stimulation of the brain in conscious human
subjects in the last two decades in order to study the excitability of different cortical areas and to map the connectivity of neuronal pathways [16,17]. When TMS pulses are
applied repetitively they can modulate cortical excitability,
either decreasing or increasing it, depending on the parameters of stimulation. Repetitive Transcranial Magnetic
Stimulation (rTMS) has local and remote effects on neural
function either of an excitatory or inhibitory nature [18]. The
direction, magnitude, and duration of conditioning rTMS effects depends on the stimulation site, frequency, intensity,
and the duration of the rTMS training. Evidence from experimental animal models of MS (experimental autoimmune
encephalomyelitis) has shown that rTMS modifies astrocytosis, cell density and lipopolysaccharide levels, implying
that it could be a promising treatment for neuroinflammatory conditions such as multiple sclerosis [19].
Of significant interest supported by accumulating evidence towards this is that we can impact cognitive functioning in healthy humans by utilizing rTMS. In an interesting
systematic review, Guse et al., reported that high-frequency rTMS (10–20 Hz) is most likely to cause significant cognitive improvement when applied over the left (dorsolateral)
prefrontal cortex, within a range of 10–15 successive sessions and an individual motor threshold between 80 and
110% [14]. In another study, Li et al., noted that high-frequency rTMS over the left DLPFC not only recruits more
neural resources from the prefrontal cortex by inducing an
electrophysiologic excitatory effect but also enhances efficiency of resources to deploy for conflict resolution during
multiple stages of cognitive control processing in healthy
young people [15]. Moreover, Wan-Yu Hsu et al., in a systematic review and meta-analysis of the literature involv-
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ing the period from (1990 to 2014) evaluating the effects of
non-invasive brain stimulation (rTMS and tDCS) on cognitive function in healthy older adults and patients with Alzheimer’s disease (AD), concluded that non-invasive brain
stimulation has a positive effect on cognitive function in
physiological and pathological aging [20].
An important characteristic of the brain that modulates the
potential of cognitive therapeutic interventions is neuroplasticity, which is studied as altered brain functional connectivity both at rest (resting state functional connectivity, rs-FC)
and during tasks. Hyper-connectivity or hypo-connectivity
can be detected, depending on the severity and extension
of structural brain damage, the nature of disease process
and its time course. These alterations may be adaptive, or
maladaptive. A far as multiple sclerosis is concerned, several reports have noted that early stage patients activate
additional brain areas adjacent to those primarily involved
during task performance, allowing them to perform normally prior to cognitive deficits being detectable on formal neuropsychological assessment [21]. This additional activation
serves as a compensatory mechanism through which the
patient is able to maintain relatively intact cognitive capacity for a period of time, functionally compensating for damage related to disease progression, thus masking the defects [22,23]. In one such study, Mainero et al., found that
RRMS patients exhibit altered patterns of activation during
tasks exploring sustained attention, information processing
and episodic memory. Specifically, fMRI activity was greater in MS patients with better cognitive function. The authors
concluded that functional changes in specific brain areas
increase with increasing tissue damage suggesting that
they may also represent adaptive mechanisms that reflect
underlying neural disorganization or disinhibition, possibly
associated with MS [24]. In contrast to task-based fMRI,
resting state functional connectivity (rs-FC) examines the
communication between different brain regions within neural networks at “rest.” Increased connectivity during rs-FC
is thought to serve as a compensatory mechanism for cognitive deficits early in the MS disease process [9,25,26], but
later in the disease process, extra connections are associ-
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ated with worse cognitive performance [9,27].

Is there a therapeutic potential for utilizing rTMS in
MS?
Owing to the absence of effective pharmacological treatments, the combination of rTMS with medications has been
used with efficacy mainly for the improvement of spasticity
[28,29,30], fatigue and depression [11], lower urinary tract
dysfunction [31], gait [32] and hand dexterity [33] in MS. The
majority of these studies, however, have methodological
limitations, including small number of participants, and low
to moderate level of efficacy, indicating the emerging need
for more studies in the future. Considering the management
of cognition in MS, we are of the opinion that a therapeutic
potential may exist for utilizing rTMS, for several reasons
that we will expand on. First of all, pharmaceutical interventions have not provided sufficient evidence regarding their
efficacy in treating cognitive dysfunction in MS. Perhaps,
as we stated above, they have an indirect positive influence
on cognitive performance by delaying the accumulation of
brain tissue damage and brain volume loss, but they failed
to show effectiveness directly on cognition. Secondly, accumulating empirical research has provided evidence that
MS patients’ brains undergo functional reorganization even
from the initial disease phases, by altering functional connectivity in various regions, therefore acting as a compensatory mechanism. A third important point is that no major
safety or adverse event considerations have been raised in
a large and fast growing number of MS patients which are
exposed to rTMS protocols for various symptoms. Finally,
and more importantly, rTMS has shown beneficial effects
on cognitive performance in healthy persons and in patients with other neurological diseases, by enhancing the
brain’s functional capacity (evoking neuroplasticity changes). We have further evidence that cognitive performance
in MS patients can be positively influenced by higher cognitive reserve [34] and cognitive rehabilitation interventions
[35,36], and this is possible through neuroplasticity changes [9,34,37].
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Despite this favorable theoretical background, clinical trials using rTMS to target cognitive deficits in patients with
MS are absent. To our knowledge, only Hulst and colleagues investigated the therapeutic use of rTMS on cognition in MS patients [38]. In their recent study, they studied
the effects of high-frequency rTMS of the right dorsolateral prefrontal cortex (DLPFC) on working memory performance in patients with MS, while measuring task-related
brain activation and task-related brain connectivity. They
reported improvement in task accuracy only in patients and
interpreted these results as an rTMS-induced change in
network efficiency in MS patients, implicating the potential
role for rTMS in cognitive rehabilitation in MS. With the limitation of the small sample of participants (17 MS patients
and 11 HCs), the results of this study are very promising,
and undoubtedly call for more trials, in order to provide robust evidence of r-TMS therapeutic effects in cognitively
impaired MS patients.
One could, therefore, consider using, and even combining, the available non-pharmacological, non-invasive
interventions to enhance functional reorganization in MS
patients’ brains in order to compensate for continuous brain
damage. Ideally these interventions should be utilized early in the disease course, in order to maximize benefits, by
maintaining patient activity in all aspects of their lives.
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Abstract
The existence of cognitive deficits in Multiple Sclerosis (MS) can be supported by clinical observation and assessment or
large-scale research studies. The fact that part of the MS patient population does demonstrate some type of cognitive
impairment may be unequivocal, although a crucial question remains: Is this impairment in the context of a progressive
decline? The literature provides inconclusive evidence. Nevertheless, the notion of “MS dementia” seems to be gaining popularity during the last decade. In this short review, we present the findings of the main longitudinal studies on cognitive
course of MS patients in an attempt to reveal the vulnerabilities of that particular view. Overall, we corroborate the idea
that MS does not inevitably result in cognitive decline with advancing age, and further argue that researchers and clinicians
should take the emerging trend of “MS Dementia”with a grain of salt.
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The cognitive deficits in MS, and their progression
over time
Multiple Sclerosis (MS) is a chronic, immune-mediated
neurological disease of the central nervous system, which
typically causes damage to myelin sheaths and secondary
axonal loss. In time, accumulating widespread lesions in the
central nervous system may cause problems associated with
motor control and sensation, as well as fatigue, depression,
and cognitive deficits. [1]. The reported prevalence of cognitive
deficits in MS patients ranges from 20 to 65% [2]. This rather
wide range could be attributed to several methodological
factors, since most relevant studies differ in terms of the
definition of cognitive impairment, the inclusion criteria,
and the neuropsychological tests used. This limitation
notwithstanding, one can clearly see a trend emerging from
these studies: information processing speed [3-5], complex
attention [6,7], and long-term memory [8-10] seem to be the
cognitive functions most affected in MS.
Regarding the cognitive course of MS, it has been argued that
progression of the disease parallels a continuously deteriorating cognitive status, characterized as “subcortical dementia”
[10],or “white matter dementia” [11]. However, the term “dementia” implies that the nature of the observed deficits is progressive, therefore suggesting a decline rather than an isolated
impairment in specific cognitive domains. Mahler and Benson
[12] (cited in Rao, 1990, pp. 95-96), in their attempt to resolve
this issue, proposed that the term cognitive dysfunction might
be used when deﬁcits involve only one or two areas; more extensive dysfunction deserving the term dementia It should be
noted, however, that the aforementioned definition, does not
take into account one of the most crucial criteria for dementia,
namely every-day living functionality. Benedict& Bobholz [13],
in a study investigating this topic, indicated that only 22% of
their sample truly met the criteria for dementia, according to
DSM (American Psychiatric Association,V ) [14] or ICD10 [15].
Moreover, a detailed examination of longitudinal studies focusing on the cognitive course of MS patients, reveals that cognitive deterioration, far from being the norm, is usually restricted
to specific domains [3,11,16-29].More specifically, deterioration
is shown in only a small proportion (and is usually restricted to
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specific cognitive domains) in most longitudinal studies of cognition in MS. Additionally, such findings are often contradictory, and therefore a definitive conclusion about which cognitive
domains tend to decline over time cannot yet be drawn. The
interpretation of such studies is further complicated, by the asyet obscure effect of MS-related clinical factors on cognition.
For example, physical disability, as measured by the Expanded Disability Status Scale (EDSS) appears to be associated with
the severity of cognitive deficits in some studies [2,17,19,30]. In
contrast, other studies show that only EDSS scores indicating
severe disability (>4,5), are actually correlated with cognitive
variables [3, 31,32]. As far as duration of illness is concerned,
a recent cross-sectional study [2] showed that most patients
started experiencing cognitive difficulties from the fifth year
post onset. The subtype of MS has also been shown to affect
cognition. In particular, patients with secondary progressive
MS (SPMS) have significantly worse cognitive performance
than patients with relapsing-remitting MS (RRMS) or primary
progressive MS (PPMS), even when controlling for physical disability [33,29]. In the following section, we provide a brief, critical presentation of longitudinal studies that focus on cognitive
course of different MS subtypes.

Longitudinal studies focusing on different MS
subtypes
Most longitudinal studies on RRMS patients have relatively
short time intervals (≤5 years) between initial and final assessment [e.g. 11, 16-18,20,24,25,28,31-34], while only few have
longer time intervals between two assessments (7 to 20 years)
[2,3,19,21,22, 27]. The results from these studies are inconclusive: Many of them demonstrate cognitive deterioration in processing speed [3,19,28,29], some in visual learning and memory [19,22,28,35], and others in verbal learning and memory
[19-21]. Almost all of the aforementioned studies indicate selective decline, i.e. deterioration in specific cognitive domains.
It is also noteworthy that that four of them did not show any
significant cognitive deterioration over time [16,24,34,36].
Overall, only three of the above studies have fairly long time
periods between the initial assessment and follow up (from 10
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to 20 years) [19, 27,29], thus providing more robust findings.
Two of them (10 and 18 years follow up, respectively), have
partly converging results: Schwid et al.[27] found mild deterioration only in processing speed, and a small increase (5%)
in the proportion of cognitively impaired patients over time.
Strober et al. [29] found, in addition to a mild deterioration in
processing speed, deteriorations in simple and complex auditory attention span, visual construction and episodic memory.
In this study, the proportional increase in cognitively impaired
patients over time was higher (18%). Interestingly, Schwid and
colleagues [27] noted that patients with better baseline performance demonstrated greatest decline over time than patients
cognitively impaired at baseline, while Strober et al. [29] suggested the same schema only for the SDMT test. Amato and
colleagues [19] found significant decline in almost all cognitive domains between baseline and follow-up assessment (ten
years interval). At baseline, the patient group showed impaired
mean performance on verbal memory and abstract reasoning.
Four years later, working memory difficulties emerged, and, after an additional period of 6 years, short term verbal and spatial memory impairments were evident. Furthermore, of the
initially 37 cognitively unimpaired patients, only 20 remained
as such, while the proportion of patients who became cognitively impaired at follow up, rose up to 56% (from 26%, at initial
assessment). Nevertheless, there are some issues concerning
this study, which should be addressed. Firstly, disease duration
at baseline assessment was very short (mean: 1.5 years). Short
disease duration at baseline assessment indicates that most
patients may not yet have demonstrated cognitive dysfunction. As previously noted [2], cognitive decline is usually most
clearly demonstrated beyond the fifth year of disease duration.
. Furthermore, a more detailed examination of the cognitive
grouping utilized, reveals an interesting observation. The proportion of mildly cognitive impaired patients is 8% at the 1st
assessment, becomes 33% at 1st follow-up, and remains stable
(34%) at the 2nd follow-up. The proportion of moderately cognitively impaired patients shows small fluctuations over time
(18% , 16%, and 22% at first, second and third assessment respectively). The above percentages indicate that the number of
mildly cognitive impaired patients may have increased 4 years
post onset, however remained stable during the following 6
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years. Furthermore, the proportion of the moderately impaired
patients did not show significant increase, from onset to final
assessment (4%). In sum, it seems that the number of patients
who initially demonstrate cognitive deficits does not increase
at a constant rate over time.
In the two longitudinal studies on PPMS patients [23,26], the
time intervals are very short (two and three years respectively).
Camp et al.[23] failed to find generalized cognitive decline. In
particular, they found that, of the 73 patients that completed
the Brief Repeatable Battery of Neuopsychological tests , 52
were intact at baseline (mean disease duration at baseline was
10, 4 years), and only 4 of them became impaired (using the
definition of at least 3 tests scores below 1,5 SD). Patients who
were mildly impaired at baseline (n=6) scored within normal
range at follow-up, while 15 patients who were moderately to
severely impaired at baseline remained stable. In this study, different versions of the neuropsychological battery were used,
in order to avoid learning effects. Denney et al. [26] found that
decline was restricted to processing speed, regardless of the
initial cognitive status of the patients. It must be noted that the
sample in this study was quite small, consisting of only 24 patients. A somewhat unexpected finding was that verbal memory showed significant improvement at follow up assessment
for the whole sample. Due to the small time interval between
the two assessments, this improvement could be attributed to
learning effects, since, in contrast to the processing speed task,
the verbal memory task is sensitive to learning effects. Finally,
there is one study by Kujala et al.[18], which included a sample
of mixed MS subtypes (relapsing-remitting and progressive)
and implemented a quite short interval between assessments
(3 years). The authors argue that 50% of the patients (22 out of
45) showed cognitive impairment already at baseline. This specific subgroup showed significant deterioration after 3 years,
in verbal learning and memory, visuomotor performance, and
processing speed. The rest of the patients remained cognitively
intact at follow-up. In summary, the above short review does
not support the notion of a definite, progressive, and widespread cognitive decline over time in MS.
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Clinical and research implications
Dementia is a highly emotionally-charged word, which can
have serious psychological implications on patients, who are
usually young people, during the most productive period of
their life, attending to be efficient in their job, and possibly trying to raise young children. Consequently, a clinician should be
very cautious when interpreting the results of these studies,
before he/she explicitly uses the term “dementia”, when treating an MS patient. It should be however made clear that the
need for scepticism is not solely based on humanitarian reasons and the psychological status of the patient. It is rather a
matter of a clinical consensus based on research evidence. We
must acknowledge that results regarding the cognitive course
of MS are still inconclusive and therefore the notion of “MS
dementia” should be thoroughly scrutinized before becoming common ground. Otherwise, the belief of MS resulting in
progressive cognitive decline, could lead to confirmation bias
in future studies. We will briefly speculate on the reasons behind the above described blurry image and possible misconceptions, which could be attributed to methodological issues.
First, the intervals adopted by different longitudinal studies
vary dramatically, and are often too short. Judging from the
available findings, we suggest that the time period between
baseline and follow up, should be no less than 5 years, in order
for possible cognitive changes to be detectable. Another methodological constraint of such longitudinal studies, is dropouts.
Even though clinical, behavioural, and demographic variables
(as measured at baseline) may not differ between the dropout group and the patient subsample assessed at follow-up
in some studies, the fact that only part of the initial sample
is re-assessed, may lead to distorted results. For example, it is
possible patients with prominent mobility difficulties, who reportedly demonstrate greater cognitive impairment [3,31,32],
may not visit the clinic for reassessment. If this limitation is not
taken into consideration, any longitudinal study may be highly susceptible to statistical fallacies. It should be however noted that, by acknowledging this limitation, we do not suggest
that the general outline emerging form the available findings
can be attributed to statistical negligence or methodological
misconduct. Another issue is the definition of impairment. The
available studies may have different approaches with regard to
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characterization of a patient as cognitively impaired, and may
also use different psychometric tools for assessment. Finally,
one should take into consideration possible differences stemming from the type of MS. For example, the prevalence of cognitive deficits is shown to be higher in secondary progressive
MS subtype [30,33]. In addition, the course of the disease may
manifest as a continuum with overlaps between types with advancing age (e.g. RRMS evolving into SPMS).

Conclusion
Cognitive course in MS is a rather complicated phenomenon,
influenced by several factors, such as disability status, disease
duration, MS subtype, type of assessment, time interval between assessments, manifestation of depression, and fatigue,
among many others. Some of these factors are difficult to be
controlled, in order to acquire clear and comprehensive results.
Contradictory findings reported in the literature make clear
that additional longitudinal studies are needed in order to elucidate the issue at hand. Thus far, there is no robust evidence
allowing us to corroborate the idea of MS resulting in inevitable cognitive decline with advancing age. Therefore, we must
remain sceptical against the emerging trend of “MS Dementia”.
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Is psychosis, at least in part, an immune-related dysmyelination
disease?
Orestis Giotakos
Abstract
Epidemiological studies have borne out the association between psychotic disorders and autoimmune disease, while the
immunogenetic contribution in psychosis is largely dominated by the major histocompatibility complex genetic diversity.
On the other hand, demyelinating diseases, like multiple sclerosis, are characterized by a large array of invading immune
cells that degrade the myelin sheath, the myelin producing oligodendrocytes and the nerve itself. Schizophrenia has been
proposed to be a dysconnectivity syndrome, and numerous lines of evidence implicate myelin and oligodendrocyte function as critical processes that could affect neuronal connectivity. Disruption in myelination and dysmyelination-induced delays in information processing can produce phenocopies of psychosis similar to schizophrenia. Rethinking the clinical and
pathophysiological similarities between de- or dysmyelination diseases and psychosis, we may consider that the dysconnectivity syndrome of psychosis represents the phenomenological and behavioral result of a multiple-faces dysmyelination
disorder, which is based on a lifelong immunogenetic dysregulation process.
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Myelin
Myelin, the lipid membrane that ensheathes axons, is essential for the efficient conduction of action potentials, which supports the integrity of axons. In terms of evolution of the nervous system, the myelin sheath is the most recent of nature's
structural inventions. The first myelin-like ensheathed axons
may have appeared about 400 million years ago. The number
of glial cells increases during evolution and they constitute 25%
of total cells in the Drosophila, 65% in rodents, and 90% in the
human brain. Glial cells may well constitute 50%–90% of the
cells in the human and rodent CNS. Myelination begins after
30 weeks gestation, occurs mainly in the post-natal period and
is largely complete by young adulthood, although fine tuning
of the pathways may continue as myelin internodes continue
to be created into adulthood. PNS myelinated fibers are separated from each other by an extracellular compartment, the
endoneurium, whereas the CNS myelinated fibers are in close
contact. Some of the components of PNS myelin, lipids, and
proteins are different 1, 2.
High-speed conduction, fidelity of transfer signaling on long
distances, and space economy are the three major advantages conferred to the vertebrate nervous system by the myelin
sheath. In the invertebrate nervous system rapid conduction is
accompanied by increased axonal calibers. The conduction velocity in a myelinated fiber is linearly correlated with diameter
and at a given diameter, but there is a particular myelin thickness that maximizes conduction velocity. There is a myelin gradient, with the axons of the deeper cortical layers to be more
uniformly myelinated and intermittent unmyelinated axonal
segments in superficial layers of the cortex interspersed with
myelinated internodes 3.
Oligodendrocytes is the myelin-forming cells of the central nervous system. Glutamate is involving in the shaping of
the oligodendrocyte population. The main ionotropic glutamate receptors expressed by oligodendrocytes belong to the
dl-α-amino-3-hydroxy-5-methylisoxazole-4-propionic
acid
(AMPA) and kainate classes. It has been shown that non-NMDA
glutamate receptor agonists are able to inhibit oligodendrocytes progenitor proliferation in cell cultures. Oligodendro-
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cytes express opioid receptors, μ-receptors are apparent at the
earliest stages of oligodendrocyte development, while κ-receptors are detected later. There is also a proliferative response
to μ-receptor stimulation 1.
Microglial cells share certain characteristics with macrophages
and contribute to immune-surveillance in the central nervous
system. M1 polarized microglia can produce pro-inflammatory
cytokines, while M2 polarized microglia express cytokines and
receptors that are implicated in inhibiting inflammation and
restoring homeostasis. Based on these aspects, Nakagawa &
Chiba (2014) 4 propose a possibility that M1 and M2 microglia
are related to relapse and remission, respectively in psychiatric
disorders, such as major depressive disorder and bipolar disorder 5.
Multiple Sclerosis (MS) is characterized by a large array of
invading immune cells that attack and degrade the myelin
sheath, the myelin producing oligodendrocytes and the nerve
itself. These lesion sites develop with time and initially result
in clinically benign symptoms but can progress in to profound
disabilities. Suggesting the concept of an autoimmune predisposition there have been reports hypothesizing shared risk and
increased statistical susceptibility for people with one of autoimmune disorder to develop another. There has been an extensive research for pathophysiological mechanisms that may underlie autoimmunity resulting in the frequent co-occurrence of
autoimmune disorders, such as MS and Hashimoto’s thyroiditis
among others. Given that MS currently remains incurable and
the immunomodulatory therapies do not completely prevent
disease progression in most patients, the final option for managing patients who do not respond to immunomodulatory
treatment is to use a chemotherapeutic agent. Azathioprine,
methotrexate, cyclosporine, mycophenolate mofetil, mitoxantrone, cyclophosphamide and rituximab are the most utilized
agents 6.

Neurogliobiology or the myelin-neuron interaction
The term “neurogliobiology” refers to the concept that neurons and glia (including microglia) in the nervous system are
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inseparable partners 1. Neurons and glia cooperate to build a
complex network during development. Numerous studies have
demonstrated an interdependent relationship of oligodendrocytes and the axons they myelinate 7. The reciprocal communication between neurons and oligodendrocytes is essential for
the generation of myelin, a multilamellar insulating membrane
that ensheathes the axons. Neuron-derived signalling molecules regulate the proliferation, differentiation and survival of
oligodendrocytes. Moreover, signals from oligodendrocytes to
neurons direct the assembly of specific subdomains in neurons
at the node of Ranvier. Heterogeneous neuronal populations
may have differential signaling patterns modulating localized
oligodendrocyte myelination. The interaction of these neurons
and oligodendrocytes may regulate plasticity in the adult brain
8. Moreover, not only does the thickness of the myelin coating
on axons affect conductance speed but synaptic activity influences the activity and replacement of oligodendrocytes in the
brain throughout life 9 .
New myelin is being generated in the healthy adult brain, and
adding new myelin internodes in areas of discontinuous myelination may be a mechanism for local plasticity 10. Altered
or inadequate myelination in the adult could also be a component in some of the psychiatric or neurodegenerative disorders
that involve white matter 11. Oligodendrocytes provide essential trophic support to axons. Aerobic glycolysis in oligodendrocytes is sufficient to maintain the myelin itself and the structure
and function of the myelinated axons. The lactate produced by
these cells is rapidly utilized by the axons, except when neuronal function is reduced as under anesthesia, at which point
lactate accumulates in the tissue 12.
Adaptive myelination implies that neuronal electrical excitability modifies myelin plasticity and that myelin plasticity
in turn feeds back to modulate neural activity and behavior
11. Some studies suggest a critical period in which neuronal
function impacts myelination, either during early or late development. Neural activity, either in the medial prefrontal cortex or the barrel cortex of the somatosensory cortex, impacts
myelination. Social isolation for as little as 2 weeks in the early
post-weaning period has a dramatic effect reducing myelin-
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ation in the prefrontal cortex, although motor activity is unaffected. Reintroduction of mice to a social environment at the
end of the two weeks does not improve myelination. In these
studies, 30 days social isolation in the adult has little impact on
myelin content. Moreover, it was myelination per se that is reduced, since the number of oligodendrocytes themselves was
normal in these tissues 13, 14.
Dysfunction of neurotransmitters is one of the primary aetiologies of schizophrenia, while antagonists or selective-agonists
of dopamine, serotonin and/or glutamate receptors were developed and used as major antipsychotic drugs. Concerning
the action of antipsychotic drugs on white matter, a recent neuroimaging study using diffusion tensor imaging (DTI) assessed
the myelin integrity among normal control and acutely psychotic, drug-free schizophrenics, before and after antipsychotic
drugs treatment. It was found that a decrease of myelin integrity was partially restored in drug-responding schizophrenic
individuals, whereas the poorly responsive schizophrenics did
not appear to be related to a disordered myelin 15. Moreover, it
seems that haloperidol and olanzapine stimulate proliferation
but inhibit differentiation of oligodendrocytes via different
molecular mechanisms. Quetiapine, however, is diametrically
opposed to the above processes, although it targets the similar receptors as does olanzapine. Therefore, Ren et al (2013) 16
proposed that the improvement of myelin/oligodendrocyte
dysfunction by antipsychotic drugs may not rely on canonical
neurotransmitters but rather that cross-communication may
exist through different molecular mechanisms.

Demyelinating diseases
There are many causes of demyelination in human diseases.
The main causes of primary demyelination are genetic, immune mediated, viral such as HIV, and toxic; they may also be
secondary to neuronal dysfunction. Some genetic diseases
may give rise to leukoencephalopathies in which demyelination is secondary to vascular, mitochondrial, or neuronal alterations or may be linked to a metabolic disease. Demyelination,
breakdown of myelin, is characteristic of metabolic leukodystrophies, such as Krabbe's disease, metachromatic leukodystro-
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phy, ALD, Canavan disease, Alexander disease, orthochromatic
leukodystrophy, or mitochondrial disorders. Dysmyelination
and hypomyelination are failure to myelinate occurring during
fetal life or early infancy, as observed in different forms of Pelizaeus-Merzbacher disease 1.
Multiple sclerosis (MS) is a chronic and inflammatory demyelinating disease. In MS, there is a loss of myelin in defined areas (lesion sites) in the brain and spinal cord. Current evidence
shows that the etiology of MS and other demyelinating diseases may involve a combination of viral and autoimmune factors.
MS is an autoimmune disorder that is characterized by muscle
weakness and numbness as well as problems with vision and
bladder control. There is a profound heterogeneity of pathology and immunopathogenesis of the lesions. There is a high interindividual but a low intraindividual variety of MS lesions. It is
caused by the immune system attacking the nerve-insulating
myelin sheath, which disrupts the communication between
brain and peripheral parts of the body 6.
In chronic MS lesions, oligodendrocyte precursor cells are
present; however, they appear to be quiescent, not expressing
a nuclear proliferation antigen. In MS, remyelination occurs,
but it is incomplete and poorly sustained. After a demyelinating lesion, remyelinated myelin never regains its normal thickness, and the normal linear relationship between axon and
sheath thickness is also never regained. It is not clear whether
the mechanism of remyelination is identical to myelination.
Normal appearing white matter in MS tissue often has reduced
axonal density, which is generally attributed to inflammation.
This normal appearing white matter may well have dysfunctional myelin that cannot provide the necessary trophic and
metabolic support for axons. This suggests that altered myelin
and oligodendrocyte function in human brain could be just as
important as myelin loss in neurodegeneration 11.
In addition to the well-known demyelinating and dysmyelinating diseases such as MS, neuromyelitis optica, and the
leukodystrophies, myelin deficits resulting from altered glial
structure/function and or glial/neuronal interactions are seen
in human psychiatric disorders and developmental disorders
including autism spectral disorder (ASD), sensory processing
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delay disorder, and attention deficit hyperactivity disorder 17,
18, 19.
Clemastine, a Food and Drug Administration-approved antimuscarinic compound that has been shown to enhance
myelination under demyelinating conditions, successfully
reversed social avoidance behavior in adult socially isolated
mice. This was associated with enhanced myelination and oligodendrocyte differentiation in the prefrontal cortex through
epigenetic regulation. Thus, enhancing myelination may be a
potential means of reversing depressive-like social behavior
20. Clemastine also have been suggested as a potential therapy for hypoxic brain injuries associated with white matter injury and oligodendrocyte precursor cell maturation arrest 21.

Multiple Sclerosis vs psychosis
MS and schizophrenia have numerous similarities in terms of
the onset and cause. SCZ affects the same age distribution as
MS; however, it has a 10- to 100-fold higher estimated prevalence rate 22. Both schizophrenia and MS are substantially
more widespread in the northern and temperate regions of
the world than in the tropics 23. Concordance rates in identical
twins range from 30 to 80% for MS and approximately 50 to
60% for schizophrenia. Moreover, dizygotic twins exhibit approximately 5–10% concordance rate only 24.
MS and schizophrenia may be present together in the same
patient. In a recent review, 91 cases were identified in the literature in which both MS and psychotic disorders or mood disorders with psychotic features were present in the same patient.
In most cases (> 60%), frontotemporal lesions were present
and, in 26 cases, corticosteroids were successfully used for therapy 25. The inflammatory process that occurs in MS patients is
directly associated with human leukocyte antigen (HLA) class
I and II loci The major histocompatibility complex (MHC) is responsible for the genetic overlap in both MS and SCZ, since a
GWAS noted the involvement of similar HLA alleles in MS and
SCZ 26.
The pathophysiologies of MS and schizophrenia are similar
but not identical. MS is more prevalent in females than males,
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whereas the incidence of schizophrenia is equal in males and
females. For MS, the pathophysiology appears to lie in an autoimmune reaction directed against the myelin sheaths of the
nerves, which disrupt the transmission of information. On the
other hand, only in a subgroup of patients with schizophrenia,
autoantibodies cause the disease, which are directed against
receptors on the perikarya of the nerve cells (NMDA receptors)
27. Additionally, the HLA genes involved appear to be the
same; however, alleles or mutations within these genes appear
to have opposite effects in MS and schizophrenia 25.

Genetics
The etiological significance of genetic factors in psychotic disorders is substantial: the heritability of schizophrenia spectrum
and bipolar disorders is around 65–85%. Numerous studies
have correlated variants in schizophrenia candidate genes with
phenotypic features, sometimes also with outcome measures.
However, recent genetic studies have questioned the validity
of previously suggested schizophrenia candidate genes 28, 29
.
A number of myelin gene knockout mice models exhibit schizophrenia-like behaviours 30, 31. Genomic, especially
GWAS, studies identified new schizophrenia loci related to
oligodendrocyte genetic polymorphisms 32. The candidate
marker for schizophrenia Neuregulin-1 is possibly related to oligodendrocyte dysfunction and defective myelination 33, while
several other myelin-related candidate genes have been linked
oligodendrocyte and myelin dysfunction to neurocircuitry abnormalities in schizophrenia 34 .
Neuregulin 1 (NRG1) risk genotypes or haplotypes have been
associated with schizophrenia 35. The potential pathophysiologic role of NRG1 is further supported by its diverse neurobiological functions, including neuro-glial trophic effects and
myelination 36. Genetic evidence also supports ERBB4 – the
NRG1 receptor – as a candidate susceptibility gene and suggests positive epistatic interactions between NRG1 and ERBB4
in schizophrenia 37. Disrupted-in-schizophrenia 1 (DISC1) is a
strong candidate gene for schizophrenia 38 followed by ad-
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ditional genetic evidence for association with sporadic cases
of schizophrenia 39. The DISC1 SNPs is also associated with
white matter integrity as measured by DTI 40. Reticulon 4 receptor (RTN4R) is a myelin-associated protein that inhibits the
outgrowth of neurites and nerve terminals and is upregulated
in the brains of patients with schizophrenia 41. Genetic association analysis of oligodendrocyte lineage transcription factor 2 (OLIG2), which encodes a transcription factor central to
oligodendrocyte development, is associated with schizophrenia, having also an epistatic effect with 2',3'-cyclic nucleotide
3'-phosphodiesterase (CNP) and ERBB4 42. No OMR genetic
association reached genome-wide significance; however, a
handful of OMR genes (ANK3, ERBB4, and NRG1) show suggestive association 43. The above observations suggest that genetic alterations underlying oligodendroglial and myelin related cell type functions increase susceptibility to schizophrenia
and provide evidence that the “neuron-centric” hypothesis of
schizophrenia should be extended to include a role for glia in
the etiopathogenesis of the disease. The oligodendroglial and
myelin related gene and protein expression abnormalities can
hamper saltatory conduction by affecting node of Ranvier integrity, which may results in failures of saltatory conduction,
disconnection of higher-order association areas, and finally to
the disconnectivity syndrome 7.
Patients with a deletion at chromosome 22q11.2 (22q11DS)
have 30% lifetime risk of developing a psychosis. People fulfilling clinical criteria for ultra-high risk (UHR) for psychosis have
30% risk of developing a psychosis within 2 years. Both highrisk groups show white-matter abnormalities in microstructure
and volume compared to healthy controls, which have been
related to psychotic symptoms. Bakker et al (2916) 44 found
that UHR and 22q11DS patients were characterized by distinct
patterns of withe matter alterations, in relation to healthy controls. Interestingly, while UHR patients were typified by signs
suggestive of aberrant myelination, 22q11DS subjects showed
signs suggestive of lower axonal integrity.

Dysregulated immune response and psychosis
The association of a dysregulated immune response and
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psychosis is well-established. Several pro-inflammatory cytokines are elevated in first episode psychosis (FEP) patients. The
changes are similar in the cerebrospinal fluid (CSF) and blood,
and they occur across severe mental disorders 45. While meta-analyses initially suggested that antipsychotic medication
might decrease pro-inflammatory activation, a later meta-analysis did not find a significant medication effect 46. C-reactive
protein (CRP) has been the most commonly used measure of
inflammation. CRP levels are increased in both drug-naïve and
unmedicated patients, as well as after the onset of psychosis,
although it has been studied and suggested as a biomarker
for numerous acute and chronic diseases 47. The question remains open regarding to what extent inflammation might be
secondary to metabolic changes, or vice versa 48.
Autoimmune disorders occur after the failure of self-recognition processes with consequent production of pathogenic
autoantibodies directed against specific or multiple organs.
They are heterogeneous disorders, representing more than 80
different diseases. Τhe “immunogenetic” contribution is largely dominated by the major histocompatibility complex (MHC)
genetic diversity and, at a lesser extent, by mutational events
affecting cytokines encoding genes 49 . Several genome-wide
association studies (GWAS) confirmed an association between
the MHC region (chromosome 6) and psychosis 50, 51.
Autoantibodies, specifically against the central nervous system, have been found in schizophrenic patients. These patients
have a higher prevalence of circulating antibodies against hippocampus and hypothalamus as compared to healthy control
52. A systematic review demonstrated that among patients
with established schizophrenia, 20 autoantibodies (including
antinuclear antibody [ANA], anti-cardiolipin, anti-N-methyl-d-aspartate receptor [NMDAR], and anti-serotonin) were
present at higher rates than among controls. Rates of anticardiolipin and anti-NMDAR antibodies were also present in patients with first-episode psychosis 53.
Schizophrenic patients are three times more likely to have
high levels of anti-glutamate receptor antibodies, N-methyl-d-aspartic acid receptor (NMDAR), compared to controls
(Pearlman et al, 2014). In at least a subgroup of schizophrenic
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patients, led us to propose the concept of “autoimmune psychosis” 54. The anti-N-methyl-D-aspartate-type glutamate receptor (anti-NMDAR) encephalitis can in some cases present
with prominent psychotic symptoms. The identification of encephalitis in patients with early psychosis is crucial, as over 75%
of patients with classic anti-NMDAR encephalitis have substantial recovery with specific treatments, while antipsychotic
treatment is not effective. Other than anti-NMDAR antibodies,
autoantibodies detected in autoimmune encephalitis seem to
remain negative in patients with isolated early psychotic symptoms 55.
Peripheral monoamines and their metabolites have been
studied as candidate biomarkers for treatment response in
FEP. Tryptophan metabolite kynurenine acid (KYNA) has been
studied extensively in recent years. A meta-analysis found that
KYNA levels are elevated in CSF, but not in plasma, in patients
with schizophrenia, and KYNA elevation is linked to proinflammatory activation 56.
An immunohistochemical study revealed that a marked activation of microglia and astrocytes in the middle frontal and
anterior cingulate gyri and cerebellum is obtained at autopsy
from Autism spectrum disorder (ASD) subjects 57. Similarly, microglial cells are markedly activated in the dorsolateral prefrontal cortex of ASD individuals 58. Risperidone in combination
with a cyclooxygenase-2 inhibitor, celecoxib, showed a superior efficacy as compared with monotherapy of risperidone in a
randomized double-blind placebo-controlled clinical study in
ASD children 59. Neuroinflammation mediated by M1 microglia appears to be associated with ASD and schizophrenia and a
drug that selectively suppresses polarization of M1 microglia
may provide a beneficial therapy these disorders 5, 60.

Is psychosis an immune-dysregulation dysmyelination
disorder?
Environmental stressors are of major importance for the onset
of autoimmunity. The occurrence of infections by pathogens
such as, influenza, herpes simplex type 2, cytomegalovirus, and
Toxoplasma gondii and/or increased C-reactive protein plas-
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ma levels during pregnancy are known to be associated with
an increased risk of developing schizophrenia in adulthood
61. Childhood autoimmune diseases as well as inflammatory
diseases, such as asthma, are known to be associated with an
increased number of psychotic experiences in adolescence. Epidemiological studies have borne out the association between
psychotic disorders and autoimmune disease. Rates of autoimmune disorders such as celiac disease, Graves’ disease, systemic
lupus erythematosus, multiple sclerosis, autoimmune hepatitis, and psoriasis are higher in those with schizophrenia 62, 63.
Moreover, in patients with autoimmune conditions, the risk to
develop schizophrenia increases linearly with the number of
severe infectious episodes 64. Recent research also have been
suggested that neuroinflammation plays a role in the with matter processes associated with catatonia 65.
Dizocilpine (also known as MK-801), an N-methyl-d-aspartate
receptor [NMDAr] antagonist and pharmacological model of
schizophrenia seem to affects the metabolic processes of oligodendrocytes rather than neurons in vitro 66. Interestingly,
clozapine counters the metabolic effects of MK-801 and promotes glycolysis and myelin lipid synthesis in cultured oligodendrocytes 67, 68. A number of putative myelinenhancing
therapies would be potential candidates for large-scale clinical
trials in schizophrenia. These include myelin-enhancing agents
such as n-3 PUFA, minocycline, clemastine, polyphenols, and
potential neuro/myeloreparative agents such as sulfasalazine,
nano-curcumin, stem cell enhancing therapies such as Gli-1 inhibitors, and immunodmodulators, such as fingolimod 69.
The neurodevelopmental hypothesis for schizophrenia posits
that mis-wiring the cortex including the with matter connections is the underlying pathology of schizophrenia 70. Several studies have suggested that some prediction aspects are
impaired in psychotic patients 71, 72, 73, 74. They manifest
confusion at the initiation of the actions, and hence passivity
experiences in the case of willed motor actions, and auditory
hallucinations in the case of willed cognitions. Research suggests that changes in white matter integrity occur in schizophrenia and these may be more associated with cognition and
even negative symptomology. Some studies have been shown
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that the dysmyelination-induced delays may cause a discrepancy in sensory feedback mechanisms, which may represent
a prediction error and a phenomenological and neurophysiological salient event 75. Extending this aspect, Whitford et al
(2012) 76 suggested that passivity or negative symptoms and
auditory hallucinations could arise initially because of dysmyelination-induced conduction delays in the efference copies.
The resultant increases in the phasic activity of midbrain dopaminergic neurons could amplify these symptoms and concurrently trigger additional psychotic symptoms. The authors
concluded that on a phenomenological level, these prediction
errors cause confusion, giving rise to passivity experiences and
auditory hallucinations. On a neurophysiological level, these
prediction errors give rise to a second cause of psychotic symptoms, by increasing the phasic activity of midbrain dopaminergic neurons 76, 77 (Fig 1).
Summarizing, while not clear if white matter changes are a
cause or an effect of underlying pathology, it is clear that white
matter integrity is affected in schizophrenia. The pathophysiologies of MS and schizophrenia show some similarities. MS is
characterized by a large array of invading immune cells that attack and degrade the myelin sheath, the myelin producing oligodendrocytes and the nerve itself. On the other hand, schizophrenia has been proposed to be a dysconnectivity syndrome.
Disturbance in neuronal connectivity between different brain
regions, rather than abnormalities restricted to individual brain
regions, may be responsible for the clinical symptoms and
cognitive dysfunctions observed in psychosis. In addition, the
association of a dysregulated immune response and psychosis is well-established, and autoantibodies, specifically against
the central nervous system, have been found in schizophrenic
patients. Myelin and oligodendrocyte dysfunction affect neuronal connectivity, which has been implicated as a central abnormality in schizophrenia, resulting in prediction errors and
dysconnectivity. Clinical and neuropathological studies have
shown that disruption in myelination and dysmyelination-induced delays in information process can produce a high fidelity phenocopy of psychosis similar to schizophrenia 78, 79, 80,
81, 82, 83, 84, 85, 86.
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Recently, Boyle et al (2017) 87 found that disease risk is driven mostly by genes with no direct relevance to disease, but
which act as modifiers of more fundamental biologic processes, perhaps related to individual genetic backgrounds and environmental experience. Based on these findings, Weinberger
(2017) 88 reported: “This proposal echoes the question of
whether psychiatric disorders are really “diseases” rather than
varying states of brain development that have a particular way
of expressing difficulties in particular environmental contexts,
based on genomic background, development and experience”.
Rethinking the relative research findings and suggestions on
psychosis, we may further suggest that the above described
dysconnectivity syndrome in psychosis represents the phenomenological and behavioral result of a multiple faces
dysmyelination disorder, which is based obviously on a lifelong
immunogenetic dysregulation process.
Fig 1. Factors implicating in the immune-related dysmyelination process of psychosis
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Genes

Stress

NRG1, DISC1, RTN4R, OLIG2, 22q11DS,
cytokines genes, HLA genes

Infections during pregnancy, isolation, abuse,
neglect, childhood autoimmune diseases

Lifelong immunogenetic dysregulation
Immune response: Elevated pro-inflammatory cytokines, CRP, KYNA levels, autoantibodies
Immune diseases: Autoimmune disorders such as celiac disease, Graves’ disease, systemic lupus
erythematosus, multiple sclerosis, autoimmune hepatitis, psoriasis.
MS and other demyelinating diseases may involve a combination of viral and autoimmune factors

Aberrant myelination
Demyelination: Leukodystrophies, Multiple sclerosis, Immune mediated, viral, and toxic.
Dysmyelination: Reduced or aberrant conduction velocity and fidelity of transfer signaling.
Myelin deficits in psychiatric disorders and developmental disorders including autism, sensory processing delay
disorder, and ADHD.

Disconnectivity syndrome - Psychosis
Conduction delays in the efference copies: Confusion, negative symptoms, passivity, withdrawal symptoms,
auditory hallucinations, delusional mood
Increases in the phasic activity of midbrain dopaminergic neurons: Positive symptoms, delusions, aggressivity,
catatonia

Treatment
Anti-psychotics, anti-depressants, anti-convulsants, lithium
Anti-MS: Azathioprine, methotrexate, cyclosporine, mycophenolate
mofetil, mitoxantrone, cyclophosphamide and rituximab
Myelin-enhancing agents, potential neuro/myeloreparative agents, stem
cell enhancing therapies, and immunodmodulators, Diet, life-style
changing, psychosocial support
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