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ABSTRACT

Introduction. Multiple sclerosis (MS) has an increasing incidence and affects a young segment of the population, having
a major impact on patients and consequently on society. The multifactorial aetiology and pathogenesis of this disease are
incompletely known at present, but autoimmune aggression has a documented mechanism.

State of the art. Since the 1990s, immunomodulatory drugs of high efficacy and a good safety profile have been launched.
But the concept of NEDA (No Evidence of Disease Activity) remains the target to achieve. Thus, the new revolutionary class of
monoclonal antibodies (moAbs) used in multiple medical fields, from this perspective represents a challenge even for multiple
sclerosis, including the primary progressive form, for which there has been no treatment until recently.

Clinical implications. In this article, we will review monoclonal antibodies’ use for MS, presenting their advantages and di-
sadvantages, based on data accumulated since 2004 when the first monoclonal antibody was approved for active forms of the
disease.

Future directions. There is still a need for personalised medicines, with a specific target, which should have fewer adverse

effects and drug interactions.
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Introduction

Multiple sclerosis (MS) is characterised by inflammation,
focal demyelination at multiple locations and by a process of
axonal degeneration in a person with genetic susceptibility to
the disease. It affects young people, with more women than
men, a ratio that is growing from 1.4/1 to 2.3/1 [1].

The rational use of MS therapy, following current guide-
lines, patient particularities, and clinical experience, is an
important task that involves great responsibilities from all team
members (patient, physician, and government structures). The
physician’s role is even more difficult, given the wide range

of drugs in use today to which biosimilars/biogenerics are
being added.

State of the art

The first drugs developed to treat MS were from the in-
terferon class, and the first Food and Drug Administration
(FDA) approval was granted in 1993 for Interferon beta 1b
(IFNB-1b) [2]. Three years later, another drug - glatiramer
acetate - was released onto the market. These drugs, known as
disease-modifying therapies (DMTs), have shown a good long-
term safety profile but suboptimal efficacy [3, 4]. A substantial
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percentage of the treated patients withdraw from treatment or
change it because there is no real benefit [5]. Another problem,
that has for decades decreased patient adherence to treatment,
is its administration method - by injection [6].

Researchers continue to investigate developing drugs that
can stop the evolution of the disease (NEDA - no evidence of
disease activity), with low costs, good safety profile and con-
venient administration, to increase patient adherence to treat-
ment. Interferons and copolymers are useful because second-
generation drugs, although more effective, come with a lower
safety profile and higher costs. The pathogenic mechanism of
the disease has been partially identified. The initiation of the
autoimmune process is done as we know it in the periphery. For
MS pathogenicity, B cells play an important role, modulating
antigen-presenting cells and T cell production and influencing
the innate immunity [7]. Some antigens can activate cells of the
immune system in individuals with a genetic predisposition
under the influence of environmental factors. These activated
immune cells synthesise cytokines (interleukins IL 6, 17, 23,
interferon-gamma, and TNF alpha, among others) with the
inflammatory role as well as activate Th lymphocytes towards
other pro-inflammatory lymphocytes. These cytokines activate
the adhesion molecules from the capillary wall (VCAM, VLA
4, E selectin, ICAM), altering the blood-brain barrier (BBB)
permeability. Endothelial cells play an important role in in-
flammation. For example, EndoMT is a novel process where
endothelial cells return to mesenchymal cells and lose their
ability to maintain brain homeostasis [8]. Through this auto-
immune cascade, inflammation, demyelination, and axonal
damage appear from the earliest stages of the disease [9, 10].
These mediators of inflammation have been identified in MS
lesions, although it was for a long time considered that only
self-reactive CD4 cells had this role [10]. The involvement of
the humoral immune response, which is more documented
nowadays, has turned antibodies against B cells into new
therapeutic targets [11, 12]. The integrity of the BBB is essential
for the passage of drugs to the nervous system. Because of its
high molecular weight, smaller amounts of moAb pass into the
brain. Only 15% of 51 anti-cancer systemic drugs pass over an
intact BBB. MoAbs can be labelled with radioactive isotopes
like 89Zr-antibody-PET. In this regard, PET imaging is in use
in several clinical studies as a potential imaging biomarker for
drug BBB penetration [13, 14].

MoAbs are antibodies from identical immune cells, which
are obtained from a stem cell by cloning. They are in a con-
tinuous process of development, as were interferons in the
glorious 1970s when they were considered to be remedies for
many diseases [15].

We can say that both classes belong to biopharmaceuticals
that determine, due to their immunogenicity, the appearance
of anti-drug antibodies (ADAs), with unpleasant effects for
pharmacokinetics and therefore for efficacy [16], hence draw-
ing another parallel between interferons and moAbs. This
phenomenon was initially described as the first moAb for

therapeutic purposes, approved by the FDA in 1992 to prevent
the rejection of transplanted organs. Muromonab (the only
moAb that does not have the common ‘-mab’ suffix imposed
since 2008 in their terminology) targets the CD3 antigen and
comes only from mice, with a high degree of immunogenicity.
Thus, antibodies against these proteins of murine origin appear
with repeated exposure to the drug. Through the development
of biotechnologies, this disadvantage has been largely solved as
moAD dedicated to MS treatment is over 90% humanised (na-
talizumab, alemtuzumab, and ocrelizumab — currently used)
or 100% human (ofatumumab, opicinumab, and secukinumab
- in different stages of research) [11].

Studies have revealed that by starting treatment as early as
possible and with more active drugs, conversion to progres-
sive disease may be delayed. Brown et al. studied this aspect
by analysing transition from a relapsing form to a progressive
disease for three categories of patients: those not treated or
treated late, those treated with first-line DMTs (GA or IFNB),
and those treated with more active drugs such as fingolimod,
alemtuzumab, and natalizumab. The results were conclusive.
The 1,555 patients were followed up with for at least four years.
The conversion rate to the progressive form of MS was lower
in those treated with first-generation DMTs (GA and INFs)
compared to those with a natural evolution of disease (12%
vs. 27%, 5-year absolute risk). Patients initially treated with
natalizumab, alemtuzumab, and fingolimod had a progressive
conversion rate of 7% versus 12%, as did those treated with
GA or IFNB after an average follow up of 5.8 years. If the
escalation of the therapy (from GA and IFNB to natalizumab,
alemtuzumab, or fingolimod) was done in the first five years
and not later, the risk was 8% versus 14% (5-year absolute
risk) [17]. Harding et al. demonstrated that the average time
of 5-year progression to disability is shorter in patients whose
treatment escalation is later than it is in those who are treated
aggressively from the beginning (3.14 vs. 6.0, p = 0.05).

Thus, in the real world, early and aggressive treatment
of patients brings benefits compared to delayed treatment or
treatment with first-generation DMTs. However, comparative
studies are needed to help establish therapeutic strategies [18].

Clinical implications

The first moAb released onto the market was natalizumab,
approved by the FDA in 2004, 12 years after the discovery of
target integrin, for recurrent highly active relapsing forms of
MS [19, 20]. Natalizumab has already been used for 15 years
in the US and 13 years in Europe. It acts on VLA-4 integrin on
leukocytes and myeloid cells and limits their passage through
the BBB into the nervous system [21]. It also decreases LT
reactivation and LB proliferation [22]. The AFFIRM and
SENTINEL studies were sufficient to obtain approval for
use (Tab. 1) [23]. The ASCEND Phase III study for patients
under natalizumab treatment was negative (without benefits
in the progression of secondary progressive multiple sclerosis
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Table 1. Summary of practical aspects of monoclonal antibodies (moAbs) therapies approved for Multiple Sclerosis

MoAbs Natalizumab Alemtuzumab
Approval date FDA-2004 EMA-2013
EMA-2006 FDA-2014

Mechanism of A humanised recombinant anti-

action -VLA-4 integrin antibody

epitope
Clinical trials AFFIRM: Reduction of RRR with 68%
phase Il (p < 0.001); 83% red. of les. in T2

(p <0.001), 76% of les. in T1

(p <0.001); 92% less active les.

(p < 0.001) compared to placebo;
progression 17% compared to 29%

from placebo (p < 0.001) CARE-MS II:

SENTINEL: 55% reduction in RRR for
IFNB and natalizumab group com-
pared to placebo (p < 0.001); 83%
reduction in T2 les. at 2 years; 89%
reduction of T1 enhancing les. at

2 years (p < 0.001); 24% reduction
of progression at 2 years (p < 0.001)

Administration Injection 300 mg/30 mL in a single-
-dose, 1 monthly; over 2 years
treatment is continued after risk

stratification

Side effects PML, infusion reactions, fatigue,

allergies, infections, gastrointestinal
disorders, neoplasms

REMS platform enabled - this MoAb
is subject to further monitoring, for
quick identification of new infor-
mation related to safety. Requires
monitoring after discontinuation of
treatment

Special remarks

A humanised monoclonal antibody,
which acts selectively on the CD52

CARE-MS I: 40% vs. 22% relapses ratio
(IFNb1a vs. Alemtuzumab); T2 les. was
58% vs. 48% (IFNb-1a vs. Alemtuzu-
mab); T1 enhancing les. 19% versus 7%
(p < 0.0001).

51 % vs. 35 % IFNb-1a RRR vs. Alemtu-
zumab; T2 lesion | 68% compared to
46% (IFNb-1a vs. Alemtuzumab); T1
enhancing les. 23% vs. 9% (p < 0.0001)

Cycle 1-2mg/day for 5 days; Cycle Il
-12 mg/day for 3 days, administered
one year after Cycle |

Infusion reactions, infections, cardiac
arrhythmias, autoimmune disorders,

It requires prophylactic adjuvant
treatment, peri-infusion;

Ocrelizumab
FDA-2017
EMA-2018

Humanised recombinant monoclonal antibo-
dy with CD20 epitope target

OPERA I: Ocrelizumab vs. IFNb1a-reduction of
RRR with 46% (p < 0.001); T2 les. (Ocrelizumab
vs. IFNb1a) 38.3% vs. 61.3%; T1 enhancing

les. 8.3% vs. 30.2% (Ocrelizumab vs. IFNb1a);
progression 9.1% vs. 13.6% (p < 0.001).

OPERA II: Ocrelizumab vs. IFNb1a reduction
of RRR with 47% (p < 0.001); T2 les. 39.1% vs.
62.0%;

T1 enhancing les. 9.8% vs. 36.1%; progression
9.1% vs.13.6 % (p < 0.001);

ORATORIO: brain-volume loss 0.9% vs. 1.09%,
p = 0.02 (Ocrelizumab vs. placebo); patients
with progression (%) 32.9% vs. 39.3%, p = 0.03
(Ocrelizumab vs. placebo)

Injection of 300 mg/10 ml: the first perfusion
with 300 mg, followed after 2 weeks by the
second perfusion with 300 mg. A second dose
of 600 mg after 6 months

Infusion-related reactions, infections,

neoplasms

myocardial infarctions, stroke, death

It requires prophylactic adjuvant treatment,
peri-infusion. Requires monitoring after
discontinuation of treatment

REMS platform enabled. In April 2019
EMA restricted the use of Lemtrada
until the emergence of new dataRe-

quires monitoring after discontinu-
ation of treatment

Gd — gadolinium; IFNb-1a — interferon beta-1a; MRl — magnetic resonance imaging; PML — progressive multifocal leukoencephalopathy; REMS — Risk Evaluation And Mitigation Strategy; RRR — relapses

relative ratio; les. — lesion

- SPMS). These studies, along with those performed for pa-
tients with Crohn’s disease, also revealed undesirable aspects.

In February 2005, natalizumab was banned because of
three deaths due to progressive multifocal leukoencepha-
lopathy (PML) [20]. In 2006, after the plan for stratifying the
risk of PML was developed and implemented in the patients
treated with natalizumab, it returned onto the market with
a special regime for safety assessment. PML is caused by John
Cunningham polyomavirus (JCV). The name is that of the first
patient identified with this disease [24]. It was first described
in patients with immunosuppression. In 2018, the calculated
incidence for PML among natalizumab-treated patients was
14.6 per 1,000 individuals [25]. Rituximab, dimethyl fumarate,
and fingolimod are associated with a risk of PML [26]. In
healthy people, more than 50% are seropositive for JCV. Studies
have uncovered that over the course of a year, the concentra-
tion of antibodies fluctuates (seropositive or seronegative) at
a rate of 3-10% for patients treated with natalizumab [27].

JCV penetration into oligodendrocytes coincides with the
onset of infection, which in the first 3-6 months (when it is
asymptomatic) can be detected only by serial MRI. There are
rapidly evolving lesions that have certain characteristics (sub-
cortical, involving “u’ fibres, hyperintense DWI and T2 lesions
and hypointense T1 lesions) [28].

In 2007, the FDA developed a regularly updated REMS
(Risk Evaluation and Mitigation Strategy) platform that helps
professionals reduce the risk of PML or detect it swiftly. Given
the magnitude of the registered cases, in 2009, “The PML
Consortium’ was set up for better management of the situation
and new research. Furthermore, it has developed a programme
for prescribing natalizumab for patients with MS and Crohn’s
Disease, known as TOUCH (Tysabri Outreach Unlimited
Commitment to Health).

The insufficient exploitation of data from approximately
80,000 MS patients treated with natalizumab worldwide in
2011, of which only 50% were in the US, brought great criticism
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from researchers [29]. The EMA established an algorithm for
stratifying the risk of PML, dedicated to the professionals who
monitor the patients treated with this moAb. This states that
the identification of cases of clinically asymptomatic PML by
MRI leads to good clinical results and longer survival. Up to
June 2016, 667 PML cases were reported from 152,500 pa-
tients treated worldwide with natalizumab (an incidence rate
of 4.2/1,000) with a survival rate of 70-75% [30]. The birth
defects rate for women exposed to natalizumab was 5.05%
versus that of unexposed women, according to data obtained
from 350 pregnancies. Other parameters such as abortion
rates and baby weights were similar to those of the general
population. Exposure to natalizumab in the last trimester
has been correlated with haematological abnormalities in the
newborn. The drug is found in breast milk, so breastfeeding
is not desirable. Interruption of natalizumab before or during
pregnancy can trigger severe relapses [31]. In the STRATA
study, 3.460 patient-years on natalizumab had a lower annu-
alised relapse rate and stable EDSS score during five years of
a survey than did a placebo or other DMTs. The safety profile
consists of 16% serious adverse events, 5% infusion reactions,
4% infections, 2% neoplasms, and 14 PML cases. In the TOP
study, conducted on 4.821 patients, the ARR decreased from
1.99 to 0.31 after 12 months and EDSS remained stable (na-
talizumab vs other DMTs) [32].

Alemtuzumab is another moAb approved for MS therapy.
Authorisation for putting it onto the market was granted
for the treatment of leukemia in 2001, and withdrawn in
2012 at the request of the manufacturer. Alemtuzumab binds
to CD52, a surface antigen that is present in great numbers
in LT (CD3 +) and LB (CD19 +), and in smaller numbers in
natural killer, monocyte and macrophage cells. It acts by cell
cytolysis and complement-mediated lysis, producing lym-
phopenia. B cells re-circulate in about three months, which
explains the appearance of humoral-mediated autoimmune
diseases during therapy.

T-cells from peripheral blood reappear in significant vol-
umes after 1-1.5 years. This particularity ensures the spaced
administration of the drug, thereby improving adherence. On
the other hand, long-term suppression of LT causes the effect
to not be quickly counteracted in the event of other immune
disorders, with the risk of secondary autoimmunity assessed
as being 50% at five years [33, 34].

The CARE-MS I and CARE-MS II studies demonstrated
beneficial results [11]. Based on these (Tab. 1), alemtuzumab
was approved in the treatment portfolio of adults with active
disease.

Clinical studies have reported the following as the main
side effects: injection-related reactions, autoimmune disorders
(thyroiditis, thrombocytopenia, and haemolytic anaemia),
nephropathy, infections (herpes, papilloma, listeria), menin-
goencephalitis, lymphohistiocytosis, and neoplasms, among
others. A significant percentage of serious adverse effects
(AEs), 8-22%, has been documented in patients treated in

phase II and III studies [32]. However, the 5-year extension
of CARE-MS studies revealed stability or improvement in dis-
ability (69% and 65%) with a good safety profile [32].

Less than 200 cases of exposure to alemtuzumab during
pregnancy are known. This drug does not cross the placenta, at
least not in the first trimester. Breastfeeding is not allowed dur-
ing treatment. The autoimmunity induced by alemtuzumab,
that manifests as thyroiditis in 30-40% of patients, can induce
foetal hypothyroidism [31].

In April 2019, the EMA restricted the use of Lemtrada
until new data became available due to the following health-
related risks: cardiovascular diseases that start in the first days
of administration (myocardial infarction, stroke, and arte-
rial dissections), immune-mediated disorders (autoimmune
hepatitis and lymphohistiocytosis), and severe neutropenia.

During the re-evaluation period, treatment with Lemtrada
is only allowed for adults with a very active form of RRMS or
in situations when DMTs cannot be administered. The EMA
committee responsible for drug safety issues (the Pharmaco-
vigilance Risk Assessment Committee, PRAC) also recom-
mended updating the information on Lemtrada so that patients
and doctors are informed about all aspects of this therapy. The
REMS platform, also activated for this moAb (as it is for natali-
zumab), implies careful monitoring. Pharmacovigilance and
stratification of infectious risks require screening for varicella,
treponema pallidum, hepatitis B, hepatitis C, tuberculosis, and
HIV infection [25]. In addition to these measures, during the
therapy and for four years after the last infusion, blood tests
should be monitored monthly, a clinical examination should
be performed every three months, and an MRI examination
should be conducted every 12 months [35].

Ocrelizumab is another monoclonal antibody. The exact
mechanisms of action in MS are not fully understood. It
selectively acts on a CD20 epitope, from B lymphocytes, and
involves immunomodulation by reducing their number and
function for approximately 18 months [36]. The replication
capacity of B-lymphocyte is unaffected. Moreover, innate im-
munity and total T lymphocyte number are preserved. Being
a fully humanised antibody, the benefit/risk ratio is expected
to be better than for other humanised or murine moAbs in
terms of ADA occurrence.

The results of the three main clinical studies, based on
which Ocrevus obtained approvals for use on the market, are
summarised in Table 1. The effects are even more spectacular
in light of the fact that absence of disease activity (NEDA)
was found in 66.4% of patients treated with ocrelizumab
compared to 24.3% in the group treated with IFNB-1a. (11)
[37]. A 2017 meta-analysis, that included 21,768 participants
with RRMS from 33 clinical trials, revealed that ocrelizumab,
alemtuzumab, and natalizumab reduced the relapse rate by
70% compared to interferon, glatiramer acetate, and placebo
[38]. For ocrelizumab, injection reactions are more frequent
and intense compared to natalizumab and alemtuzumab: aller-
gic reactions of different intensities, dyspnoea, bronchospasm,
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fever, and tachyarrhythmias among others (in clinical trials,
they reached 34-40%, although patients were preventively
treated with corticosteroids and other risk reduction drugs).
Reactivation of hepatitis and the development of neoplasms,
especially in the breast, are other challenges. The risk of PML
should be taken into consideration, although such cases have
not been reported in clinical trials.

This has all led to a risk assessment strategy that consid-
ers possible infections, warnings about possible vaccines, and
careful monitoring during treatment (clinical and laboratory).

It is not known whether ocrelizumab can affect reproduc-
tion or cause foetal injury in humans because there has been
no controlled data in pregnancy. But renal, testicular, or bone
marrow toxicity, as well as increased perinatal mortality, have
been revealed by animal studies. Ocrelizumab is excreted
into animal milk. A study of 267 pregnancies with accidental
exposure to ocrelizumab did not suggest an increased risk for
the foetus [39].

Depending on the mechanism of action of moAbs, therapy
may be pulsed, with prolonged effect over time (alemtuzu-
mab), or continued immunosuppression (natalizumab). For
ocrelizumab, there is insufficient data to place it in either of
these two categories. Pulsed immune reconstitution therapy,
also called pulsed immunosuppressive therapy, has several
characteristics compared to continued immunosuppression.
The first of these is that the effect persists after the cessation
of therapy. There is also a higher risk for reactivation of
latent infections, a lower risk for PML and malignancy, and
an elevated risk of adverse effects in the long term after the
cessation of therapy [40].

A recent systematic review revealed that alemtuzumab,
ocrelizumab, and natalizumab have better profiles than other
drugs, classified as high-efficacy drugs for MS (an advantage
in progressing disability and relapse rates). Regarding three-
month disability progression, natalizumab was better than
GA and IFNB, and ocrelizumab and alemtuzumab were better
than other DMTs. These moAbs have a lower rate for dropout
than the other DMTs [41].

Rituximab (RTX) is a mouse chimeric antibody that tar-
gets CD20 B cells together with two other moAbs, one fully
human (ofatumumab) and one humanised (ocrelizumab).
Although they have the same mechanism of action, unlike
OCR, RTX does not have approval for use in MS. RTX has been
tested in phase II and III clinical studies for RMS and PMS,
but the manufacturer stopped producing it. As there was no
evidence of its effectiveness and safety, it was not allowed to
enter the market. Data from real life and comparative studies
with OCR has highlighted many differences. For RTX, there
is no evidence of malignancy (it has been used for almost
20 years to treat other diseases), but it has better efficacy and
more immunogenicity than OCR. Other studies have com-
pared RTX to fingolimod, GA, and IFNB, revealing a better
profile of efficacy and safety. Even the Olympus trial for PPMS
demonstrated a reduction of disability compared to placebo.

In this context, RTX is used off label in some countries such
as Sweden (40% of all DMTs) [42, 43].

Daclizumab (DAC) was the first moAb (90% murine and
10% human) approved by the FDA in 1997 to prevent renal
rejection after a transplant. It works against CD 25 alpha chain
(a subunit of the IL-2 receptor of T-cells). DAC was approved
in 2016 for once-monthly injection in RMS for adults. The
phase IT and ITI clinical studies have been promising. However,
worldwide real safety data has reported life-threatening side
effects due to the development of secondary autoimmune dise-
ases (autoimmune hepatitis, encephalitis, or Drug Reaction
with Eosinophilia Systemic Symptoms (DRESS) syndrome),
which led to its withdrawal in 2018 [44].

Several moAbs studied for use in the treatment of MS have
already been withdrawn for a variety of reasons. Atacicept
increased relapse rates, muromonab showed unacceptable
toxic effects, and tabalumab and ustekinumab did not show
efficacy [11].

Future directions

Several moAbs are currently in clinical trials.

Ofatumumab is a completely human, anti-CD20 moAb. B
cell depletion is less profound, with faster repletion compared
to other moAbs. It was approved initially for intravenous treat-
ment of chronic lymphocytic leukemia. The MIRROR phase I
study with monthly subcutaneous administration of 100, 300,
and 700 mg was followed by the ASCLEPIOS studies I and II.
These phase III studies compared ofatumumab with teriflu-
nomide in relapsing multiple sclerosis. Annualised relapse
rate reductions were 50.5% and 58.8% for teriflunomide and
ofatumumab, respectively. Their approval is expected later this
year, given the good results obtained in these studies [45, 46].

Ublituximab (UTX) is another anti-CD 20 antigen drug
which has been developed for RMS patients. It has a higher
potency and is expected to be administered intravenously, in
smaller doses and at shorter intervals. The phase II randomised
study (UTX vs. placebo) revealed no MRI activity, and addi-
tionally, no evidence of disease activity was observed in 74%
of cases after 48 weeks of the survey.

ULTIMATE I, IT and III phases studies, which have com-
pared UTX to teriflunomide for efficacy and safety, with over
1,000 patients, have shown good results, and conclusions are
expected in 2020 [47, 48].

Opicinumab, a new moAb treatment acting against
LINGO-1 protein, is a promising remyelination drug. LINGO-
I prevents the transformation of young cells into oligodendro-
cytes. By blocking this function, the growth of oligodendro-
cytes, which play an essential role in myelination, is allowed.
Opicinumab was evaluated in SYNERGY phase II trials, by
infusion administered every four weeks, compared to IFNB-
la, but without disability improvement vs. placebo in RMS.
AFFINITY, another phase II study, compares Opicinumab
with other DMTs with a better design for RMS. The results
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will be announced in 2022. In the phase II SYNERGY study,
no significant side effects were reported [49, 50].

Elezanumab is a fully-humanised moAb acting against
RGMa, modulating T cell responses, and promoting axonal
regeneration with remyelination and neuroprotection.

The current phase I study compares intravenous multiple
doses of elezanumab (150 mg, 600 mg, and 1,800 mg) vs. pla-
cebo in order to determine its safety profile and tolerability
in RMS. Further research is required into this new moAb.

In summary, we conclude that most clinical trials on
moAbs in MS have been sponsored by pharmaceutical com-
panies, and that the time period during which they were con-
ducted was too short to assess the safety of the tested drugs.
Drug repurposing is an efficient way to save money and time,
and comes with safety profile data.

The superior efficiency of moAbs is counterbalanced by the
uncertain safety profile and high costs. The risks of secondary
autoimmunity are challenging (alemtuzumab and daclizumab)
for long-term planning of immunotherapy. Furthermore,
more convenient administration of these medications, strictly
on a monthly basis or several times a year, is complicated by
monitoring for several months/years since the last administra-
tion. Comprehensive documentation, correct evaluation of the
benefit-risk ratio, and professional expertise are crucial. Newly
available therapies should be used in carefully selected cases.
It depends on the particularities of the disease, the patient,
and the healthcare system. Moreover, the choice should be
accepted by the patient after they have been fully informed.
Ongoing and post-marketing studies will bring new data and
useful recommendations for everyday practice.
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