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A B S T R A C T

Multiple Sclerosis (MS) is a heterogeneous disease and a variable percentage of patients are non-

responders to common treatment. Early diagnosis of non-responders allows change to a more useful

therapy for the patient and better allocates a large amount of financial resources. Quantification of

Neutralizing antibodies (Nabs) and of biological activity of IFN-b are recognized approaches to identify

immuno-pharmacological non-responders. A consistent number of studies have demonstrated that

quantification of Myxovirus-induced protein A (MxA) is a valid biomarker to detect immune-

pharmacological non responders after one year of treatment. Persistent high titre of Nabs and absence of

biological activity predict abolition of IFN-b effects in disease activity measured through MRI, number of

relapses and disability. Guidelines and flow-charts including both Nabs and MxA quantification are

presented.
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1. Introduction

Interferon beta (IFN-b) is the most commonly prescribed
disease-modifying therapies (DMT) in relapsing-remitting multi-
ple sclerosis (RRMS). IFN-b therapy reduces the annual relapse rate
and the lesion load measured by MRI, brain atrophy and disability
progression [1,2]. Unfortunately, most patients are non-respond-
ers to treatment [3]. As MS is a heterogeneous disease, all the
approved DMTs are only partially active and a variable percentage
of patients are non-responders. Non-responsive patients can be
divided into two subgroups: pathogenesis-related non-responders
and immuno-pharmacological non-responders. Pathogenesis-
related non-responders present a pathogenic mechanism of
disease that is not hampered by the biological activity induced
by the DMT. The immuno-pharmacological non-responders are
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patients treated with IFN-b, as with all the protein-based DMTs,
who develop Neutralizing antibodies (Nabs) that abolish
the biological activity normally elicited by IFN-b. This mini-
review will focus on the strategies for the early identification of
immuno-pharmacological non-responders. Pathogenesis-related
non-responders can be recognized only late, after the disease
has already caused a permanent damage in the CNS, whereas
immuno-pharmacological can be identified very early.

2. IFN-b treatment in MS

IFN-b has been available for MS patients since 1993, as the first
drug able to modify the natural history of MS; an editorial in
Neurology underlined the importance of that event as follow ‘‘The
natural history of MS has been altered favourably, substantially
and, above all, safely. Whether it is also the beginning of the end,
time alone will tell. This is, I believe, the end of the beginning’’
[4]. The biochemical characteristics of IFN-b influence clinical
efficacy, adverse events and risk of losing therapeutic efficacy. IFN-
b is a recombinant cytokine available in 3 formulations, two as
IFNb-1a and one as IFNb-1b. The latter is produced in Escherichia

coli and it differs from the natural human product by amino-acid
modifications and lack of glycosylation.

IFN-b uses the same metabolic pathways as the natural IFN-b
including binding to the receptor IFNAR, activation of Janus kinase/
signal transducer and activator of transcription (Jak/STAT) signal-
ling pathway [5], and induction or reduction of expression of a
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large number of genes, collectively called Interferon Stimulated
Genes (ISGs) [6]. The functional gene products of ISGs mediate the
antiviral, growth-inhibitory and immune-regulatory functions
attributed to IFN-b. Two companion chapters of this issue of
Cytokine and Growth Factor Review are focused on the antiviral
action of IFN-b in MS patients (Annibali et al.; Severa et al.).

3. IFN-b biological activity

The biological activity of a drug is defined as the total
pharmacological, physiological and biochemical effects deter-
mined by the interaction of the molecule with its target receptor.
Biological activity is a necessary, but not sufficient, condition for
clinical efficacy of a drug, and as a consequence, a drug without
biological activity is not clinical effective [7]. The measurement of
IFN-b biological activity in every single patient can allow the
detection of the subset of patients who are non-responsive to the
drug for lack of biological activity.

The biological activity of IFN-b can therefore be studied by
measuring a number of ISGs including MxA on the protein [8] or
mRNA level [9–13], b2-microglobulin [14,15], neopterin [16],
oligo-adenylate-synthetase [17,18], TNF related apoptosis induc-
ing ligand (TRAIL) [11,15,19], viperin [20], IFI27, CCL2 and CXCL10
[21]. A recent study showed that the determination of phosphory-
lated STAT1 by phosphor-specific flow-cytometry could represent
an excellent biomarker to monitor the biological activity of IFN-b
[22]. In fact the degree of phosphorylation of pathway-specific
transcription factors, which is directly related to IFNAR activation
on the cell surface, could be a more reliable parameter than gene
expression. The approach however requires further demonstra-
tion.

Among all the tested biomarkers of IFN-b biological activity
MxA has proven to be one of the most reliable.

4. mRNA MxA as a biomarker of biological activity and clinical
efficacy of IFN-b therapy

mRNA MxA expression in peripheral blood mononuclear cells
(PBMC) can be used as a biomarker for IFN-b biological activity and
clinical efficacy because of the following characteristics: (1) it is
specifically and directly induced by IFN-b; (2) the methods of
quantification of mRNA MxA are easy to perform and not
expensive; (3) its expression differs in untreated and treated
patients; (4) the absence of its induction indicates no residual
biological activity; (5) it is involved in the pathogenesis and/or
therapeutic action of IFN-b in MS; (6) it correlates with the clinical
course of MS (Table 1).

(1) MxA is specifically and directly induced by IFN-b. MxA, one of the
ISGs, is an antiviral protein that causes resistance to influenza
virus. It has a dose-dependent specificity for IFN-a [23] and
IFN-b in human mononuclear cells, but not for IFN-g [24]. In
Table 1
MxA as biomarker of biological activity and clinical efficacy of IFN-b therapy.

Characteristic References

Specifically and directly induced by IFN-b [23–25,86]

Easy to perform and cheap analysis [8,9,26–29,87,88]

Significant different expression between treated

and not-treated patients

[9,10,17,29,34–37,89]

Absence of expression indicates no residual

biological activity

[6]

Involved in the pathogenesis and/or therapeutic

action of IFN-b in MS

[38–41]

Correlated with the clinical course of MS;

prognostic value

[30,90]
the absence of viral infections it remains at low and constant
levels [25]. MxA level is not influenced by relapses.

(2) The methods of quantification of mRNA MxA are easy to perform

and not expensive. MxA was first measured on the protein level
with methods such as chemiluminescence [26], ELISA [8,27]
and FACS [28]. Later quantification of mRNA was preferred [9];
in fact as mRNA half-life is shorter than the protein half-life
[27], mRNA MxA measurement evaluates the fluctuations of
the transcript level associated with each IFN-b administration
with greater precision. Another advantage of mRNA is that its
levels, unlike the protein’s, are not influenced by post-
transcriptional modifications. Real-time-PCR has been shown
to be the best method for mRNA MxA quantification [29], it is
easily available in several laboratories [10,11,17,30–33] and its
cost has decreased in recent years.

(3) MxA expression levels differ between untreated and IFN-b treated

patients. It has been shown that low levels of mRNA MxA are
constitutively expressed in untreated MS patient, with values
similar to those of a healthy population, although about 5% of
the patients show a moderate increase of the basal level of
mRNA MxA [10,34]. While injection of INF-b significantly
increases mRNA MxA expression within 3 h, peak levels of
expression occurred at 12 h, with more than 10-fold increase
above baseline [9,10,17,29,34,35]. Such increase is a necessary
condition to distinguish IFN-b-treated from non-treated
patients. The high level of mRNA MxA after 3 h and the peak
at 12 h identify the suitable time interval for blood collection
after IFN-b injection; measurement of mRNA MxA at 24 h is
less sensitive because some patients display values in the pre-
treatment range and could be classified as non-treated
[34]. Usually patients self-inject IFNb in the evening and the
blood tape scheduled 12 h after injection does not modify their
habit and can be performed with routine blood examinations.

The level of MxA is affected by the number of injections per
week, as shown by a study on five consecutive days [36]. An
evening i.m. injection of IFN-b1-a at once a week induces an
increase of mRNA MxA peaking 12 h after the injection and
gradually tapering in the three following days. On the fourth
day MxA levels are comparable in treated and untreated
patients. Conversely IFN-b requiring three injections per week
(IFN-b 1-a s.c.) or an injection every other day (IFN-b 1b s.c.)
display two peaks of mRNA MxA in the two days following the
infusion, with a cumulative effect on biological activity [36].

As MxA is an anti-viral molecule induced by IFN-b and IFN-
a, both healthy persons and patients can show an increased
level of MxA during symptomatic or asymptomatic viral
infections [37].

(4) The absence of MxA induction indicates no residual biological

activity. As the therapeutic mechanism of IFN-b in MS is
complex and not completely defined, it can be argued that, IFN-
b may still have a biological activity also in the absence of MxA
induction through the induction of other ISGs. Hesse and
collaborators [6] showed that low mRNA MxA levels in patients
treated with IFN-b reflect a complete loss of drug bioactivity.
Twelve patients with high levels of Nabs and no MxA induction
did not show increased expression of other 1077 IFN-regulated
genes. This study demonstrates that mRNA MxA is a reliable
biomarker of the biological response to IFN-b therapy; in fact
when it is not induced no other IFN-regulated gene is induced.

(5) MxA is involved in the pathogenesis and/or therapeutic action of

IFN-b in MS. MxA protein was found by immunohistochemistry
in post-mortem brains of MS patients not treated with IFN-b
[38]. Positive staining was particular evident in active MS
presenting early myelin degradation products and/or perivas-
cular inflammation, while it was less intense in inactive lesions.
MxA protein was detectable in infiltrating lymphocytes, in



A. Bertolotto et al. / Cytokine & Growth Factor Reviews 26 (2015) 241–248 243
astrocytes and in endothelial cells. These data suggest that MxA
can be induced by endogenous biologically active type I IFNs
in the site of inflammation in untreated patients, and they
indicate a role of MxA in the neuro-inflammatory process.

Viral infections can trigger relapses in MS [39] and MxA
could play a direct role in the mechanism of action of IFN-b
in MS acting as a powerful antiviral molecule [40]. The role
of the IFN-b antiviral activity involved in reducing MS
relapses is reviewed by Annibali et al. and Severa et al. in two
companion chapters of this issue of Cytokine and Growth
Factor Reviews.

A recognized mechanisms of action on IFN-b is the
reduction of metallo-proteases, such as MMP9 and MMP2; their
level of expression has been correlated with that of mRNA MxA
in MS patients treated with IFN-b, indicating that the level of
MxA reflects the induction of a therapeutic pathway in MS [41].

(6) Levels of MxA correlate with the clinical course of MS. The levels of
mRNA MxA in PBMC during the treatment with IFN-b has a
prognostic value, as they can predict the treatment efficacy.
Malucchi et al. [30] performed a 3-years’ study in 137 MS
patients to establish whether the level of mRNA MxA at the end
of the first year of IFN-b treatment correlates with relapse-free
survival and with the time till the first relapse in the following
two years. Patients without mRNA MxA increase showed a
median time to the first relapse of seven months and only 21%
remained relapse-free, whereas 57.5% of those with increased
levels of mRNA MxA did not present relapses during the 2-
years’ follow-up (p = 0.0001, hazard ratio (HR) 2.87).

5. Factors influencing IFN-b biological activity

5.1. Therapy adherence

Chronic diseases are characterized by a low level of adherence
[42]. A recent review about the adherence to injectable DMTs in MS
showed that weighted mean adherence ranged between 58.4%
and 69.4% [43]. Forgetfulness or anxiety about the injection, and
adverse effect (flu-like symptoms, injection site reaction and
fatigue) are common obstacles to adherence [43].

Clearly, in the absence of injection, MxA does not increase;
therefore if a patient under treatment with IFN-b does not present
MxA increase and we can exclude the presence of Nabs and Babs,
not adherence must be thought of (Fig. 2). A previous work [31]
singled out 1.8% such patients (3 out of 167).

5.2. Neutralizing antibodies (Nabs) and Binding antibodies (Babs)

IFN-b is a protein inducing antibodies collectively named
Binding antibodies (Babs) as they can bind the protein. Some Babs
can neutralize the biological activity of IFN-b and they are called
neutralizing antibodies (Nabs). The major cause of loss of biological
activity is the presence of Nabs against IFN-b, which have high
affinity for specific epitopes on the host protein involved in the
binding of IFN-b with its receptor IFNAR. Nabs prevent the
interaction between IFN-b and IFNAR, which in turn blocks
downstream IFN signalling, transcription of ISGs and expression of
ISGs products [6,8,10,14]. As a consequence Nabs block the clinical
effect of IFN-b [44] and immuno-pharmacological non-responders
show a lack of clinical efficacy due to development of Nabs. Nabs
positivity peaks after 6–12 months of treatment, while Babs are
detectable since the first trimester of therapy [45]. About 50% of
Bab-positive patients become Nab-positive [46,47]. Babs develop-
ment, in particular with high titres, precedes the appearance of
Nabs [48,49].
5.2.1. Nabs measurement

The principle of the assays used until now in different
laboratories is similar: serum samples are incubated with IFN-b,
then added to cells belonging to cultured cell lines responsive to
IFN-b; if the samples contain Nabs, the binding IFN-b-IFNAR will
be hampered and antiviral proteins will be not induced. Cytopatic
effect assay (CPE) [50,51]), MxA Protein assay [52] and MxA gene
expression assay [53] are the three main methods used.

CPE is based on IFN-b antiviral activity; after the incubation
described above, the cells are infected with a specific virus and the
cellular vitality is measured; the presence of Nabs blocks the
antiviral activity, preventing cellular protection and leading to cells
death. The World Health Organization (WHO) approved the use of
CPE to detect Nabs [54] and it recommended the use of human lung
carcinoma cell line A549 and encephalomyocarditis murine virus.
This assay has also been suggested by the European Guidelines by
European Federation of Neurological Societies (EFNS) [55].

MxA protein assay uses an ELISA method for the quantification
of the MxA protein, that will be found only if the serum does not
contain Nabs [52]. MxA gene expression assay quantifies mRNA
MxA through a real-time PCR method [53].

The assays used in the different laboratories vary as to the cell
line, the IFN-b preparation and concentration, the incubation
period and the virus [55].

Lack of a standardized method led ‘‘marketing authorization
Holders’’ to promote a study to validate a common method using a
MxA protein assay [56]. The validation obtained on 62 samples
tested by three firms producing IFN-b provided consistent results.
This allows to consider the method suitable to detect Nabs in
patients treated with IFN-b. The method is superior to the CPE
because it can be performed automatically, it requires less time
and it does not need virus manipulation.

A recent study [57] tested a non-cell-based assay to detect
Nabs. The method utilizes chemioluminescence to detect the
binding of IFN-b to a recombinant IFNAR receptor that is coated
to plate. The presence of Nabs in the serum analyzed prevents
the binding of some or all the ruthenium-conjugated molecules of
IFN-b to the immobilized receptor and the test signal is reduced.
The signal reduction will be directly proportional to the amount
of Nabs. The study tested 114 samples and found excellent
consistency of the results with those obtained by the classic
methods. The advantage of the test lies in the absence of cell lines
and of viruses. Further studies are needed to demonstrate the real
usefulness of the test as it showed a lower sensitivity than the
already available tests [57].

5.2.2. Impact of Nabs in the biological activity expressed as MxA level

In order to evaluate the correlation between MxA expression
and Nabs status, mRNA MxA levels were examined in 99 untreated
patients, 17 healthy volunteers and 92 INF-b treated patients
[10]. Of the IFN-b treated patients 15 (16%) were persistently Nab-
positive (Nab+ �2 consecutive positive samples), 68 (74%) Nab-
negative, 9 (10%) isolated Nab-positive (one positive sample). The
biological activity was measured after a single dose of each of the
three commercial IFN-b formulations (IFN-b 1a i.m.; IFN-b 1b s.c.;
IFN-b 1a s.c.). Results demonstrated that MxA expression was
greater in Nab-negative and isolated Nab-positive patients than in
persistently Nab-positive patients. These data emphasize a strong
correlation between the presence of Nabs and the absence of
biological activity, in agreement with a previous study [8]. Only
three Nabs-negative (3/68, 4.4%) patients showed mRNA MxA
levels in the range of un-treated patients. This suggests that
mechanisms other than Nabs could abolish biological activity:
presence of non-neutralizing binding antibodies [31], diminished
IFNAR expression, increased soluble circulating IFNAR [58] or low
therapy adherence [31].
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Even if the methods to detect Nabs have a sensitivity limit of
5 ten-fold reduction unit (TRU) per ml [59,60], conventionally the
titre >20 TRU represents the positivity threshold and the titre
20 TRU is considered of ‘‘low’’ clinical impact [50,51,60]. Many
studies demonstrated that a high titre of Nabs abolish the
biological activity; however the definition of high titre greatly
varies from one laboratory to another, ranging between >45 TRU
and >600 TRU [10,32,35,61–63]. The relationship between Nabs
and loss of biological activity is not an all/nothing one; on the
contrary there is an inverse correlation with the biological activity
decreasing with the increasing titres. The phenomenon has been
reported by two studies, the first published in 2008 [62] and the
second in 2011 [31]. The first study regarded 97 patients with MS
under treatment with IFN-b. Nabs were determined by the MxA
protein method [52] and the biological activity by quantifying
mRNA MxA through Real Time PCR. Nabs titres lower than
150 TRU/ml were associated with the presence of biological
activity, titres between 150 and 600 TRU/ml were associated with
reduced biological activity, whereas titres higher than 600 TRU/ml
caused loss of expression of mRNA MxA. The second study was
performed on 167 patients. Nabs were measured by CPE, Babs by
ELISA and biological activity by Real-time PCR [31]. Also in that
study the biological activity progressively decreased with increas-
ing Nabs. In particular biological activity was absent in 92% of
patients (11/12) with a Nabs titre >100 TRU, in 73% of patients (11/
15) with values between 20 and 100 TRU and in 30% of patients (6/
18) with values lower than 20 TRU. This shows that patients with
Nabs titres higher than 100 TRU are very likely to experience loss of
biological activity of IFN-b. Patients with titres between 5 and
100 are in a ‘‘grey area’’ and they need to be closely monitored as to
biological activity and Nabs titre.

6. Impact of Nabs on disease activity

Many studies and several years have been necessary for most
neurologists to accept that patients with persistently high levels
of Nabs show abolished clinical effect of INF-b treatment and
consequent increase of relapses, disease progression and MRI
activity [44,55,64–66].

The role of Nabs has been hard to define for various reasons:
different methods of quantification, late clinical and radiological
repercussions, different duration of the studies, high number of
patients needed to evaluate the disappearance of the moderate
effect of IFN-b. Moreover in some patients Nabs disappear
continuing the treatment [45]; different formulations carry
different risks of inducing Nabs [67,68]; it is impossible to
organize a randomized trial [65].

Defining the lowest titre of Nabs leading to a clinically loss of
efficacy is very difficult and to date there is no consensus on a
threshold. As the presence of biological activity is indispensable
for clinico-radiological activity, it is reasonable to use Nabs titres
blocking the biological activity as those blocking the therapeutic
activity of IFN-b.

Nabs appear about 6–12 months after the beginning of the
treatment with IFN-b [61,67–69]. As the drug clinical efficacy is
modest (about 30% reduction of the attacks) and Nabs begin to impact
on the clinical picture after 18–24 months’ treatment, only clinical
trials of �3 years duration, non-randomized prospective studies and
real-world propensity-score studies indicate that Nabs reduce or
abolish the therapeutic efficacy of IFN-b on relapses, independently of
the type of IFN used [44,55,64–66]. Clinical trials with all the three
types of IFN-b, namely IFN-b 1b [70], IFN-b 1a s.c. [71] and IFN-b 1a
i.m. [72], demonstrated the negative impact of Nabs on disease activity
or on MRI. A recent trial with IFN-b 1b in Clinical Isolated Syndrome
(CIS) did not detect any negative clinical effect but only an effect on
MRI, because the patients are in an early phase of the disease and have
a low risk of clinical attacks and therefore they constitute a population
unsuitable to verify the impact of Nabs [73].

In 2003 Sorensen et al. [44] performed the first observational
prospective non randomized real-world study on the impact of
Nabs on relapse rate, time of the first relapse and disability
progression. Five hundred and forty-one patients with MS were
recruited, treated with different formulations of IFN-b, tested for
Nabs every 12 months and followed for up to 60 months. The study
showed higher relapse rate in patients with antibodies (0.64–0.70)
than in those without antibodies (0.43–0.46; p > 0.03) and a higher
risk to develop relapses in the Nab positive period than in the Nab
negative one (odds ratios in the range 1.51–1.58 (p < 0.03)). The
time from the beginning of treatment to the first relapse was
8.1 months (244 days) longer in Nab-negative patients [44].

Although EDSS worsened more in Nab-positive than in Nab-
negative patients, the difference was not statistically significant
because of the low number of patients followed up for 5 years
(52 patients). Later real-world studies confirmed the negative
impact of Nabs on the efficacy of IFN-b [30,46,74–80]. The most
recent study on the impact of Nabs on clinical outcome has been
performed in 567 Italian RRMS patients. In this 5-years observa-
tional study, the Nab-positive period was characterized by a
significant increase in relapse rate (IRR = 1.39; p = 0.0076) and by a
shorter time to first relapse (IRR = 1.71; p = 0.0038) than the Nab-
negative period. Propensity score analysis in a selected cohort of
patients demonstrated a negative trend of Nabs on the time to
reach the EDSS 4 (IRR = 2.94; p = 0.0879) [81].

7. Guidelines and consensus for the quantification of Nabs in
IFN-b treated MS patients

Nabs quantification has been the topic of European [55] and
American guidelines [64] and of international [65] and Italian
consensus [66]. In 2005 a EFNS Task Force on IFN-b antibodies in MS
drew guidelines on the use of anti-IFN-b antibody measurements in
MS [55]. The guidelines confirmed the usefulness of testing Nabs and
suggested to discontinue the treatment with IFN-b in Nab-positive
patients. The guidelines of the American Academy of Neurology [64]
acknowledge the negative impact of high titres of Nabs on the
efficacy of IFN-b, but thought that technical difficulties and discre-
pancies in the test prevented its implementation in the clinical
practice. The decision was strongly criticized [82]. European
guidelines and international and Italian consensus define a flow
chart for the use of the test in the clinical practice. In particular the
European guidelines [55] indicate to dose Nabs 12 months after
beginning the treatment and again after 24 if negative. If the test is
still negative there is no need to repeat it unless a new attack occurs
or disability progresses. If on the contrary Nabs are present at
12 months, the test must be repeated after three months and if still
positive with high titre (>100 TRU) IFN-b should be discontinued.
The international [65] and Italian [66] consensus take into con-
sideration also clinical course, evaluation of the biological activity
through dosage of MxA and Nab positivity with low titre (Fig. 1).

8. Implementation of Nabs and of MxA quantification in the
clinical practice for the identification of IFN-b non-responder
subsets

The great number of scientific evidences on the value of MxA as
a bio-marker of biological activities and on the role of Nabs in
blocking activity and efficacy of IFN-b allow us to use them to
identify non-responders to the treatment (Fig. 2). The flow chart in
Fig. 2 points to dose MxA on the 12th month of treatment. If there is
no biological activity, Nabs have to be dosed and a high title
identifies the subgroup of immuno-pharmacological non-respond-
ers. In those patients IFN-b has to be discontinued and substituted



Test for Nabs at 12 months any patient i n IFN- β
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Fig. 1. Flow-chart for Nabs quantification in patients treated with IFN-b.
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related non-
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Patient with 
«benign» MS
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to therapy

No

Re-tests for 
Babs and Nabs

Fig. 2. Clinical and biological flow-chart for identification of subsets of IFN-b non-responders.
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by another DMT. On the contrary if the absence or low values of
biological activity are associated with negative or low title of
Nabs, it is necessary to check adherence to treatment and
presence of Babs and to monitor the patient by repeating the
evaluation of biological activity. If there is biological activity, it is
necessary to evaluate clinical and MRI activity. The presence of
active disease identifies patients whose disease has a pathogenic
mechanism non responding to IFN-b (pathogenesis-related non-
responders). Conversely patients with no or low disease activity
are classified as IFN-b responders. This category cannot be
distinguished from the so-called ‘‘benign’’ patients whose
disease is not active not because of the treatment but because
of no disease activity during the observation period. The flow
chart has to be applied once a year and in case of disease activity
or disability progression.

9. Conclusion

IFN-b is a milestone in MS treatment, with a moderate
therapeutic efficacy, but with a well definite safety profile
evidenced by more than 20 years of utilization. The integration
of biological, clinical and MRI follow-up can allow early
identification of non-responders [83,84], a strategy not available
for any of the other DMTs. Safety, early identification of non-
responders and new IFN-b pegylated molecule [85] will offer a
reliable treatment option to person with MS also for the next years.
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