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Opinion statement

The range of available treatment options for patients with multiple sclerosis (MS) has
expanded tremendously in recent years, adding further complexity to the therapeutic
decision-making process. The first-generation therapies interferon beta and glatiramer
acetate have been safely used for more than 20 years, but are only partially effective. Many
of the newly approved MS therapies such as oral agents and monoclonal antibodies are
selective immunosuppressants that appear to have improved efficacy and/or are more
convenient, albeit in the absence of a long-term safety record. Although some are known
to be associated with serious adverse effects, these treatments provide evidence-based
therapeutic options for patients with suboptimal response or breakthrough disease. In this
new scenario, non-selective immunosuppressive drugs and autologous hematopoietic
stem cell transplantation are still present but likely play a more limited role than before.
In this review, we briefly summarize the current, recent, and most imminent immunosup-
pressive therapies, and present an overall summary along with a discussion of their role in
the current MS treatment scenario.



Introduction
Multiple sclerosis (MS) is an autoimmune chronic in-
flammatory demyelinating disease of the central ner-
vous system that typically strikes young adults, especial-
ly women. Despite considerable progress in our under-
standing of the MS pathogenesis, the exact mechanisms
involved are still not completely understood. While
classic disease-modifying therapies (DMTs) such as in-
terferon beta (IFN-beta) and glatiramer acetate (GA)
have been in use for more than 20 years, the repertoire
of available therapeutic options for MS has been steadily
increasing more recently. Most of the current treatments
target the immune system by killing, attenuating, or
disabling overactive autoreactive lymphocytes. These
therapies are more effective in patients who are
experiencing active inflammatory episodes, predomi-
nantly patients who are in the relapsing-remitting phase
of the disease. Patients with relapsing-remitting MS
(RRMS) often receive IFN-beta or GA as first-line DMT

due to the immunomodulatory activity and relative safety
of these treatment modalities, but their effectiveness is
modest. Until a few years ago, immunosuppressants,
natalizumab, and fingolimod were the only options for
patients with suboptimal response or who had break-
through disease. There are now 10 DMTs approved in
Europe and 9 in the United States, offering several alter-
natives with various mechanisms of action and modes of
administration, providing the potential to improve long-
term outcomes for MS patients. However, the selection of
an appropriate DMT is becoming increasingly more com-
plex. In this review, we briefly summarize the existing and
more recently approved immunosuppressive thera-
pies, as well as emerging therapies under investiga-
tion, in order to present a scenario in which selec-
tive and non-selective immunosuppressive therapies
will be considered for patients who have not
responded to the earlier treatments.

Current approved immunosuppressive therapies
for relapsing-remitting MS
Natalizumab

Natalizumab (Tysabri®) (NTZ) has been approved in Europe by the European
Medicines Agency (EMA) as second-line therapy for patients with high disease
activity despite treatment with IFN or GA, or as first-line treatment in rapidly
evolving severe RRMS. In the U.S., NTZ is recommended for patients who have
an aggressive course of the disease or those with an inadequate response or
intolerance to other therapies. There is currently an active phase III clinical trial
comparing NTZ with placebo in secondary progressive MS (SPMS).

Mechanism of action

NTZ is a humanized monoclonal antibody, administered intravenously,
that targets the alpha-4 integrin on the surface of lymphocytes and mono-
cytes and prevents lymphocytic migration across the blood–brain barrier.

Efficacy

Patients receiving NTZmonotherapy showed a 68% reduction in annualized
relapse rate (ARR), a 42%decrease in disability progression, and a substantial
reduction in MRI activity at two years compared with placebo [1]. Observa-
tional studies investigating the use of NTZ asmonotherapy in clinical practice
have shown that switching treatment to NTZ in patients with suboptimal
response to first-line drugs is a good option, as a large percentage of these
patients were free of relapse or disability progression during NTZ therapy as
compared with a previous period [2, 3]. However, the quality of evidence is
limited by the lack of a control group and the retrospective nature of studies.
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Common side effects

There is a slightly increased rate of common infections (cold, urinary tract
infections), and there have been cases of hepatotoxicity. Although NTZ is
generally well tolerated, hypersensitivity reactions may occur in a small
proportion of patients (5 %), usually associated with the presence of
neutralizing antibodies [4].

Safety issues

The risk of progressive multifocal leukoencephalopathy (PML) is the pri-
mary serious concern. Risks factors for PML include exposure to the JC
(John Cunningham) polyomavirus (JCV), duration of NTZ therapy, and
prior use of immunosuppressants (Fig. 1). Risk stratification data for PML
may be used to counsel individual patients; assessment of antibody titers
may help to improve stratification, although this technique has not yet
been validated [5, 6]. Retesting of JCV antibodies every six months is
recommended in seronegative patients due to the risk of seroconversion,
which has been estimated from2% to 14.5%per year in recent series [7, 8].
Clinical or MRI evidence suggestive of PML should prompt NTZ discon-
tinuation, and cerebrospinal fluid (CSF) analysis by polymerase chain
reaction (PCR) should be performed to ascertain the presence of JCV DNA,
with consideration of plasma exchange (PE) for the rapid removal of
circulating NTZ. After discontinuing NTZ (with or without PE), there is a
risk of immune reconstitution inflammatory syndrome (IRIS), character-
ized by severe clinical and radiological worsening within days toweeks after
NTZ removal. Reports have also described a return of MS disease activity
from three to sixmonths after cessation ofNTZ, and in some cases, a “rebound
of activity” (increase of disease activity beyond pre-NTZ levels) has been noted

F i g . 1 . P r o g r e s s i v e mu l t i f o c a l
leukoencephalopathy (PML) risk stratifica-
tion during natalizumab treatment
(updated September 1, 2013 by Gobal
Natalizumab (TYSABRI) safety update.
Biogen Idec, Weston, MA.).
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[9]. An earlier transition to fingolimod (maximum two-month treatment
gap) seems to reduce the risk of resumption of activity [10•].

Fingolimod
Fingolimod (Gilenya®) is approved by the EMA as second-line therapy, with the
same indications as NTZ, and by the FDA as a first- or second-line agent for
individuals without cardiovascular risk factors who desire once-daily oral
therapy.

Mechanism of action

Fingolimod is a sphingosine-1-phosphate (S1P) modulator, binding to
four of the five S1P receptor subtypes. Binding to the S1P1 receptor on
lymphocytes prevents their exit from lymphoid tissues, thereby reducing
infiltration into the CNS. Fingolimod also enters the CNS, potentially
affecting the survival of oligodendrocyte precursor cells, and may promote
protective effect on astrocytes.

Efficacy

In a pivotal placebo-controlled phase III trial, fingolimod reduced the
ARR by 54 %, disability progression by 30 %, and MRI activity by 74–
82 % [11]. In comparison to intramuscular interferon beta-1a,
fingolimod 0.5 mg reduced the ARR by 52 %, but it was not superior
on disability progression. MRI activity was significantly lower for
fingolimod, and brain volume loss was reduced by 31 % [12]. Post
hoc analysis demonstrated the efficacy of fingolimod in patients pre-
viously treated with other DMTs (IFN, GA, NTZ), and observational
studies support its real-life effectiveness [10•].

Common side effects

The most common adverse reactions are hypertension, headache,
influenza, diarrhea, back pain, liver enzyme elevation, and asymp-
tomatic reduction in pulmonary forced vital capacity or cough.
Although few opportunistic infections have been recorded, there is a
risk of herpes zoster infection, and documentation of an adequate
serological response or immunization is required before the initia-
tion of therapy. There is a 0.5 % risk of macular oedema, usually
reversible and occurring within the three first months, which re-
quires ophthalmological evaluation prior to beginning fingolimod
treatment and again after three months of therapy. However, the
risk is higher in patients with diabetes mellitus or prior uveitis
[13].

Safety issues

Nodal trapping of lymphocytes causes mild lymphopenia. A six-hour
observation period is necessary after the first dose because bradycardia and,
less frequently, atrioventricular conduction block can occur. Fingolimod is
contraindicated in patients who have experienced myocardial infarction,
unstable angina, stroke, or heart failure within the past six months, as well
as patients with a history of second-degree or third-degree atrioventricular
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block, baseline QT interval ≥500 ms, or treatment with Class Ia or Class III
antiarrhythmic drugs.

Teriflunomide
Teriflunomide (Aubagio®) is a once-daily oral DMT approved by the FDA in
September 2012 and by the EMA in August 2013 as first-line therapy for RRMS.
It is also approved in Australia, Argentina, Chile, South Korea, and Mexico.

Mechanism of action

Teriflunomide, the active metabolite of the rheumatoid arthritis drug
leflunomide, is an inhibitor of dihydroorotate dehydrogenase, the
enzyme required for de novo pyrimidine synthesis, which reduces
the proliferation of activated B and T lymphocytes. Additionally, it
acts in the suppression of proinflammatory factors, prevention of T-
cell interaction with antigen-presenting cells, and suppression of
nuclear factor (NF)-κB activation.

Efficacy

In two phase III trials, teriflunomide in 7-mg and 14-mg doses were
associated with a reduction in ARR of 31 %-37 % compared with placebo,
but sustained reduction in disease progression was observed only in the 14-
mg group. Patients treated with teriflunomide had significantly fewer
gadolinium-enhancing lesions and unique active lesions. Teriflunomide 7
mg was inferior and 14 mg equal in time to treatment failure in a com-
parative studywith subcutaneous interferon beta-1a [14]. Themagnitude of
these benefits was comparable to that of the current first-line injectable
therapies.

Common side effects

Teriflunomide is generally well tolerated at the approved dose (14
mg). Common adverse effects include gastrointestinal symptoms
(abdominal pain, diarrhea, and nausea), elevated liver enzymes, hy-
pertension, alopecia, and skin rashes. Neutropenia and hepatotoxicity
are the most serious adverse events. It has been described a 1-2 %
incidence of peripheral neuropathy and 1 % of acute renal failure
[15]. Monitoring of liver function is necessary, monthly for six
months and then every two months.

Safety issues

No serious opportunistic infections have been reported, but two cases of
PML were described in rheumatoid arthritis patients treated with
leflunomide [16]. Both sexes must use effective contraception due to the
risk of teratogenicity (pregnancy category X). Breast-feeding is also not
recommended. Teriflunomide has a significant enterohepatic cycle and
prolonged half-life, so it may take from severalmonths up to two years after
discontinuation for the drug to be fully eliminated from the body. Ad-
ministration of cholestyramine or activated charcoal is recommended to
accelerate elimination.
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Dimethyl fumarate/BG-12
Dimethyl fumarate (Tecfidera®) (DMF) is an oral DMT approved by the FDA in
March of 2013, with approvals in Canada and Australia as well. In February of
2014, it was approved by the EMA.

Mechanism of action

While the exact mechanism has not been completely elucidated, DMF
appears to activate the nuclear factor-E2-related factor-2 transcriptional
pathway, and to modulate NF-κB, reducing the production and release of
inflammatory cytokines and oxidative stress.

Efficacy

The two phase III trials comparing DMF with placebo demonstrated that a
dose of 240 mg twice a day was associated with significant reduction in the
ARR (53% and 44%, respectively) and disability progression (38% and 21
%, respectively) at two years. A 71 % reduction in MRI gadolinium-
enhancing lesions and 90 % reduction in new T2-weighted lesions were
observed. Compared to GA, which was included as a reference comparator
in one of the phase III studies, DMF showed better results in relapse rate
and MRI activity reduction, but without significant change in disability
progression [17, 18].

Common side effects

Almost 30 % of patients experience self-limiting symptoms of flushing
(lasting about one week and mitigated by taking the drug with food or
aspirin). Gastrointestinal symptoms such as nausea, abdominal pain, and
diarrhea are seen in up to 20 % of patients (lasting 2-4 weeks). There is a
tendency toward elevation of liver enzymes during the first six months, and
sporadic reversible proteinuria has also been reported.

Safety issues

A mean reduction of 30-50 % in lymphocyte count has been routinely
observed in 10%of patients treated withDMF, and regular complete blood
cell count monitoring is recommended. To date, PML has not been re-
ported with DMF, but four cases were described in association with the use
of Fumaderm® or compounds of fumaric acid esters for the treatment of
psoriasis in patients with chronic lymphopenia [19, 20].

Alemtuzumab
Alemtuzumab (Lemtrada®) is approved in Europe, Canada, Australia, and Latin
America for the treatment of active RRMS, andmay be used as first-line therapy.
The FDA recently declined to register this therapy for treatment of MS.

Mechanism of action

Alemtuzumab is a monoclonal antibody against CD52, a cell surface
marker on monocytes and lymphocytes, causing rapid and almost com-
plete depletion by both complement-mediated and antibody-mediated cell
lysis. The drug has been used for years as part of bone marrow
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transplantation conditioning protocols. Monocytes and B cells return
to pre-alemtuzumab levels in approximately three to six months, but
the reconstitution of memory B cells may take one year. T cells
repopulate more slowly, with CD8+ T cells reaching baseline levels
only after 30 months and CD4+ T cells after a median of 61
months. Thus, during the first six months, T-cell population is based
on memory T cells with a regulatory phenotype and reduced cyto-
kine expression.

Efficacy

The phase II study (CAMMS223) and the two phases III studies
(CARE-MS1 and CARE-MS2) compared alemtuzumab with subcu-
taneous interferon beta-1a. In the phase II trial, alemtuzumab re-
duced the ARR by 74 % and sustained accumulation of disability
by 71 %. In the CARE-MS1 study (treatment-naïve patients), ARR
was reduced 55 %, but there was no significant decrease in
sustained accumulation of disability. In the CARE-MS2 trial (pa-
tients who had relapsed on DMT), the reduction in ARR was 49 %
and in disability progression was 42 %. Alemtuzumab also signif-
icantly increased the proportion of relapse-free patients in all three
studies. Secondary MRI objectives provided additional evidence that
alemtuzumab was more effective than interferon beta-1a, with a
lower percentage of patients with active MRI lesions. A significant
40 % reduction of brain volume loss was observed in CARE-MS2
[21, 22].

Common side effects

Infusion-related reactions (rash, headache, fever, pruritus, and fa-
tigue) occurred in 90-99 % of patients, but were graded severe in
only 1-3 %. Globally, infections were reported more frequently in
alemtuzumab-treated patients, but were predominantly mild or
moderate. With the use of prophylactic acyclovir, the percentage of
patients who had herpes infection (oral herpes or varicella zoster
reactivation) in the month after alemtuzumab decreased consider-
ably. Opportunistic infections such as listeria meningitis, esophageal
candidiasis, and Pasteurella infection were observed, but no PML was
reported [23].

Safety issues

Nearly 30 % of patients receiving alemtuzumab developed thyroid
autoimmunity (typically hyperthyroidism and Graves’ disease). Im-
mune thrombocytopenia occurred in 3 % of patients, and one of
them died from an intracranial hemorrhage. Rare cases of immune-
mediated hemolytic anemia and neutropenia also occurred,
resulting in death in one patient. Renal failure resulting from
Goodpasture syndrome was reported in four patients, and two
required renal transplantation. There have been four malignancies
related to alemtuzumab (three thyroid cancers and one fatal Burkitt
lymphoma). A risk minimization and management program has
been implemented [21, 22].
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Emerging therapies under investigation
Daclizumab

Daclizumab is a humanized monoclonal antibody that targets CD25 (inter-
leukin-2 receptor α), which is expressed on immune cells. This drug has been
used for more than 10 years in the prevention of kidney transplant rejection.
There is currently an active phase III clinical trial comparing daclizumab with
interferon beta-1a (Avonex®) in RRMS.

Mechanism of action

Daclizumab induces the expansion of regulatory CD56bright natural killer
cells, and it also modulates the function of dendritic cells, resulting in
decreased T-cell activation.

Efficacy

The CHOICE phase II placebo-controlled trial showed that daclizumab
added to IFN reduced the number of gadolinium-enhancing lesions and new
or enlarging T2-weighted lesions at six months compared with placebo [24].
The SELECT trial, a phase IIb study, showed that subcutaneous daclizumab
administered every four weeks reduced the ARR (50-54%) and increased the
percentage of relapse-free patients at one year compared with placebo. MRI
endpoints were also significant for daclizumab-treated patients [25].

Common side effects and safety issues

Severe events were more frequent in patients treated with daclizumab than
in those receiving placebo, including serious cutaneous events (1 %) and a
greater than fivefold increase of liver enzyme levels (4 %). One patient died
from a psoas abscess after recovering from a rash, but no opportunistic
infections were seen [26].

Rituximab
Rituximab (RTX), a human/murine monoclonal antibody, was the first B-cell
depletion therapy used for treatment of MS, and the agent has been utilized in
the treatment of B-cell leukemia formore than 15 years. Four studies assessed the
efficacy of RTX—one for primary progressive MS (PPMS), while the other three
focused on RRMS—with a total of 599 patients included. However, the devel-
opment program in MS has been suspended, and no phase III trial is ongoing.

Mechanism of action

RTX binds to the CD20 antigen, leading to B-cell depletion through a
combination of cell-mediated and complement-dependent cytotoxicity.
Near-complete depletion is observed by week 2, and is sustained for 6-8
months.

Efficacy

A phase II 48-week placebo-controlled trial in RRMS showed that patients
treated with RTX had fewer gadolinium-enhancing lesions at weeks 12, 16,
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20, and 24, and the results were sustained for 48 weeks (pG0.001). The
proportion of patients with relapses was also significantly lower [27]. With
RTX used as add-on therapy with standard DMT, up to 74 % of post-
treatment MRI scans were free of gadolinium-enhancing lesions, compared
with 26 % at baseline [28]. In PPMS, RTX tended to delay the time to
progression compared to placebo, but the difference was not statistically
significant [29].

Common side effects

RTX has an attractive safety profile, with no significant differences in
the short-term incidence of serious adverse events or infections
compared with placebo. The most common side effects were
infusion-associated events, including fever, chills, flushing, itching,
and general flu-like symptoms (headache, fatigue, muscle weakness).
Most were classified as mild or moderate, and tended to occur
during the first administration, decreasing in both frequency and
intensity during subsequent infusions.

Safety issues

No opportunistic infections, including LMP, have been reported in patients
with MS. Two cases of PML resulting in death have been reported in
patients receiving RTX for treatment of systemic lupus erythematosus, but
they hadmultiple courses of immunosuppressant therapy prior to receiving
RTX. Cases of PML have been previously reported in patients with lym-
phoid malignancies taking RTX in combination with other
immunosuppressants.

Ocrelizumab
Ocrelizumab is a humanized monoclonal antibody designed to selectively
target CD20 B cells. Currently, two phases III studies in RRMS patients and one
phase III study in PPMS patients are ongoing.

Mechanism of action

Ocrelizumab also binds to CD20 (at a distinct but overlapping epitope
from RTX), and it is associated with increased antibody-dependent cell-
mediated cytotoxicity and reduced complement-dependent cytotoxic ef-
fects in vitro. As a humanized molecule, it is expected to be less immuno-
genic with repeated infusions and to have a more favorable benefit–risk
profile.

Efficacy

A phase II trial comparing ocrelizumab with intramuscular interferon beta-
1a or placebo resulted in a significant reduction of gadolinium-enhancing
lesions (89 % for the 600-mg dose and 96 % for the 2,000-mg dose). The
ARR over 24 weeks was 80 % lower in the low-dose (600-mg) and 73 %
lower in the high-dose (2,000-mg) groups compared to placebo. At week
144 of the open-label extension, MRI evidence of active disease was min-
imal, and the rate of relapse remained low [30].
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Common side effects

Most infusion-related events occurred during the first infusion and were
mild to moderate. The incidence of serious adverse events occurred at
similar rates in all group of patients.

Safety issues

A rheumatoid arthritis program with ocrelizumab was discontinued
due to the high rate of serious and opportunistic infections, some of
which resulted in death. At this time, no opportunistic infections
have been reported in MS patients, but the long-term safety profile
of ocrelizumab in MS has yet to be established. Only one death was
observed in an MS phase II trial, in which a contributory effect from
ocrelizumab could not be excluded [30].

Ofatumumab
Ofatumumab is a fully human monoclonal antibody, directed against CD20.

Mechanism of action

Ofatumumab binds to a different epitope than RTX and ocrelizumab,
resulting in different pharmacological properties. It acts through
complement-mediated rather than antibody-mediated cytotoxicity.

Efficacy

In a phase II trial including 38 RRMS patients, all three intravenous doses
evaluated (100 mg, 300 mg, and 700 mg) reduced the number of new
gadolinium-enhancing lesions by 999 % at six months, with a statistically
significant reduction compared to placebo [31].

Common side effects and safety issues

Ofatumumab given two weeks apart was not associated with any unex-
pected safety concerns and was well tolerated.

Non-selective immunosuppressive therapies

In recent decades, several non-selective immunosuppressive drugs have
been administered in MS patients. The rationale for using these agents
in MS is based on the experience of treating immune-mediated disor-
ders that are refractory to conventional therapies. It is important to
note that mitoxantrone is the only approved chemotherapy for MS,
whereas the other immunosuppressants that will be reviewed are used
off-label, and the level of evidence for their use is low. Today, non-
selective immunosuppressants drugs are being used as monotherapy or
in combination with injectable classical DMT only in selected cases due
to their potential risk of further adverse events and their possible
limitation for the future use of other, more selective immunosuppressants
approved for MS.
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Azathioprine
Azathioprine (AZA) is a purine analogue that competes with DNA nucleotides,
approved in some countries for relapsing MS.

Efficacy

A recent meta-analysis concluded that AZA may be effective for RRMS
patients in reducing the odds of clinical relapses and disability progression
over 24-36 months compared to placebo [32•]. In one study, AZA (50 mg/
day) added to interferon beta-1a was not shown to be beneficial in clinical
or MRI outcomes [33]. The comparison of AZA (3 mg/kg/day) with IFN-
beta showed a higher proportion of relapse-free patients in the AZA group
than in the IFN-beta group (77 % vs. 57 %, pG0.05) [34].

Common side effects and safety issues

Leukopenia, macrocytic anemia, and liver function abnormalities have
been seen during treatment, but leukopenia tends to decrease over time. A
possible long-term risk of cancer may be related to treatment duration and
cumulative dosage.

Cyclophosphamide
Cyclophosphamide (CY) is an alkylating drug related to nitrogenmustards that
bind to DNA and interfere with mitosis and cell replication. Several regimens
have been described, but the most common is monthly intravenous infusions,
initially at a dose of 1 g/m2, with a two-week post-infusion white blood cell
count nadir of 2,000-2,500/mm3.

Mechanism of action

CYdepletes lymphocytes, both B and T cells, but with preferential depletion
of CD4 T cells. It decreases the secretion of interferon gamma and IL-12 by
monocytes and increases the secretion of IL-4 and Il-10 from peripheral
mononuclear cells, inducing a shift from Th1- to Th2-type cytokine profile.

Efficacy

Several open-label studies have suggested that patients with rapidly wors-
ening treatment-refractory RRMS might benefit from intravenous admin-
istration of CY [35–39]. In patients with progressive MS, a single-blind
placebo-controlled study did not demonstrate a beneficial effect [40, 41]. In
general, it seems that CYmay be of benefit for patients who are younger and
have shorter disease duration, but still have a history of relapses or recent
MRI activity. A few studies of CY in combination with IFN showed a
reduction in clinical and MRI activity [42, 43]. A comparison study with
mitoxantrone showed no differences in time to relapse, disease progres-
sion, or MRI variables [44].

Common side effects and safety issues

Infections, but no cases of PML, have been reported in MS patients treated
with CY. Alopecia is seen in 40-60 % of patients, hemorrhagic cystitis in 7-
15 %, and amenorrhea in 33 % of young women; permanent infertility is
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less common and is associated with older age. Bladder cancer has been
occasionally reported.

Mitoxantrone
Mitoxantrone (Novantrone®) (MTX) is an anthracenedione drug approved in
some countries for rapidly worsening RRMS or secondary progressive MS
[45••].

Mechanism of action

MTX inhibits type II topoisomerase activity and disrupts DNA synthesis; it
demonstrates effects on the proliferation of T and B cells and promotes
maturation of natural killer cells.

Efficacy

MTX has shown a moderate effect in reducing disability progression and
ARR in patients affected by worsening RRMS, PRMS, and SPMS during
short-term follow-up (two years) [46, 47]. In a phase III trial comparing
MTX to placebo in SPMS, MTX at 12mg/m2 every three months over a two-
year period demonstrated a significant benefit. MTX showed superiority on
the combined primary endpoint, including change from baseline expanded
disability status score (EDSS), change from baseline ambulation index,
number of treated relapses, time to first treated relapse, and change from
baseline standardized neurological status at 24 months. MTX decreased the
relapse rate by 68 % and significantly prolonged the time to progression.
The results of this trial led to regulatory approval [48].

Common side effects and safety issues

At standard doses, use of MTX is limited to two years due to the risk of
cumulative-dose-related cardiomyopathy. After initial widespread use, it
was shown that systolic dysfunction occurred in about 12 % of patients,
congestive failure in 0.4 %, and leukemia in approximately 0.8 %. These
rates of complications, higher than expected, have limited its current use in
clinical practice [49].

Hematopoietic stem cell transplantation in MS
(bone marrow transplantation)

Treatment options for MS patients have expanded tremendously in recent years,
but there are patients that continue to experience accumulated disability or
rapidly worsening or fulminant MS, with frequent relapses, despite spite these
new therapies. In recent years, intense immunosuppression followed by autol-
ogous hematopoietic stem cell transplantation (AHSCT) has been an option for
these patients and for patients affected by other severe autoimmune disorders as
well. The target of this treatment is the eradication of autoreactive cells,
followed by the infusion of autologous hematopoietic stem cells to restore the
aberrant hematolymphopoietic system. In addition to its clear immunosup-
pressive properties, this method can also result in a resetting of the immune
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system that may become tolerant to self-antigens for a long period of time.
More than 500MS cases have been treated worldwide with this procedure in the
past few years, most of them in small phase I–II trials [50, 51•, 52–72].
Although AHSCT appears to be very effective, especially in selected MS cases, at
this time there is no data available from prospective comparative studies. In
addition, the heterogeneity of the reported studies makes comparisons difficult
in terms of benefit–risk ratio.

Procedure

AHSCT is not a single treatment and involves various steps (Fig. 2) that
have not been executed uniformly among different centers. The importance
of age, disease phase, and intensity of the conditioning therapy are well-
known factors influencing potential toxicity and outcome. For this reason,
in 2012, an interdisciplinary group of experts published a proposal for
uniform patient inclusion criteria and AHSCT procedures, such as condi-
tioning regimen, to be implemented in clinical trials [73••]. A high-
intensity conditioning regimen is myeloablative, and results in greater
immunosuppression but riskier side effects. It includes total-body radiation
or busulfan-containing drugs. Low-intensity refers to regimens that include
CY alone, melphalan alone, or fludarabine-based regimens. Intermediate
intensity includes combined drugs, such as BEAM (carmustine, etoposide,
cytarabine, and melphalan), and the combined use of anti-thymocyte

Fig. 2. AHSCT step-by-step procedure and proposed inclusion criteria on behalf of the European Group for Blood and Marrow
Transplantation (EBMT), the Center for International Blood and Marrow Transplant Research (CIBMTR), and the Haematopoietic
Stem Cell Transplantation (HSCT) in MS International Study Group, published in 2012 [73••]. MRI magnetic resonance imaging, Gd+
Gadolinium-positive, GCSF granulocyte-colony stimulating factor.
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globulin, alemtuzumab, or RTX with high-dose CY or other chemotherapy.
While no single conditioning regimen has demonstrated superiority over
the others, BEAM has been the most widely used protocol in Europe [74].

Efficacy

Despite the absence of comparative studies among different pro-
cedures, the heterogeneity of the patients included in the studies,
and the differences in follow-up periods (Table 1), all of these
studies suggest that AHSCT may lead to prolonged periods of
stable disease (sustained progression-free survival beyond five
years). The prognosis is more favorable in patients treated in the
relapsing-remitting phase and/or showing inflammatory MRI activ-
ity, who are younger than 40 years, and who have shorter disease
duration (within five years). It is excellent in aggressive malignant
forms of MS.

Common side effects and safety profile

Transplant-related mortality rates have decreased from 7.3 % for the
period 1995-2000 to 1.3 % during the period 2001-2007 [75]. This
reduction can be attributed to better patient selection and type of
conditioning, combined with improvements in supportive care and
the experience of treating MS patients with AHSCT at accredited
transplant centers. The most frequent cause of death has been severe
systemic infections, but early non-neurological toxicity (first 100
days after AHSCT) has been seen in 56 % of patients [74]. It has
been reported that the reconstituted immune system is predisposed
to other autoimmune diseases within the first two years after AHSCT
in 10 % of patients; the most frequent are autoimmune thyroiditis
and immune cytopenia [76••].

Future view

Evidence-based data suggest the feasibility of AHSCT in severe forms
of MS, but whether the procedure is really effective in modifying the
progressive course of the disease deserves further assessment in
comparative phase III trials. AHSCT appears to be most beneficial in
patients transplanted during the relapse phase of the disease, and
could be an alternative for those highly active and refractory to
other conventional MS therapies.

Management algorithm for relapsing-remitting MS

In current clinical practice, there are two general approaches that are
considered at the time a therapeutic decision is made. The more com-
mon is the escalation strategy. The patient is initially treated with a first-
line DMT, and if there is clinical and/or imaging evidence of disease
activity or progression (suboptimal response or breakthrough disease), a
second-line therapy with greater apparent efficacy is considered (Fig. 3).
The choice of first-line DMT—first-generation injectable therapies with
an impressive record of safety or new oral agents with a more
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convenient profile and maybe more efficacious—will depend on the
characteristics of the patient (prior level of disease activity) and his/her
concerns about unknown long-term adverse effects. Before escalation,
patients may also switch to another first-line DMT with a different
mechanism of action that may reduce the activity of the disease as
shown by observational studies.

The key decision point is often JCV antibody status. If the patient is
JCV-seronegative, switching to natalizumab is a clearly effective option,
whereas fingolimod is more frequently considered for JCV-seropositive
patients. For patients who do not achieve disease control with these
therapies, or in the case of adverse events, alemtuzumab is an approved
alternative in Europe that has, in fact, demonstrated superior efficacy to
subcutaneous interferon beta-1a. Given the associated serious side ef-
fects, however, the risk-benefit ratio must be considered. Monoclonal
antibodies such as ocrelizumab, ofatumumab, or daclizumab are prom-
ising as second-line therapies, but they are still in the experimental
phase.

The second approach is induction therapy, proposed for patients with
aggressive or rapidly worsening MS, with the idea of stabilizing and
inducing sustained remission with powerful, intensive treatment, and
then resuming safer DMT therapy. Mitoxantrone, cyclophosphamide,
and, more recently, rituximab have been used and have demonstrated
their effectiveness in observational studies; alemtuzumab has also been
proposed as an option to evaluate in this setting. Finally, intense im-
munosuppression, followed by AHSCT, should be reserved for patients
with very active RRMS who have failed treatment with other approved
therapies. In both therapeutic strategies, however, the selection of the
more suitable drug must be carefully considered in light of the risk of
severe adverse events such as secondary neoplasms or the occurrence of

Fig. 3. Proposed treatment algorithm for
treating RRMS patients. Grey boxes refer to
non-approved drugs that are being evaluated
in clinical trials.
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PML. The lack of significant efficacy in progressive MS precludes the use
of immunosuppressive drugs in this subtype of patients.
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