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Abstract: Fingolimod (FTY720), an immunotherapeutic drug targeting the sphingosine-1-
phosphate receptor, is a widely used medication for relapsing-remitting multiple sclerosis (MS).
Apart from the pivotal Phase III trials demonstrating efficacy against placebo and interferon-
[-1a once weekly, sufficient clinical data are now available to assess its real-world efficacy and
safety profile. Approved indications of fingolimod differ between countries. This discrepancy,
to some extent, reflects the intermediate position of fingolimod in the expanding lineup of MS
medications. With individualization of therapy, appropriate patient selection gets more important.
We discuss various scenarios for fingolimod use in relapsing-remitting MS and their pitfalls:
as first-line therapy, as escalation therapy after failure of previous immunotherapies, and as
de-escalation therapy following highly potent immunotherapies. Potential side effects such as
bradycardia, infections, macular edema, teratogenicity, and progressive multifocal leukoenceph-
alopathy as well as appropriate safety precautions are outlined. Disease reactivation has been
described upon fingolimod cessation; therefore, patients should be closely monitored for MS
activity for several months after stopping fingolimod. Finally, we discuss preclinical and clini-
cal data indicating neuroprotective effects of fingolimod, which might open the way to future
indications such as stroke, Alzheimer’s disease, and other neurodegenerative disorders.
Keywords: immunotherapy, bradycardia, progressive multifocal leukoencephalopathy, neu-
roprotection, stroke, Alzheimer’s disease

Introduction

Fingolimod (FTY720, [Gilenya®, Novartis Pharmaceuticals, Basel, Swaizerland])
belongs to a class of molecules targeting the sphingolipid-regulated signaling system.!?
Within the body, fingolimod is rapidly phosphorylated to fingolimod phosphate, the
active formulation of the drug, which binds to four of the five known sphingosine-1-
phosphate (S1P) receptors. The main effects on immune cells are transmitted through
the sphingosine1P1 receptor. After ligation, the sphingosinelP1 receptor is internalized
and degraded,® which leads to lymphocyte homing in peripheral lymphatic tissues and
prevents the invasion of autoaggressive T-cells into the central nervous system (CNS)
without suppression of systemic immune responses.**

Fingolimod was shown to be effective in experimental autoimmune encephalomyelitis,®
an animal model of multiple sclerosis (MS), and subsequently investigated in two Phase
III clinical trials for relapsing-remitting (RR)MS.” In these trials, fingolimod was dem-
onstrated to be a safe and effective drug. The FTY720 Research Evaluating Effects of
Daily Oral therapy in Multiple Sclerosis (FREEDOMS) trial was a double-blind, placebo-
controlled study analyzing the annualized relapse rate (ARR; primary end point) and the
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time to disability progression (secondary end point) in 1,272
RRMS patients receiving fingolimod (0.5 or 1.25 mg/d) or
placebo.® Both doses of fingolimod were demonstrated to
reduce the ARR significantly and also decreased the risk of dis-
ability progression within the observation period of 24 months.
A subgroup analysis revealed high efficacy of fingolimod in
therapy-naive patients and those pretreated with glatiramer
acetate or interferon-p.’ Trial Assessing Injectable Interferon
vs FTY720 Oral in RRMS (TRANSFORMS), a 12-month,
double-dummy controlled study compared fingolimod (0.5 or
1.25 mg/d) with interferon-f-1a im (30 pg/d) in 1,153 patients
with RRMS. ! A significant 52% reduction of the ARR could
be reproduced. However, in this study, no differences in
disability progression were observed between groups, prob-
ably due to the shorter observation time. As two fatal infec-
tions occurred in the high-dose group, and no differences in
efficacy were observed between both dosages, the 0.5 mg/d
dose was further developed for clinical application. Common
adverse events were herpes infections, bradycardia, atrio-
ventricular block, macular edema, skin cancer, and elevated
liver enzymes.®!° Recently, the efficacy and safety profile of
fingolimod was further evaluated by a long-term observational
study investigating the FREEDOMS study population over
a period of 60 months.'" In this extension study, 920 patients
with RRMS were included, and ARR as well as brain volume
loss measured by magnetic resonance imaging (MRI) were
significantly lower in each treatment group compared with pla-
cebo, whereas adverse events were equally distributed within
the treatment and the placebo groups. Also, FREEDOMS 11,
a placebo-controlled, double-blind, Phase III clinical trial of
1,083 patients with RRMS analyzing ARR after 24 months
(primary outcome) and brain volume change as well as time
to confirmed disability progression at 3 months (secondary
outcome) partially confirmed the efficacy of fingolimod.'? In
this study, a 48% reduction of the ARR (fingolimod 0.5 mg/d
vs placebo) and a significantly lower brain volume loss were
recorded, whereas significant effects on disability progression
were not observed.

Fingolimod was the first oral drug for the treatment of
RRMS and was shown to be highly effective in reducing the
relapse rate. Since market launch in 2010, approximately
130,000 patients have received fingolimod; thus, in addition
to the Phase II and III clinical trials, sufficient clinical data
is now available to assess the real-world efficacy and safety
profile of fingolimod.

Appropriate patient selection
Fingolimod is approved for the treatment of relapsing MS
in many countries of the world; however, there is some

difference in the indications. While fingolimod has been
approved as a first-line therapy in the USA, Australia, and
Switzerland without further restrictions,'*""* the regulatory
agencies in the European Union and Canada were more cau-
tious and have approved fingolimod as a second-line therapy
for patients who failed to respond to baseline therapy or
have a rapidly progressive disease course.'®!” In the USA
and Australia, fingolimod can be also administered in sec-
ondary progressive MS with superimposed relapses. The
discrepancy of approved indications, to some extent, reflects
the intermediate position of fingolimod in the lineup of MS
medications. As the number of MS therapies is likely to
increase in the next few years, positioning of each medica-
tion will be even more complicated. It is important to note
that the approval status, treatment guidelines, and the actual
postmarketing use can differ from the investigated popula-
tion in the pivotal clinical trials, making treatment decisions
based on well-defined criteria difficult. Hence, one attempt
is to tailor therapy to individual needs, taking into account
the benefits, risks, and patient preferences obtained through
shared decision processes.'® Once the decision to start fin-
golimod is made, an adequate observational program and
structured patient education might help to enhance patient
knowledge and self-efficacy and increase adherence to the
therapy." In this section, we will outline the criteria for
appropriate patient selection for fingolimod therapy.

Fingolimod as first-line therapy for
relapsing MS
After a first demyelinating event, called clinically isolated
syndrome, in the absence of MRI signs of dissemination
in time disease activity is often difficult to assess. Many
neurologists still use interferon-f or glatiramer acetate as
first-line therapies, because treatment and side effects are well
known, and the latter are perceived as mild. However, where
approved fingolimod can also be used as the initial therapy
for relapsing MS when dissemination in time has been shown
according to the current McDonald criteria.?’ Because of its
superior efficacy compared to interferon-B,'° this approach —
although not proven — might have the advantage of less
patients experiencing a second clinical event or requiring
escalation of therapy. Fingolimod as an initial therapy seems
to be of particular interest in situations where already more
than one clinical event has occurred or where other signs of
an unfavorable disease course — eg, high lesion load/several
active lesions on MRI, severe deficits during relapses, or
incomplete remission from relapses — are present.
According to regulatory affairs, the European Medicines
Agency recommended first-line fingolimod therapy only in
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case of =2 relapses a year, progression of disability, and
gadolinium-enhancing or new T2-lesions on MRL'¢ In the
USA and Switzerland, there are no special restrictions for
administration of fingolimod in relapsing MS."*!'* Most objec-
tive and strong data from the Phase I1I clinical trials are based
on patient cohorts with an ARR =1.0. These patients have a
high probability of a good clinical response to fingolimod, so
the benefits of the therapy clearly outweigh adverse effects.
Taking into account rare but life-threatening side effects,
we suggest that fingolimod should not be a medication of
first choice in a very mild course of disease or clinically
isolated syndrome. Confirmed diagnosis of MS and ongo-
ing, at least moderate, disease activity are recommended to
justify treatment-related risks. In patients with mild disease
activity who reject or do not tolerate other presumably safer
therapies, fingolimod may be given after providing detailed
information to the patients about potential adverse effects.
The risk of rare paradoxical disease exacerbations should
also be taken into account when starting fingolimod in such
mild cases.”! >

Fingolimod as escalation therapy
for relapsing MS

In Europe, fingolimod has mainly been used as an esca-
lation therapy after baseline interferon-f3 or glatiramer
acetate therapy. Because of regulatory recommendations,
the requirements for a switch to fingolimod therapy until
recently were quite conservative and included insufficient
effect of at least one other immunomodulatory therapy (of at
least 1 year duration) and ongoing disease activity (defined
as =1 relapse in the last year and gadolinium-enhancing or
>9 T2-lesions on MRI). However, modern principles of MS
therapy aim to keep patients free from disease activity, and
so even clinically silent events with ongoing MRI activity
might demand more effective therapy. According to results
of the TRANSFORMS study, fingolimod is substantially
more effective than once-weekly interferon-p-1a.'® Also
in those patients switched from other therapies (in >80%
from glatiramer acetate and interferon-f3) to fingolimod by
inclusion into FREEDOMS and FREEDOMS 1I studies,
a significant reduction of both ARR (—48%) and 3-month
confirmed Expanded Disability Status Scale (EDSS) pro-
gression (—34%) was demonstrated.”® To the best of our
knowledge, there are no direct comparative studies with
glatiramer acetate. However, according to a retrospective
analysis, patients switched from interferon-f (because
of ongoing disease activity) to fingolimod had 62% less
relapses compared to those switched to glatiramer acetate.?”’
More favorable outcomes after switching from injectable

therapies to fingolimod compared with switching to another
injectable therapy have been confirmed in a prospective
study evaluating 1,053 patients with RRMS? and in another
retrospective multicenter study.?’ Generally, the risk—benefit
ratio of fingolimod seems to be close to that of dimethyl-
fumarate, which can be another option for treating patients
with relapsing MS with moderate disease activity.’*3! Dim-
ethylfumarate requires fewer preexaminations; however, it
is associated with more frequent, unpleasant gastrointestinal
and flush complaints at the start of therapy.*? In patients
with a particularly aggressive disease course, a switch to
natalizumab (preferably in John Cunningham virus (JCV)-
antibody negative cases), upcoming anti-CD20 monoclonal
antibodies, or in some cases, alemtuzumab, rather than
fingolimod should be considered. According to a large
observational study, an escalation from injectable therapies
to natalizumab was significantly more effective compared
to fingolimod.*

Fingolimod as de-escalation therapy
for relapsing MS

Several highly effective MS therapies (eg, natalizumab in
JCV-antibody positive patients and mitoxantrone) can be
administered for a limited period of time only. Unfortunately,
high disease activity in these patients demands further active
therapy, and fingolimod can be an option for the subsequent
de-escalation. Several studies have evaluated the switch from
natalizumab to fingolimod, which is a common clinical situ-
ation considering that natalizumab often has to be stopped
for safety reasons.’**? Patients starting fingolimod within
6 months after the last natalizumab infusion had a signifi-
cantly lower relapse rate compared to patients without any
subsequent therapy or those treated with glatiramer acetate.>
Still, approximately 10%-30% of the patients on fingolimod
experienced relapses, especially during the first 6 months
after switch of therapy.3** The degree of disability, prob-
ably reflecting previous disease activity, can be used as a
prognostic factor in these patients: the majority of patients
with EDSS <3.0 at stopping natalizumab were relapse free
on fingolimod therapy for at least 1 year.*’ In most studies,
a shorter washout period of 8 to a maximum of 12 weeks
was clearly associated with less clinical and MRI disease
activity 343637394042 However, the recently published cases
of the so-called “carry-over” progressive multifocal leuko-
encephalopathy (PML) in patients who started fingolimod
1-3 months after natalizumab cessation demonstrate a
potential risk of a short washout period.*** In order to reduce
the risk of “carry-over” PML, a control MRI at natalizamab
cessation should be performed. However, as we described
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previously, an early monofocal manifestation of PML may
be difficult to differentiate from a new MS lesion.* Current
data suggest, a 2- to 3-month washout period after natali-
zumab therapy.33373%4142 This time interval is also supported
by pharmacodynamic data: 8 weeks after natalizumab ces-
sation, the saturation of VLA-4 on lymphocyte membranes
is still approximately 70%-80% and decreases after week
10 only.* Because some patients experience relapses with a
washout period of 2-3 months, an even shorter time to start
of fingolimod might be advisable in those patients in whom
PML has been ruled out.

Fingolimod might also be an option for de-escalation
after other highly active medications, including anti-CD20
antibodies, alemtuzumab, or mitoxantrone (in case of its
administration in patients with relapsing MS); however,
further clinical observations are needed to evaluate the risks.
Because of a possible overlap of immunosuppressive effects,
the washout period must be sufficient to restore immune
function. Serious infections, including PML, tumors, and car-
diac pathology (in case of mitoxantrone), must be excluded
before start of fingolimod. Unfortunately, up to now, there
is a lack of data, concerning special risks of fingolimod after
other therapies except natalizumab; these patients must be
thoroughly monitored for side effects.

Fingolimod for primary and secondary

progressive MS?

According to recently reported results of the Phase III
FTY720 in Patients With Primary Progressive Multiple
Sclerosis (INFORMS) study, fingolimod did not delay the
time to sustained disability progression in primary progres-
sive MS.* No randomized trials for fingolimod in second-
ary progressive MS have been conducted yet. However, it
might be worthwhile to look at older patients with relapsing
MS (>40 years old), since underlying incipient progres-
sion might affect a significant proportion of these patients.
Indeed, in an analysis describing this subgroup, fingolimod
had no significant effect on relapse activity.* Moreover,
fingolimod was insufficient to prevent secondary progres-
sive neurodegeneration in the animal model of experimental
allergic encephalomyelitis.* Taken together, there are no data
supporting efficacy of fingolimod in primary or secondary
progressive MS, and this therapy currently cannot be recom-
mended in such patients.

Special clinical situations
When choosing a drug to treat MS, it is important to consider
not only the degree of disease activity and frequency or extent

of adverse effects, but also comorbidities, family planning,

diagnostic uncertainties, and other factors. In the following

situations, treatment with fingolimod should be avoided or
only be applied after careful risk—benefit calculation:

1) Owing to safety reasons and often pronounced lymphope-
nia, fingolimod should only be used as a monotherapy.
As far as we know, there are no studies or data on com-
bination with other immunomodulatory or immunosup-
pressive therapies for MS. An exception is the treatment
of relapses with high-dose corticosteroids or plasma
exchange therapies, during which fingolimod treatment
can be continued.

2) Fingolimod had teratogenic effects in preclinical stud-
ies and was associated with at least 7.6% of abnormal
fetal development, including acrania and tetralogy of
Fallot, in a relatively small cohort of 66 pregnancies.>>
Fingolimod should not be given in women planning
pregnancy, and an effective contraception must be rec-
ommended to all women of childbearing age during and
at least 2 months after discontinuation of fingolimod. In
case of a pregnancy with in utero exposure to fingolimod
(defined as fingolimod therapy 6 weeks before conception
or later), it is advisable to stop treatment immediately.
Exposure to fingolimod is not an obligatory indication
for pregnancy termination; however, patients must be
informed about the potential risk of treatment-related
developmental abnormalities and must be intensively
screened. Fingolimod is included in the pregnancy
category C of the US Food and Drug Administration
(animal studies have shown an adverse effect on the
fetus, there are no adequate and well-controlled stud-
ies in pregnant women, and the benefits of treatment in
pregnant women may be acceptable despite its potential
risks). Registration of pregnancies with in utero exposure
to fingolimod in specialized registries (eg, https://www.
gilenyapregnancyregistry.com) will allow estimating the
risk more precisely in the future.

3) Fingolimod was shown to exacerbate disease in patients
with neuromyelitis optica.’! Prior to start of fingolimod,
the diagnosis of MS should be verified and, in any doubt-
ful case, particularly with opticospinal manifestation,
antibodies to aquaporin-4 should be tested.

4) Paradoxically, fingolimod may exacerbate the short-
term course of MS (10 days to 5 months) after the first
administration. There is an increasing number of cases
with newly evolving tumefactive lesions after start of
fingolimod.?'?% Unfortunately, up to now no predictive
features have been identified. A role of B-cells and of
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a transient leakage of the blood—brain barrier in disease
pathogenesis in these patients have been discussed.?>**
There are no studies reporting fingolimod treatment in
patients with prevalent tumefactive lesions; hence, special
caution is needed in such cases, and fingolimod should
probably be avoided.

How should fingolimod therapy be
monitored?
Preceding safety measurements and first-

dose assessment

Before first-dose administration, pregnancy, liver dysfunction,
and a pathological white blood cell count should be excluded
(Table 1).'%52 Varicella zoster virus (VZV) immunity should
be proofed by analyzing the VZV antibody titer, and negative
cases should be vaccinated. In addition, an ophthalmologist
should rule out a preexisting macular edema, and in patients
who are at risk, a dermatologist should rule out a neoplasia of
the skin. Since fingolimod had already demonstrated in the
Phase I1I clinical trials to significantly reduce the heart rate
and rarely cause atrioventricular block, a safety assessment
is required for the first dose of fingolimod. Vital signs (blood
pressure and heart rate) and an electrocardiogram (ECG)
have to be obtained prior to fingolimod administration. If
an atrioventricular block of grade 2 or higher (Mobitz type),
a sick-sinus syndrome, or a QTc time >470 ms (women)
or >450 ms (men) is present, fingolimod is contraindicated.
Further contraindications include treatment with B-blockers,
class-I or -III antiarrhythmics, or other medications caus-
ing bradycardia, chronic active infections (particularly
hepatitis B and C, tuberculosis, and human immunodeficiency

Table | Safety precautions

virus), severe liver insufficiency, malignancies, and macular
edema (particularly in patients with diabetes or uveitis).

After first-dose application, ECG and vital signs have to
be recorded over a period of 6 hours. The observation can be
stopped if the patient has a heart rate of >80% of the baseline
value, the last is not the lowest observed heart rate, and the
patient is clinically asymptomatic. In any other case, the
observation should be continued, preferably at a monitoring
unit overnight. When the heart rate falls to <40 beats per
minute or below 30% of the baseline value at any time dur-
ing observation or if bradycardia is clinically symptomatic,
fingolimod treatment should be stopped.™

The frequency of cardiac events is being evaluated by the
open, multicenter Study to vAlidate telemetRic ECG sys-
tems for firsT dose administration of Fingolimod (START)
study. According to the recently presented interim results
(N=3,951), 0.7% of patients had a bradycardia <45 beats per
minute and 1.6% had an atrioventricular block of grade 2 or
higher after the first-dose application of fingolimod.>*

Safety precautions during ongoing
therapy

Fingolimod treatment should be monitored at regular inter-
vals (usually every 3 months) by a neurologist experienced
in MS therapy.'®5? After start of fingolimod, liver enzymes
and white blood cell count should be analyzed for the first
time after 2 and 4 weeks and subsequently every 3 months
(Table 1). If lymphocytes drop below 200/uL, fingolimod
should be stopped to prevent infectious diseases until
lymphocytes increase to more than 600/uL.** Patients with
low initial lymphocyte counts and women with low body

Procedure

Therapy-naive patients or
pretreatment with interferon-f,

Pretreatment with any
other immunotherapy

glatiramer acetate, dimethylfumarate

Therapy-free interval before starting fingolimod None

Laboratory examination (white blood cell
count, erythrocyte sedimentation rate,
transaminases, pregnancy test)

Varicella zoster virus antibody titer
Blood pressure and heart rate

Depending on previous
immunotherapy
=12 months

Prior to start, after 2 and 4 weeks, and
every 3 months thereafter?

Prior to start
Before and within the first 6 hours after

fingolimod initiation

Electrocardiogram
MRI scan of the brain

Before and 6 hours after fingolimod initiation
Prior to start

Notes: Adapted from Kompetenznentz Multiple Sklerose. Praktische Aspekte der Therapie mit Fingolimod, [July 2015]. Munich, Germany, pp. 18-19.52 :Does not apply to

ESR and pregnancy test.

Abbreviations: MRI, magnetic resonance imaging; ESR, erythrocyte sedimentation rate.
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mass index (<<18.5 mg/m?) are at higher risk of developing
lymphopenia.* Liver enzymes >5-fold above the upper limit
of normal at two different lab examinations should lead to
withdrawal of fingolimod.'® In addition, yet described in a
preliminary study, the dosage of fingolimod may be reduced
from 0.5 mg per day to 0.5 mg every second or third day in
patients with elevated liver enzymes or reduced lymphocyte
counts.*® These reduction schemes led to a normalization of
liver enzymes and lymphocyte counts in the reported eight
patients (liver enzymes >3-fold of the upper limit of normal,
n=2; lymphocyte counts =200/uL, n=6). Despite freedom
from clinical disease activity, MRI disease activity was found
in five of eight patients after dose reduction. The off-label
decision to reduce the dose of fingolimod appears to be a
double-edged sword, and patients should be closely moni-
tored with clinical visits and MRI scans within the following
6 months. Further, a checkup for macular edema should be
performed in all patients after 3—4 months of therapy, which
should be repeated annually in those with diabetes or known
history of uveitis.

Although the rate of infections seems to be unrelated
to lymphocyte counts and was not significantly elevated
with fingolimod in randomized and observational trials,>*’
monitoring and rapid treatment of infections is advisable.
Two cases of fatal hemophagocytic syndrome have occurred,
both associated with infections.’® Furthermore, several cases
of PML related to fingolimod treatment have been reported.
Some of these cases probably were due to a “carry-over”
effect, as patients received natalizumab prior to fingolimod.**
Nevertheless, until August 2015, two cases of PML occurred in
patients treated exclusively with fingolimod.* In both patients,
no other predisposing factor, particularly no previous immuno-
suppression, was reported. The first case was a 49-year-old MS
patient in whom PML occurred after 51 months of fingolimod
therapy, with lymphopenia grade 3 in the last month before
PML diagnosis.’ In the second case of a 54-year-old MS
patient, fingolimod was taken for 2.5 years before the develop-
ment of PML. The patient also had ulcerative colitis and was
concomitantly treated with mesalazine. During fingolimod
treatment, lymphopenia grades 2—3 occurred.* The frequency
of PML in fingolimod currently is too low to allow for risk
stratification, but a potential link between lymphopenia and
PML has to be kept in mind. In comparison to natalizumab,
the PML risk during fingolimod therapy seems to be compara-
tively low. Nevertheless, as PML is a severe neuroinfection
occurring with various MS immunotherapies,®"%* and cases of
posterior reversible encephalopathy syndrome (PRES) have
been described, we suggest that patients with new cerebral

symptoms during fingolimod treatment be investigated by
MRI and, if suspicious, also JCV polymerase chain reaction
from cerebrospinal fluid (CSF) be performed to definitely
exclude any etiology other than MS disease activity.

Special considerations
How long should a patient be treated

with fingolimod?

In most patients with adequate indication, fingolimod is well
tolerated and efficient enough to suppress disease activity
and thus can be given for years. Randomized clinical studies
and postmarketing experience overlook a duration of up to
7 years now. Apart from the known side effects, no new safety
signals have been reported with long-term treatment yet.53¢*
Reasons to discontinue fingolimod include breakthrough
disease, family planning in women, or side effects (such as
macular edema, serious infections, or lymphopenia). Patients
are particularly vulnerable after cessation of fingolimod, and
should be closely monitored for disease activity for several
months. Taking into account a drug elimination half-time of
8 days, the normalization of peripheral lymphocytes takes
24 weeks.® In agreement with this, several case reports
described an increase of disease activity approximately 2—4
months after stopping fingolimod.*®7? These patients devel-
oped tumefactive lesions or multiple disseminated gadolinium-
enhanced lesions, in several cases with incomplete remission
despite plasma exchange therapy. It is unclear whether this
disease activity represents a specific rebound effect after fin-
golimod discontinuation or just restoration of a previously high
disease activity.”! Under fingolimod, central memory T-cells,
CC-chemokine receptor-7-positive naive T-cells, and T-cells
producing interleukin-17 (IL-17) are predominantly retained
in lymph nodes.” An overexpression of S1P1 receptors in
entrapped lymphocytes and massive egress of the lymphocytes
after fingolimod cessation described in animal models seem to
be plausible explanations for such an aggressive disease reac-
tivation in some patients.™ In case of fingolimod discontinua-
tion, another MS therapy should be started as soon as possible,
preferably after normalization of lymphocytes counts. It has
not been identified yet which measures best prevent postcessa-
tion disease activity, but similar techniques as described after
withdrawal of natalizumab might be applied.”

Fingolimod and disability progression
in MS
The pivotal clinical trials®'*!> showed conflicting results

concerning disability progression under fingolimod.
Although the FREEDOMS study revealed a 30% reduction
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in the risk of disability progression, there was no significant
effect in the FREEDOMS 11 trial.*!? Despite a similar study
design, differences in the baseline patient characteristics
(particularly a higher number of patients with baseline
EDSS of 0, who actively progressed in all studied groups in
FREEDOMS 1I) can explain these findings. In the post hoc
analysis of patients with a baseline EDSS >0, a significant
30% reduction of disability progression has been confirmed.'
The TRANSFORMS study with only a 12-month duration
and interferon-B-1a as an active comparator also revealed
no significant effect on disability progression.'® However,
the rate of brain volume loss, which is correlated with dis-
ability progression in MS,” was significantly decreased
under fingolimod treatment in all three Phase I1I studies.®!%12
This effect was observed already 6 months after the start of
fingolimod and was independent of the presence of contrast-
enhancing lesions.””’® According to a recent analysis, reduc-
tion of the relapse rate and slowing of the brain volume loss
under fingolimod therapy have an independent favorable
effect on disability progression.” Further evidence comes
from registry studies. In patients with relapsing MS, fingoli-
mod reduced the risk of disability progression compared to
interferon-f and glatiramer acetate by approximately 50%
after switch from injectable therapies® or de-escalation from
natalizumab.* Finally, in primary progressive MS, fingoli-
mod had no significant effect on disease progression.*’ It is
unknown if the neurodegenerative mechanisms are similar
in relapsing and progressive MS.

Neuroprotective effects of fingolimod

The CNS effects of fingolimod are supposed to be at least
partly independent from lymphocyte sequestration, the main
immunosuppressive effect of fingolimod.* Being lipophilic,
fingolimod can cross the blood—brain barrier and reach bio-
logically active concentrations in the CNS even after oral
administration.®® S1P receptors are abundant in the CNS and
are expressed by microglia (S1P1, S1P2, S1P3, and S1P9),
astrocytes (S1P1, S1P2, and S1P3), oligodendrocytes (S1P1,
S1P3, and S1P5), neurons (S1P1 and S1P3), and neural pro-
genitor cells (S1P1, S1P2, S1P3, and S1P5).%' Particularly,
its putative effects on oligodendrocytes raised the interest
of fingolimod being a molecule with neuroprotective and
remyelinating properties.

Fingolimod enhances proliferation of neural progeni-
tor cells and protects hippocampal neural progenitor cells
against radiation in vitro.®>% In vitro experiments also
revealed protective effects of fingolimod against N-methyl
D-aspartate toxicity.5*% In animal models of Rett syndrome

and Alzheimer’s disease (AD), fingolimod demonstrated
neuroprotective properties, increasing expression of brain-
derived neurotrophic factor and ameliorating clinical
features of disease.®*® In oligodendrocyte progenitor cells
and oligodendrocytes, fingolimod prevents serum- and
glucose-deprivation-induced apoptosis.®?**° Based on these
observations, remyelination during fingolimod has been
investigated in various experimental models. Fingolimod
enhanced remyelination in organotypic slice cultures;”
however, it was not effective in several preclinical studies
in the rodent cuprizone model of demyelination.??>-** Despite
the failure of fingolimod to increase remyelination in these
models, it ameliorated axonal degeneration in both acute and
chronically demyelinated lesions.** A small retrospective
study recently has shown that fingolimod treatment may
also reduce the conversion rate from acute to chronic T1
hypointense lesions in MS patients.”

Experimental data indicating reduction of inflammatory
activity of microglia under fingolimod are more consistent.
Noda et al®® showed that fingolimod downregulates the pro-
duction of proinflammatory cytokines tumor necrosis factor-c,
interleukin (IL)-1p, and IL-6 by activated microglia in vitro
and, in contrast, enhanced the synthesis of brain-derived
neurotrophic factor and glial cell-derived neurotrophic
factor. Fingolimod is also supposed to reduce astrocyte nitric
oxide production and secondary neurodegeneration. Parallel
upregulation of IL-1-receptor, IL-17A-receptor, and S1P1
and S1P3 in astrocytes was observed within MS lesions.””
Inhibiting both immunomodulatory (through IL-1 and IL-17)
and nonimmune pathways (through S1P), fingolimod is
believed to reduce astrocyte-mediated neurodegeneration.®
Interestingly, effects of fingolimod on experimental auto-
immune encephalomyelitis are lost in mutant mice lacking
S1P1 on astrocytes.'®

Therefore, preclinical studies clearly demonstrate direct
effects of fingolimod on CNS-resident cells. Whether these
effects are relevant for the clinical use of fingolimod must
be clarified in carefully designed clinical trials.

Fingolimod for other indications

Up to now, relapsing MS is the only approved indication
for fingolimod, despite fingolimod having been tested in a
number of other diseases in which autoimmune mechanisms
play a substantial role or in which potential neuroprotec-
tive properties of fingolimod could be favorable (Figure 1).
Clinical trials evaluating the efficacy of fingolimod in stroke,
chronic inflammatory demyelinating polyneuropathy, and
Rett syndrome are ongoing.'‘!
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Figure | Current and potential future indications of fingolimod.

Notes: Red: results of small proof-of-concept studies or first laboratory evidence
are available; yellow: first clinical trials are recruiting; green: actually labeled
indication of fingolimod.

Stroke

Several mechanisms such as reperfusion, secondary inflam-
mation, and edema enlarge stroke lesions up to 10% and often
cause an increase of neurological deficits.!”> Early disrup-
tion of the blood—brain barrier and lymphocyte infiltration
play key roles in this process.!®*"1% In case of thrombolysis,
inflammatory responses have also been supposed to increase
hemorrhagic transformation of the ischemic lesion.!%¢-1%8
Based on this hypothesis, Zhu et al'” reported a pilot trial
(multicenter, open study, N=25) of coadministration of fin-
golimod and alteplase in patients with stroke in the anterior
circulation. Significantly lower lesion volume, less hemor-
rhagic transformation, and better long-term clinical recovery
(90 days poststroke) were observed. Interestingly, the most
substantial effects on lesion size occurred in fingolimod-
treated patients between days 1 and 7, a typical period of
vasogenic edema and lesion enlargement due to postischemic
inflammatory responses.!*!!% Similar effects have been
demonstrated in nonthrombolyzed patients with stroke.'!
Moreover, in patients with intracranial hemorrhage (2-arm
evaluator-blinded study, N=23), early administration of
fingolimod resulted in reduction of edema and improvement
of clinical outcome.'? It is unknown how fingolimod exerts
its effects in stroke. Reduction of intralesional lymphocytic
infiltration, amelioration of blood—brain barrier disruption,
and reperfusion injury, as well as putative direct neuropro-
tective effects are the supposed mechanisms of action in
stroke 38113 These small proof-of-concept studies must be
interpreted with caution, and further large trials are needed
to confirm these findings. Since patients with stroke are older
than the typical MS patient and often receive multiple drugs,
they are probably prone to more adverse effects, particularly

bradycardia, atrioventricular block, and infections in the early
poststroke period.

AD and other neurodegenerative disorders
AD is a primary degenerative CNS disease in which both
immunomodulatory and nonimmune effects of fingolimod
are supposed to be favorable. Activation of microglia and
astrocytes with secretion of proinflammatory cytokines have
been described around the amyloid plaques.''* Ceramides
and sphingomyelins correlate with concentration of tau and
amyloid-B (AP) in the cerebrospinal fluid and have been
identified as potential biomarkers of AD.!'S Upregulation
of proapoptotic ceramides was demonstrated in AD.!!6-118
Sphingolipids are able to facilitate production of AP peptide
and AB-mediated neurotoxicity.'"” In cell culture, fingolimod
decreases production of all AP protein species, inhibits AB42-
induced monocyte migration, and results in upregulation of
brain-derived neurotrophic factor in a dose-dependent man-
ner, preventing neurodegeneration induced by oligomeric Af3
protein 87120121 Tn animal models of AD, fingolimod decreased
AB40 and increased AB42 concentration, reduced caspase-3
activation, and decreased neuronal damage, resulting in
amelioration of the cognitive impairment. 5121122

In addition to AD, beneficial effects of fingolimod which
were probably brain-derived neurotrophic factor-dependent,
have been observed in mouse models of Huntigton’s disease
and Rett syndrome.?!2*12* A first clinical trial in Rett syn-
drome is currently recruiting patients.!”! Further clinical stud-
ies are needed to clarify the clinical perspectives of agents
modulating S1P signaling in neurodegenerative diseases.

Inflammatory demyelinating polyneuropathies
Fingolimod has also been shown to effectively suppress
experimental autoimmune neuritis (EAN) in rats.'”® The
treatment was effective when given both before and after
clinical manifestation of EAN. This effect of fingolimod is
probably associated with suppression of IL-17-producing
T-cells.'” Based on these preclinical data, one clinical trial
is now recruiting patients with chronic inflammatory demy-
elinating polyneuropathy.!?!

Conclusion and outlook

Fingolimod, the first oral drug approved for relapsing MS,
can be used in a wide spectrum of patients with MS. The
most appropriate phase of relapsing MS for fingolimod
treatment seems to be moderately active disease in young
patients, but fingolimod also can be beneficial in cases of
low active disease, particularly with intolerability to base-
line therapies. Other important indications are escalation
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therapy after failure of baseline therapies and de-escalation
treatment in patients stopping highly active immunothera-
pies. In the latter, predictive markers for breakthrough
disease such as the EDSS or other biomarkers should be
useful.?’

As with every immunotherapy, benefits of fingolimod
have to be weighed against risks, which are diverse owing to
the nonspecific targeting of several S1P receptors in multiple
tissues. Hence, further development of more specific S1P
receptor modulators highly selective for SIP1 is awaited.
Examples include siponimod (BAF312), ceralifimod (ONO-
4641), ponesimod (ACT128800), and ozanimod (RPC-1063),
all of which have been validated in various animal models
and are currently being tested in clinical trials for safety and
efficacy, particularly in patients with MS, ulcerative colitis,
and psoriasis. 2”128

The identification of neuroprotective effects of fingoli-
mod in cell culture and preclinical models opens interesting
perspectives for treatment of the neurodegenerative process
in MS, but unfortunately, clinical data have not yet conclu-
sively shown a consistent effect on disease progression or
other clinically relevant outcome parameters of neurodegen-
eration. However, if confirmed in humans, these findings
might also pave the way for future indications of fingolimod
such as stroke, AD, and other neurodegenerative disorders.
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