Wien Med Wochenschr (2012) 162:354-366
DOI 10.1007/s10354-012-0123-y

wnmw

Wiener Medizinische Wochenschrift

Fingolimod in the treatment algorithm of relapsing
remitting multiple sclerosis: a statement of the
Central and East European (CEE) MS Expert Group

Franz Fazekas

Received: 1 August 2011 / Accepted: 6 June 2012 / Published online: 16 August 2012
© The Author(s) 2012. This article is published with open access at Springerlink.com

Fingolimod im Behandlungsalgorithmus

der schubférmigen Multiplen Sklerose: Eine
Stellungnahme der mittel- und osteuropaischen
MS Expertinnengruppe

Zusammenfassung Fingolimod ist das erste oral verab-
reichbare Medikament zur Behandlung der Multiplen
Sklerose. Es ist der erste Sphingosin 1-phosphat Rezeptor
Modulator seiner Klasse, der sich an Sphingosin 1-phos-
phat Rezeptoren auf Lymphozyten bindet und iiber Ab-
regulation den Austritt von Lymphozyten aus dem lym-
phatischen Gewebe in die Blutbahn verhindert. Dieser
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Mechanismus reduziert das Einwandern potentiell auto-
agressiver Lymphozyten in das Zentralnervensystem.
Zwei grofle Phase-III-Studien mit Fingolimod haben
iiberlegene Wirksamkeit dieser Substanz in zwei Dosie-
rungen gegeniiber Plazebo sowie woOchentlicher intra-
muskuldrer Injektion von Interferon beta-1a gezeigt. Zu
den moglichen Nebenwirkungen des Medikamentes ge-
hort eine transiente Bradykardie nach der ersten Dosis
Fingolimod einschliefilich mdéglicher AV-Blockierung,
weshalb iiber einen Zeitraum von 6 Stunden nach der
ersten Verabreichung Pulsrate und Blutdruck monitiert
werden sollen. Wahrend der Behandlung miissen spezi-
fische Infektionen, erhdhte Leberenzyme und ophthal-
mologische Verdnderungen Beachtung finden. Dieser
Artikel gibt Empfehlungen zum Einsatz von Fingoli-
mod einschliefllich der notwendigen Sicherheitsaspekte
wihrend der Behandlung mit diesem Medikament.

Schliisselworter: Multiple Sklerose, Behandlung, Im-
munmodulation, Immunsuppression, Fingolimod

Summary Fingolimod is the first oral treatment of
multiple sclerosis. It is the first-in-class sphingosine
1-phosphate receptor modulator that binds to sphin-
gosine 1-phophate receptors on lymphocytes and via
downregulation of the receptor prevents lymphocyte
egress from lymphoid tissues into the circulation. This
mechanism reduces the infiltration of potentially auto-
aggressive lymphocytes into the central nervous system.
Two large phase III studies with fingolimod have shown
superior efficacy of the drug in two dosages compared to
placebo and to weekly intramuscular injections of Inter-
feron beta-1a. Among possible side effects of the drug is
a transient bradycardia after the first dose of fingolimod
including possible AV blockade and therefore monitor-
ing of pulse rate and blood pressure for 6 h following
the first application is needed. During treatment, atten-
tion has to be given to specific infections, elevated liver
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enzymes, and ophthalmologic changes. Recommenda-
tions on the use of fingolimod including safety aspects
are given in this article.

Keywords: Multiple sclerosis, Treatment, Immunomod-
ulation, Immunosuppression, Fingolimod

Introduction

Multiple sclerosis (MS) is a chronic autoimmune inflam-
matory disease of the central nervous system (CNS) dia-
gnosed mainly in the third or fourth decade of life. Its
course is characterized by inflammation, demyelination,
and axonal loss even in the early stages of the disease.
Accumulation of these pathological processes is respon-
sible for the clinical disease progression and the patients’
prognosis. MS affects with an average incidence rate of
100 in 100,000 approximately 490,000 individuals in the
European Union [1]. Although the exact etiology of MS is
still unknown, the current concept derived from animal
modelsassumesthatenvironmentalfactorsmaytriggerthe
initiation of an altered immune response in a genetically
susceptible individual. The pathophysiology is complex
asin otherinflammatory and neurodegenerative diseases
resultingin unpredictable and variable clinical outcomes.

Most patients initially present with the relapsing-
remitting form of MS (RRMS) and may progress to the
secondary progressive (SP) form with or without super-
imposed relapses after variable intervals of time [2].
RRMS patients suffer from episodes of objective neu-
rologic dysfunction for a period of at least 24 h but in
most patients these deficits last for weeks to months or
remain permanent in some cases [3]. Frequent relapses
in the first 2 years of the disease and shorter interattack
intervals in this period predict shorter times to reach
defined disability endpoints and a shorter time interval
to develop SPMS [4]. Disease-modifying drugs (DMDs)
can reduce the relapse rate and delay the time of disease
progression if treatment is started early [5].

In the last decade, scientific progress in immunology
and the discovery of new therapeutic targets for the treat-
ment of MS boosted development programs of new the-
rapeutic agents as well as for drugs already in the market
for other indications. These treatment strategies included
efforts towards selective immunomodulation/immuno-
suppression such as that obtained with fingolimod.

This article reflects the outcome of an experts’ meeting
involving clinical neurologists experienced in research
and treatment of MS from eight European countries to
discuss the clinical benefit/risk profile of the first appro-
ved oral treatment for MS, fingolimod (Gilenya™), to sug-
gest the position of this new therapy within the current
treatment algorithm and to make recommendations for
selection and management of patients.

Established therapies for MS
Interferon beta and glatiramer acetate (GA)

Over more than 15 years, the first-line treatment of RRMS
predominantly consisted of four DMDs: Interferon (IFN)
beta-1b (Betaferon® 250 ug s.c. every other day), IFN
beta-1a (Avonex” 30 g i.m. once a week), IFN beta-1a
(Rebif® 22 ug or 44 ug s.c. three times a week), and GA
(Copaxone® 20 mg s.c. once a day).

These agents have been approved by the European
Medicines Agency (EMA) for the treatment of patients
with RRMS after successful class I-randomized placebo-
controlled trials [6-15]. Further studies in patients who
have had a single attack of demyelination (clinical iso-
lated syndrome, CIS), and who were considered to be at
high risk for clinically definite MS, led to the approval for
Avonex®, Betaferon®, and Copaxone® in this early stage
of MS [16-20]. Following one positive trial, Betaferon®
received approval from the EMA also for the treatment
of patients with SPMS and superimposed relapses [21].

The benefit/risk profile of these DMDs was positively
assessed on their efficacy to significantly reduce disease
activity by reducing the number of relapses and the
occurrence of new and enhancing lesions detected by
magnetic resonance imaging (MRI) and delaying relap-
se-related progression of disability compared to placebo.
Studies in CIS and data from natural history studies have
led to a consensus to consider treatment at least as soon
as the diagnosis of MS is established or after a CIS if there
is a high risk to develop clinically definite MS.

The moderate efficacy of the DMDs is accompanied by
a safety profile with mild to moderate frequent adverse
events. For IFN beta products, these comprise of injec-
tion site reactions/pain and the post injection flu-like
syndrome for 12-24 h which are often transient and sub-
side after the first 6 weeks, and of rare local skin necrosis.
With GA injection, site reactions include erythema, pain,
and lipoatrophy and the rare postinjection systemic reac-
tion, which includes vasodilatation, chest tightness, and
shortness of breath lasting 5-15 min, which may occur
once during treatment in about 20 % of patients [22-25].

Besides lack of therapeutic efficacy and the incon-
venience of side effects, particularly in the first months
of treatment, the fact that all first-line DMDs have to be
applied by injection limits adherence to long-term treat-
ment with these drugs.

Complete adherence to the dose regimen was found
in 75 % of 2,648 patients with average treatment dura-
tion of 31 months in a multicenter observational study
[26]. Patients and physicians received paper question-
naires regarding adherence to the prescribed treatment
regimen. Adherence was defined as not missing a single
injection within 4 weeks before the study. The most com-
mon reasons for nonadherence were forgetting to admi-
nister the injection and other injection-related reasons.
Another recently published study assessed the impact of
adherence to DMDs on clinical and economic outcomes
in a cohort of 2,446 patients [27]. Adherence was asses-
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sed in this study using the medication possession ratio
(MPR) derived from the administrative claims database.
Patients with MPR >80 % were regarded as adherent. A
total of 59.6 % of the patients were adherent to their treat-
ment. Adherence was associated with better clinical and
economic outcomes including lower risks for MS-related
hospitalization, MS relapses, and less MS-related medi-
cal costs. In an adherence study comparing data from
retrospective self-reports, medication diaries and elec-
tronic monitoring of needle disposal, Bruce found that
nearly one-fifth of the patients missed more than 20 %
of the injections and concludes that studies using self-
reports and diaries may underestimate poor adherence
[28].

Mitoxantrone and natalizumab

Two other drugs have been approved in Europe for tre-
atment of MS-patients. Since 2003 mitoxantrone, a
synthetic anthracenedione with cytotoxic and immuno-
suppressive effects is labelled in some European coun-
tries for patients with SPMS and an EDSS of 3-6, and for
patients with active relapsing progressive MS despite
treatment with first-line DMDs. A randomized placebo-
controlled trial resulted in a significant effect on relapse
rate and disease progression [29]. In a non-randomized
subgroup of the study, mitoxantrone did not reduce
Gadolinium positive (Gd*) MRI scans compared to pla-
cebo but resulted in positive trends of secondary MRI
outcome measures [30]. Similar to other cytotoxic drugs,
mitoxantrone may induce nausea, vomiting, the risk of
infections, secondary leukemia [31], amenorrhea, and
infertility. Due to its cardiotoxicity, the mitoxantrone use
in MS patients is limited to a total cumulative dose of
100-140 mg/m?.

Natalizumab was authorized for the treatment of MS
patients in June 2006. It is the first monoclonal antibody
used in MS. This antibody is directed against the 04 sub-
unit of 04P1 integrin. It is believed that natalizumab acts
by blocking the entry of immune cells into the CNS via
the interference of the adherence of leukocytes to endot-
helial vascular cell adhesion molecule (VCAM)-1 [32].
Natalizumab reduced the risk of disability progression
over two years by 42 % and the relapse rate by 68 % at
one year and 69 % after two years. The accumulation of
new or enlarging hyperintense lesions detected by T2-
weighted MRI was reduced by 82 % at two years and the
number of Gd* MRI lesions by 92 % [33].

A second Phase III study compared the combination
of natalizumab with intramuscular INF beta-1a with INF
beta-1a monotherapy. The annualized relapse rate was
reduced by 54 % with the combination compared to the
INF beta-1a only treatment [34]. In this study, the admi-
nistration of natalizumab had to be suspended during
the open-label follow-up study when two cases of pro-
gressive multifocal leukoencephalopathy (PML) were

identified. PML is a rare and potentially fatal disease of
the brain caused by the JC Virus (JCV).

The European Commission granted a marketing aut-
horization in 2006 for second-line treatment of patients
with RRMS or for patients with highly active disease. At
the time of approval, the risk of developing PML was
estimated to be 1/1,000 patients. The last assessment
report from EMA in 2010 stated that the risk of develo-
ping PML increases after 24 months of treatment and
with prior immunosuppressive treatment [35]. The EMA
has recently approved the inclusion of anti-JCV antibody
status as an additional factor to assess the individual risk
of a patient for developing PML before and during tre-
atment with natalizumab. Beside this very rare adverse
effect, the safety profile of natalizumab includes some
infusion reactions (23.1 % of patients), hypersensitivity
reactions (4 % patients), other opportunistic infections,
and liver damage. Persistent neutralizing antibodies to
natalizumab interfering with the drug’s efficacy were
found in 6 % of patients [36].

Approved DMDs are associated with poor adherence,
suboptimal therapeutic response and frequent mild to
moderate side effects. The use of mitoxantrone in SPMS
and progressive relapsing MS is limited due to its dose-
related toxicity. Natalizumab, while a potent and effective
drug, on clinical and paraclinical parameters of disease
activity, is associated with rare cases of the opportunis-
tic CNS infection PML. All these medications have to be
given either as a self-injection or as infusion [37]. There-
fore much attention has been paid by the MS community
to clinical programs with oral treatment including fingo-
limod, cladribine, fumaric acid, teriflunomide, laquini-
mod, and others [38-41] which may serve to overcome
some of these limitations and to increase adherence.

Fingolimod

Fingolimod (Gilenya®) has been approved by health aut-
horities in the United States and Australia as a first-line
treatment for relapsing forms of MS and in Russia, Swit-
zerland, and United Arab Emirates for RRMS.

In January 2011, Fingolimod received a positive opi-
nion from the Committee for Medicinal Products for
Human Use (CHMP), a prerequisite for the approval
by the European authority. The European Commission
granted a marketing authorization valid throughout the
European Union for Gilenya® on 17 March 2011. The
recommended indication defined by the CHMP is that
fingolimod is indicated as single disease-modifying the-
rapy in highly active RRMS for the following adult patient
groups:

o Patients with high disease activity despite treatment
with a beta-interferon.

These patients may be defined as those who have

failed to respond to a full adequate course (normally

at least 1 year of treatment) of beta-interferon. Pati-
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Fig. 1 Mode of action of BLOOD
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ents should have had at least one relapse in the previ-
ous year while on therapy, and have at least nine T2-
hyperintensive lesions on cranial MRI or at least one
Gadolinium-enhancing lesion. A “non-responder”
could also be defined as a patient with an unchanged
or increased relapse rate or ongoing severe relapses,
as compared to the previous year.

or

o Patients with rapidly evolving severe RRMS defined by
2 or more disabling relapses in 1 year, and with one or
more Gadolinium enhancing lesions on brain MRI or
a significant increase in T2 lesion load as compared to
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Mode of action

Fingolimod is the first orally bioavailable sphingosine
1-phosphate (S1P) receptor modulator. S1P is deri-
ved from sphingosine, phosphorylated by ubiquitously
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appearing sphingosine-kinases. S1P binds to five cell-
surface high-affinity G-protein-coupled receptors, the
S1P . Distribution and signalling function varies bet-
ween the subtypes. S1P |, are mainly distributed in the
immune system, CNS and cardiovascular organs, S1P, in
lymphoid tissue and S1P_ in CNS white matter [42, 43].

S1P and its receptors regulate circulation of lympho-
cytes between blood and lymphoid organs depending on
specific requirements of the immune system and accom-
plished by enzymes that regulate sphingolipid meta-
bolism and partly by a concentration gradient between
lymphoid organs and blood [43].

Specifically SIP, on lymphocytes regulates homing
and egress of lymphocytes in and from lymphoid organs.
The active phosphorylated form of fingolimod binds with
high affinity to S1P, and to a less extent to S1P, . For the
treatment of MS, the most important consequence of the
down-regulation (internalization) of S1P, is that T-lym-
phocytes, including potentially auto-aggressive T cells,
remain retained in lymph nodes and their number in the
circulation is considerably reduced (Fig. 1).
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Experimental and clinical data indicate that fingo-
limod retains naive T cells and central memory T cells
(TCMs) including Th17 cells in lymphoid tissue. The pro-
inflammatory Th17 cells may have a central role in CNS
inflammation [44]. In a small prospective observational
study, fingolimod reduced the number of Th17 (IL17 pro-
ducing cells) by >90 % [45]. The retention of lymphocytes
does not lead to an enlargement of lymph nodes since
normally only 2 % of the total number of these cells cir-
culate in the blood.

Fingolimod crosses the blood-brain barrier and the
oral formulation can result in biologically active con-
centration in the CNS. It is likely that the drug interacts
directlywith S1P receptors on neurons, oligodendrocytes,
astrocytes, and their progenitor cells. In rodent experi-
mental autoimmune encephalomyelitis models, fingo-
limod has demonstrated prophylactic and therapeutic
efficacy, reversing central inflammation, favouring pre-
servation of the integrity of the blood-brain barrier, and
inducing structural and functional restoration of the CNS
parenchyma [42, 46-50]. Ongoing preclinical and clini-
cal studies are looking at whether the direct interaction
with S1P receptors in the CNS contributes to the clinical
efficacy of the drug and can provide a clinically relevant
reduction of neurodegenerative processes or initiate
repair mechanisms in MS patients [50].

Efficacy in clinical trials

Clinical efficacy and safety of Fingolimod have been eva-
luated in an extensive development program which has
been already reviewed elsewhere [50-52]. In short, the
phase II study program consisted of a six-months pla-
cebo-controlled core study of 281 patients with relap-
sing MS and a six-months extension switching placebo
patients to active treatment which showed a significant
reduction in the detection of new MS lesions on MRI and
of clinical disease activity for both daily doses of 1.25 or
5.0 mg of fingolimod [53]. In the subsequent follow-up
of these patients, all patients receiving fingolimod 5.0 mg
were switched to 1.25 mg during months 15-24 with no
indication that lowering the dose from 5.0 to 1.25 mg
was associated with a reduction of efficacy [54]. This
consistent therapeutic effect was also confirmed after 36
months [55].

The phase III program consisted of two large trials, the
placebo-controlled FREEDOMS (FTY Research Evalua-
ting Effects of Daily Oral therapy in Multiple Sclerosis)
and the TRANSFORMS (Trial Assessing Injectable Inter-
feron versus FTY720 Oral in Relapsing-Remitting Mul-
tiple Sclerosis) studies.

In FREEDOMS, which included a total of 1,272 RRMS
patients, all clinical and MRI efficacy endpoints signifi-
cantly favoured both active-treated groups over placebo
with no difference in efficacy between the two fingoli-
mod doses after 24 months [56]. The annualized relapse
rate (ARR) was 0.18 with 0.5 mg of fingolimod, 0.16 with
1.25 mg fingolimod, and 0.4 with placebo (p<0.001 for

both fingolimod doses versus placebo). Fingolimod
reduced the risk of disability progression, confirmed after
3 months, over the 24-months period (hazard ratios were
0.70 for the 0.5 mg dose and 0.68 for the 1.25 mg dose;
p=0.02 vs placebo, for both comparisons). The cumula-
tive probability of disability progression (confirmed after
3 months) was 17.7 % for fingolimod 0.5 mg, 16.6 % for
fingolimod 1.25 mg, and 24.1 % for placebo. The risk of
disability progression confirmed after 6 months was also
reduced with both doses of fingolimod over the study
period. EDSS scores and MSFC z-scores remained stable
or improved slightly in the active treatment groups and
worsened in the placebo group. Both fingolimod doses
were also superior to placebo with regard to MRI-rela-
ted measures. Actively treated patients had significantly
fewer Gd* lesions than patients on placebo (mean 0.2 vs
1.1) and significantly fewer new or enlarged lesions on
T2-weighted MRI scans at 24 months (mean 2.5 vs 9.8).
Ninety percent of actively treated patients were free of
Gd* lesions compared to 65 % of placebo-treated pati-
ents. Beneficial effects of fingolimod were also noted on
the volume changes in lesions on T2- and T1-weighted
scans and brain volume reduction was significantly
smaller with fingolimod [56].

TRANSFORMS compared the efficacy of fingolimod
0.5 or 1.25 mg daily with that of IFN beta-1a at weekly
doses of 30 ug IM over a 12-months period in 1,292
patients with RRMS [57]. The ARR defined as the pri-
mary efficacy endpoint was significantly lower in both
groups receiving fingolimod compared with the INF
beta-1a group (0.20 in the 1.25 mg group, 0.16 in the
0.5 mg group—Fig. 2—and 0.33 in the INF beta-1a group;
p<0.001). Significantly more relapse-free patients were
found in the two fingolimod groups compared to INF
beta-1la-treated patients (79.8 % for 1.25 mg, and 82.6 %
for 0.5 mg vs 69.3% for INF beta-1a; p<0.001). Confirmed
disability progression was infrequent in all study groups.
There were no significant differences in the time to pro-
gression of disability or in the proportion of patients with
confirmed progression among the study groups. MRI fin-
dings supported the primary clinical results. Patients in
the two fingolimod groups had significantly fewer new
or enlarged hyperintense lesions on T2-weighted images
(1.5 for 1.25 mg, 1.7 for 0.5 mg, and 2.6 for INF beta-1a) at
12 months compared to the INF beta-1a group and fewer
Gd* lesions (0.23, 0.14 vs 0.51). The mean percent reduc-
tion in brain volume from baseline to 12 months was sig-
nificantly lower in the two fingolimod groups than in the
INF beta-1a group [57].

In the TRANSFORMS extension study switching from
INF beta-1a to fingolimod led to enhanced efficacy while
continuous treatment with fingolimod over 2 years provi-
ded a sustained treatment effect [58].

Safety in clinical trials

The most frequent reported adverse events in MS-studies
with fingolimod 0.5 mg were influenza viral infections,
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Fig. 2 Adjusted annualized
relapse rate in the TRANS- Adlusted annualized relapse rate at 12 months
FORMS study comparing
the efficacy of Fingolimod 0<0,001
with interferon-beta 1ai.m. 0,35 0,33
(Modified from [57])

0,25

0,16
0,15
0,05
Interferon g-1a Fingolimod 0.5 mg

nasopharyngitis, fatigue, back pain, diarrhea, bronchitis,
and nausea. The most common laboratory abnormalities
observed with fingolimod were lymphopenia and abnor-
mal liver function tests. In the FREEDOMS study, treat-
ment was discontinued due to adverse events in 7.5 % of
patients on fingolimod 0.5 mg, in 14.2 % of patients on
fingolimod 1.25 mg, and in 7.7 % of patients on placebo,
the rate of any serious adverse event was 10.1, 11.9, and
13.4 %, respectively [56].

The overall rate of infections was similar in the fin-
golimod and placebo groups. Lower respiratory tract
infections were more frequent in the fingolimod groups
compared to the placebo group (9.6, 11.4 vs 6.0 %). After
the first month of the trial, the blood lymphocyte counts
were reduced by 73 % with fingolimod 0.5 mg and by 76 %
with fingolimod 1.25 mg.

After the first dose of fingolimod, heart rate decrea-
sed with a maximum reduction of resting pulse rate of
8 bpm with fingolimod 0.5 mg and 10 bpm with fingoli-
mod 1.25 mg. Bradycardia was reported in nine patients
on fingolimod 0.5 mg and in 14 on fingolimod 1.25 mg.
Seven of these cases were assessed as serious adverse
events and resolved within 24 h without treatment. Two
patients from the fingolimod 0.5 mg group, six patients
from the fingolimod 1.25 mg group, and three patients
of the placebo group developed first- or second-degree
atrioventricular (AV) block. During extended treatment,
no effects on heart rate were observed.

Macular edema was reported in 7 patients of the fingo-
limod 1.25 mg group. The majority of the cases were dia-
gnosed within the first 3 months of the study and resolved
within 6 months after discontinuation of fingolimod.

Malignant neoplasms were reported in four patients
on fingolimod 0.5 mg, four receiving fingolimod 1.25 mg,
and in ten patients of the placebo group. Eleven of these
cases were skin cancers (basal-cell carcinoma, malignant
melanoma, or Bowen's disease), three cases in the fingo-

limod 1.25 mg group, four cases in the 0.5 mg group, and
four with placebo. All were removed successfully.

The safety profile of the TRANSFORMS trial (Fig. 3) was
very similar to the FREEDOMS study with the addition of
two cases of macular edema and one case of second-de-
gree AV Block in the 0.5 mg fingolimod group [57].

Treatment considerations and recommendations
Special safety areas

Based on the pharmacodynamic properties of fingoli-
mod and its mode of action in MS, special safety areas
have to be mentioned and closely monitored:

e Heart rate and AV conduction at treatment initiation

¢ Infections

¢ Risk of macular edema

¢ Liver transaminase elevation

e Reproductive toxicity

e Concomitant or prior use of immunosuppressive
drugs.

Cardiac safety (see addendum)

Initiation of treatment with fingolimod results in a tran-
sient decrease in heart rate and may induce AV conduc-
tion delays (AV block first or second degree). This also
applies to recommencing treatment after an interruption
of more than 14 days. After the first dose, the decline in
heart rate starts within 1 h and is maximal at approxi-
mately 4-5 h. With continued administration, heart rate
returns to baseline within 1 month. Conduction abnor-
malities were usually asymptomatic, did not require
treatment, and resolved within 24 h (in the study, two
patients were treated with atropine and one patient was
treated with isoproterenol).
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Fig. 3 Adverse event profile
in the TRANSFORMS study
comparing the efficacy of
Fingolimod with interferon-
beta 1a i.m. (Modified from
[57])
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Recommendations (see addendum)

In patients with bradycardia (<55 bpm), AV conduction
delays, sick sinus syndrome, ischemic heart disease or
congestive heart failure, advice from a cardiologist is
recommended before initiating treatment. Treatment
with fingolimod should not be initiated while patients
take Class Ia (e.g. quinidine, procainamide) or Class III
(e.g. amiodarone, sotalol) antiarrhythmic drugs.

Patients receiving beta-blockers or other substances
which may reduce heart rate may have an increased risk
of bradycardia because of additive effects of fingolimod
on heart rate.

All patients should be observed clinically for a period
of at least 6 h for signs and symptoms of bradycardia
following the initial administration of the drug. Should
post-dose bradycardia-related symptoms occur, appro-
priate clinical management should be initiated and
observation should continue until symptoms have resol-
ved and the heart rate is in the normal range.

Infections
Fingolimod causes a dose-dependent reduction in peri-

pheral lymphocyte count to 20-30 % of baseline levels
because of the reversible sequestration of lymphocytes in

lymphoid tissues. Fingolimod may therefore increase the
risk of infections, some serious in nature. In MS studies,
the overall rate of infections (72 %) and serious infecti-
ons (2 %) with the 0.5 mg dose was similar to placebo.
However, lower respiratory tract infections, primarily
bronchitis and, to a lesser extent, pneumonia were more
common in fingolimod-treated patients.

Two fatal cases of herpes infections occurred with the
1.25 mg dose: a case of herpes simplex encephalitis in
a patient in whom initiation of acyclovir treatment was
delayed by one week, and a case of primary dissemina-
ted varicella zoster infection in a patient not previously
exposed to varicella receiving concomitant high-dose
steroid therapy for an MS relapse. Even though fatal
infection occurred only in the high-dose group, opportu-
nistic infection could also happen with lower doses.

Recommendations

A complete blood count should be obtained before ini-
tiation of treatment, at month 1, 3, and 6, and periodi-
cally thereafter to check for abnormalities. An absolute
lymphocyte count of <0.2x10°/L should lead to treat-
ment interruption until recovery.
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Initiation of treatment with fingolimod should be
delayed in patients with severe active infection until
recovery.

Patients should be instructed to report symptoms of
infections during treatment and till 2 months after tre-
atment discontinuation. Diagnostic measures and tre-
atment for infections should be started in due time if
indicated. Suspending fingolimod treatment should be
considered during serious infections and consideration
of benefit-risk should be undertaken prior to reinitiation
of therapy.

Patients without a history of chickenpox or without
vaccination against varicella zoster virus (VZV) should
be tested for VZV antibodies. If negative, VZV vaccina-
tion should be considered and treatment with fingoli-
mod should be postponed until full effect of vaccination
has been achieved.

Macular edema

Macular edema with or without visual symptoms has
been reported in 0.4 % of patients treated with fingoli-
mod 0.5 mg and in 1.1 % of patients with the higher dose
of 1.25 mg, predominantly in the first 3 to 4 months of
treatment. Some patients presented with blurred vision
or decreased visual acuity, but others were asymptomatic
and diagnosed at routine ophthalmological examination.
The macular edema generally improved or resolved spon-
taneously after discontinuation of fingolimod treatment.

Recommendations

Patients with a history of uveitis and patients with diabe-
tes mellitus are at increased risk of macular edema. It is
recommended that MS patients with a history of uveitis
or diabetes mellitus undergo an ophthalmologic evalua-
tion before initiating fingolimod treatment and have fol-
low-up investigations during treatment.

Other patients should have an ophthalmologic eva-
luation 3 to 4 months after the initiation of treatment and
at any time symptoms may occur during treatment.

It is recommended that treatment with fingolimod
should be discontinued if a patient develops macular
edema. Whether treatment should be reinitiated after
resolution of macular edema depends on the risk-benefit
evaluation of the individual patient.

Hepatic function

During clinical trials, fingolimod 0.5 mg was associated
with a threefold or greater elevation in liver transamina-
ses in 8 % of treated patients compared to 2 % of the pla-
cebo patients. The mechanism of this effect has not been
identified. The elevation of liver enzymes was generally

asymptomatic, observed after 3 to 4 months of treatment
and turned to normal within approximately 2 months
after discontinuation of fingolimod treatment.

Recommendations

Recent (<6 months) transaminases and bilirubin levels
should be available before initiation of treatment with
fingolimod. Liver transaminases should be monitored at
month 1, 3 and 6, and periodically thereafter. With repea-
ted confirmation of liver transaminases above five times
the upper limit of normal, treatment with fingolimod
should be interrupted.

In patients who develop symptoms suggestive of hepa-
tic dysfunction such as unexplained nausea, vomiting,
abdominal pain, fatigue or jaundice, the liver enzymes
should be checked and fingolimod should be disconti-
nued if significant liver injury is confirmed.

Patients with severe preexisting hepatic impairment
should not be treated with fingolimod.

Reproductive toxicity

Animal studies have shown reproductive toxicity inclu-
ding fetal loss and organ defects. S1P receptors are
known to be involved in vascular formation during
embryogenesis.

Recommendations

Women of childbearing potential should be advised
on the potential serious risk for the fetus and the need
of effective contraception during treatment with fin-
golimod. Since elimination of fingolimod takes about 2
months after the end of treatment, the potential risk for
the fetus may persist and contraception should be conti-
nued over this time.

Before initiation of treatment in women with child-
bearing potential, a negative pregnancy test result is
necessary.

If a woman becomes pregnant while on treat-
ment with fingolimod, discontinuation of treatment is
recommended.

Prior immunotherapy

Clinical trial data suggest that no wash-out period is nee-
ded when switching from INF beta or GA to fingolimod if
any immune effects of such therapies have resolved. In
the clinical trials, patients were excluded if treated with
natalizumab, other monoclonal antibodies or cytotoxic
drugs in less than 6 months prior to fingolimod therapy
[56, 57].
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Table 1. Recommended
patient management plan for Special Safety
treatment with fingolimod area

Recent
6 months

Base- First

Months Follow Recommendations

dose 1/3 6 up

Bradyarrhythmia
(see addendum)

Exclude bradycardia, AV conduc-
tion delays, sick sinus syndrom and
ischaemic heart disease before
initiation of treatment; Should not be
used in combination with Class | &Il
anti-arrhythmics; Observe all
patients for 6 hours for heart rate
and symptoms of bradycardia

(see addendum)

Complete
Blood Count

Monitor CBC periodically and if signs
of infection oceur; If lymphocyte
count is < 0.2x10%L, interrupt
treatment and allow to recover

VZV serology

Patients with no history of chicken
pox, no prior vaccination to VZV,
should have an antibody test;
Vaccinate if negative; Treatment
initiation should be delayed by

1 month

Liver enzymes

Patients with pre-existing severe
hepatic impairment should not be
treated with fingolimod; If liver tran-
saminases exceed 5 times the ULN
treatment should be interrupted and
recommenced only after individual
benefit-risk evaluation and if liver
transaminase values are within
normal range.

Macular edema

(patients with diabetes/uveitis
require baseline and regular
follow-up)

Test all patients after 3 to 4 months;

Discontinue treatment if ME is
diagnosed

Pregnancy

Prior to treatment a negative
pregnancy test is necessary.
Counsel on foetal risk and need

for effective contraception whilst on
treatment and 2 months after
stopping therapy. Discontinue in
case of pregnancy

Prior treatment
with immuno-
suppressants

Natalizumab treatment should be
stopped for at least 2 to 3 months
before treatment initiation with
fingolimod. Cytotoxic drugs (e.g.
mitoxantrone) should be washed
out for at least 6 months

Recommendations

Natalizumab treatment should be stopped for at least 2
to 3 months before treatment initiation with fingolimod
so as to avoid the risk of cumulative immunosuppression
from the 70 % decrease in total lymphocyte count with
fingolimod. Cytotoxic drugs (e.g. mitoxantrone) should
be washed out for at least 6 months before commence-
ment of treatment with fingolimod.

A detailed patient management plan for treatment of
RRMS with fingolimod is provided in Table 1.

Selection and management of patients

Fingolimod 0.5 mg daily is the first oral drug for the tre-
atment of RRMS. At present, it is approved as a first-line
treatment for relapsing forms of MS in the United States,
in Russia, Switzerland, and in the United Arab Emirates.

In Europe, the CHMP defined the indication for fin-
golimod as a disease-modifying monotherapy in highly
active RRMS:

o For patients with high disease activity despite treat-
ment with an INF beta (non-responders, treatment
failure) and

o For patients with rapidly evolving severe RRMS wit-
hout prior treatment.
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Fig. 4 Patient evaluation
scheme in the concept of
escalating immunotherapy of
RRMS. (Modified from [59])

(EDSS, MSFC)
2. MRI + Gd

3. Patient education
4. Optional NAB

Information about course
and therapeutic options

1. Quantitative examination

(evoked potentials, e.g. VEP)

(if on INF- and non responder)

Treatment failure?
Dimensions: QolL, Relapse,
Progression

’ Quantitative examination

(EDSS, MSFC)

Y1 every3mo
2Y 2: every 6 mo

Fig. 5 Current options of A
escalating immunotherapy
for RRMS. (Modified from
(59))

Disease activity

Beta-Interferon
Azathioprine’

Cyclophosphamide* A

Mitoxantrone '
Natalizumab 2
Fingolimod 2

<« GLAT \]
IVIG™

Stable disease

Escalation therapy

Basic therapy

Plasma exchange®

Corticosteroid pulse

Relapse therapy

*) off label use

1. Change of these therapies at this stage of escalation not yet formally evaluated
2. In patients with rapidly evolving severe RRMS defined by 2 or more disabling relapses in one year, and with 1 or more Gadolinium
enhancing lesions on brain MRI or a significant increase in T2 lesion load as compared to a previous recent MRI it may also be used as

basic (first line) therapy

3. Option in severe, streroid-resistant relapses

From a clinical point of view, treatment failure is defined
as continuing disease activity (in the form of relapses
supported by new or active MRI lesions) and progression
of disability. According to expert opinion this applies in a
similar manner to prior treatment with GA as to that with
INF beta. In clinical practice, unbearable side effects and
low compliance also constitute a kind of treatment fai-
lure. Since no combinations of DMDs and immunosup-
pressant or cytotoxic drugs are approved in the case of
a treatment failure and no robust clinical studies on the
efficacy of such combinations are published, the concept
of escalating immunotherapy of the Multiple Sclerosis

Therapy Consensus Group is still appropriate for this
situation [59]. The proposed algorithm for patient evalua-
tion and decision-making is provided in Fig. 4. In a hie-
rarchy of the existing approved and labelled treatments
of RRMS, fingolimod is positioned equal to natalizumab
in Europe (Fig. 5). The reason for the identically labelled
indications of the two substances in Europe may on one
hand come from their comparable efficacy in clinical and
MRI endpoints of clinical studies. On the other hand, the
potential risk of fingolimod treatment may have been
assessed with caution while long-term experience, as
with any new drug before introduction into clinical prac-
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tice, is limited. Excluding the patients at risk by careful
pretreatment examination and follow-up according to
the above recommendations will contribute to the safety
of fingolimod in clinical practice and serve to maximize
patients’ benefits from the advantages of this new drug.
In conclusion, large phase III studies with fingolimod
have shown favorable efficacy compared to placebo and
to a standard treatment with INF beta-la i.m. and an
acceptable safety profile. The position of fingolimod in
clinical practice will be influenced by issues of long-term
adherence, quality of life, and long-term safety of pati-
ents. To ensure best use of this new treatment for patients
with RRMS, treatment should be initiated by experienced
MS-centers and monitored and documented according
to the recommendations in the six special safety areas.
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Addendum

Following submission of this manuscript the EMA started
areview of the cardiovascular safety of Gilenya following
receipt of information related to an unexplained sudden
death in a patient within 24 h of taking Gilenya for the
first time in January 2012 [60]. The Agency reviewed all
available data on the heart safety of Gilenya, including 15
cases of sudden or unexplained death in patients treated
with Gilenya. It noted that most of the deaths and car-
diovascular problems had occurred in patients with a
history of cardiovascular problems or taking other medi-
cines. However, the data reviewed were not conclusive as
to whether Gilenya was the cause of the deaths. There-
fore, the EMA was of the opinion that the possible risk of
heart problems in patients taking Gilenya could be mini-
mized by further strengthening the existing warnings on
the cardiovascular effects of the medicine and ensuring
close monitoring of all patients as follows:

Treatment with Gilenya is not recommended [61]:

o In patients with a history of cardiovascular or cerebro-
vascular disease. However, if treatment with Gilenya
is considered necessary, advice from a cardiologist
should be sought regarding the appropriate heart mo-
nitoring for these patients when starting treatment.
Monitoring should be at least overnight;

e In patients taking certain antiarrhythmic medicines
(medicines used to restore normal cardiac rhythm);

e In patients taking certain medicines that lower the
heart rate. However, if treatment with Gilenya is con-
sidered necessary, advice from a cardiologist should
be sought as to whether these patients should be swit-
ched to a different medicine that does not lower the
heart rate, or whether they should be continuously
monitored overnight by ECG after the first dose.

When starting treatment with Gilenya, doctors should:

o Before the first dose, check the patient’s blood pres-
sure, heart rate, as well as their heart by ECG;

o After the first dose, check the patient’s blood pressure
and heart rate every hour for 6 h;

e Doctors are recommended to continuously monitor
the patient’s heart function by ECG for 6 h after the
first dose.

Doctors are recommended to extend monitoring after
the 6-h period if:

o At the end of the 6-h period, the heart rate is at its lo-
west since taking the first dose. In this case, the moni-
toring should be extended for at least two more hours
and until the heart rate increases again;

o Patients develop any clinically relevant heart problem
(such as bradycardia or AV block). If so, doctors are
advised to extend the monitoring period at least over-
night and until resolution.

With these risk-minimization measures in place, the
Agency concluded that the benefits of Gilenya continue
to outweigh the risk and updated the Gilenya® prescri-
bing information [60].
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