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Abstract

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system and is characterized by inflammation, demyelination, and axonal loss.
Fingolimod is the first oral drug for the treatment of MS approved by the United States Food and Drug Administration, European Union countries, and various
other countries. The compound exerts its effect via interaction with lysophospholipid receptors known as sphingosine-1 phosphate receptors. Although fingolimod
has a very convenient daily oral dosing, it may cause development of bradycardia at the first dose, macular edema, infection, all of which require attention.
Randomized double-blind clinical trials have shown that fingolimod significantly reduces relapse rates and is beneficial in brain magnetic resonance imaging
measures when compared with both placebo and intramuscular interferon 3-1a. This review describes the characteristics of fingolimod concerning its efficacy,

safety, and tolerability in the clinical context of the management of MS.
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Multipl skleroz (MS) merkezi sinir sisteminin enflamasyon, demiyelinizasyon ve akson kaybu ile karakterize kronik otoimmiin, nérodejeneratif bir hastaligidir.
Fingolimod Amerikan Ila¢ ve Gida Dairesi ve Avrupa Birligi iiyesi iilkelerin de bulundugu 80’den fazla iilke tarafindan onaylanmis ilk oral MS ilacidir. Bu bilegik,
sfingozin-1 fosfat olarak bilinen lizofosfolipid reseptérleri araciligs ile etkilerini gosterir. Giinliik oral yolla kullanimi kolaylik saglamakla birlikte bazi hastalarda
ilk doz sirasinda bradikardi gelismesi, makiiler 6dem, enfeksiyon gibi bazi dikkat edilmesi gereken durumlar ile kargilagilabilmektedir. Randomize ¢ift-kor klinik
caligmalar, plasebo ve intramiiskiiler interferon [3-1a tedavilerine kiyasla fingolimodun atak sikliini anlamli derecede azalttigini ve beyin manyetik rezonans
olciitleri iizerine yararli etkiler gosterdigini ortaya koymustur. Bu derlemede, fingolimodun klinikte MS hastalarinin yonetimindeki etkinligi, giivenliligi ve

tolerabilitesi ele alinmistir.
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Introduction

Multiple sclerosis (MS) is a chronic, autoimmune,
neurodegenerative disorder of the central nervous system (CNS)
characterized by inflammation, demyelination, and axonal loss
(1). It is more prevalent in women and is the leading cause for
neurologic dysfunction in young adults (2).

Clinically, the condition is often associated with recurrence
and remission of neurologic symptoms, and hence it is referred to
as relapsing-remitting MS (RRMS). Characteristic inflammation
and demyelination attacks are followed by complete or partial
functional remission; sometimes re-myelination may also be
observed early in the disease course. This form of the disease can
convert in time into a form that is characterized by progressive
deterioration in functions. This form of the disease, with a reduced
number of attacks, is referred to as secondary progressive MS
(SPMS). Early repair mechanisms fail and axonal loss worsen
in patients with SPMS. About 15-20% of all patients with MS
display a course that is progressive from onset, which is referred
to as primary progressive MS (3). The signs of MS vary depending
on the type of MS and severity of attacks. The most common
symptoms include fatigue, depression, visual disturbances, sensory
symptoms such as loss of sense or pain, spasticity, weakness, ataxia,
and fecal or urinary incontinence. These symptoms may also be
accompanied by cognitive disorders.

The etiology of MS remains unknown. There is a complex
interaction at play, which involves carrying a genetic risk against
autoimmunity, impaired immune system, and environmental
factors (exposure to viruses, vitamin D deficiency, and smoking)
(4). Immunologically, the inflammatory process is believed to take
place through T-cell and B-cell responses against autoantigens in
the CNS. Axonal loss and damage sustained by oligodendrocytes
resulting from disturbed pro-inflammatory and anti-inflammatory
balance leads to permanent damage in the CNS.

For the last two decades, the therapeutic approach in treating
MS has involved reduction in the frequency of symptoms and
slowing down the disease progression. The first agents that were
shown to be able to positively alter the disease course in RRMS,
including interferon B (IFN PB) and glatiramer acetate, are referred
to as classic immunomodulator therapies and are acknowledged
as the first-line therapies. They reduce annual attack rates by
approximately 30% (5). Natalizumab, a second-line treatment
choice, acts by targeting a4Plintegrin expressed on lymphocytes
and is more effective than first-line therapies. All these treatments
target the immune system; they are, however, parenteral
treatments and are associated with patient adherence issues as well
as undesirable adverse effects. Moreover, whether the currently
available therapies alter the neurodegenerative outcomes in MS is
disputable (5).

The advent of FTY720/fingolimod, which can be used
orally, has been a significant step in this context. Fingolimod
(Gilenya®) was the first oral MS drug approved by the United
States Food and Drug Administration (FDA), European Union
countries, and several other countries. It was first authorized and
made available in Turkey in April 2011. This compound acts
through lysophospholipid receptors, also known as sphingosine-1
phosphate (S1P) receptors. This review addresses the structure of
fingolimod, and its efficacy and safety in MS.
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Structure of Fingolimod

Fingolimod (2-amino-2-(2-(4-octylphenyl)ethyl)propan-1,3-
diol hydrochloride) is a small, lipophilic molecule, which is derived
from a metabolite of the fungus lsaria sinclairii, and is structurally
similar to the endogenous sphingosine (Figure 1). Sphingolipids
contained in the construction of the cell membrane are involved
in several intracellular signaling pathways. Sphingosine kinase
enzyme ensures phosphorylation of sphingosine and mediates
the dislocation of the molecule from the cell wall and form
S1P. Fingolimod is rapidly phosphorylated by the endogenous
sphingosine kinase 2 enzyme to fingolimod phosphate because it
is structurally similar to sphingosine, and binds with high affinity
to other S1P receptors except S1P2 (0.3-3.1 nM) (6).

SIP receptors are expressed in the CNS and peripherally in
several cell types including endothelial cells, lymphocytes, smooth
muscle cells, cardiac myocytes, and nerve cells. There are five S1P
receptor sub-types that have key roles in the regulation of several
biologic functions including leukocyte circulation, neural cell
proliferation, neural cell function, cell migration, endothelial cell
functioning, and vascular hemostasis: S1P1, S1P2, S1P3, S1P4,
and S1P5. Of these receptors, SIP1, SIP2, and S1P3 are found
extensively in the immune system, cardiovascular system, and
CNS. S1P1 is highly expressed on T and B lymphocytes. In adults,
S1P4 is mainly found in lymphoid and hematopoietic tissues,
whereas S1P5 is located in white matter of the CNS (Table 1).

The Mechanism of Fingolimod’s Therapeutic
Effect in Multiple Sclerosis

One of the primary mechanisms leading to the beneficial effect of
fingolimod in MS is the prevention of auto-aggressive lymphocytes
from penetrating into the CNS by blocking the dissociation of
T-cells from lymphatic tissues through the modulation of SIP1
on lymphocytes. Following antigenic stimulation, naive T-cells
differentiate into diverse storage cells, i.e. central storage T (CST)
cells in lymph nodes and effector storage T-cells (EST). In patients
with MS, most T-cells in the CNS are CST cells that have migrated
from lymph nodes.

S1P1 is mainly expressed on lymphocytes and is the key target
for the therapeutic efficacy of fingolimod in MS. The S1P1 pathway
controls the circulation of lymphocytes that carry the CCR7 receptor,
particularly storage T-cells, T-17 cells, and B-cells, in the blood
and lymphatic systems. Fingolimod phosphate, the active form of
fingolimod, binds to SIP1 on T-cells by acting as a potent antagonist
of S1P1, and triggers internalization of the receptor, which renders
the cell irresponsive to the signal of detachment of S1P from the
lymph node, thereby trapping it inside the lymph node. Thus,
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Figure 1. Chemical structure of fingolimod.
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fingolimod therapy traps CCR7-negative EST in the circulation,
and by acting on CCR7-positive lymphocytes, inhibits passage of
autoreactive CST cells to blood, trapping them in the lymph node,
thereby decreasing migration of cells to the CNS (7,8,9,10).
Experimental data have shown that fingolimod, besides its
effects on T-cell retention in lymph nodes, had protective effects
on the CNS through direct targeting of CNS cells. Fingolimod
displays lipophilic properties due to its structural similarity to
sphingosine. It therefore readily crosses the blood-brain barrier
and penetrates into the CNS, and may accumulate in the myelin
(11). In vitro experiments demonstrated that the drug was effective
on astrocytes, neurons, and oligodendrocytes (12). It has been
shown in 7z vivo animal MS models that fingolimod reduced
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demyelination in the brain and medulla spinalis, and was thus
efficient in reducing disease severity (13).

Efficacy of Fingolimod in Multiple Sclerosis

The efficacy of fingolimod in RRMS was evaluated in
phase 2 and phase 3 studies. The phase 3 studies were placebo-
controlled FREEDOMS (FTY720 Research Evaluating Effects of
Daily Oral therapy in MS) (14) and FREEDOMS 1I studies, and
TRANSFORMS (Trial Assessing Injectable Interferon vs. FTY720
in RRMS) (15,16), which compared fingolimod with intramuscular
IEN B-1a (16), and their extensions. Table 2 provides an overview
of the FREEDOMS, FREEDOMS 11, and TRANSFORMS trials.

Table 1. Expression of sphingosine-1 phosphate receptor subtypes and their primary functions

Receptor Site of expression
subtype
Lymphocytes
S1P1 Nerve cells
Vessels
S1P2 Diffuse
S1P3 Diffuse (neural cells, astrocytes, endothelial cells)
S1P4 Lymphocytes
$1P5 Brsiun (white matter)
Oligodendrocytes
S1P: Sphingosine-1 phosphate

Function

Excitation of lymphocytes from secondary lymphoid organs
Neural cell migration

Embryonic development of cardiovascular and nervous system
Angiogenesis

Protection of endothelial barrier

Vascular tonus

Protection of endothelial barrier

Protection of hearing and balance

Nerve conduction

Protection of endothelial barrier
Neural cell migration

Not known

Oligodendrocytes’ functioning
Natural killer cell migration

Table 2. Overview of FREEDOMS, FREEDOMS II and TRANSFORMS

Study Study plan

n=1272, 24-month,
double-blind, parallel-
group, comparative,
multi-centered

FREEDOMS (14)
Placebo

n=1083, 24-month,
double-blind, parallel-
group, placebo-
controlled, multi-
centered

FREEDOMS 1I (15)
Placebo

n=1292, 12-month,
double-blind, parallel-
group, placebo-
controlled, multi-
centered

TRANSFORMS (16)

intramuscular

IFN: Interferon

Treatment groups

Fingolimod 0.5 mg/day
Fingolimod 1.25 mg/day

Fingolimod 0.5 mg/day
Fingolimod 1.25 mg/day

Fingolimod 0.5 mg/day
Fingolimod 1.25 mg/day
IFN B-1a 30 png/week

Primary

endpoint Key findings

Annual relapse rate: 0.16-0.18
vs. 0.40 (fingolimod vs. placebo;
p<0.001)

Relapse-free patients: 70-75%
vs. 46% (fingolimod vs. placebo;
p<0.001)

Annual relapse rate: 0.20-0.21
vs. 0.40 (fingolimod vs. placebo;
p<0.001)

Relapse -free patients: 72-73%
vs. 53% (fingolimod vs. placebo;
p<0.0001)

Annual relapse rate: 0.16-0.20 vs.
0.33 (fingolimod vs. IFN B-1a;
p<0.001)

Relapse -free patients: 80-83%vs.
69% (fingolimod vs. IFN B-1a;
p<0.0001)

Reduction in
annual relapse
rate

Reduction in
annual relapse
rate

Reduction in
annual relapse
rate
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FREEDOMS and FREEDOMS II were randomized, double-
blind, placebo-controlled, multi-national, multi-center 24-month
studies (14,15). In the randomized, double-blind TRANSFORMS
trial, in which the primary and secondary endpoints were the same
as in FREEDOMS, patients were randomized into fingolimod or
intramuscular IFN B-la (30 pg/week) groups and were treated
for 12 months (16). In a study that pooled the populations in
FREEDOMS, FREEDOMS II, and TRANSFORMS studies, and
compared the annual relapse frequency between placebo and IFN
B-1a, patients had a median age of 37.8 years, 70.3% were female,
the time from the first symptom to randomization was about 5.2
years, and the median Expanded Disability Status Scale (EDSS)
score was 2.3 (17).

The Effect of Fingolimod on Relapses

In FREEDOMS, the frequency of relapse with fingolimod
treatment was reduced significantly by 549% compared with placebo
at the end of 24 months. During the 24-month study period, the
proportion of relapse-free subjects was 70-75% in the fingolimod
group versus 46% in the placebo group. In FREEDOMS II, the
annual frequency of relapse was decreased by 48% in the group
receiving fingolimod compared with placebo. In TRANSFORMS,
the annual frequency of relapse over the 12-month treatment
period was 52% lower in the group receiving fingolimod
0.5 mg/day than in the group treated with IFN B-1a.

The Effect
Progression

of Fingolimod on Disability

In FREEDOMS, both 3- and 6-month confirmed disability
progression was slower in fingolimod-recipients compared with
placebo. EDSS scores and MS Functional Composite (MSFC) z
scores in the fingolimod groups remained stable or were slightly
improved. The primary results of FREEDOMS II showed no
significant differences in disability progression between the groups
(15). The analysis of the subjects with baseline EDSS scores of 21
demonstrated that a statistically significant reduction was achieved
in the risk of 3- and 6-month confirmed disability progression.
This result was consistent across FREEDOMS and FREEDOMS 11
studies (18,19). FREEDOMS II showed a significant improvement
in the MSFC score at month 24 versus placebo.

In TRANSFORMS, MSEC scores displayed significantly more
favorable changes in both fingolimod groups compared with IFN
B-la. However, the proportion of patients without disability
progression was similarly high across IFN B-la and fingolimod
groups at the study end at month 12.

The Effects of Fingolimod on Magnetic
Resonance Imaging (MRI) Lesion Activity

In FREEDOMS, there were fewer new T,-weighted lesion
occurrences in MRI at the end of 6, 12, and 24 months in subjects
in the fingolimod group compared with the placebo group. The
proportion of gadolinium-enhancing T1 lesions at month 24 was
82% decreased in the group of subjects receiving fingolimod
0.5 mg/day compared with placebo (p<0.001) (14). The median
volume of lesions in the fingolimod groups was lower compared
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with the placebo subjects. Similarly, the changes in the volume of
hypodense lesions in T1-weighted images favored the fingolimod
groups (14). In TRANSFORMS, new T,-weighted lesion
occurrences in MRI and the proportion of gadolinium-enhancing
T1 lesions at the end of 1 year was significantly reduced in the
fingolimod 0.5 mg/day group compared with IFN B-1a.

The Effect of Fingolimod on Brain Atrophy

MS is a condition caused by inflammation and progressive
neuroaxonal damage. No Evidence for Disease Activity (NEDA)
is described as a new therapeutic target and defined as the
absence of disease activity. It is termed NEDA-4 when there
are no attacks, no disability progression, no MR lesion activity,
and no brain atrophy. Current evidence indicates that patients
whose treatment targets were set as NEDA had better disease
courses compared with those whose only clinical disease activity
was monitored. Therefore, brain volume loss was defined as
an endpoint in all fingolimod phase 3 studies. In fingolimod
studies, changes in brain volume loss were investigated using
the Structural Image Evaluation using Normalization of Atrophy
method. This method allows demonstrating the percent change in
brain volume between two MRI taken at different time points. In
FREEDOMS and FREEDOMS 1I, the percentage (%) change in
brain volume (PBVC) in subjects receiving fingolimod 0.5 mg/
day was significantly reduced compared with placebo at months
6, 12, and 24 (14,15). During the 24-month study period, the
percentage changes in brain volume with fingolimod 0.5 and 1.25
mg/day were -0.84% and -0.89%, respectively, compared with
-1.31% reported for placebo (p<0.001). The TRANSFORMS
study demonstrated that subjects receiving fingolimod
0.5 mg/day had 31% less mean reduction in brain volume at the
end of the first year compared with subjects receiving IFN B-1la
(p<0.001), (p<0.001) (16).

In addition, the reduction in mean brain volume was evaluated
separately in patient groups with and without gadolinium-
enhancing lesions at baseline in all phase 3 studies. Accordingly,
the achieved effect was maintained regardless of the presence
of Gd-enhancing lesions in the group of patients treated with
fingolimod 0.5 mg/day compared with both placebo and IFN
B-1a. This result can be considered as an indication that the effect
of fingolimod on brain atrophy is independent from the anti-
inflammatory activity (20,21).

Real-World Evidence Studies with Fingolimod

Studies in patient populations in European countries
demonstrated that switching patients treated with the approved
first-line injectable drugs or with the second-line treatment agent
natalizumab to fingolimod had favorable outcomes (22). A real-
world study with three healthcare centers from Italy demonstrated
that 88.1% of patients were relapse-free, 69.0% had no disability
progression, 68.5% had no de novo or expanded T, lesions, and
81.7% had no Gd+ T1 lesions at the end of 3 years after switching
from IFN [ or glatiramer acetate to fingolimod. Based on these
results, the proportion of patients with no disease activity for 3 years
was approximately 42% (23). The results of the interim analysis of
the 5-year Post-Authorization Non-interventional German Safety
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Study of Gilenya in RRMS (PANGAEA) study also demonstrated
an 80% average reduction in the annual frequency of attacks
at year 4 after switching the patients from IFN B or glatiramer
acetate to fingolimod (24,25). The proportion of subjects whose
EDSS remained stable at the end of 4 years was more than 90%. In
the MSBase Registry study, the time to first attack in a 12-month
period was significantly prolonged in patients who were switched
from IFN B/glatiramer acetate to fingolimod. There was also a
significant decrease in treatment discontinuation among these
patients (26). Another similar study from the MSBase Registry
demonstrated that disability progression in patients switching
from IFN PB/glatiramer acetate to fingolimod treatment was 47%
less compared with patients switching from another injectable
treatment, and disability regression doubled when patients were
switched to fingolimod (27).

A study on real-world data on fingolimod treatment in
Middle Eastern countries demonstrated that the annual frequency
of attacks regressed from 1.16 to 0.29 in patients who switched
from injectable treatments to fingolimod, and also showed that
the proportion of patients with no clinically or MRI-confirmed
disease activity at the fourth year among patients who switched to
fingolimod was approximately 45% (28). Based on the
results of a Turkish real-world evidence study that included data
of 1361 patients, the annual frequency of attacks was reduced by
88% at year 2 after switching to fingolimod treatment (29). In
addition, 85.9% of the patients achieved ‘no MR lesion activity’
outcomes. These results were also consistent with previous real-
world studies and clinical studies.

The Safety of Fingolimod

In FREEDOMS, adverse events that led to the discontinuation
of the study drug were reported by 7.5% and 7.7 % in the fingolimod
0.5 mg and placebo groups, respectively, and the incidence of serious
adverse events was 10.1% and 13.4%, respectively (14). The most
common adverse events in fingolimod 0.5 mg/day patients were
headache, increase in alanine aminotransferase (ALT)/aspartate
aminotransferase, influenza, diarrhea, back pain, and cough. The
most common serious adverse event was bradycardia at the first
dose, MS attack, and basal-cell carcinoma (14).

According to safety data of the TRANSFORMS study, 5.6%
and 3.7% of the patients in the fingolimod 0.5 mg and IFN
B-la groups, respectively, discontinued the study drug over the
12-month study period due to an adverse event. In the same
groups, serious adverse events were observed in 7.0% and 5.8% of
the patients, respectively (16).

Of the adverse events observed in 210% of the subjects,
headache was more common in the fingolimod group, whereas
influenza-like symptoms, pyrexia, and myalgia were more common
in the IFN B-1a group.

The Effect of Fingolimod on Other Systems

Effects on the Cardiovascular System

Fingolimod has an effect on the heart rate and blood pressure
because of the expression of the S1P receptors on the surface of
smooth muscle walls including heart muscles and cardiac vein
walls, particularly on the expression of SIP1 in the atrial myositis,
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sinoatrial node, and atrioventricular (AV) node cells (30). S1P1
receptor activates G-protein-mediated gating of inward rectifier
potassium channels, leading to penetration of potassium ions into
the cell. Penetration of potassium ions in cells in the sinoatrial
node and AV nodes results in slowed heart rate and conduction
rate. Therefore, a transient and mostly asymptomatic reduction in
heart rate and, more rarely, a slowing down of AV conduction can
be observed in most patients at the start of fingolimod treatment
as a result of the mechanism of action.

In the STudy to Validate TelemetRic ECG Systems for FirsT
Dose Administration of Fingolimod, the prospective, 1-week,
open-label study investigating the cardiac safety on fingolimod
at the start of treatment, bradycardia was observed only in one
patient 6 hours after the first dose. The proportion of patients who
developed a cardiac event during one week was 1.4% (bradycardia
<0.8%, AV block <0.5%, and QT prolongation <0.3%) (31).
Likewise, according to the results of the German National
PANGAEA study, 0.3% and 1.3% of the patients experienced
second-grade AV block and bradycardia, respectively (25). These
results are consistent with the results of phase 3 studies and cardiac
safety studies (32,33). Fingolimod can also alter blood pressure
due to its interactions with the S1P1 receptors located in the blood
vessel smooth muscle cells. Clinical studies on patients with MS
have reported small, transient decreases in blood pressure following
administration of the first dose. These small decreases were followed
by small increases in blood pressure one month after the initiation
of treatment with fingolimod. Treatment with fingolimod 0.5
mg/day lead to a 3 mmHg increase in systolic and a 1 mmHg
increase in diastolic blood pressure, and occurrence of hypertension
as an adverse event was reported in 6.1% and 3.8% of the patients
in fingolimod 0.5 mg/day and placebo arms, respectively. Based on
these clinical data, blood pressure monitoring during fingolimod
treatment is recommended.

Effects on the Retina

The S1P signaling pathway has an important role in the
regulation of vascular permeability and in maintaining endothelial
barrier integrity. Regulation of vascular permeability is dependent
on the balance among S1P1, S1P2, and S1P3 signaling pathways.
S1P1 activation decreases, whereas S1P2 and S1P3 stimulation
increases permeability (34). Patients with MS develop progressive
reduction in retinal fiber thickness and macula volume as a typical
finding. In FREEDOMS, macular edema was observed in three
patients (14) and according to the pooled analysis of FREEDOMS
and TRANSFORMS, macular edema occurred in 0.7% of patients.
It’s noteworthy that 26% of patients who had macular edema had
previous history of uveitis (35).

These data suggest that a fundus examination including the
macula should be performed 3-4 months after the start of treatment
in all patients receiving fingolimod. Given the higher risk of
developing macular edema in patients with diabetes or previous
uveitis history, it is recommended that a fundus examination
be performed prior to the initiation of fingolimod treatment as
well, and follow-up examinations be performed at 3 to 4-month
intervals thereafter.

Effects on the Pulmonary System

S1P receptors are expressed on bronchial smooth muscle cells.
In the phase 3 studies with patients with MS using fingolimod,
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slight decreases (1.6-3.5%) were observed in mean forced
expiratory volumes in the first second, although there were no
further decreases observed during the later stages of the study
(14,15). Respiratory tests should be monitored during fingolimod
use in individuals with serious respiratory disease, lung fibrosis or
chronic obstructive pulmonary disease.

Effects on the Liver

In clinical studies, 8.0 and 1.8% of the patients treated with
fingolimod 0.5 mg experienced symptomatic increases of 23x the
upper limit or normal (ULN) and 25x ULN, respectively, in serum
ALT levels compared with 1.9 and 0.9%, respectively, in patients
on placebo (14,15,36). Most of these increases occurred within the
first 6 to 9 months and returned to normal within approximately
2 months following discontinuation of fingolimod.

Effects on Lymphocyte Count and Infection

As an expected consequence of the mechanism of action, there
was a 73% mean reduction in lymphocyte count at the end of
the first month of treatment in the fingolimod 0.5 mg/day, which
persisted 24 months later. Treatment should be interrupted
if lymphocyte levels decrease below 200 cells/L in follow-up
visits. Lymphocyte levels are expected to return to normal after
approximately 2 months because the effect of fingolimod on
lymphocytes is reversible.

The rapid and reversible decrease in the lymphocyte count
caused by fingolimod was not associated with an increase in
infection rate compared with placebo. This is because fingolimod
redistributes lymphocytes in the secondary lymph organs and
increases the blood levels of lymphocytes (37). In another study
evaluating the fluctuations in lymphocyte levels over a period
of 4 to 7 years in patients receiving fingolimod, the lymphocyte
changes seen with fingolimod treatment were not associated with
clinical disease activity or serious adverse effects (38). Similar
rates of infection were observed among IFN B-la and placebo
groups and fingolimod in phase 3 studies of fingolimod. In
patients receiving fingolimod, influenza, bronchitis, and sinusitis
infections were more frequent, with other types of infection being
comparable between fingolimod and placebo groups. The rate of
serious infections was also similar between fingolimod 0.5 mg and
placebo groups (14,16).

In FREEDOMS, herpes infections were seen in 6% to 9% of
patients (22). In FREEDOMS II, herpes virus infections were more
frequent in groups receiving fingolimod compared with placebo
(15). In TRANSFORMS, herpes virus infections were seen in
2.1% of patients in the fingolimod 0.5 mg/day arm compared
with 2.8% in the IFN B-1a arm (16). Patients should be tested for
VZV 1gG positivity before initiating fingolimod therapy because
primary herpes zoster infection may be fatal in patients receiving
fingolimod.

The  estimated  risk  of  progressive  multifocal
leukoencephalopathy (PML) is very low, i.e. 0.056/1,000, with
fingolimod, which has been used by 160,000 patients worldwide,
giving rise to 368,000 patient-years of use according to August
2016 data. Therefore, no additional recommendations in treatment
management have been provided by the EMA or FDA regarding
PML (39). During routine MRI (in accordance with national and
local recommendations), physicians should be vigilant towards
lesions suggestive of PML. Close monitoring with frequent MRIs
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may be performed in patients for whom there may be an increased
risk of PML. In case PML is suspected, diagnostic MRI should be
performed immediately and treatment with fingolimod should be
withheld as long as PML cannot be ruled out.

Effects on Tumor Development

Cases of basal cell carcinoma have been reported in patients
treated with fingolimod. In FREEDOMS, five patients in the
fingolimod arm and three patients in the placebo arm developed
basal cell carcinoma (14). In FREEDOMS II, development of
basal cell carcinoma was reported in fewer patients receiving
fingolimod compared with placebo (15). Vigilance against skin
lesions is warranted and medical examination of the skin should be
performed at the start of treatment, at least after one year, and then
at least every year based on clinical judgment (36).

Based on these data, it is important to perform appropriate
monitoring prior to fingolimod use and during treatment in
patients with RRMS in order to avoid potential adverse effects
(Table 3). Active Varicella-zoster virus (VZV) vaccination is
also recommended for patients who are not immune to herpes
zoster. Questioning prior to medication during prescreening is
important with regards to drug interactions. Cardiac dysrhythmias
(bradycardia or conduction blocks) may develop in individuals
who are taking medicinal products that prolong QT interval
(e.g., chlorpromazine, haloperidol, methadone, erythromycin) or
medicinal products that affect conduction (e.g., beta-adrenergic
blockers, diltiazem, verapamil, digoxin).

Clinic Use of Fingolimod

Fingolimod was approved in 2010 by the FDA as the first-line
treatment of patients with RRMS, and as the second line treatment
in the same population in the European Union and Turkey. The
approved indications listed in the updated prescribing information
of fingolimod in Turkey as of 26.08.2016 are as follows:

1. Patients with RRMS with progressive disease defined as 2
or more relapsed and 1 or multiple gadolinium-enhancing lesions
in cranial MRI at one year or significantly increased T, lesions
compared with a previous recent MRI,

2. RRMS patients with highly active disease despite a full or
sufficient course of therapy with at least one disease-modifying
treatment,

3. Adult patients with RRMS who are unable to tolerate first-
line treatments due to adverse effects to parenteral administration
or the substance used, in whose bodies no site suitable for injection
remains due to long-term treatment with injections.

The contraindications of fingolimod are as follows:

- Known immune deficiency syndrome.

- Patients with increased risk for opportunistic infections,
including immunocompromised patients (including patients who
are currently receiving immunosuppressive therapies or those who
are immunocompromised due to prior therapies).

- Severe active infections, active chronic infections (hepatitis,
tuberculosis).

- Known active malignancies.

- Severe liver impairment (Child-Pugh class C).

- Hypersensitivity to the active substance or to any of the
excipients.
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- Mpyocardial infarction, unstable angina, stroke, transient
ischemic attack, decompensated heart failure requiring
hospitalization or class 3/4 heart failure in the past 6 months.

- History or presence of Mobitz type 2 second-degree or third-
degree AV block or sick sinus syndrome (unless the patient has a
pacemaker).

- Baseline QTc interval 2500 ms.

- Treatment with class 1a or class 3 anti-arrhythmic drugs.

Generally, patients treated with IFN [ or glatiramer acetate can
switch to fingolimod without a wash-out period. A switch from
teriflunomide to fingolimod requires an accelerated elimination
procedure or, alternatively, a wash-out period of no less than 3.5
months. Due to the long half-life of natalizumab, a wash-out
period of 2 to 3 months is recommended following natalizumab
withdrawal and before switching to fingolimod in order to avoid
simultaneous exposure and thus simultaneous occurrence of
immune effects (40,41,42). Resolution of lymphopenia should be
waited before switching from any of these agents to fingolimod.
There is very limited experience with the use of fingolimod
following monoclonal antibodies (alemtuzumab or rituximab),
which lead to reduced lymphocytes.

Immunosuppressive medicinal products should not be used
in patients discontinuing fingolimod treatment until their
lymphocyte counts returns to normal (generally 2 months). There
have been cases consistent with rebound clinical and MRI activity
reported following discontinuation of fingolimod, which is an
effective choice of treatment. Caution is required although there
are no comprehensive prospective studies evaluating rebound
effects after fingolimod treatment (43). Fingolimod has not been
approved for use in children and adolescents. Experience with the
elderly is limited. Fingolimod has been shown to be teratogenic
in rats (44). Therefore, although some pregnancies involving
fingolimod treatment have resulted in healthy deliveries, women
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of childbearing potential are recommended to practice effective
contraception during fingolimod use and for 2 months following
treatment discontinuation.

Long-term Efficacy and Safety Data

The long-term safety and efficacy data of fingolimod is being
investigated in the LONGTERMS study, comprising the ongoing
extension phase of open-label, single-arm phase 2/3/3b fingolimod
studies (45,46,47). Based on the results of the interim analysis of
this study, the efficacy in reducing the annual attack rates achieved
with fingolimod was maintained, to a lower extent, for 7 years, and
the mean EDSS change over 7 years remained stable. The long-
term safety data of fingolimod were also examined in an interim
analysis of the same study, and demonstrated that there was no
increase in the rate of adverse events and serious adverse events
within a 7-year fingolimod treatment period, as compared with
those reported in the main study. EMA reviewed the 5-year post-
marketing data in September 2015, and described that the agent
as having a favorable benefit-risk profile (48). The long-term effect
of fingolimod treatment on brain volume loss was also evaluated;
the rate of mean annual brain atrophy remained stable.

Interaction of Fingolimod with Other Medicinal
Products

An additional suppression of the immune system is possible
if fingolimod is co-administered with other neoplastic and
immunosuppressive medicinal products. Caution should therefore
be exercised when fingolimod and these agents are co-administered
or follow each other within very short periods of time. The efficacy
and safety of fingolimod, when combined with other disease-
modifying agents, have not been established. Fingolimod does not

Table 3. Patient monitoring before and after fingolimod use

Before treatment
Whole blood count, hepatic function tests

Varicella history or varicella zoster antibody test

smoking history or other pulmonary system conditions

Pregnancy test for women of childbearing potential

During treatment

Whole blood count, hepatic function tests (after 3-6 months)

Brain magnetic resonance imaging (after 1 year)

Monitoring of signs and symptoms of infection
Blood pressure monitoring

In the absence of immunity against varicella zoster, varicella vaccination and postponement of the treatment for 1 month
Electrocardiogram before the first dose and at the sixth hour following the first dose

In case of any abnormalities, referral to the cardiology unit before treatment

Ophthalmological examination and/or optic coherence tomography in patients with history of diabetes mellitus and uveitis

Pulmonary function tests and/or referral to chest diseases unit for patients with asthma, chronic obstructive pulmonary disease,

Brain magnetic resonance imaging (contrasted and non-contrasted)

Ophthalmological examination and/or optic coherence tomography (after 3-4 months)

For respiratory symptoms, pulmonary function tests and/or referral to chest diseases unit
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interact to a significant extent with other drugs that are used to
treat MS symptoms (e.g., fluoxetine, paroxetine, carbamazepine,
baclofen, gabapentin, oxybutynin, amantadine, modafinil,
amitriptyline, pregabalin, and corticosteroids). In studies on
patients with MS, short-term use of fingolimod with corticosteroids
did not lead to an infection risk. Due to a potentially increased
risk of infections, attenuated live vaccine administration should be
avoided in patients receiving fingolimod. Vaccination can be less
effective during treatment, and for up to two months following
treatment with fingolimod.

Pharmacodynamic interactionsare likely to occurif fingolimod
and drugs with similar cardiac effects are co-administered (49). A
study that evaluated whether antihypertensive drugs potentiated
the effects of fingolimod on heart rate used atenolol or diltiazem
with fingolimod 5 mg/day. The heart rate was 56 bpm in the
group receiving fingolimod with diltiazem (240 mg, for 5
days) and 56 bpm in the group receiving fingolimod alone. In
the group receiving fingolimod with atenolol (50 mg, for 5
days), there was a 15% decrease in heart rate compared with
the group receiving fingolimod alone. However, no clinically
relevant changes in mean blood pressure and ECG parameters
were observed in the group receiving the agents concomitantly
(47). Nevertheless, co-administration of fingolimod with agents
that induce bradycardia (e.g., beta adrenergic blockers, calcium-
channel blockers, digoxin, anticholinesterase inhibitors, and
pilocarpine) is not recommended.

Conclusion

Based on the results of the clinical studies summarized here,
it appears that fingolimod significantly reduces relapse rate,
suppresses inflammatory activity in the brain, and slows down
brain atrophy compared with placebo and intramuscular IEN 3
treatments. Although the favorable effect on disability progression
was only shown in the FREEDOMS study, it was concluded that
a consistent efficacy was obtained in patients with baseline EDSS
scores higher than 1 in the FREEDOMS II study. In addition,
the effects on disability progression and reduced relapse rate were
shown to be maintained both in late phase 3 studies, in 7-year
outcomes of the LONGTERMS study, and in real-world studies.
It has been concluded that the efficacy obtained in MRI lesion
activity and brain atrophy parameters with fingolimod was
consistent across phase 3 and long-term studies. In addition,
fingolimod was shown to be effective when switching from
injectable treatments in clinical and real-world studies. There are
data indicating that disease activity remained stable following
switch from natalizumab.

In conclusion, tolerability and treatment compliance is
generally quite good with fingolimod but it is important to
clearly define comorbidities and concomitant medications, and to
institute appropriate monitoring during fingolimod treatment due
to the risk of potential development of adverse events including
decreased heart rate associated with the administration of the first
dose, macular edema, and viral infections.

Fingolimod stands out as a new and efficient oral treatment
choice in reducing the relapse rate, brain inflammation, and
brain atrophy in patients with RRMS who are treatment-naive
or in patients with RRMS who have received therapy with first-
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line treatment choices. Fingolimod is an important choice for the
treatment of patients with active RRMS.
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