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Abstract Oral fingolimod (Gilenya�), a sphingosine 1-phosphate (S1P) receptor ago-
nist, is the first oral agent and the first in a novel class of disease-modifying
therapies (DMTs) to be approved for use in the US for the treatment of relapsing
forms of multiple sclerosis (MS). In the EU, fingolimod is approved for use as a
single-agent DMT in selected patients with highly-active, relapsing-remitting
(RR) MS. This article reviews the pharmacological properties and clinical use of
the drug in patients with RRMS.
Fingolimod is rapidly converted in vivo to the active moiety S-fingolimod-

phosphate, which binds with high affinity to S1P receptors, thereby sequestering
lymphocytes in the lymph nodes and preventing their egress into the peripheral
circulation. As a consequence, there is a reduction in the infiltration of auto-
aggressive lymphocytes into the CNS. Fingolimod-phosphate also acts as a
functional antagonist, as its binding to S1P receptors results in their internaliza-
tion and degradation, thereby downregulating S1P receptors on the lymphocyte
cell surface. Since fingolimod crosses the blood : brain barrier, it also potentially
acts at S1P receptors on neural cells in the CNS to mitigate neuropathological
processes associated with MS.
In large multinational trials in adult patients with RRMS, oral fingolimod

0.5mg/day was more effective than oral placebo (FREEDOMS) and recom-
mended dosages of intramuscular interferon-b (IFNb)-1a (TRANSFORMS) in
reducing the annualized relapse rate and was also generally more effective at
slowing progression of neurological disability and at reducing the burden and
activity of disease. Fingolimod was generally well tolerated in these trials of up to
2 years’ duration, with most adverse events being manageable and of mild to
moderate severity; there were two deaths from opportunistic infections, albeit
these occurred with fingolimod 1.25mg/day (higher than the recommended do-
sage). Limited long-term data indicated that no new safety concerns had arisen
after 5 years of fingolimod treatment. However, further clinical experience is
required to fully determine the long-term safety profile of fingolimod, particularly
with regard to any potentially serious or life-threatening adverse events. In the
absence of robust pharmacoeconomic studies and of head-to-head trials com-
paring fingolimod with other formulations of IFNb and glatiramer acetate, the
relative position of fingolimod with respect to other DMTs remains to be fully
determined. In the meantime, given its convenient once-daily oral treatment re-
gimen and better efficacy than intramuscular IFNb-1a, fingolimod is a valuable
emerging option for the treatment of adult patients with relapsing forms of MS.

1. Introduction

Multiple sclerosis (MS) is a common, usually
progressive, neurological disease that affects the
CNS.[1-3] Globally, it is estimated that the total

number of people affected with MS is approxi-
mately 2.5 million, withMS being one of the most
common neurological disorders and causes of
disability in young adults, especially in Europe
and North America.[1,4] Worldwide, the disease is
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approximately twice as common in women as it
is in men, with the average age of onset being ap-
proximately 30 years.[1,4] Most patients with MS
have a normal or near-normal life expectancy.[4]

The exact aetiology of MS is unknown; it is
generally considered to be an organ-specific au-
toimmune disease that occurs in genetically sus-
ceptible young adults, althoughmultiple pathogenic
mechanisms are likely to be involved.[5] The dis-
ease is characterized histologically by the pre-
sence of demyelinated, sclerotic lesions in the
CNS. Localized areas of inflammation lead to a
loss of oligodendrocytes and the development of
demyelination that subsequently interferes with
nerve conduction, resulting in progressive neu-
rological impairment.[5] Clinical signs and symp-
toms of MS show considerable variations between
individuals, with the exact symptoms dependent
on the site and extent of MS lesions.[4,5] Clinical
signs and symptoms commonly include paraesthesia
or numbness, motor weakness, visual disturbances
and lack of co-ordination.[5] Approximately 60% of
patients with MS are no longer ambulatory within
20 years of disease onset.[4]

The exact course of the disease for any given
individual shows a high degree of heterogeneity
in terms of clinical, immunological and patho-
morphological changes.[3,4,6] The various subtypes
of the disease are classified according to the most
common clinical course of the disease, with the
majority of patients (»80–85%) having relapsing-
remitting (RR) MS at onset. RRMS is char-
acterized by episodes of acute worsening (i.e. a
relapse) with recovery and a stable disease course
between relapses. It progresses in approximately
50% and 80% of patients within 10 and 20 years
of disease onset, with relapses becoming more
severe and being associated with less complete
recovery such that patients develop more pro-
gressive disease.[4,6]

MS is a treatable, but as yet incurable, disease
for which there are a limited number of licensed
disease-modifying therapies (DMTs) available.[2,4]

Since the disease is primarily considered an au-
toimmune disease, the mainstay of treatment has
been the immunomodulatory agents interferon-b
(IFNb)-1a, IFNb-1b and glatiramer acetate, all
of which have modest efficacy and good safety

profiles.[2] However, all of these agents are ad-
ministered either intramuscularly or subcutane-
ously, which may significantly impact on adherence
(e.g. many patients have an aversion to injec-
tions).[3,7] Hence, the availability of effective oral
formulations would potentially improve the pa-
tient’s quality of life and increase adherence to
therapy.[3,7-9] An improved understanding of the
immunopathogenesis of MS, including the cel-
lular and molecular mechanisms involved in im-
mune cell migration and activation, along with
better technology, has led to the development of
new targeted therapies for the management of
MS.[2,3]

One potential therapeutic target for the treat-
ment ofMS is sphingosine 1-phosphate (S1P) and
its receptors, which play a pivotal role in normal
physiological processes and in pathogenic processes,
particularly those associated with the immune,
central nervous and cardiovascular systems.[10-12]

S1P is a member of the lysophospholipid family
of plieotropic mediators and is involved in several
cellular responses associated with the pathogen-
esis of MS, including proliferation, migration,
adherence, tight junction assembly, and neural
cell communication and survival. Signalling by
S1P is mediated by five related plasma membrane
G-protein-coupled receptors (S1P1, S1P2, S1P3,
S1P4 and S1P5) that are differentially expressed
on several cell types throughout the body, in-
cluding cells of the immune system and CNS.
Each receptor triggers different, but overlapping,
signalling pathways that elicit diverse cellular
responses. Potential targets whereby an S1P re-
ceptor agonist may act to mitigate the patholo-
gical processes associated with MS include S1P1

receptors expressed on lymphocytes and S1P re-
ceptors expressed on neural cells in the CNS.[10-12]

Fingolimod (Gilenya�) is a novel S1P recep-
tor agonist derived from myriocin, which is a
metabolite of the fungus ascomycete Isaria
sinclairii.[11] The drug is the first oral agent and the
first in its class to be approved in the US for the
treatment of adult patients with relapsing forms
of MS (section 6).[13] In the EU, fingolimod is ap-
proved for use as a single-agent DMT in selected
patients with highly active RRMS (section 6).[14]

This article reviews the use of oral fingolimod in
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the management of RRMS, providing an over-
view of its pharmacological properties and dis-
cussing its efficacy and tolerability in this patient
population.

2. Pharmacodynamic Properties

The pharmacological properties of fingolimod
(figure 1) have been extensively reviewed[11,12,15-19]

and, for the most part, are summarized in this
section.

Fingolimod is phosphorylated by sphingosine
kinase 2 to the pharmacologically active moiety
S-fingolimod-phosphate (section 3), which is a
close structural analogue of endogenous S1P.[20]

S-fingolimod-phosphate (the enantiomer being
referred to in all subsequent discussion), but not
R-fingolimod-phosphate or fingolimod, is a po-
tent agonist at four of the five S1P receptors
(figure 2).[11,16-18,20] Respective binding affinity
constants (Ki) of fingolimod-phosphate at S1P1,
S1P3, S1P4 and S1P5 receptors were 0.3, 3.1, 0.6
and 0.3 nmol/L.[16,18,20,21] Fingolimod-phosphate
has no affinity for S1P2 receptors (Ki >10 000
nmol/L).[16,18,20,21]

By binding with high affinity at S1P receptors,
fingolimod-phosphate mediates lymphocyte
trafficking, sequestering lymphocytes, including
potentially encephalitogenic T cells and their naive
progenitors, in the lymph nodes and preventing
their egress into the peripheral circulation.[15,17,18]

As a consequence, there is a reduction in the
number of peripheral blood lymphocytes and in
the infiltration of autoaggressive lymphocytes
into the CNS. Fingolimod-phosphate also acts as
a functional antagonist, as its binding to the S1P1

receptor results in their internalization and de-
gradation, thereby down-regulating S1P1 recep-
tors on the lymphocyte cell surface and removing
the signalling pathway that would allow their
egress from lymphoid tissues into the circula-

tion.[17] In patients with MS, fingolimod most
likely exerts its key pharmacological effects via these
S1P receptor-mediated actions on the immune sys-
tem (section 2.1) and its potential actions in the
CNS (section 2.2), with proposed/potential mech-
anisms summarized in figure 2.[15-17]

Data from animal models of MS (i.e. experi-
mental autoimmune encephalomyelitis [EAE]
models) support the concept that fingolimod ex-
erts its effects via inhibition of encephalitogenic
T-cell responses and preventing the migration of
these cells into the CNS.[16,17] In these animal
models, development of the clinical features of
EAE was prevented by the prophylactic use of
fingolimod and, in animals with different stages
of established EAE, fingolimod treatment im-
proved and/or reversed clinical symptoms.[22-26]

In addition, fingolimod treatment appeared to
provide some degree of neuroprotection, with im-
provements in clinical symptoms, normalization
of expression of myelin proteins and reductions
in inflammatory infiltrates, axonal loss and de-
myelination (section 2.2).[16,17]

2.1 Effects on Immune System

Fingolimod-induced decreases in levels of
peripheral lymphocytes were dose dependent in
studies in healthy volunteers, with a near max-
imal effect observed with fingolimod 5mg/day
(i.e. typically an 81% decrease in lymphocyte lev-
els from baseline).[15,27,28] Decreases in peripheral
lymphocyte levels reached a nadir during the first
day and remained at this level with once-daily
fingolimod treatment. After discontinuation of
treatment, lymphocyte counts returned to normal
levels in a dose-dependent manner (i.e. the effects
on lymphocyte egress into the peripheral circu-
lation were reversible).[15,27,28]

Autoaggressive interleukin-17 (IL-17)-produc-
ing T (Th17) lymphocytes are thought to play a
central role in the pathogenesis of MS by mi-
grating across the blood : brain barrier (BBB),
disrupting BBB tight-junctions and promoting
CNS inflammation.[17,29] Levels of Th17 cells are
elevated in the blood and CSF of patients with
MS and, in EAE animal models ofMS, Th17 cells
have been shown to induce inflammation.[17,29]

H3C

O

• HCI

H

H2N OH

Fig. 1. Chemical structure of fingolimod hydrochloride.
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Immune cells

b

a

CNS cells

Five S1P receptors

Ceramide

Sphingosine

Sphingomyelin

S1P

S1P1 S1P2 S1P3 S1P4 S1P5

Sphingosine kinase 2

FIN-P

FIN

Sphingomyelinases

Ceraminidases

Sphingosine kinase 1/2

S1P and FIN-P bind with high affinity to the indicated S1P G-protein-coupled receptors located in plasma membranes of 
several cell types, including immune and CNS cells, to trigger various downstream signalling pathways associated with 

normal and pathological processes, including those relevant to MS 

Proposed mechanisms of action whereby FIN potentially 
mitigates the pathogenic processes associated with MS 

The normal circulation of lymphocytes between the blood and 
lymphoid tissues is regulated in part by the S1P concentration 
gradient between lymphoid tissues and other tissues or body 
fluids

•

•

•

•

•
•
•

•

•

•

FIN-P binds at S1P1 receptors on lymphocytes, including 
potentially autoaggressive T cells, to prevent their egress 
from the thymus and peripheral lymph organs into the 
efferent lymph − as a result, lymphocytes remain in the 
lymph nodes and their infiltration into the CNS is thereby 
reduced
After FIN-P binds to S1P1 receptors and triggers receptor 
activation, the FIN-P/S1P1 receptor complex is internalized 
and degraded, resulting in the elimination of S1P1 receptors  
from the lymphocyte cell surface; i.e. FIN-P acts as a 
functional antagonist by downregulating expression of S1P1
receptors on the cell surface of lymphocytes
FIN induced reversible dose-dependent reductions in 
peripheral lymphocytes in healthy volunteers 
In studies in pts with MS, FIN treatment reduced the number 
of autoaggressive Th17 lymphocytes and differentially 
regulated the recirculation of various subsets of T cells (i.e. 
TN, TEM and TCM cells)  
Animal models of MS (i.e. EAE models) and in vitro studies 
support data from clinical studies

S1P receptors are highly expressed in the plasma membranes 
of virtually all CNS cell types (e.g. astrocytes and 
oligodendrocytes) and thus, S1P influences several biological 
processes associated with CNS cells, including those involved in 
the pathogenesis of MS. Animal models of EAE have implicated 
S1P signalling at S1P receptors in disease progression 

FIN-P crosses the BBB and thus, may potentially mitigate 
neuropathological processes associated with MS, including 
neurodegeneration and gliosis, via its actions at S1P receptors 
on CNS cells 

Preclinical evidence from in vitro and animal studies indicated 
that:

FIN-P is localized in the white matter (the region where 
pathological changes predominantly occur in EAE models 
and in pts with MS)
FIN-P is mainly localized in CNS tissue rather than CSF
FIN-P levels are higher in CNS than blood 
Prophylactic FIN prevented the development of clinical 
features of MS in EAE animal models
In animal models of RRMS, FIN treatment reduced clinical 
features of MS, including improving motor function, reducing 
axonal loss, normalizing myelin protein expression and, after 
immunization with syngeneic CNS tissue, reducing 
inflammation and demyelination

Fig. 2. Schematic summary of (a) the biosynthetic pathway of sphingosine 1-phosphate (S1P) and (b) the proposed/potential mechanisms of
action of oral fingolimod (FIN).[11,12,16-19] BBB =blood : brain barrier; EAE = experimental autoimmune encephalomyelitis; FIN-P =S-FIN-
phosphate;MS=multiple sclerosis; pts= patients; RRMS= relapsing-remitting MS; S1P1–5=S1P receptor types 1–5; TCM = central memory T;
TEM= effector memory T; Th17= interleukin-17-producing T; TN= naive-T.
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Th17 cells also co-express C-C chemokine-
receptor (CCR) type 4 (CCR4) and CCR6.[29]

Fingolimod treatment reduced the number of
Th17 cells in the blood by >90% in patients with
MS, with this decrease relating to the reduction
of CCR7-expressing naive-T (TN) cells and ef-
fector memory T (TEM) cells in an observational
study.[29] There was no direct effect of fingolimod
or its active metabolite fingolimod-phosphate on
the secretion of IL-17 in in vitro studies of anti-
CD3/CD28-stimulated CD3+ T cells derived from
healthy individuals.[29]

The recirculation of various subsets of T cells
(i.e. TN, TEM and central memory T [TCM]
cells) was differentially regulated by fingolimod
treatment in patients with MS.[30] In 16 patients
with RRMS receiving fingolimod, there was a
marked reduction in levels of peripheral blood
CD4+ T cells (by »80%) and CD8+ T cells (by
»60%) compared with patients receiving IFNb
(n = 7) or untreated individuals (i.e. patients with
MS [n = 5] or healthy adults [n = 10]).[30] This re-
flected a reduction in TN (CCR7+ CD45RA+)
and TCM (CCR7+ CD45RA-) cells and a rel-
ative increase in TEM cells (CCR7- CD45RA-
and CCR7- CD45RA+).

The marked reduction in peripheral blood
lymphocyte levels associated with fingolimod
treatment appears to reflect the redistribution
rather than the destruction of these cells.[31] In
in vitro studies of peripheral blood from patients
with MS, the predominant population of T cells
in the peripheral circulation was CD8+ CCR7-
cells; this subset forms a minority of the peripheral
lymphocyte population in untreated individuals.[31]

Furthermore, T cells from fingolimod-treated
patients showed less migration towards CXCL12
and CCL2 (chemokines that regulate lymphocyte
migration into tissues, including the CNS) than
those from untreated patients withMS or healthy
adult donors.

T-lymphocyte induction, proliferation andmem-
ory functions were not affected by fingolimod
treatment in in vitro and preclinical studies.[15,30]

Since fingolimod is an immunosuppressant, it
may potentially slow and/or impair the development
of immunity to systemic viral infections.[11,18,32,33] In
a prospective, open-label, observational study,

cellular and humoral immune responses follow-
ing administration of influenza virus vaccine were
similar in 14 patients with MS treated with fin-
golimod to those in 18 untreated healthy adult
volunteers.[32] Although this study had several
limitations, including a lack of power to evaluate
clinical endpoints such as protection from influ-
enza virus infection, it suggests that fingolimod-
treated patients, despite having CD4+ and CD8+
T-cell lymphopenia, have the ability to mount
immune responses to specific viral antigens.[32]

These data are supported by a prospective, 4-week,
double-blind study that evaluated T-cell responses
to vaccination with keyhole limpet haemocyanin
(KLH) and humoral responses to pneumococcal
polysaccharide vaccine (PPV-23) in 72 healthy
volunteers receiving fingolimod 0.5 or 1.25mg or
placebo once daily (abstract plus poster pre-
sentation).[33] In this study, antibody responses to
both of these antigens were attenuated and/or
delayed in fingolimod recipients compared with
those in placebo recipients; however, responder
rates (i.e. >4-fold increase in IgG levels from pre-
immunization levels) at 4 weeks in the fingolimod
0.5mg/day group did not differ significantly from
those in the placebo group for both KLH (91% vs
91%) and PPV-23 antigens (41% vs 55%).[33]

2.2 Effects in the CNS

The lipophilic nature of fingolimodmeans that
it readily crosses the BBB into the CNS.[16,17]

Since virtually all neural cell types, including neu-
rons, oligodendrocytes, microglia and astrocytes,
express S1P receptors, fingolimod-phosphate
may potentially act at S1P receptors on these CNS
cells to mitigate neuropathological processes
associated with MS such as neurodegeneration
and gliosis.[11,16,17] Specific cellular responses to
S1P are dependent on the ratio of expression of
the individual S1P receptors and on the stage of
differentiation of the neural cells. S1P activity is
pivotal for numerous aspects of normal neural
function, including regulation of microglial pro-
liferation and activation, maintenance of the
integrity of the BBB, migration of neuronal pro-
genitor cells towards areas of damage, migration
of astrocytes and their communication with other
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CNS cells, and regulation of oligodendrocyte
survival, function and modulation of myelination
following injury.[10-12,17]

In preclinical studies, fingolimod has been
shown to act in a differentiation-, time- and dose-
dependent manner to impact on several CNS pro-
cesses, including improving clinical symptoms,
reducing inflammatory responses, axonal loss
and demyelination, and normalizing the expres-
sion of myelin proteins.[16,17] In in vitro studies,
fingolimod reduced cytokine-induced cell death,
increased the number of progenitor and mature
oligodendrocytes, and modulated the outgrowth
of oligodendrocytes, which at least in part may
reflect the relative expression of each individual
S1P receptor.[16,17,34-36] For instance, in an in vitro
model using mouse organotypic cerebellar slices,
fingolimod treatment enhanced remyelination and
process extension by oligodendrocyte progenitor
cells andmature oligodendrocytes after lysolecithin-
induced demyelination.[36] These effects correlated
with a significant fingolimod-induced increase in
microglia and in astrocytic reactivity and were pos-
tulated to be mediated via fingolimod-phosphate
activity at S1P3 and S1P5 receptors.

[36]

Astrocytes play a pivotal role in pro- and anti-
inflammatory processes in the CNS and are a
potential target for fingolimod since they express
S1P1, S1P2, S1P3 and S1P5 receptors.[11,17] Ac-
tivities associated with astrocytes include en-
hancement of immune responses associated with
the inhibition of myelin repair, neuroprotective
effects, reduced secretion of proinflammatory
cytokines and promotion of oligodendrocyte and
axonal regeneration.[11,17] Autopsy material from
patients who had MS indicated that there were
increased levels of S1P1 and S1P3 receptors in both
active and inactive MS lesions, with the highest
immunohistochemical staining for both of these
receptors being associated with astrocytes.[37] In
primary cultures of human astrocytes derived
from white matter of autopsied brains from indi-
viduals without neurological disease, fingolimod
treatment reduced the synthesis of proinflammatory
cytokines, including a dose-dependent decrease in
monocyte chemotactic protein-1.[37]

In patients with MS, fingolimod treatment
(n = 12) significantly (p < 0.001) reduced T-cell

counts in the CSF relative to levels in 20 treatment-
naive patients and to baseline levels (p < 0.05),
with T-cell counts in the CSF returning to normal
levels in fingolimod-treated patients.[38] Fingoli-
mod treatment had no significant effects on IgG
levels in the CSF or on intrathecal IgG synthesis.
There was also no significant difference in terms
of reductions in monocyte counts between fingo-
limod-treated patients and natalizumab-treated
(n = 9) patients with MS. Fingolimod had no sig-
nificant effects on B-cell counts in the CSF,
whereas B-cell counts in blood were significantly
decreased. In addition, there was a reduction in
the percentage of CD4+ T cells and an increase in
the percentage of CD8+T cells, natural killer cells
and monocytes in fingolimod-treated patients
versus treatment-naive patients, with a reversal of
the CD4+ :CD8+ ratio in most patients receiving
fingolimod.[38]

2.3 Effects on Heart Rate and Rhythm

As might be predicted since S1P receptors are
expressed on myocytes of the atrial sinus node,
fingolimod treatment is associated with a nega-
tive chronotropic effect in man.[15] In healthy
adults, the circadian rhythm in supine heart rate
remained unchanged after single 1mg doses of
fingolimod, although the overall heart rate-versus-
time curve was reduced by 10% during the first
24 hours post-dose and returned to baseline levels
by 3–5 days post-dose. These effects on heart rate
were asymptomatic.[28]

Similarly, a normal daytime circadian rhythm
was observed after single intravenous (1mg) or
oral (1.25mg) doses of fingolimod in a crossover
study in healthy adult volunteers.[39] The mean
heart rate nadir was 11% lower after oral ad-
ministration than after intravenous administra-
tion (47 vs 53 beats/minute [bpm]; respective
baseline values were 67 and 66 bpm). Mean heart
rates were returning to baseline levels by the end
of day 2 after both oral (62 bpm) and intravenous
(61 bpm) fingolimod.[39]

After 4 weeks’ treatment, the mean heart rate
in healthy adult volunteers receiving fingolimod
0.5 (n = 30) or 1.25mg/day (n = 29) was similar to
that in volunteers receiving placebo (n = 29) in a
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double-blind study (abstract plus poster presen-
tation; no quantitative data reported).[40] In the
initial 4-day treatment period, there were asymp-
tomatic reductions in mean heart rates in the
fingolimod groups relative to the placebo group.

In healthy volunteers who had received
atenolol (50mg once daily) or diltiazem (240mg
extended release once daily) for 5 days, concomi-
tant administration of a single 5mg dose of fin-
golimod had minimal effects on heart rate
(abstract presentation).[41]

In a thorough QT interval study of multiple
doses of fingolimod 1.25 or 5mg/day (i.e. at
steady state), when a negative chronotropic effect
of fingolimod was still present, fingolimod treat-
ment resulted in a prolongation of the corrected
QT interval, with the upper bound of the 90%
confidence interval being 14 milliseconds.[13] In
clinical studies in patients with MS, there were no
clinically relevant cases of prolongation of the
QT interval; patients at risk of QT prolongation
were excluded from these studies.[13]

3. Pharmacokinetic Properties

Fingolimod exhibits linear, dose-dependent ab-
sorption across a dose range of 0.125–5mg.[42]

Absorption of fingolimod is slow (maximum
plasma concentrations [Cmax] are attained in
12–16 hours), but almost complete, with an ap-
parent absolute oral bioavailability of 93%.[13,14]

After single intravenous or oral doses of fingoli-
mod 1.25mg in healthy volunteers, the oral :
intravenous ratio for the dose-normalized area
under the plasma concentration-time curve (AUC)
was 0.94, indicating that average systemic expo-
sure was similar after oral or intravenous admin-
istration.[39] Steady-state plasma concentrations
are attained within 1–2 months following fingo-
limod once daily, with these levels being ap-
proximately 10-fold higher than those attained
after the initial dose.[13,14]

After fingolimod enters the systemic circula-
tion it undergoes reversible, stereoselective
phosphorylation by sphingosine kinase 2 to the phar-
macologically active S-enantiomer of fingolimod-
phosphate.[20] After a single oral 5mg dose in
a typical healthy volunteer, although plasma

concentrations of fingolimod and fingolimod-
phosphate were similar at 4 hours post-dose, the
concentration of fingolimod-phosphate exceeded
the parent compound during the remainder of the
24-hour post-dose period.[15] With multiple doses,
the ratio of parent compound to fingolimod-
phosphate appeared to plateau after 7 days.[15]

Fingolimod is extensively distributed throughout
the body, with a volume of distribution of approxi-
mately 1200L.[13,14] Fingolimod is predominately
distributed into red blood cells (86%), whereas there
is markedly less distribution of fingolimod-
phosphate into red blood cells (<17%). Both the
parent compound and fingolimod-phosphate are
highly bound to protein (>99.7%); this binding is
not altered by renal or hepatic impairment.[13,14]

In healthy volunteers, there were no clinically
relevant differences in absorption pharmacokinetics
between the fed and fasted state after a single dose
of fingolimod 1mg, with fed-fasting ratios for mean
Cmax and AUC values of 1.0 and 0.98.[28]

Fingolimod is rapidly metabolized via three
main pathways: phosphorylation to S-fingolimod-
phosphate; oxidative transformation via cyto-
chrome P450 (CYP) isoenzymes and subsequent
fatty acid-like degradation to inactive metabolites;
and formation of pharmacologically inactive non-
polar ceramide analogues of fingolimod.[13,43] Fin-
golimod is primarily metabolized by the CYP4F2
isoenzyme, with minor metabolism occurring via
CYP2D6, CYP2E1, CYP3A4 and CYP4F12 iso-
enzymes. Since multiple CYP isoenzymes are
involved in its metabolism, it appears unlikely
that the metabolism of fingolimod will be sub-
stantially affected by an inhibitor of a single CYP
isoenzyme.[13]

In healthy volunteers, after a single oral
radioactive fingolimod 4.5mg dose, based on the
AUC up to 816 hours, the main fingolimod-
related components in the blood were fingolimod
(23.3%), fingolimod-phosphate (10.3%), the in-
active M3 carboxylic acid metabolite (8.3%) and
the inactive M29 (8.9%) and M30 (7.3%) cer-
amide metabolites.[13,43]

The elimination of fingolimod is mostly via me-
tabolism to inactive metabolites.[43] Approximately
81% of a single dose of radioactive fingolimod
was slowly eliminated via the urine as inactive
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metabolites.[13,14,43] There was no elimination of
fingolimod and fingolimod-phosphate via the
urine, with relatively low concentrations elimi-
nated in the faeces (<2.5% of the dose).[13,14]

Clearance of fingolimod from the blood is
6.3L/h, with blood levels of fingolimod-phosphate
declining in parallel with those of the parent
compound.[13,14] The apparent terminal elimina-
tion half-life (t½) of fingolimod is 6–9 days, which
is similar to that of fingolimod-phosphate.[13,14]

3.1 In Special Patient Populations

There were no clinically significant effects of
gender on the pharmacokinetics of fingolimod or
fingolimod-phosphate.[13,14] The effects of race
on the pharmacokinetics of fingolimod and
fingolimod-phosphate cannot be adequately as-
sessed due to the low number of non-White
patients in the clinical programme.[13] A phar-
macokinetic study in healthy adult Caucasian
and Asian volunteers indicated that there were no
marked differences in the pharmacokinetics of
fingolimod or fingolimod-phosphate between
these populations (abstract presentation).[44]

Relative to healthy adult volunteers, there
were no clinically relevant changes in mean Cmax

values for fingolimod in patients with mild
(Child-Pugh class A),[45] moderate (Child-Pugh
class B)[45] or severe (Child-Pugh class C)[46] he-
patic impairment, although AUC values increased
by 12%,[45] 44%[45] and 103%,[46] respectively. In
patients with severe hepatic impairment, com-
pared with healthy volunteers, the time to attain
Cmax was delayed by 24 hours, apparent clear-
ance was reduced by 50% and t½ was prolonged
by 50%.[46] For fingolimod-phosphate, Cmax and
AUC values were reduced by 22% and 29% in
patients with severe hepatic impairment.[46] In the
US, patients with severe hepatic impairment
should be closely monitored as the risk of adverse
events is increased; no dosage adjustment is re-
quired in patients with mild or moderate hepatic
impairment.[13] In the EU, fingolimod is contra-
indicated in patients with hepatic impairment.[14]

There are no clinically relevant effects of renal
impairment on the pharmacokinetics of fingoli-
mod or its active metabolite.[13,14]

3.2 Potential for Drug-Drug Interactions

Fingolimod and its activemetabolite fingolimod-
phosphate appear to have a low potential for
pharmacokinetic drug-drug interactions, based
on in vitro and human studies.[13]

Based on in vitro studies, therapeutic concen-
trations of fingolimod and fingolimod-phosphate
have no or limited inhibitory activity at several
CYP isoenzymes and fingolimod does not induce
evaluated CYP isoenzymes.[13] The potential of
fingolimod-phosphate to induce CYP isoenzymes
is unknown. At concentrations up to 3-fold higher
than therapeutic concentrations, fingolimod and
its active metabolite have no or limited potential
to inhibit the activity of CYP1A2, CYP2A6,
CYP2C9, CYP2C19, CYP2D6 and CYP2E1.[13]

Fingolimod also has limited or no inhibitory ac-
tivity for CYP3A4/5 and CYP4A9/11 isoenzymes;
its potential to inhibit the isoenzyme CYP2C8 is
unknown. Fingolimod-phosphate also has limited
or no inhibitory activity for CYP2C8 and CYP3A4
isoenzymes; its potential to inhibit CYP2B6 iso-
enzyme is unknown. As a consequence, fingolimod
and its active metabolite are unlikely to reduce the
clearance of drugs that are primarilymetabolized by
these major CYP isoenzymes.[13]

A population pharmacokinetic study in MS
patients indicated that the strong CYP2D6 in-
hibitors fluoxetine and paroxetine, and carba-
mazepine (a strong inducer of CYP isoenzymes,
including CYP3A4) had no clinically relevant
effects on fingolimod or fingolimod-phosphate
pre-dose concentrations.[13] Therewere also no clini-
cally relevant effects on fingolimod and fingolimod-
phosphate pre-dose concentrations when it was
coadministered with other medications, including
ciclosporin (or vice versa), atenolol (or vice versa),
diltiazem (or vice versa), gabapentin, modafinil,
amitriptyline, pregabalin and corticosteroids.[13]

4. Therapeutic Efficacy

The efficacy of oral fingolimod in the treat-
ment of adult patients with RRMS has been
evaluated in large (n = 281–1272), randomized,
double-blind, placebo-controlled[47,48] (section 4.1)
or active comparator-controlled[49] (section 4.2),
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multinational trials of 6–24 months’ duration.
Definitions of clinical trial acronyms, key design
details and characteristics of patients enrolled in
these trials are summarized in table I. Long-term
data are available after 1,[48] 2,[50] 3,[51] 4[52] and
5[53] years (4- and 5-year data available as abstract
and/or poster presentations) of fingolimod treat-
ment from the extension study of the phase II
trial (section 4.1) and from the 2-year extension
study[54] of the TRANSFORMS trial (section 4.2).
In addition, health-related quality of life (HR-QOL)
data are available from the TRANSFORMS[55]

trial (abstract presentation) [section 4.2].
The prespecified populations for primary

endpoint (see table I for endpoints) analyses were
the per-protocol (PP) population in the phase II
trial,[48] the intent-to-treat population (ITT; i.e.
all randomized patients) in the phase III FREE-
DOMS[47] trial and the modified ITT population
(mITT; i.e. all patients who received at least one

dose of study drug) in the phase III TRANS-
FORMS[49] trial. All study drugs were given oral-
ly, except for IFNb-1a which was administered as
an intramuscular injection.

At baseline, there were no significant between-
group differences in baseline demographics and
MS disease history within each trial.[47-49] There
were also no significant between-group differ-
ences in these characteristics at the beginning of
the single-blind, extension phase of the FTY720
D2201 Study Group trial[51] or the extension
phase of the TRANSFORMS trial.[54]

4.1 Placebo-Controlled Trials

4.1.1 FTY720 D2201 Study Group Trial

At the end of the 6-month core study, the total
cumulative number of T1-weighted (T1) gadoli-
nium (Gd)-enhanced lesions/patient was signif-
icantly lower in fingolimod recipients than in

Table I. Summary of patient characteristics and clinical efficacy endpoints in randomized, double-blind, multinational trials in patients (pts)

with relapsing-remitting (RR) multiple sclerosis (MS)

Parameter FTY720 D2201 Study Group[48]

(proof-of-concept; phase II)

FREEDOMS[47]

(phase III)

TRANSFORMS[49]

(phase III; dd)

Duration of trial (mo) 6 24 12

Comparator arm Placebo Placebo Interferon-b-1a

Key inclusion criteria Aged 18–60 y; a diagnosis of MS; had had

‡1 documented relapse during the prior

12mo or ‡2 during prior 24mo and/or had
‡1 Gd-enhanced lesion detected on MRI at

screening; EDSS score of 0–6

Aged 18–55 y; met MS diagnosis according to revised McDonald

criteria;[56] a RR disease course; had had ‡1 documented relapse

during the prior 12mo or ‡2 during prior 24mo; had an EDSS score

of 0–5.5

Key exclusion criteria Documented relapse or CS treatment in

prior 30 d; immunomodulatory therapy in

prior 3mo; immunosuppressive treatment

(e.g. AZA or MET within 6mo; CYC within

12mo; MIT or CLA within 24mo)

Documented relapse or CS treatment within 30 d before

randomization; active infection; macular oedema; drug- or disease-

induced immunosuppression; clinically significant coexisting

systemic disease; use of interferon-b-1a or glatiramer acetate

within 3mo of randomization (the latter was not an exclusion

criterion in the TRANSFORMS trial)

Mean MS duration (y) 8.4–9.5 8.0–8.4 7.3–7.5

Course of disease 87–90% of pts in individual treatment arms

had RRMS; remainder had SPMS

100% of pts had RRMS 100% of pts had RRMS

Primary endpoint Total no. of Gd-enhanced lesions/pt on
T1W MRI at 1 mo intervals for 6mo

Annualized relapse rate (defined as the number of confirmed

relapses during a 12mo period)

Key secondary

endpoints

Other MRI variables and clinical endpoints

such as the annualized relapse rate; % of

pts free of relapse; time to first relapse

Time to confirmed disability

progression

No. of new or enlarged lesions

on T2W MRI scans at 12mo;

time to confirmed disability

progression

AZA = azathioprine;CLA = cladribine;CS = corticosteroid;CYC = cyclophosphamide; dd =double-dummy;EDSS =Expanded Disability Status

Scale; FREEDOMS =FTY720 Research Evaluating Effects of Daily Oral therapy in Multiple Sclerosis; Gd = gadolinium; MET =methotrexate;

MIT =mitoxantrone; SPMS = secondary-progressive MS; TRANSFORMS =Trial Assessing Injectable Interferon versus FTY720 Oral in

Relapsing-Remitting Multiple Sclerosis; TxW =Tx-weighted.
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placebo recipients in the PP population (primary
endpoint) [table II], with the benefits of fingoli-
mod treatment evident from 2 months onwards.[48]

Secondary MRI endpoints, as assessed in the PP
population, also generally favoured fingolimod
1.25 or 5mg/day relative to placebo treatment at
6 months, including the mean number of T1 Gd-
enhanced lesions/patient and the percentage
of patients free of T1 Gd-enhanced lesions
(table II).[48] Sensitivity analyses in the ITT pop-
ulation, with and without imputation for missing
data, indicated that all MRI results were similar
to those reported for the PP population.

Clinical outcomes, as assessed in the ITT
population, also favoured fingolimod treatment
at the end of the core study (secondary outcomes)
[table II], albeit the study was not powered
to detect a treatment effect.[48] The annualized
relapse rate (ARR) was significantly lower (re-
duced by approximately one-half) in the fingoli-
mod groups than in the placebo group (table II)
and a significantly greater percentage of fingoli-
mod recipients were free of relapses (table II).
Fingolimod treatment also prolonged the estimated

time to a first confirmed relapse, as assessed using
Kaplan-Meier methods. There were no significant
differences for mean changes from baseline in Ex-
panded Disability Status Scale (EDSS) scores be-
tween the fingolimod 1.25 or 5mg/day groups and
the placebo group (table II).[48]

Extension Phase

In the single-blind, extension phase of the core
study, patients who had received fingolimod
during the core study continued with the same
treatment regimen and those who had received
placebo during the core study were randomly
assigned to fingolimod 1.25 or 5mg once daily.[48]

During months 15–24 of the extension phase, all
patients receiving fingolimod 5mg once daily
were switched to the lower dosage of fingoli-
mod.[51] Of the 255 patients who completed the
core study, 250 entered the extension study, with
227 (91%), 189 (76%), 173 (69%), 155 (62%) and
140 (56%) completing 1,[48] 2,[50] 3,[51] 4[52] and
5[53] years of treatment, respectively.

The beneficial effects of fingolimod treatment
onMRI-assessed and clinical endpoints that were

Table II. Efficacy of once-daily oral fingolimod (FIN) in adult patients (pts) with relapsing-remitting multiple sclerosis. Results at study end

from a 6-month, randomized, double-blind, multinational, phase II trial (FTY720 D2201 Study Group).[48] All values are means

Endpoint Regimen

FIN 1.25mg FIN 5mg placebo

MRI-related endpoints (n =83; PPa) (n = 77; PPa) (n =81; PPa)

Total cumulative no. of T1 Gd-lesions/ptb 8.4** 5.7* 14.8

No. of T1 Gd-enhanced lesions/pt [BL] 1.29** [3.4] 0.27** [2.8] 2.21 [2.8]

% of pts free of T1 Gd-enhanced lesions [BL] 77** [53] 82** [43] 47 [49]

Clinical endpoints (n =93; ITTc) (n = 92; ITTc) (n =92; ITTc)

ARR 0.35* 0.36* 0.77

% of pts free of relapsesd 86* 86* 66

EDSS scoree [BL] 2.6 [2.7] 2.6 [2.5] 2.7 [2.6]

a All pts who received 6mo treatment, had no major protocol violations and had MRI data for BL and ‡3 other 1-mo visits.

b Primary endpoint.

c All randomized pts who received ‡1 dose of study drug and had ‡1 post-BL MRI.

d Based on Kaplan-Meier estimates. A confirmed relapse was defined as the occurrence of new symptoms or worsening of previously stable

or improving symptoms and signs not associated with a fever, lasting more than 24h and accompanied by an increase of ‡½ a point in the

EDSS score or 1 point in the score for at least one of the EDSS functional systems (excluding scores for the bowel, bladder or cerebral

functional systems).

e Scores range from 0 to 10, with higher scores indicating a higher degree of disability.

ARR = annualized relapse rate; BL =baseline; EDSS =Expanded Disability Status Scale; Gd =gadolinium; ITT = intent-to-treat population;
PP =per-protocol population; * p£ 0.01, ** p< 0.001 vs placebo.
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observed in the 6-month core study (table II)
were sustained during the extension phase of the
study (up to 60 months total study time) at all
timepoints evaluated.[48,50-53] Furthermore, in the
first 6 months of the extension phase, patients who
were switched from placebo to fingolimod 1.25
(n = 28 evaluable) or 5mg/day (n = 32) showed
rapid improvements in inflammatory activity, as
assessed by MRI, and in clinical endpoints, in-
cluding a reduction in the frequency of relapses.[48]

At the latest assessment timepoint (5 years),[53]

the ARR was 0.17 in those who received con-
tinuous fingolimod 1.25mg/day, 0.19 in those
who received continuous fingolimod 5mg/day for
up to 2 years and then fingolimod 1.25mg/day,
and 0.23 in those switched from placebo to fin-
golimod treatment at the start of the extension
phase. Kaplan-Meier estimates indicated that
61–68% of patients who received fingolimod
throughout the study and 51% of patients who
were initially randomized to placebo then switch-
ed to fingolimod remained relapse free at 5 years.
MRI showed that, for all groups, the majority
(91–93%) of patients remained free of T1 Gd-
enhanced lesions at 5 years, 83–89% of patients
were free of active T2 lesions and 83–89% were
free of any inflammatory activity.[53]

4.1.2 FREEDOMS Trial

In the 2-year, multinational FREEDOMS
trial, 24 months of treatment with fingolimod 0.5
or 1.25mg/day was significantly better than pla-
cebo treatment in terms of the ARR (primary
endpoint) [table III].[47] Compared with placebo,
the ARR was reduced by 55% in the fingolimod
0.5mg/day group and by 60% in the fingolimod
1.25mg/day group (table III). Moreover, the
ARRs in the fingolimod groups were significantly
(p < 0.01) lower than placebo, irrespective of
whether patients were antimyeloma treatment-
naive or -experienced.

A post hoc analysis indicated that treatment
with fingolimod 0.5 or 1.25mg/day was asso-
ciated with significantly better ARRs than pla-
cebo treatment when relapses were categorized
according to severity, steroid use, requirement for
hospitalization and impact on a patient’s daily
activities (abstract plus poster presentation).[57]

For example, fingolimod 0.5mg/day significantly
(all p£ 0.001) reduced ARRs for severe relapses
(0.012 vs 0.044 in the placebo group), relapses re-
quiring steroid use (0.167 vs 0.384), relapses re-
quiring hospitalization (0.072 vs 0.178), relapses
affecting daily activities (0.151 vs 0.314) and re-
lapses with incomplete recovery (0.069 vs 0.155).
Severe relapse was defined as exceeding the cri-
teria for a moderate relapse; criteria for a mod-
erate relapse were an EDSS score increase of 1 or
2 points or a 2-point Functional System (FS)
change in one or two systems or a 1-point change
in four or more FS.[57]

Secondary clinical endpoints also favoured
fingolimod treatment over placebo treatment at
24 months, including the proportion of patients
who were relapse free, the risk of disability
progression and mean change in EDSS score
(table III).[47] The risk of relapse with fingolimod
0.5 and 1.25mg/day was significantly reduced by
52% and 62% compared with placebo, with the
risk of 3-month confirmed disability progression
also significantly reduced over the 24-month period
by approximately 30% in both fingolimod groups.
The estimated median time to first relapse was
also prolonged in the fingolimod groups versus
the placebo group, as determined using Kaplan-
Meier methods. There was very little change in
mean EDSS score at 24 months in the fingolimod
groups, whereas patients in the placebo group
showed a deterioration in EDSS scores (table III).
The same trend was seen for mean changes in
z scores on the Multiple Sclerosis Functional
Composite (MSFC) scale (mean increases in the
fingolimod 0.5 and 1.25mg/day groups of 0.03
and 0.01 vs a reduction of 0.06 in the placebo
group; p £ 0.02 for both groups vs placebo; higher
MSFC z scores represent an improvement).[47]

Both dosages of fingolimod were significantly
better than placebo in terms of all MRI outcomes
(secondary endpoints), including measures of in-
flammatory markers or scar formation such as
the mean number of T1 Gd-enhanced lesions/
patient, the percentage of patients without T1
Gd-enhanced lesions, the mean number of new or
enlarged T2 lesions/patient and the percentage
of patients without new or enlarged T2 lesions
(table III).[47] In addition to having significantly
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fewer Gd-enhanced lesions at 24 months (table III),
patients receiving fingolimod 0.5 or 1.25mg/day
also had significantly fewer Gd-enhanced lesions
at 6 and 12 months (no data reported).

MRI-assessed measures of tissue damage or
loss also favoured treatment with fingolimod 0.5
and 1.25mg/day over placebo at 24 months and,
where assessed, at interim 6- and 12-month time-
points.[47] Over the entire 24-month study period,
the mean percentage changes in brain volume in
fingolimod 0.5 and 1.25mg/day recipients were
-0.84% and -0.89% versus -1.31% in the placebo
recipients (both p < 0.001). The respective mean
percentage changes in the volume of hypointense
T1 lesions were 8.8% (p = 0.01 vs placebo), 12.2%
(p = 0.02) versus 50.7%. Analyses were conducted
using an analysis of covariance, with adjustment
for study group, country and normalized brain
volume at baseline (for brain volume data) or le-
sion volume at baseline (for hypointense T1 le-
sion volume).[47]

4.2 Active Comparator-Controlled Trial

4.2.1 TRANSFORMS Trial

After 1 year of treatment, the ARR was signif-
icantly lower with fingolimod 0.5 or 1.25mg/day
than with intramuscular IFNb-1a 30 mg once
weekly (primary endpoint), with a reduction in
the ARR of approximately 40–50% in the fingo-
limod groups relative to the IFNb-1a group
(table IV).[49] Secondary clinical outcomes also
generally favoured fingolimod treatment, includ-
ing the proportion of patients who were relapse
free at 1 year (table IV) and the median time to
first relapse (p < 0.001 vs IFNb-1a for both fin-
golimod groups; assessed using Kaplan-Meier
estimates).

Based on post hoc analyses, fingolimod 0.5 or
1.25mg/day was also associated with significantly
better ARRs than IFNb-1a treatment when re-
lapses were categorized according to severity, cor-
ticosteroid use, requirement for hospitalization

Table III. Efficacy of once-daily oral fingolimod (FIN) in adult patients (pts) with relapsing-remitting multiple sclerosis. Results at study end

from the 2-year, randomized, double-blind, multinational FREEDOMS trial.[47] Analyses were conducted using various statistical methods

(including analysis of covariance and negative-binomial regression models with adjustment according to specified criteria such as study group,

country, baseline [BL] value for a given endpoint and/or age)

Endpoint Regimen

FIN 0.5mg FIN 1.25mg placebo

Clinical endpoints (n= 425)a (n =429)a (n =418)a

ARRb 0.18*** 0.16*** 0.40

Absence of relapse (% of pts) [HR; 95% CI] 70*** [0.48; 0.39, 0.61]*** 75*** [0.38; 0.30, 0.48]*** 46

Absence of disability progressionc (% of pts) [HR; 95% CI] 82* [0.70; 0.52, 0.96]* 83** [0.68; 0.50, 0.93]* 76

Mean change in EDSS scored [mean BL score] 0.00** [2.3] -0.03** [2.4] +0.13 [2.5]

MRI-related endpoints (n= 346–395)e (n =317–384)e (n =305–383)e

Mean no. of T1 Gd-enhanced lesions/pt 0.2*** 0.2*** 1.1

Absence of T1 Gd-enhanced lesions (% of pts) 90*** 90*** 65

Mean no. of new or enlarged T2 lesions/pt 2.5*** 2.5*** 9.8

Absence of new or enlarged T2 lesions (% of pts) 51*** 52*** 21

a Intent-to-treat population (i.e. all pts who were randomized).

b Primary endpoint. No. of confirmed relapses over 24mo. Confirmed relapse was defined as symptoms accompanied by an increase of ‡½
a point in EDSS score, or of 1 point in each of two EDSS functional systems scores or of 2 points in one EDSS functional system score

(excluding scores for the bowel, bladder or cerebral functional systems).

c Disability progression was defined as an increase of 1 point in EDSS score (increase of ½ a point if the BL EDSS score was 5.5), confirmed

at 3mo, with an absence of relapse at the time of assessment and with all EDSS scores measured during that time meeting the criteria for

disease progression.

d Scores range from 0 to 10, with higher scores indicating a higher degree of disability.

e No. of pts with data.

ARR = annualized relapse rates; EDSS =Expanded Disability Status Scale; Gd = gadolinium; HR =hazard ratio; * p< 0.05, ** p£ 0.01,
*** p <0.001 vs placebo.
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and impact on a patient’s daily activities.[57] For
example, treatment with fingolimod 0.5mg/day
significantly (p < 0.01 vs IFNb-1a) reduced ARRs
for severe relapses (0.022 vs 0.068 in the IFNb-1a
group), relapses requiring corticosteroid use (0.141
vs 0.334), relapses requiring hospitalization
(0.022 vs 0.077), relapses affecting daily activities
(0.101 vs 0.256) and relapses with incomplete re-
covery (0.039 vs 0.102).

Confirmed disability progression was uncom-
mon in all treatment groups, with no significant
differences between the fingolimod groups and
the IFNb-1a group in the percentage of patients
who had no disability progression (table IV) and
the median time to disability progression.[49] None-
theless, patients receiving fingolimod 1.25mg/day,
but not those receiving fingolimod 0.5mg/day,
had significantly greater improvements in mean
EDSS scores at study end than patients treated
with IFNb-1a (table IV). At 1 year, mean changes
in MSFC z scores from baseline were significantly

(p £ 0.02) greater in the fingolimod 0.5 and
1.25mg/day groups than in the IFNb-1a group,
with fingolimod recipients showing improve-
ments in these scores versus a slight deterioration
in scores in IFNb-1a recipients (+0.04 and +0.08
vs -0.03).

MRI-related outcomes at 1 year were also
generally better with fingolimod treatment than
with IFNb-1a treatment (table IV).[49] In addi-
tion, the mean percentage reduction in brain
volume from baseline was significantly lower in
the fingolimod 0.5 and 1.25mg/day groups than
in the IFNb-1a group (0.31% and 0.30% vs 0.45%),
although there were no significant between-group
differences for percentage changes from baseline
in the volume of T2 hyperintense lesions or T1
hypointense lesions.[49]

Fingolimod-treated patients experienced sig-
nificantly less deterioration in HR-QOL than
patients receiving IFNb-1a, based on a post hoc
analysis using the Patient-Reported Indices for

Table IV. Efficacy of once-daily oral fingolimod (FIN) in adult patients (pts) with relapsing-remitting multiple sclerosis. Results at study end

from the 1-year, randomized, double-blind, double-dummy, multinational TRANSFORMS trial.[49] Analysis were conducted using various

statistical methods (including analysis of covariance and negative-binomial regression models with adjustment according to specified criteria

such as study group, country, baseline [BL] value for a given endpoint and/or age)

Endpoint Regimen

FIN 0.5mg FIN 1.25mg IM IFNb-1a 30mg q1w

Clinical endpoints (n =429)a (n =420)a (n =431)a

ARRb 0.16*** 0.20*** 0.33

Absence of relapse (% of pts) 83*** 80*** 69

Absence of disability progressionc (% of pts) 94 93 92

Mean change in EDSS scored [mean BL score] -0.08 [2.24] -0.11* [2.21] +0.01 [2.19]

MRI-related endpoints (n =372–374)e (n =350–352)e (n =354–361)e

Mean no. of T1 Gd-enhanced lesions/pt 0.23*** 0.14*** 0.51

Absence of TI Gd-enhanced lesions (% of pts) 90*** 91*** 81

Mean no. of new or enlarged T2 lesions/pt 1.7*** 1.5** 2.6

Absence of new or enlarged T2 lesions (% of pts) 55** 48 46

a Modified intent-to-treat population (i.e. all pts who were randomized and received ‡1 dose of study drug).

b Primary endpoint. No. of confirmed relapses over 12mo. Confirmed relapse was defined as new, worsening or recurrent symptoms that

occurred ‡30 days after the onset of a preceding relapse, that lasted ‡24 h without fever or infection and that was accompanied by an

increase of ‡½ a point in EDSS score, or of ‡1 point in each of two EDSS functional systems scores or of ‡2 points in one EDSS functional

system score (excluding scores for the bowel, bladder or cerebral functional systems).

c Disability progression was defined as an increase of 1 point in EDSS score (increase of ½ a point if the BL EDSS score was ‡5.5), confirmed

3mo later.

d Scores range from 0 to 10, with higher scores indicating a higher degree of disability.

e No. of pts with data.

ARR = annualized relapse rates; EDSS =Expanded Disability Status Scale; Gd = gadolinium; IFNb-1a = interferon-b-1a; IM= intramuscular;

q1w = once weekly; * p< 0.05, ** p£ 0.01, *** p< 0.001 vs IFNb-1a.
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Multiple Sclerosis (PRIMUS)-Activities score (high
scores represent a deterioration) [abstract pre-
sentation].[55] There were no significant between-
group differences in baseline PRIMUS-Activities
scores (nodata reported).After 12months, themean
changes from baseline in PRIMUS-Activities scores
in the fingolimod 0.5 (n = 280) and 1.25mg/day
(n = 260) groups were significantly (p < 0.05)
lower than in the IFNb-1a group (n = 270; mean
change 0.08, 0.12 vs 0.43). In addition, an im-
provement in PRIMUS-Activities score was
observed in 17.5–19.6% of patients in the fingo-
limod groups and by 14% of patients receiving
IFNb-1a; respective percentages of patients experi-
encing a worsening in PRIMUS-Activities scores
were 17.9–19.6% and 24.1%. Odds ratios for an
improvement or worsening of PRIMUS-Activities
scores indicated that fingolimod treatment was
better than IFNb-1a treatment (no data reported).
An improvement or worsening in PRIMUS-
Activities scores was defined as a ‡2 point change.[55]

Extension Phase

The longer-term benefits of 2 years of continuous
treatment with fingolimod 0.5 or 1.25mg/day and
its relative efficacy versus 1 year of intramuscular
IFNb-1a 30 mg once weekly then switching to
1 year of fingolimod 0.5 or 1.25mg/day (i.e. the
switch group) has been evaluated in an extension
phase of the TRANSFORMS trial.[54] Patients in
the IFNb-1a arm of the TRANSFORMS trial
were randomized to fingolimod 0.5 or 1.25mg/day
for the extension study; patients in the fingolimod
arms of the trial continued with their existing
dosage of fingolimod.

The beneficial effects on clinical and MRI-
related outcomes that were observed with both
dosages of fingolimod at the end of the 1-year
TRANSFORMS trial were sustained after a
further year of fingolimod treatment in the exten-
sion phase.[54] Notably, patients who received con-
tinuous fingolimod 0.5 (n = 429) or 1.25mg/day
(n = 420) had significantly (p < 0.0001) lower
ARRs at 24 months than patients who switched
to fingolimod after 1 year of IFNb-1a treatment
(n = 431) [ARR 0.18 and 0.20 vs 0.33]. Relative to
the switch group, there was a 42% reduction in
the risk of relapse for continuous fingolimod

0.5mg/day recipients (hazard ratio [HR] 0.58;
95%CI 0.45, 0.74) and a 36% reduction in the risk
of relapse for fingolimod 1.25mg/day recipients
(HR 0.64; 95% CI 0.50, 0.82). There were no be-
tween-group differences in the proportion of
patients who were free from first confirmed re-
lapse or in the time to 3-month confirmed dis-
ability progression. Significantly more patients
in the continuous fingolimod 0.5mg/day group
(n = 300–316) than in the fingolimod 0.5mg/day
switch group (n = 269–279) had no new or en-
larged T2 lesions at 24 months (42% vs 33%;
p = 0.016) or were free from T1 Gd-enhanced le-
sions at 24 months (86% vs 77%; p= 0.001), with
the cumulative number of new or newly enlarged
T2 lesions up to 24 months also being lower in the
continuous fingolimod group (2.5 vs 3.3; p< 0.05).[54]

Switching from IFNb-1a to fingolimod treat-
ment was associated with significant (p < 0.05)
improvements in clinical and MRI-related out-
comes, irrespective of whether patients were
switched to fingolimod 0.5mg/day or to fingoli-
mod 1.25mg/day.[54] For example, in those switch-
ed to fingolimod 0.5mg/day at the beginning of
the extension phase (n = 167), the estimated ARR
was reduced from 0.31 at the start of the exten-
sion phase (i.e. after 12 months’ IFNb-1a ther-
apy) to 0.22 during the 1-year extension phase
(p = 0.049), with a similar improvement in ARR
seen in those who switched from IFNb-1a to
fingolimod 1.25mg/day (n = 1.74; 0.29 reduced to
0.18; p = 0.024). Switching to fingolimod treat-
ment also significantly improved MRI measures
of inflammatory activity.[54]

5. Tolerability

Oral fingolimod was generally well tolerated in
patients with RRMS participating in clinical
trials (£2 years’ duration) discussed in section 4
(see section 4 for trial design details),[47-49,54] with
most adverse events being of mild to moderate
severity and manageable. Discussion focuses on
data from the two phase III trials.[47,49] Data
concerning the long-term tolerability of fingoli-
mod are more limited, with these data derived
from an extension study (£5 years of treatment)
of a phase II trial (see section 4 for trial design
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details). Supplemental data are derived from the
US manufacturer’s prescribing information[13]

and from case reports.[58-60]

5.1 General Tolerability

Treatment-emergent adverse events occurr-
ing with an incidence of ‡7% in any treatment
group in the 2-year FREEDOMS[47] and 1-year
TRANSFORMS[49] trials are presented in figure 3.
Within each trial, a similar proportion of patients
in all treatment groups experienced at least
one adverse event (86–94% in fingolimod 0.5 and
1.25mg/day groups vs 93% in the placebo
group[47] and 92% in the IFNb-1a group[49]), with
most adverse events being of mild to moderate
severity (77–90%).[47,49] The most common ad-
verse events (i.e. incidence ‡10% and occurring
with a ‡2% higher incidence in the fingolimod
0.5mg/day group than in the placebo group) of
any severity were headache, influenza, diarrhoea,
back pain and cough (figure 3), and liver enzyme
elevations (15.8% vs 5.0%).[47]

In clinical trials, the only adverse event leading
to treatment interruption that occurred with an
incidence of >1%with fingolimod 0.5mg/day was
elevated serum transaminase levels (incidence
3.8%).[13] In the fingolimod 0.5mg/day, fingolimod
1.25mg/day and placebo groups, 7.5%, 14.2%
and 7.7% of patients, respectively, discontinued
treatment because of adverse event in the
FREEDOMS trial.[47] In the active-comparator
TRANSFORMS trial, the respective frequencies
of treatment discontinuation in the fingolimod
0.5mg/day, fingolimod 1.25mg/day and IFNb-1a
groups were 5.6%, 10.0% and 3.7%.[49]

In the placebo-controlled FREEDOMS trial,
serious adverse events occurred in 10.1%, 11.9%
and 13.4% of patients in the fingolimod 0.5mg/day,
fingolimod 1.25mg/day and placebo groups, re-
spectively, with no individual serious adverse
event occurring with an incidence of >1% in any
treatment group.[47] The most common (in-
cidence ‡0.7% in at least one treatment group and
numerically higher incidence in either of the fin-
golimod groups than in the placebo group) seri-
ous adverse events were bradycardia (0.9%, 0.7%
and 0.2% in the fingolimod 0.5mg/day, fingoli-

mod 1.25mg/day and placebo group, respective-
ly), basal-cell carcinoma (0.9%, 0.2% and 0.7%),
MS relapse (0.9%, 0.7% and 0.2%), chest pain
(0.9%, 0% and 0.5%) and macular oedema (0%,
0.7% and 0%). There were seven episodes of
serious bradycardia that occurred in fingolimod-
treated patients, six of which were assympto-
matic; all episodes occurred after the first dose
during the monitoring period and were reported
as serious because the protocol-defined discharge
criteria were not met. Other serious adverse events
occurring with a numerically higher incidence in
the fingolimod 0.5mg/day group than in the
placebo group were back pain (0.5% vs 0.2%) and
urinary tract infections (0.5% vs 0%). No serious
adverse events associated with laboratory param-
eters occurred in the fingolimod 0.5mg/day
group; however, serious abnormal liver-function
tests were reported in 0.5% of patients in the fin-
golimod 1.25mg/day group and 0.2% of patients
in the placebo group and serious lymphopenia
occurred in 0.5% and 0% of patients, respectively.
Abnormal liver function tests of any severity oc-
curred in 15.8%, 18.6% and 5.0% of patients in
the fingolimod 0.5mg/day, fingolimod 1.25mg/day
and placebo groups. Corresponding frequencies
of leucopenia of any severity were 2.8%, 6.3% and
0.2% and those for lymphopenia of any severity
were 3.5%, 5.4% and 0.5%. Of the three deaths
that occurred during the trial, one occurred in the
fingolimod 1.25mg/day group (a suicide) and two
occurred in the placebo group (a pulmonary em-
bolism and a traffic accident).[47]

In the TRANSFORMS trial, for adverse events
of any severity, relative to IFNb-1a, treatment
with fingolimod was associated with a numeri-
cally lower (i.e. ‡2% between group difference)
incidence of pyrexia (figure 3), flu-like illness
(figure 3), myalgia (figure 3), depression (figure 3)
and arthralgia (2.8% and 4% in the fingolimod
0.5mg/day and 1.25mg/day groups vs 5.6% in the
IFNb-1a group).[49] Conversely, numerically more
fingolimod recipients than IFNb-1a recipients
experienced headache (figure 3), nausea (figure 3),
diarrhoea (figure 3), fatigue (figure 3) and ele-
vated ALT levels (6.5% and 5.7% in the fingoli-
mod 0.5mg/day and 1.25mg/day groups vs 1.9%
in the IFNb-1a group).
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In this study, serious adverse events occurred
in 7.0%, 10.7% and 5.8% of patients in the fin-
golimod 0.5mg/day, fingolimod 1.25mg/day group
and IFNb-1a groups, respectively.[49] Serious

adverse events occurring in at least 0.7% of
patients in any treatment group were bradycardia
or sinus bradycardia (0.5%, 2.4% and 0% in the
fingolimod 0.5mg/day, fingolimod 1.25mg/day
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Fig. 3. Tolerability profile of oral fingolimod (FIN) in adult patients with relapsing-remitting multiple sclerosis. Treatment-emergent adverse
events that occurred in ‡7% of patients in any treatment group in the randomized, double-blind, multinational (a) 2-year FREEDOMS[47] and
(b) 1-year TRANSFORMS[49] trials. Patients received oral FIN 0.5 or 1.25mg or placebo once daily, or intramuscular interferon-b-1a
(IFNb-1a) once weekly. See section 4 for further dosage and trial design details. Herpes virus (HV) infections included oral herpes,
HV infection, herpes simplex virus infection, herpes zoster, genital herpes and herpes dermatitis. Data are for descriptive analyses.
OP =oropharyngeal; URTI = upper respiratory tract infection; UTI = urinary tract infection.
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and IFNb-1a groups, respectively), atrioventricular
block (second degree 0.2%, 0.7% and 0%), her-
pesvirus infection (0.2%, 0.7% and 0.2%), basal
cell carcinoma (0.7%, 0.5% and 0.2%) and mela-
noma (including in situ; 0.7%, 0% and 0%). All
cases of serious bradycardia and atrioventricular
block occurred after the first dose of fingolimod
and most were asymptomatic but were reported
as serious adverse events because protocol-
defined discharge criteria at 6 hours post-dose
were not met, leading to mandatory hospitaliza-
tion. No patients in the fingolimod groups ex-
perienced elevations in ALT levels of >10 · the
upper limit of normal (ULN), with such events
occurring in two patients in the IFNb-1a group.
Two deaths occurred during the trial, both in the
fingolimod 1.25mg/day group, with one caused
by a disseminated primary varicella zoster virus
(VZV) infection and the other due to herpes
simplex encephalitis.[49]

In the extension study of the TRANSFORMS
trial (total duration of fingolimod treatment was
2 years), the safety profile during the second year
(i.e. the extension phase) of fingolimod treatment
was consistent with that for the first year.[54] As
might be expected, in patients who switched from
IFNb-1a to fingolimod 0.5 or 1.25mg/day at the
end of the 1-year double-blind phase, the nature
of adverse events during the extension phase
changed from those that are typically observed
with IFNb-1a treatment to those that are typi-
cally seen with fingolimod treatment. In patients
who switched from IFNb-1a treatment to fingo-
limod treatment, the incidence of lymphopenia
increased after the switch (from 0% in both groups
at the end of 12 months’ IFNb-1a to 12% and 18%
in those who switched to fingolimod 0.5mg/day
and 1.25mg/day); this may in part reflect the
more stringent criteria for defining lymphopenia
during the second year of treatment (defined as
<0.2 · 103/mL in the second year vs <0.1 · 103/mL
for the first year).[54]

A case report of a patient enrolled in the
TRANSFORMS trial indicated that they had ex-
perienced critical vasospasm affecting the left hand
during treatment with fingolimod 1.25mg/day,
with symptoms occurring within 7 days of ini-
tiating treatment.[59] This patient was also re-

ceiving carbamazepine for paroxysmal brainstem
symptoms. After discontinuation of both fingo-
limod and carbamazepine treatment, the patient
was treated with intra-arterial spasmolytic and
thrombolytic agents combined with intravenous
heparin and piritramide, which improved blood
flow. The patient was left with persistent func-
tional deficits of the affected hand.[59]

Fingolimod treatment was associated with
dose-dependent reductions in forced expiratory
volume over 1 second (FEV1) and diffusion lung
capacity for carbon monoxide (DLCO), which
occurred as early as 1 month after initiation of
treatment.[13] At 24 months, the reductions from
baseline in the percent of predicted values for
FEV1 was 3.1% in the fingolimod 0.5mg/day group
and 2% in the placebo group. Corresponding re-
ductions in DLCO at 24 months were 3.8% and
2.7%. FEV1 values returned to normal levels
upon treatment discontinuation; however, there
are insufficient data to determine whether chang-
es in DLCO are reversible with treatment dis-
continuation. In controlled trials in patients with
MS, dyspnoea was reported in 5% of patients
treated with fingolimod 0.5mg/day and 4% of
those receiving placebo;[13] also see figure 3. Sev-
eral patients who participated in the extension
studies discontinued treatment because of un-
explained dyspnoea.[13]

In clinical trials, 8% of patients treated with
fingolimod 0.5mg/day and 2% of placebo recipients
experienced an increase in serum transaminase
levels of ‡3 ·ULN, with increases of 5 ·ULN
occurring in 2% and 1% of patients.[13] In these
trials, fingolimod treatment was discontinued in
patients with liver transaminase levels of >5 ·
ULN. Some patients showed a recurrence of
serum transaminase level elevations upon re-
commencing treatment, which suggests a causal
relationship to fingolimod treatment. Most ele-
vations in serum transaminase levels occurred
within 3–4 months of commencing fingolimod
treatment and enzyme levels returned to normal
within approximately 2 months of discontinuing
treatment.[13]

In the FREEDOMS trial, malignant skin
neoplasms occurred in four patients in the fin-
golimod 0.5mg/day group, three patients in the
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fingolimod 1.25mg/day group and four patients
in the placebo group.[47] All of these skin cancers
were removed successfully. Similarly, all ten lo-
calized skin cancers that were reported in the
TRANSFORMS trial were successfully removed;
six occurred in the fingolimod 0.5mg/day group,
two in the fingolimod 1.25mg/day group and two
in the IFNb-1a group.[49] In the fingolimod groups,
breast cancer was reported in two patients in each
group, with three cases reported within 4 months
of commencing treatment and one reported after
11 months of treatment.[49]

5.2 Infections

Infections of any grade that occurred with an
incidence of ‡7% in at least one treatment group
in the FREEDOMS[47] and TRANSFORMS[49]

trials are summarized in figure 3; the vast ma-
jority of these were of mild to moderate severity.
In the FREEDOMS trial, infections of any grade
occurred in 69–72% of patients in the fingolimod
and placebo groups (1.6–2.6% were of serious
severity).[47] Similarly, in the TRANSFORMS
trial, the overall incidence of infections across the
fingolimod and IFNb-1a groups was 51–53%,
with only 0.2–1.7% of these considered to be of
serious severity. See section 5.1 for discussion of
serious infections that occurred in each of these
trials.

The overall rate of infections in patients with
MS who received fingolimod 0.5mg/day during
clinical trials was 72% (2% were classified as seri-
ous infections) and was similar to that in the
placebo group.[13] There have been no deaths due
to viral infections in patients with MS receiving
recommended dosages of fingolimod (0.5mg/day),
with the two deaths that occurred due to serious
infections occurring in patients receiving a higher
than recommended dosage of fingolimod
(1.25mg/day) [section 5.1]. Both bronchitis and,
to a lesser extent pneumonia, were more common
in fingolimod-treated patients.[13]

In addition to cases that were reported in the
double-blind phase of clinical trials, there have
also been two published case reports of infections
occurring in patients enrolled in these trials.[58,60]

One of these was a case report of a 40-year-old

patient enrolled in the extension phase of the
TRANSFORMS trial who developed a primary
VZV infection after 39 months of fingolimod treat-
ment.[60] This infection was successfully treated
with intravenous and then oral aciclovir. The
other case was a 28-year-old woman enrolled in
the FREEDOMS trial who developed haemor-
rhagic and centrally necrotic focal encephalitis after
7 months of fingolimod treatment (1.25mg/day).[58]
Follow-up assessment and treatment indicated
that the cause of the encephalitis was not likely to
be due to a bacterial infection, with an auto-
immune or possibly undetected viral aetiology
the more likely cause.[58]

5.3 Ophthalmological Events

In clinical trials in patients with MS, macular
oedema with or without visual symptoms oc-
curred in 0.4% of the 1204 patients receiving fin-
golimod 0.5mg/day compared with 0.1% of 861
patients receiving placebo.[13] It predominantly
occurred during the first 3–4 months of therapy,
with some patients presenting with blurred vision
or decreased visual acuity and others remaining
asymptomatic. Macular oedema generally im-
proved or resolved with or without treatment
after discontinuation of fingolimod treatment;
some patients had residual visual acuity loss even
after resolution of macular oedema.[13]

In a pooled analysis of the clinical trials and
extension studies discussed in section 4, of the
16 cases of confirmed macular oedema that were
reported in 2615 fingolimod-treated patients,
most occurred within the first 3–4 months after
initiation of fingolimod treatment and resolved
upon discontinuation of study drug (abstract plus
poster presentation).[61] No patients experienced
a further deterioration in vision after discon-
tinuing study treatment. Four (25%) of these 16 pa-
tients had a history of uveitis compared with an
incidence of uveitis of 1% (25 of 2615 patients)
across all fingolimod groups, suggesting that
uveitis was a risk factor for macular oedema.

There is an increased risk of macular oedema
with fingolimod treatment in MS patients with
diabetes mellitus (fingolimod has not been eval-
uated in this patient population) and in patients
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with MS and a history of uveitis.[13] The rate of
macular oedema in MS patients with a history of
uveitis was 20% compared with 0.6% in those who
had no history of uveitis, based on the combined
experience across all dosages of fingolimod.[13]

5.4 Long-Term Tolerability

Given that fingolimod has only recently been
approved, long-term clinical experience with the
drug is limited. After up to 5 years of fingolimod
treatment, no new safety concerns had emerged
compared with the initial 6-month study,[53] with
similar results seen at the 1-,[48] 2-,[50] 3-,[51] 4-[52]

and 5-year[53] timepoints. At 5 years, the most com-
monly (incidence ‡15%) reported adverse events
were nasopharyngitis (38.4% of patients), head-
ache (31.7%), influenza (19.9%), fatigue (19.6%),
back pain (18.5%), lymphopenia (15.7%), upper
respiratory tract infections (15.3%), cough (14.9%),
diarrhoea (14.6%) and elevated transaminase
levels (14.9%).[53] Fingolimod treatment did not ap-
pear to have any chronic effects on heart rate, atrio-
ventricular conduction or heart functioning.[53]

6. Dosage and Administration

In the US,[13] oral fingolimod is indicated for
the treatment of adult patients with relapsing
forms of MS to reduce the frequency of clinical
exacerbations and to delay the accumulation of
physical disabilities. In the EU,[14] fingolimod is
approved for use as a single-agent DMT in highly
active RRMS for the following groups: patients
with high disease activity despite treatment with
IFNb or patients with rapidly evolving severe
RRMS defined by two or more disabling relapses
in 1 year, and with one or more Gd-enhanced
lesion on brain MRI or a significant increase in
T2 lesion load compared with a previous recent
MRI.[14] The recommended dosage is 0.5mg once
daily, which may be taken without regard to
food.[13,14]

The manufacturer’s prescribing information
for the use of fingolimod in the US[13] and EU[14]

includes the following precautions/warnings.
Fingolimod may potentially cause a decrease in
heart rate and/or atrioventricular conduction

after the first dose; all patients should be mon-
itored for signs and symptoms of bradycardia for
6 hours after the first dose. As fingolimod may
increase the risk of infections, a recent complete
blood count should be available before initiating
treatment and patients should be monitored for
signs and symptoms of infection during treatment
and for 2 months after discontinuing treatment.
Macular oedema, which may be asymptomatic,
may occur during fingolimod treatment; an oph-
thalmological evaluation should be undertaken
before initiating treatment and 3–4 months after
initiating treatment. Patients with diabetes mel-
litus or a history of uveitis are at increased risk
and should have regular ophthalmological eval-
uations. With fingolimod treatment, patients
may experience a decrease in pulmonary function
tests; when clinically indicated, spirometry and
DLCO should be obtained. Fingolimod treat-
ment may increase liver transaminases; liver en-
zyme tests should be conducted before initiating
treatment and re-assessed if symptoms suggestive
of hepatic injury develop. Fingolimod treatment
should be discontinued if significant liver injury is
confirmed. Women of child-bearing potential
should use effective contraception during and for
2 months after discontinuing fingolimod treat-
ment, as fingolimod may cause foetal harm. Be-
fore initiating fingolimod treatment, in patients
who are VZV antibody negative, VZV vaccina-
tion should be considered and treatment with
fingolimod postponed for 1 month to allow for
the full effect of the vaccination to occur.[13,14]

Local prescribing information should be con-
sulted for further details, including precautions,
special warnings, contraindications and use in
special patient populations.

7. Place of Fingolimod in the
Management of Relapsing-Remitting
Multiple Sclerosis

The management of MS involves a multifaceted
approach utilizing symptomatic pharmacother-
apy and DMTs, and various patient management
strategies.[7,62] Apart from treatment to amelio-
rate symptoms such as spasticity, bladder and
bowel symptoms, depression, tremor and ataxia,
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pharmacotherapy is primarily focused on the
prevention of relapses and progression of the
disease. Recent evidence and better knowledge of
the pathophysiology of MS have shifted the al-
gorithm for the management of MS, with initial
DMTs focusing on modulating the inflammatory
processes associated with MS.[7]

Currently, there are several immunomodulatory
DMTs available for the treatment of MS, includ-
ing subcutaneous IFNb-1a, IFNb-1b and glatiramer
acetate, intramuscular IFNb-1a, and intravenous
mitoxantrone and natalizumab.[7,62-65] However,
these are not without their limitations, with the
use of natalizumab (increased risk of develop-
ing progressive multifocal leukoencephalopathy)
and mitoxantrone (cardiotoxicity and myelosup-
pression) limited to high-risk patients because of
safety and tolerability concerns.[63,64,66] Although
IFNb and glatiramer acetate are considered first-
line DMTs for patients with RRMS, with both
drugs having good long-term safety profiles, their
use is limited by parenteral administration, their
relatively modest efficacy (relapse rates reduced
by »30% vs placebo) and, in the case of IFNb, the
development of neutralizing antibodies in some
patients.[67] Current treatment guidelines do not
have specific formal recommendations for select-
ing between these first-line therapies.[62-65] How-
ever, it is generally recommended that treatment
of RRMS with one of these agents should be in-
itiated early in the disease process, including in
patients with clinically isolated syndrome (CIS; a
syndrome that is indicative of likely progression
to clinically definitive MS[7,68]).[62-65] Indeed,
IFNb treatment in patients with CIS reduced the
conversion rate toMS to 28–35% over a period of
2–3 years versus 45–50% in untreated patients
with CIS.[64]

Given the limitations of current first- and
second-line therapies in terms of their modest
efficacy, inconvenient routes of administration
and/or safety concerns, there is considerable in-
terest in developing novel pharmacotherapies for
the treatment of MS, with several agents in de-
velopment (e.g. oral laquinimod and teri-
flunomide).[2,7] The recent approval in the US[13]

and EU[14] of oral fingolimod, with its convenient
once-daily regimen (section 6) and novel mech-

anism of action (section 2), provides a new option
in the treatment algorithm for relapsing forms of
MS, albeit its approval is too recent for fingoli-
mod to have been considered in currently avail-
able treatment guidelines.

In the large, multinational, 2-year FREE-
DOMS[47] and 1-year TRANSFORMS[49] trials
conducted in adult patients with RRMS, once-
daily oral fingolimod was generally significantly
more effective than placebo (section 4.1.2) and
intramuscular IFNb-1a (section 4.2.1) at improv-
ing clinical outcomes, including reducing relapse
rates by approximately 50% compared with the
comparator groups, increasing the proportion of
patients who were relapse free at study endpoint
and slowing progression of neurological dis-
ability. Notably, patients who entered the exten-
sion phase of the TRANSFORMS trial and were
switched from IFNb-1a treatment to fingolimod
treatment experienced significant improvements
in clinical and MRI-assessed outcomes at the end
of the 1-year extension phase (section 4.2.1).[54]

Furthermore, based on data from the extension
phase of a 6-month, phase II trial,[48] the beneficial
effects of fingolimod treatment were sustained in
the long term (£60 months of treatment with 1.25
and/or 5mg/day) [section 4.1.1], albeit the dos-
ages given were higher than the recommended
dosage of 0.5mg/day and the number of patients
evaluated was relatively small.

MRI technology has provided significant ad-
vances in identifying the widespread axonal dys-
function associated with MS and, along with
improved diagnostic criteria, has allowed MS to
be diagnosed before it becomes clinically defi-
nite.[68] Over the past two decades, MRI-assessed
outcomes have become surrogate markers of in-
flammation, scar formation and tissue damage or
loss, with typical assessments, including the T2
lesion load, T1 Gd-enhanced lesion load and the
number of newly emerging lesions.[2] It remains
controversial as to whether these are the optimal
surrogate markers of disease.[2] In the pivotal
FREEDOMS[47] and TRANSFORMS[49] trials,
MRI-assessed outcomes were generally improved
to a significantly greater extent with fingolimod
treatment than with placebo (section 4.1.2) or
IFNb-1a treatment (section 4.2.1). The beneficial
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effects of fingolimod on surrogate MRI-assessed
outcomes were sustained after up to 5 years of
treatment in an extension study of a phase II trial
(section 4.1.1).

MS has a considerable socioeconomic impact
on the entire family, including on daily activities
such as the ability of the patient and their care-
giver to work, transportation and maintaining
social and leisure activities.[1,4] With disease pro-
gression, there is a well established increase in the
emotional and physical burden that is placed on
caregivers.[1,4] In the TRANSFORMS trial,[49]

fingolimod-treated patients showed significantly
less deterioration in HR-QOL than patients re-
ceiving IFNb-1a (section 4.2.1).

Oral fingolimod 0.5mg/day was generally well
tolerated in patients with RRMS participating in
shorter-term (£2 years) clinical trials, with most
adverse events being of mild to moderate severity
(section 5). The most common treatment-emergent
adverse events of any severity occurring during
fingolimod treatment were headache, influenza,
diarrhoea, back pain, cough and liver enzyme
elevations (section 5.1). No individual serious
adverse event occurred with an incidence of >1%
in any treatment group in the placebo-controlled
FREEDOMS trial,[47] with the most common
being bradycardia, basal-cell carcinoma, MS re-
lapse, chest pain and macular oedema (section 5.1).
Serious adverse events occurring in at least
0.7% of patients in any treatment group in the
TRANSFORMS trial[49] were bradycardia or
sinus bradycardia, atrioventricular block, her-
pesvirus infection, basal cell carcinoma and mela-
noma (section 5.1). Of note, most serious episodes
of bradycardia and atrioventricular block that
occurred in clinical trials were asymptomatic and
all episodes occurred after the first dose during
the monitoring period and were reported as seri-
ous because the protocol-defined discharge cri-
teria were not met (section 5.1). No serious adverse
events associated with laboratory parameters
occurred in the fingolimod 0.5mg/day groups in
either of the pivotal trials (section 5.1). In patients
with MS, fingolimod treatment was associated
with a numerically higher incidence of macular
oedema with or without visual symptoms than
placebo (0.4% vs 0.1%) [section 5.3]. Most cases

occurred during the first 3–4 months of therapy
and generally improved or resolved with or
without treatment after discontinuation of fin-
golimod therapy. The risk of macular oedema
was increased in patients with a history of dia-
betes mellitus or uveitis.

In the TRANSFORMS trial,[49] the tolerability
profiles of fingolimod and IFNb-1a were as might
be predicted for each individual agent (section 5.1).
Hence, fingolimod treatment was associated with a
numerically lower incidence of pyrexia, flu-like ill-
ness, myalgia, depression and arthralgia than IFNb-
1a treatment and conversely, IFNb-1a treatment
was associated with a numerically lower incidence
of headache, nausea, diarrhoea, fatigue and elevated
ALT levels than fingolimod (section 5.1).

Fingolimod is an immunosuppressive agent
and induces lymphopenia (section 2.1) and thus,
there is a potential for it to impact on normal
immune responses, including the ability to mount
immune responses to specific viral antigens and
prevent opportunistic infections. An ongoing
multicentre trial[69] should more fully elucidate
the effects that fingolimod-induced lymphopenia
has on the ability of patients to mount antigen-
specific immune responses (section 2.1). The
overall rate of infections in patients with MS who
received fingolimod 0.5mg/day during clinical
trials was 72% (2% were considered serious in-
fections) and was similar to that in the placebo
group (section 5.2). No deaths due to viral infec-
tions occurred in patients with MS receiving fin-
golimod 0.5mg/day; two deaths resulting from
opportunistic infections occurred with fingolimod
1.25mg/day. It is recommended that patients are
monitored for signs and symptoms of infection,
since fingolimod treatment may increase the risk
of infection (section 6). In clinical trials, the oc-
currence of serious localized skin cancers was
relatively uncommon, with all of these skin can-
cers successfully removed (section 5.1).

The long-term safety profile of a drug is an
important factor when choosing which pharma-
cotherapy to utilise, with postauthorization safety
studies (PASS) being pivotal to ensure that any
potentially serious or life-threatening adverse
events are identified.[67] Indeed, the manufacturer
of oral cladribine (approved in Australia and
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Russia for the treatment of RRMS) has recently
voluntarily withdrawn the drug from the market
worldwide,[70] reflecting issues arising from po-
tential safety concerns raised by the European
Medicines Agency[71] and US FDA.[72] Given the
limited postmarketing clinical experience with
fingolimod treatment, its long-term safety profile
remains to be fully determined. After up to 5 years
of fingolimod treatment, no new safety concerns
had emerged during the extension phase com-
pared with the initial 6-month study and fingoli-
mod treatment had no chronic effects on heart
rate, atrioventricular conduction or heart function-
ing (section 5.4). An ongoing, 5-year, multinational
PASS will monitor the incidence of selected safety
outcomes in patients with RRMS treated with fin-
golimod and should help to more definitively es-
tablish the long-term safety of the drug.[67]

Pharmacoeconomic considerations play an in-
creasing role in determining the choice of phar-
macotherapy,[4,67] with MS posing considerable
costs from a societal and healthcare perspec-
tive.[4,73] For example, in a US economic analysis
of patients with MS receiving DMTs, direct
medical and non-medical costs (53%), production
losses (37%) and informal care (10%) accounted
for most of the estimated total mean costs of
$US47 215 per patient per year (2004 costs).[73]

To date, a lack of published robust pharmaco-
economic studies precludes any definitive con-
clusions about the relative costs and benefits of
oral fingolimod versus other DMTs, albeit the
ease of administration of an oral agent such as
fingolimod versus the current parenteral agents
should potentially reduce direct costs.

In conclusion, oral fingolimod is the first oral
agent and the first agent in a novel class of DMTs
to be approved for use in the US for the treatment
of relapsing forms of MS. In the EU, fingolimod
is approved for use in selected patients with
highly active RRMS. In large multinational trials
in adult patients with RRMS, oral fingolimod
0.5mg/day was more effective than oral placebo
and recommended dosages of intramuscular
IFNb-1a in reducing the ARR and was also
generally more effective at slowing progression of
neurological disability and reducing the burden
and activity of disease. Fingolimod was generally

well tolerated in these shorter-term trials of up to
2 years’ duration, with most adverse events being
manageable and of mild to moderate severity;
there were two deaths from opportunistic infec-
tions, albeit these occurred with fingolimod
1.25mg/day. Limited long-term data indicated
that no new safety concerns had arisen after
5 years of fingolimod treatment. However, fur-
ther clinical experience is required to fully deter-
mine the long-term safety profile of fingolimod,
particularly with regard to any potentially serious
or life-threatening adverse events. In the absence
of robust pharmacoeconomic studies and of head-
to-head trials comparing fingolimod with other
formulations of IFNb and glatiramer acetate, the
relative position of fingolimod with respect to
other DMTs remains to be fully determined. In
the meantime, given its convenient once-daily oral
treatment regimen and better efficacy than intra-
muscular IFNb-1a, fingolimod is a valuable emerg-
ing option for the treatment of adult patients with
relapsing forms of MS.
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