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Multiple sclerosis (MS) is a chronic disease of the central
nervous system (CNS) most often characterized by relaps-
ing-remitting (RR) symptoms at the onset, followed by
secondary progression. Inflammatory tissue damage me-
diated by autoreactive T cells is thought to initiate lesion
formation. Variable remyelination and axonal loss result in
accumulation of physical and cognitive disability. All cur-
rently approved disease-modifying therapies aim to pre-
vent clinical relapses and limit magnetic resonance imaging
(MRI) changes bymodulating the inflammatory response in
some way.

Until recently, all therapeutic options for RRMS required
parenteral administration. Despite excellent long-term safety
profiles, patient compliance with first-line drugs—interferon
beta (IFNβ) and glatiramer acetate (GA)—is limited bymodest
efficacy, frequent injections, and bothersome side effects.
The U.S. Food and Drug Administration (FDA) approval of
fingolimod (FTY720; Gilenya, Novartis, Basel, Switzerland) in
September 2010, the first oral disease-modifying therapy,
generatedmuch interest among both patients and physicians.

The role of fingolimod in MS treatment continues to
evolve. In this review, we describe the immunologic and
CNS effects of fingolimod and the clinical trial evidence for

its efficacy.We then discuss the issues to be considered in safe
use of fingolimod for patients with RRMS.

Mechanism of Action

Fingolimod, a derivate of the fungal metabolite myriocin, is
structurally similar to sphingosine, an important component
of cell membranes. Phosphorylation by sphingosine kinase
leads to formation of sphingosine 1-phosphate (S1P), which
functions as a soluble regulator of a wide range of cellular
processes, including lymphocyte recirculation, cardiac rate,
neural cell proliferation and function, and endothelial per-
meability. These functions are mediated by interactionwith a
family of five G-protein-coupled SIP receptors. Sphingosine
kinase also phosphorylates fingolimod into the active form,
fingolimod-phosphate, which binds four of five S1P receptors
with high affinity, acting as a functional antagonist. The
therapeutic effects of fingolimod may involve S1P receptor
modulation in both the immune system and the CNS.1–4

Lymphocytes, including T cells and B cells, predominantly
express S1P-type-1 receptor (S1P1), which directs lympho-
cyte egress from lymphoid tissues and recirculation in the
periphery. Fingolimod-phosphate binds lymphocyte S1P1
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Abstract Because of its potent efficacy and oral route of administration, the approval of
fingolimod as treatment for relapsing-remitting multiple sclerosis (MS) was highly
anticipated. The therapeutic and adverse effects are mediated by modulation of
sphingosine 1-phosphate receptors. Fingolimod inhibits the egress of lymphocytes
from lymph nodes and may also have direct effects on the central nervous system. The
clinical trials that led to the approval of fingolimod demonstrated benefit on relapses,
disability progression, magnetic resonance imaging (MRI) activity, and brain volume
loss in treatment-naïve and previously treated patients with relapsing-remitting MS. The
use of fingolimod in clinical practice has been limited by concerns for cardiac effects,
infection, andmacular edema as well as the relative lack of long-term safety data for this
drug with a novel mechanism of action. Additional clinical trial and postmarketing data
suggest that fingolimod is a safe, effective, and well-tolerated treatment option when
patients are selected and monitored appropriately.
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with high affinity resulting in receptor internalization and
degradation. Levels of S1P1 mRNA are also reduced.5 The loss
of surface expression of S1P1 results in functional antago-
nism, loss of responsiveness to the S1P gradient necessary for
egress with resultant lymphocyte retention in secondary
lymphoid tissue.1,3,5

The percentages of both CD4þ and CD8þ T cells are
reduced in fingolimod-treated patients. The predominant
effect is on CC-chemokine receptor-7-positive naïve T cells,
central memory T cells, and T cells producing interleukin-
17.3,6 These subpopulations include autoreactive lympho-
cytes that are thought to mediate CNS inflammation in MS.
Peripheral effector memory T cells, thought to be important
in defense against local pathogen invasion, are relatively
spared.1,3,6

Fingolimod also binds S1P receptors outside of the im-
mune system. S1P receptors expressed by oligodendrocytes,
astrocytes, microglia, and other neural cells influence neuro-
genesis, neural cell function, and migration.1,7,8 Fingolimod
crosses the blood–brain barrier and is phosphorylated in
situ.1,9 Functional antagonism of S1P receptors in the CNS
may result in reduced secretion of proinflammatory cyto-
kines, enhanced remyelination, and protection of oligoden-
drocytes from cell death.1,7,10 The direct effects of fingolimod
in the CNS are suggested by preclinical evidence.10,11 Addi-
tional studies are needed to investigate the potential repara-
tive and neuroprotective actions of fingolimod in MS.

Pharmacology

Once daily oral fingolimod is absorbed slowly, reaching a
maximumblood concentration at 12 to 24 hours regardless of
food intake.12,13 Clearance of the drug occurs predominantly
by hepatic metabolism through a cytochrome P450 4F path-
way.14 Fingolimod is highly protein bound. The elimination
half-life averages 8 to 9 days. Steady-state levels are achieved
after 1 to 2 months.2 Ethnicity, gender, and mild to moderate
hepatic or renal impairment do not appear to significantly
affect the pharmacokinetics.13

Efficacy in Clinical Trials

A phase II proof-of-concept study randomized patients with
gadolinium- (Gd-) enhancing lesions at baseline to receive
oral fingolimod, 1.25 mg or 5.0 mg, or a once-daily placebo.15

The reduction in clinical and radiographic disease in fingo-
limod-treated patients prompted two phase III trials. The
FTY720 Research Evaluating Effects of Daily Oral Therapy in
Multiple Sclerosis (FREEDOMS) study was a 24-month, dou-
ble-blind, placebo-controlled study comparing two doses of
fingolimod, 0.5 mg or 1.25 mg versus placebo.16 The same
doses of fingolimod were compared with intramuscular
IFNβ-1a in the Trial Assessing Injectable Interferon Versus
FTY720 Oral in Relapsing-Remitting Multiple Sclerosis
(TRANSFORMS) study.17

The FREEDOMS study enrolled 1,272 patients with RRMS
who had been off disease-modifying therapy for at least
3 months before randomization. The 0.5-mg and 1.25-mg

doses of fingolimod demonstrated favorable clinical and
imaging effects compared with placebo. The annualized
relapse rate, the primary outcome, was lower for both doses
of fingolimod (0.18–0.16) versus placebo (0.40). In addition,
both doses of fingolimod significantly reduced the risk of
disability progression over the 24-month study period. Pa-
tients receiving fingolimod were less likely to have new or
enlarged T2-hyperintense lesions, Gd-enhancing lesions, or
brain atrophy progression compared with those receiving
placebo.16

One thousand two hundred ninety-two patients were
assigned to oral fingolimod, 0.5 mg or 1.25 mg, or intramus-
cular IFNβ-1a in the 12-month, double-blind TRANSFORMS
study. All patients had clinically active disease defined by at
least one relapse during the previous year or two relapses
during the previous 2 years. More than 55% of patients in all
groups were previously treated with either IFNβ or GA. The
proportion of patients with disability progression during the
12-month study periodwas small for all groups. However, the
annualized relapse rate was reduced for fingolimod-treated
patients (0.16–0.20) versus the active comparator group
(0.33). As in the FREEDOMS study, this clinical effect was
supported by superior benefit on MRI outcomes: new or
enlarged T2 lesions, Gd-enhancing lesions, and brain-volume
reduction in the fingolimod groups.17

Results of a phase III extension study confirmed improve-
ments in clinical andMRI outcomes (including brain atrophy)
for patients who switched from placebo to fingolimod and
demonstrated sustained low clinical and MRI disease activity
for patients in the continuous fingolimod-treatment
group.18,19 All studies have demonstrated similar efficacy
for 0.5-mg and 1.25-mg doses of fingolimod. Adverse effects
were more common with the higher dose. Additional safety
data are expected from extension studies.

Safety

The safety profile of fingolimod is based on experience with
2,615 patients in phase II and phase III studies. The risk of
adverse effects (AEs) associated with a 0.5-mg dose of fingo-
limod was similar to placebo in the FREEDOMS study. In both
the FREEDOMS and TRANSFORMS studies, higher rates of AEs
leading to drug discontinuation were associated the 1.25-mg
dose of fingolimod. The most common AEs observed with
fingolimod included laboratory abnormalities, first-dose bra-
dycardia or atrioventricular (AV) conduction slowing, macu-
lar edema, possible increased infection risk, blood pressure
effects, cough, dyspnea, back pain, headache, influenza, and
diarrhea. Many of the AEs can be explained by the known
pharmacodynamics effects of fingolimod mediated by S1P
receptors.

Laboratory Abnormalities
Lymphopenia and increased alanine aminotransferase (ALT)
were the most common laboratory abnormalities. Patients
receiving fingolimod demonstrated a reduction in peripheral
blood lymphocyte counts within hours of the first dose.
Circulating lymphocytes were reduced to 20 to 30% of
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baseline by one month. Absolute CD4 counts can be compa-
rable to the range seen in patients with HIV infection or with
myelotoxic chemotherapy.3 However, because the fingoli-
mod-associated lymphopenia is a result of redistribution
rather than depletion and effector memory T cells in the
periphery are largely spared, these lowcounts do not have the
same implication. Mean lymphocyte counts begin to rise
within days of discontinuation and reach the lower limit of
normal by 4 to 8 weeks,15–17 though prolonged lymphopenia
has been reported.20 The degree of lymphopenia and its
persistence after discontinuation are dose dependent.

The risk of hepatic abnormalities was also dose dependent.
Increased ALT above 3 times the upper limit of normal occurred
in 8 to 10% of patients who received a fingolimod 0.5-mg
dosage.21,22 Elevations in aspartate transaminase or total bili-
rubin were rare. No cases of symptomatic liver injury were
reported in a pooled analysis of treated patients.21 Abnormali-
ties were reversible with cessation of fingolimod.21,22

Cardiac Effects
Sphingosine 1-phosphate receptors in atrial myocytes and
nodal cells are thought to play a role in heart-rate regulation.
A transient decrease in heart rate and slowing of atrioventric-
ular conduction has been consistently demonstrated after
initiation of fingolimod in healthy volunteers and patients
with MS. The negative chronotropic effect typically reaches a
maximum at 3 to 5 hours after the first dose and can be
mitigated by atropine or isoproterenol administration. Con-
tinuous Holter monitoring of healthy volunteers receiving a
single daily dose of fingolimod revealed a small increase in
the PR and RR intervals on day 1 with return to baseline by
day 7; QT interval was not prolonged.23

Pooled analysis of data from the FREEDOMS and TRANS-
FORMS studies demonstrated amean reduction of 8 beats per
minute at 4 to 5 hours after receiving the first dose of 0.5-mg
fingolimod.21,24 First-degree AV block and second degree
Mobitz 1 block were observed in 4.7% and 0.2% of patients
receiving the FDA-approved dose.24 Most bradycardic events
were asymptomatic.21,24 The effects on heart rate and AV
conduction may recur upon reintroduction if fingolimod is
discontinued for 2 weeks or more.

Although the transient bradycardia had limited clinical
manifestations in the studies, a few postmarketing reports of
serious cardiac AEs have raised concerns for patient selection
and monitoring. Sustained bradycardia and brief asystole
21 hours after initiation of fingolimod was reported in a
patient on long-term treatment with risperidone.25 The FDA
announced investigation of a death within 24 hours after the
first dose of fingolimod in a patient cotreatedwithmetoprolol
and amlodipine.26 Patients with recurrent syncope of sus-
pected cardiac origin, known ischemic heart disease, conges-
tive heart failure, sinus node dysfunction, resting heart rate
lower than 55 beats per minute, second-degree AV block,
corrected QT interval greater than 440ms, concomitant use of
Vaughn-Williams class 3 antiarrhythmic drugs, or diabetes
mellitus were excluded from the FREEDOMS and TRANS-
FORMS studies. Thus, experience with these higher risk
patients is limited.

Macular Edema
An early study of fingolimod 2.5 and 5.0 mg in renal trans-
plant patients identified macular edema as a potential AE
related to the medication.27 Patients in the FREEDOMS and
TRANSFORMS studies were monitored with dilated fundu-
scopic examinations and optical coherence tomography at
baseline and at designated intervals throughout the study.
Pooled results from phase II and phase III studies of fingoli-
mod in MS identified 19 subjects with macular edema out of
2506 subjects treated, representing an overall incidence of 0.2
to 0.4% at the 0.5-mg dose and 1.0 to 1.1% at the 1.25-mg
dose.21,22 In most cases, the onset of macular edema occurred
within the first 4 months of initiating therapy. Diabetes
mellitus and a history of uveitis may be associated with an
increased risk for macular edema.28 Fingolimod-associated
macular edema usually resolves after drug discontinuation.

The North American Neuro-Ophthalmology Society and
FDA recommendations include a screening evaluation for
pre-existing uveitis, macular disease, or retinal vascular con-
ditions prior to starting fingolimod.29,30 A repeat evaluation
and optical coherence tomography should be done at 3 to
4 months after initiating therapy. More than 25% of the cases
of macular edema associated with fingolimod have been
asymptomatic. Unexplained changes in visual acuity or pa-
tient descriptions of visual distortion should prompt a refer-
ral to an ophthalmic specialist within 1 to 2 weeks.

Infection
Despite themarked reduction in peripheral lymphocyte count,
the incidence of serious infections in patients treated with
fingolimod was comparable to patients receiving placebo or
IFNβ1a in the phase III studies. Lower respiratory tract in-
fections were reported slightly more often in fingolimod-
treated groups (5.7–6.8%) than in groups receiving either
placebo or IFNβ1a (3.5–4.5%).22 The 0.5-mg dose of fingolimod
was not associated with an increased risk for herpes virus
infections in the FREEDOMSor TRANSFORMS groups. One case
of fatal disseminated varicella in a patient without prior
exposure and one case of fatal herpes simplex encephalitis
occurred in the 1.25-mg fingolimod group in the TRANS-
FORMS study. Opportunistic infections such as cryptococcus,
toxoplasmosis, and disseminated histoplasmosis were not
seen with fingolimod treatment in clinical trials. A case of
progressive multifocal leukoencephalopathy was recently re-
ported in a John Cunninghamvirus- (JCV-) seropositive patient
who switched from natalizumab to fingolimod.31 Due to the
limited details available, the contribution from fingolimod is
uncertain. The influence of prior immunosuppressant use on
risk of infection with fingolimod remains unclear. The inci-
dence of infections seen in phase III studies did not correlate
with the degree of fingolimod-induced lymphopenia.32

Vascular Effects
Vascular and lymphatic endothelial cells also express S1P1,
S1P2, and S1P3. The binding of fingolimod to these endothelial
receptors produces increased permeability in some vascular
beds and increased barrier function in others.2,33 The activa-
tion of S1P3 on vascular smooth muscle cells results in
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vasoconstriction.2 A modest, but consistent increase in blood
pressure was observed in patients treated with fingolimod in
the phase III trials.16,17 In addition to hypertension, the effects
of fingolimod on vascular tone could also contribute to
headaches.33 Rare cases of stroke,15 posterior reversible
encephalopathy syndrome,15 and peripheral vasospasm34

have also been reported in patients who received higher
doses of fingolimod. The small number of cases precludes
confirming a causal connection to the drug. No definite
procoagulant effects have been identified.

Malignancy
Although fingolimod’s potent immunomodulatory effects
raise concern for increased risk of malignancy, pooled data
from all fingolimod trials did not demonstrate a definite
association of skin carcinoma or other malignancy with
fingolimod.22 Long-term follow-up is needed for adequate
assessment of this risk.

Pulmonary Effects
Activation of S1P receptors expressed by airway smooth
muscle cells may induce airway hyperresponsiveness.35,36

Rates of cough and dyspnea reported by fingolimod-treated
patients were slightly higher than controls in phase III
trials.16,17 Data from the FREEDOMS and TRANSFORMS stud-
ies demonstrated minimal decreases in forced expiratory
volume at 1 second (FEV1) and diffusing capacity for carbon
monoxide (DLCO). FEV1 effects were reversible.21 The clinical
significance of these findings for patients with asthma or
other pulmonary disease is uncertain. Persistent respiratory
symptoms after treatment initiation should prompt pulmo-
nary function tests, referral to a pulmonary specialist, and/or
discontinuation of fingolimod.

Use of Fingolimod in Clinical Practice

Regulatory approval for once-daily dosing of 0.5-mg fingoli-
mod as disease-modifying therapy for relapsing forms of MS
was first granted in September 2010. It was approved as first-
line therapy without restriction in the United States and
Switzerland. Due to safety concerns described above, other
agencies (Health Canada, the European Medicines Agency)
approved fingolimod as second-line therapy for patients who
failed IFNβ therapy or who have a rapidly progressive course.
Review of cardiac concerns prompted a revision of the U.S.
prescribing information in April 2012.29

Fingolimod should be used asmonotherapy. The safety and
efficacy of fingolimod combined with other disease-modify-
ing agents has not been established. Fingolimod does not
interact significantly with other drugs used to manage MS
symptoms, including fluoxetine, paroxetine, carbamazepine,
baclofen, gabapentin, oxybutynin, amantadine, modafinil,
amitriptyline, pregabalin, and corticosteroids.

Fingolimod is not approved for use in children or adoles-
cents. Experience in elderly patients is limited. Fingolimod
was observed to be teratogenic in rats.27 As a result, although
some pregnancies duringfingolimod therapy have resulted in
healthy delivery, women of child-bearing age should use

effective contraception during fingolimod treatment and
for 2 months after stopping therapy.37

Although prediction of the potential AEs discussed above
is challenging, pretreatment screening tests advised by reg-
ulatory agencies helps ensure appropriate patient selection.
Our recommendations for pretreatment screening and fol-
low-up monitoring are summarized in ►Table 1. Recently
updated FDA recommendations for first-dose monitoring are
listed in ►Table 2. Blood pressure and heart rate should be
monitored hourly for 6 hours after the initial dose, and an
electrocardiogram should be performedpredosing and before
discharge at 6 hours. Patients with a low resting heart rate or
those taking certainmedications (β blockers, calcium channel
blockers, or psychotropic agents) may require prior cardiolo-
gy evaluation or overnight monitoring following first-dose
administration.

Although some patients in the fingolimod trials had highly
active disease prior to enrollment, this subgroup has not been
specifically studied. A patient with two severe relapses, 3-
point Extended Disability Status Scale worsening, and an
increase in MRI activity within the first 3 months of fingo-
limod treatment has been described.38 A patient who devel-
oped encephalopathy and bilateral, extensive brain lesions
during fingolimod treatment was later found to have anti-
aquaporin-4 antibodies.39 Alternative diagnoses, such as
neuromyelitis optica, should be excluded for patients who
experience dramatic worsening on fingolimod treatment.
Possible rebound in disease activity after fingolimod discon-
tinuation has been described.40

Place in Treatment Algorithm

Despite its approval as a first-line agent in the United States,
relatively limited clinical experience and concerns for rare, but
potentially significant AEs has limited the use of fingolimod as
initial therapy. The long-term safety profiles of IFNβ andGAare
well established and recommended monitoring is less strin-
gent. Thus, these medications remain the preferred first-line
agents at present. Fingolimod is a reasonable alternative for
patients with RRMS who have intolerable side effects, poor
compliance, or inadequate therapeutic response. Natalizumab
would also be an appropriate option for such patients. Factors
influencing risk-benefit ratio in individual patients (such as
JCV seropositivity) should be considered. ►Fig. 1 is an algo-
rithm reflecting our current practice. Like Pelletier and Ha-
fler,41 we tend to favor fingolimod over natalizumab in JCV-
seropositive patients, particularlywith prior immunosuppres-
sant therapy. The utility of fingolimod versus natalizumab in
JCV-seronegative patients remains to be determined.

Patients treated with IFNβ or GA may be switched directly
to fingolimod. Generally, natalizumab-treated patients
should remain off therapy for 3 months prior to initiation
of fingolimod. The washout should be reduced to 1 to
2 months in highly active patients. Patients who discontinue
fingolimod therapy should not receive immunosuppressive
medications until lymphocyte counts are within the normal
range (typically within 2 months of drug cessation). Experi-
ence in the use of fingolimod after monoclonal antibodies
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Table 1 Suggested fingolimod monitoring

Pretreatment

Complete blood count, liver function tests

Document history of chicken pox or test for varicella zoster antibodies
If no immunity to varicella zoster, administer the two-stage chicken pox vaccine and delay therapy for 1 mo.

Electrocardiogram
If abnormal, refer to cardiology before initiating therapy.

Ophthalmologic exam and/or optical coherence tomography

Pulmonary function tests and/or pulmonary referral in patients with asthma, chronic obstructive pulmonary disease, smoking
history, or other pulmonary conditiona

Pregnancy test for women with reproductive potential

MRI brain with and without contrast to establish new baseline prior to starting treatmenta

Ongoing monitoring

Ophthalmologic exam and/or optical coherence tomography at 3–4 mo after treatment initiation and for reports of vision
disturbances

Complete blood count, liver function tests at 3 and 6 mo after treatment initiationa

MRI brain after 1 y on treatment or earlier for unexpected manifestationsa

Pulmonary referral and/or pulmonary function tests for respiratory symptoms

Monitor for signs/symptoms of infection; consider suspending treatment for serious infection

Abbreviations: MRI, magnetic resonance imaging.
aAuthor opinion; not a U.S. Food and Drug Administration recommendation.

Table 2 Revised U.S. prescribing information for fingolimod

Contraindications

Recent (within 6 mo) myocardial infarction, unstable angina, stroke, transient ischemic attack, decompensated congestive
heart failure requiring hospitalization or class III/IV congestive heart failure

History or presence of Mobitz type II second- or third-degree atrioventricular block or sick sinus syndrome, unless the
patient has a pacemaker

Baseline QTc interval > 500 ms

Treatment with class Ia (quinidine, procainamide) and class III (amiodarone) antiarrhythmic drugs

First-dose monitoring

Observe for signs/symptoms of bradycardia for at least 6 h after first dose

Hourly heart rate and blood pressure

Electrocardiogram prior to dosing and after 6-h observation

Extend monitoring if:

Lowest heart rate occurs at 6 h after dose

Heart rate < 45 bpm, new onset second-degree atrioventricular block or higher, symptomatic bradycardia

Indications for overnight monitoring with continuous electrocardiogram

Pharmacological intervention needed to treat bradycardia

Prolonged QTc interval (> 450 millisecondsec males, > 470 millisecondsec females) at baseline or during observation

Additional risk for QT prolongation (e.g., hypokalemia, hypomagnesemia, congenital long-QT, concomitant QT-prolonging
drugs)

Patients expected to be less tolerant of fingolimod-induced bradycardia or at increased risk because of pre-existing
medical condition or concomitant heart-rate-lowering drug

Reinitiation of therapy requires first-dose precautions

Interrupted > 1 day during weeks 1–2 of therapy

Interrupted > 7 days during weeks 3–4 of therapy

Interrupted > 14 days after 1 mo of therapy
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that produce prolonged lymphocyte depletion such as alem-
tuzumab or rituximab is limited.

Future Directions

Future studies and clinical experience will better define the
role of fingolimod inMS treatment. Long-term safety datawill
address concerns for risk of opportunistic infections, neo-
plasms, and reproductive effects. An ongoing 3-year, phase III
trial in primary progressive MS will evaluate the potential
neuroprotective and/or reparative actions of fingolimod.42

Additional studieswill help establish the safety and efficacyof
fingolimod in RRMS patients with inadequate treatment
response to other currently approved medications.43 Studies
of lower dose fingolimod and agents that bind S1P receptors
more selectively may suggest mechanisms to improve the
risk-to-benefit ratio of oral S1P modulators.44–46

Conclusion

The availability of oral fingolimod provides an important new
option for management of MS. Modulation of S1P receptors
on lymphocytes limits circulation of immune cells thought to
be responsible for initiation of inflammatory damage. Fingo-
limod may also have direct beneficial effects on the CNS.
Although the efficacy, tolerability, and safety have been
demonstrated in large clinical trials, uncertainty surrounding
cardiac AEs and long-term safety probably will reduce its use
as first-line therapy for the near future. Ongoing studies will

further define the role of fingolimod in the changing land-
scape of MS care.
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