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a b s t r a c t

Background: Fingolimod (FTY720) has been approved as the first oral representative of the class of
sphingosine-1-phosphate (S1P) receptor modulators for the treatment of relapsing-remitting multiple
sclerosis (MS). Besides inducing vaso-relaxation, fingolimod can also influence electrical conduction in
the myocardium and vascular endothelium by having a transient negative chronotropic effect on the
sinus node.
Methods: Cardiac safety and tolerability of fingolimod in the cardiac sense were reviewed by analysing
the data collected from the FREEDOMS and TRANSFORMS studies –both relevant studies for marketing
authorisation, from their extension studies, as well as the clinical data collected from a practice-related
MS patient cohort with cardiovascular risk factors and corresponding co-medication (FIRST study).
Results: The safety analyses on file gave no indication of any increased cardiovascular risk. The 2–
3 mmHg increase in blood pressure observed after the first dose of fingolimod has no therapeutic con-
sequences. The first dose of 0.5 mg fingolimod resulted in an average decrease in heart rate of 7–8 beats/
min. The onset of effect occurred approximately 1–2 h after the first dose and the nadir was reached after
approximately 4–5 h. This negative chronotropic effect returned to normal after internalisation of the
S1P1 receptors on maintenance therapy. There were no indications that patients with cardiac risk factors
required closer observation beyond the monitoring recommended by the EMA following the first dose of
fingolimod. Case study observations from the routine clinical setting show that patients accept this
method of monitoring, which they assess as being a positive aspect of attentive medical care and con-
cern.

& 2016 Elsevier B.V. All rights reserved.

Contents

1. Fingolimod’s mechanism of action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
1.1. Approval status and clinical observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2. Cardiovascular effects of fingolimod. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.1. Effect on the myocardium. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2. First-dose cardiac monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3. Phase III studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.1. FREEDOMS, FREEDOMS II, TRANSFORMS study concept and background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.2. FREEDOMS, FREEDOMS II, TRANSFORMS: study population and workflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.3. FREEDOMS, FREEDOMS II, TRANSFORMS: results and cardiovascular events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.4. Extension studies, results and cardiovascular events. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/msard

Multiple Sclerosis and Related Disorders

http://dx.doi.org/10.1016/j.msard.2016.04.002
2211-0348/& 2016 Elsevier B.V. All rights reserved.

n Correspondence to: Ruhr-University Bochum, Universitätsstraße 150, 44801 Bochum, Germany.
E-mail address: meissnera@kliniken-koeln.de (A. Meissner).
URL: http://www.kliniken-koeln.de/kardiologie (A. Meissner).

Multiple Sclerosis and Related Disorders 8 (2016) 19–26

www.sciencedirect.com/science/journal/22110348
www.elsevier.com/locate/msard
http://dx.doi.org/10.1016/j.msard.2016.04.002
http://dx.doi.org/10.1016/j.msard.2016.04.002
http://dx.doi.org/10.1016/j.msard.2016.04.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msard.2016.04.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msard.2016.04.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msard.2016.04.002&domain=pdf
mailto:meissnera@kliniken-koeln.de
http://www.kliniken-koeln.de/kardiologie
http://dx.doi.org/10.1016/j.msard.2016.04.002


4. FIRST study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1. FIRST, study concept and background. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2. FIRST, study population and workflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.3. FIRST, results and cardiovascular events. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5. Phase IV studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.1. EPOC, study concept and background. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.2. EPOC, results and cardiovascular events. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.3. START, study concept and background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.4. START, results and cardiovascular events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
7. Recommendations from the cardiological point of view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
8. Conclusion for clinical practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Conflict of interests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Acknowledgement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Fingolimod (FTY720) has been approved as the first oral re-
presentative of the group of sphingosine-1-phosphate (S1P) re-
ceptor modulators for treatment of relapsing-remitting multiple
sclerosis (MS). As part of the clinical study more than 11,000 pa-
tients were treated, thus totalling an overall exposure period of
approximately 19,000 patient-years. Besides its im-
munomodulatory action, fingolimod can affect angiogenesis, vaso-
relaxation, and the electrical conduction in both the myocardium
and vascular endothelium.

The European Medicines Agency (EMA) has issued re-
commendations for cardiovascular monitoring after the first ap-
plication and reached a positive evaluation of the risk-benefit
profile for fingolimod.

Fingolimod is a structural analogue of sphingosine, a physio-
logically naturally-occurring lysophospholipid in the human body.
After oral application phosphorylation by sphingosine kinases
forms the biologically active substance (S) fingolimod phosphate
(FP), which acts as agonist at four (S1P1R, S1P3R, S1P4R, S1P5R)
out of five known S1P-receptors following antagonistic activity of
sphingosine-1-phosphate (S1P). Fingolimod exerts its effects re-
levant to MS by inhibiting the function of S1P1 receptors to favour
conserved cysteines (CC)-chemokine receptor 7 (CCR7)-mediated
retention of lymphocytes in lymph and potentially by directly
targeting S1P-receptors in the central nervous system nodes
(Brinkmann, 2010; Chun and Brinkmann, 2011; Ocker et al., 2011).
Sphingosine-1-phosphate (S1P) belongs to the family of bioactive
lysophospholipids which as pleiotropic mediators are involved in
many cell functions, such as proliferation, cytoskeletal organisa-
tion, migration and morphogenesis. S1P binds to five transmem-
brane receptors from the G-protein-coupled receptors (GPCR) fa-
mily: S1P1 to S1P5. S1P3 receptors are common and are expressed
in various tissues, e.g. neural cells, endothelial cells, atrial myo-
cytes, smooth muscle cells. S1P4 receptors are present in lymphoid
and haematopoietic tissues, while S1P5 receptors are located
especially in the central nervous system (CNS), here mainly in the
oligodendrocytes.

The signal transduction of S1P1 is mainly conducted by Gi/o

class G proteins, while S1P2, S1P3 and S1P4 develop their effect
via Gi, Gq, G12/13, and S1P5 via Gi and G12/13 (Brinkmann, 2007;
Koyrakh et al., 2005; Sanna et al., 2004; Herr and Chun, 2007;
Meyer zu Heringsdorf and Jakobs, 2007; Chun and Hartung, 2010).
This results in the activation of various intracellular signalling
cascades; their mechanisms of action are not yet fully clarified. Gi

impedes the cyclic adenosine monophosphate (cAMP)-dependent
upregulation of the calcium (Ca2þ) influx through the calcium
channel by inhibiting adenylate cyclase. Gq increases the in-
tracellular Ca2þ concentration, for example in smooth muscle
cells. The GIRK channels (G protein-coupled inwardly-rectifying

potassium ion {K} channels) in the sinoatrial (SA) and atrioven-
tricular (AV) nodes and in the atrial myocytes are important direct
targets of Gi/o(Bünemann et al., 1995; Brinkmann, 2009) (Table 1).

1. Fingolimod’s mechanism of action

Fingolimod is principally phosphorylated by sphingosine ki-
nase-2 (SphK2) to form fingolimod phosphate (FP) and, like S1P, is
discharged from the cells by active transport mechanisms. Fingo-
limod, as the first molecule to be used therapeutically, targets the
sphingosine phosphate receptor group. Following oral adminis-
tration, fingolimod is phosphorylated by SphK2 to form the active
substance (S) fingolimod-phosphate (FP), and binds itself with low
affinity to S1P1R, S1P4R, S1P5R as well as to S1P3R (Maceyka et al.,
2012). Fingolimod acts as a functional antagonist of the S1P re-
ceptors. The drug binds to the receptor, thereby triggering both
internalisation and degradation of the receptor. Induced by the
internalisation of the S1P1 receptor, its mechanism of action is
primarily based on the reduction of the number of MS-relevant
lymphocyte populations in the periphery - CCR7þ naive T-cells
(Tn) and autoreactive pathogenic central memory T cells (TCM).
The emigration of the lymphocyte populations which is important
for defending against infection - CCR7- effector memory T cells
(TEM) – is not impaired by fingolimod (Brinkmann et al., 2010;
Mehling et al., 2008; Metzler et al., 2008).

1.1. Approval status and clinical observations

Fingolimod is licensed as a first-line treatment for relapsing
remitting multiple sclerosis, the most common form of the dis-
ease, in the USA, Canada, Australia, New Zealand, Switzerland and
Russia. In Australia, the license also pertains to patients with
secondary progressive MS (SPMS) with residual inflammatory ac-
tivity (Broadley et al., 2014; Freedman et al., 2013).

According to the latest extension of indication Fingolimod is
approved by the European Medicines Agency (EMA) in the Eur-
opean Union (EU) for

● Patients with highly active disease despite a full and adequate
course of treatment with at least one disease-modifying therapy
(EU Community, 2016; Scolding et al., 2015).

or

● Based on the results of a recently performed MRI, patients with
rapidly progressing, severe relapsing-remitting multiple sclero-
sis. This means two or more attacks with debility progression
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