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Abstract 
Recent studies have demonstrated that fingolimod is efficacious in the treatment of multiple 

sclerosis (MS). Fingolimod is registered as the first-line therapy for RRMS in the United States 

by the Food and Drug Administration (FDA) and in other countries, and as a second line 

treatment in Europe. Following its approval, fingolimod has captured the interest of both 

physicians and patients. The aim of this systematic literature review is to investigate the 

mechanisms of action and clinical efficacy of fingolimod in MS. A comprehensive literature 

search was conducted using a relevant academic database - PubMed. Nine relevant articles were 

retrieved for review on the mechanism of action and clinical efficacy of fingolimod in MS. 

Fingolimod binds with various affinities to four of the five existing sphingosine-1-phosphate 

(S1P), including S1P1, S1P3, S1P4, and S1P5 receptors except for S1P2. S1P has vital roles in 

the cardiovascular system, the central nervous system (CNS), and immune system. Similarly, S1P 

signaling has a crucial role in neuroinflammatory responses. Overall, there is convincing 

evidence the fingolimod is efficacious in treating RRMS. Further, well designed studies are 

recommended to better define fingolimod role in the treatment of MS. Also, long-term studies are 

needed to explore further the adverse events associated with fingolimod use, including the risk of 

malignancies, opportunistic infections, and reproductive effects. 
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1. Introduction

Fingolimod is an efficient and efficacious drug in the treatment of MS. fingolimod is a 

S1P receptor modulator that constrains egress of lymphocytes from lymph-nodes and their 

recirculation (Cohen & Chun, 2011). The drug is a first in class orally bioavailable drug that has 

been shown in clinical trials to be effective and efficacious in the treatment of RRMS (Chun & 

Hartung, 2010). Nishihara et al. (2015) highlights that fingolimod has been established as an 

effective drug in decreasing autoaggressive lymphocyte infiltration into the CNS across 

Blood-Brain-Barrier (BBB) through inhibition of lymphocyte egress from lymphoid tissues. It is, 

therefore, important to know the pharmacological effect, clinical efficacy, tolerability, and safety 

profile of the drug.  

Approved MS treatments have traditionally been administered orally. It was not until 

September 2010 the American FDA did approve fingolimod. This move aimed at reducing 

disability progression and relapses that accompany relapsing forms of MS (Brinkmann et al., 

2010; Chun & Brinkmann, 2011). The drug is administered in doses of 0.5 mg (Cohen & Chun, 

2011). fingolimod is registered as the first-line therapy for RRMS in the United States by the 

FDA and in other countries. In Europe however, the European Medicines Agency (EMA) 

registered fingolimod only as a second line treatment for RRMS (Braune, Lang, Bergmann, & 

NTC Study Group, 2013). 

MS is a chronic degenerative and demyelinating disease affecting the CNS. MS 

epidemiology is characterized by either accumulation of irreparable disability, persistent episodes 

of neurological dysfunction, or both. As Kamm, Uitdehaag, & Polman (2014) highlight, the 

major characteristics of MS include axonal loss and demyelination although its etiology remains 

unknown. Genetic and environmental factors nevertheless play a role in MS development. 

Increasing latitudes correlates to the prevalence and incidence of MS through various 

environmental factors – particularly sunlight exposure and access to vitamin D. The effect of 

vitamin D as a protective agent is however vague at the moment as randomized studies still 

attempt to complement vitamin D2 to interferon beta-1a (INF-β 1a) in relapsing-remitting MS 

(Kamm, Uitdehaag, & Polman, 2014).  

Disease pathology in the early stages of RRMS is dominated by reactive gliosis, axonal 

loss, and primary demyelination that characterize focal inflammatory white-matter lesions 

(‘plaques’) (Kamm, Uitdehaag, & Polman, 2014). Autoreactive T cells triggered outside the CNS 

5 



cross the BBB are subsequently resuscitated by local antigen-presenting cells. Additionally,           

discharge of pro-inflammatory cytokines encourages microglial cells and astrocytes, recruits          

supplementary inflammatory cells and prompts antibody assembly by plasma cells. This           

inflammatory progression ultimately leads to tissue destruction within the plaque (Kamm,           

Uitdehaag, & Polman, 2014). The cortex is also affected in the early stages of the disease                

witnessed in the presence of cortical neurodegeneration, cortical inflammation and          

demyelination, and cortical atrophy (Kamm, Uitdehaag, & Polman, 2014). The prevalence of MS             

is small in childhood but increases with age, climaxing between age 20 and 40 after which the                 

incidence declines at ages over 50. Still, life expectancy of MS patients falls by approximately 7                

to 10 years (Kamm, Uitdehaag, & Polman, 2014).  

Studies show that fingolimod causes a reduction in the sum of peripheral blood             

lymphocytes - affecting B cells, CD4+, and CD8+ T cells. There are also speculations that the                

drug is likely to promote lymphocyte homing into lymph nodes. Initially, in vitro studies              

indicated that fingolimod is likely to accelerate apoptosis of T cells or cause S1P lyase and                

cytosolic phospholipase A2 inhibition. However, the effects observed at drug concentrations           

revealed well over 100-fold there was a rejection of these hypotheses. It became apparent that the                

mode of action of fingolimod is associated with S1P G protein-coupled receptors and alteration in               

trafficking of lymphocytes (Brinkmann et al., 2010). In its active form, fingolimod is a S1P               

receptor modulator that constrains egress of lymphocytes from lymph nodes as well as their              

recirculation, although its precise mechanism of action in MS remains uncertain (Cohen & Chun,              

2011).  

The major Fingolimod structural features include the amino diol polar head group (1),             

which sphingosine kinase 2 phosphorylates; a 1.4 disubstituted phenyl ring that functions as a              

rigid group linker; and the lipophilic tail that plays a vital role in the interaction with the S1P                  

receptor hydrophobic binding pocket (Brinkmann et al., 2010; Chew, Wang, & Herr, 2016).             

fingolimod absorption period is slow, with the maximal concentration being attained 12-24 hours             

following the dose. Attainment of steady state levels in the blood occurs within 1 to 2 months                 

following initiation of treatment and is about tenfold higher than the first dose. Phosphorylation              

of fingolimod occurs in the liver accomplished by sphingosine kinase 2, which converts it into               

fingolimod-phosphate, the biologically active molecule. However, metabolism of a significant          

proportion of the parent compound is accomplished via the cytochrome P450 4F2 isoenzymatic             

pathway in the liver into inactive metabolites whose primary route of excretion is the kidney               
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(Marriott, 2011). Since this oxidative enzyme does not seem to be involved in metabolizing other               

drugs, the likelihood of drug-drug interactions is low (Brinkmann et al., 2010). 

Figure 1: fingolimod mechanism of action.  Source: 
(Chew, Wang, & Herr, 2016)  

Aim: The aim of this literature review is to investigate the mechanisms of action and clinical 

efficacy of Fingolimod in MS. 
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2. Methods

2.1 Systematic search, criteria and limitations 

A comprehensive literature search aimed to locate relevant literature from an electronic 

and acknowledged academic database – PubMed was conducted. The research used the above 

database to locate relevant publications on the mechanism of action, clinical efficacy, safety and 

tolerability of fingolimod in MS. To ensure a more focused search, the researcher used the 

boolean operators, including “AND” and “OR” to connect the search phrases as appropriate. 

Additionally, the scope was narrowed down to Free full text; 2010 to 2016;  Humans and 

publications in English language. The pulling of the articles made use of specific keywords and 

phrases to facilitate accessibility to a bigger pool of studies. In the process of operationalizing the 

research, the researcher utilized words and phrases; Fingolimod; mechanism of action; efficacy; 

safety, tolerability and MS sclerosis in different combinations.  

These keywords and phrases were fed into the search window in PubMed as shown in table 1. 

Table 1 : Systematic search of articles in PubMed. Criteria and Limitation; Free Full Text,               

Human, Less than six years (from 2010 to 2016), publications in English language.  

Search words Hits 
Selection based on the 
reading of the abstract 

Fingolimod AND Mechanism of 
Action AND MS/full mechanism of 
action. 

116 2 

Fingolimod AND Efficacy AND 
MS/full efficacy 

55 4 

Fingolimod AND Tolerability AND 
Safety AND MS/ full tolerability and 
safety 

10 3 

The exclusion criteria included publications in languages other than English, publications older            

than 2010, studies conducted on animals and publications not relevant to the topic under              
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investigation. The researcher scanned through the abstracts of retrieved articles to determine their             

relevance to the topic and whether they met the inclusion criteria. 

Below are the the selected articles that meet inclusion criteria: 

Fingolimod AND Mechanism of Action AND  MS:  

● Chun, J., & Brinkmann, V. (2011). A mechanistically novel, first oral therapy for multiple

sclerosis: the development of fingolimod (FTY720, Gilenya). Discov Med. , 213-28.

● Chun, J., & Hartung, H. (2010). Mechanism of action of oral fingolimod (FTY720) in multiple

sclerosis. Clin Neuropharmacol. , 91-101.

Fingolimod AND Efficacy AND  MS:

● Braune, S., Lang, M., Bergmann, A., & NTC Study Group. (2013). Second line use of

Fingolimod is as effective as Natalizumab in a German out-patient RRMS-cohort. J Neurol. ,

2981-5.

Kappos, L., O'Connor, P., Radue, C., Polman, C., Hohlfeld, R., Selmaj, K., . . . Francis, G.                

(2015). Long-term effects of fingolimod in multiple sclerosis: the randomized FREEDOMS          

extension trial. Neurology. , 1582-91.

● Kappos, L., Radue, E., Chin, P., Ritter, S., Tomic, D., & Lublin, F. (2016). Onset of clinical and

MRI efficacy occurs early after fingolimod treatment initiation in relapsing multiple sclerosis. J

Neurol., 354-60.

● Cohen, J., Barkhof, F., Comi, G., Izquierdo, G., Kharti, B., Montalban, X., . . . Francis, G.

(2013). Fingolimod versus intramuscular interferon in patient subgroups from TRANSFORMS. J

Neurol., 2023-32.

Fingolimod AND Tolerability AND Safety AND MS:

● Laroni, A., Brogi, D., Morra, V., Guidi, L., Pozzilli, C., Lugaresi, A., . . . EAP Investigators.                

(2014). Safety of the first dose of fingolimod for multiple sclerosis: results of an open-label              

clinical trial. BMC Neurol.

● Ordoñez-Boschetti, L., Rey, R., Cruz, A., Sinha, A., Reynolds, T., Frider, N., & Alvarenga, R.              

(2015). Erratum to: Safety and Tolerability of Fingolimod in Latin American Patients with            

Relapsing-Remitting Multiple Sclerosis: The Open-Label FIRST LATAM Study. Adv Ther.

● Rasenack, M., Rychen, J., Andelova, M., Naegelin, Y., Stippich, C., Kappos, L., . . . Derfuss, T.                

(2016). Efficacy and Safety of Fingolimod in an Unselected Patient Population. PLoS One.
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2.2 Ethics Consideration 
All nine articles had ethical approval to conduct their studies. All rights and citation              

requirements were followed accurately. 

3. Results

The comprehensive search of the literature yielded several publications of which nine            

peer-reviewed journal articles were selected for inclusion in the critical review. The review             

showed that the mechanism of action and clinical efficacy had been widely explored in clinical               

trials as shall be highlighted below. 

3.1 Mechanism of Action of Fingolimod 
 fingolimod-phosphate is homologous structurally to the endogenous lysophospholipid 

S1P. It binds with varied affinities to four of the five existing S1P receptors, including S1P1, 

S1P3, S1P4 , and S1P5 receptors except for S1P2 (Chun & Hartung, 2010). S1P has vital roles in 

the cardiovascular system, the CNS, and immune system. Similarly, S1P signaling has a vital role 

in neuroinflammatory responses. S1P receptors play vital roles in various biological processes, 

including cardiovascular development, vasoregulation, endothelial cell function, migration, 

morphological changes, neural cell proliferation, and leukocyte recirculation (Chun & Hartung, 

2010).  

Furthermore, research indicates that S1P1-3 on endothelial and smooth muscle cells 

regulate vascular permeability and vascular homeostasis whereas S1P1 on atrial myocytes play a 

role in heart rate regulation (Chun & Hartung, 2010). Lymphocytes, including B cells and T cells, 

mainly express S1P1, which is responsible for directing egress of lymphocytes from 

lymphoid tissues and peripheral recirculation (Chun & Brinkmann, 2011). Thus, functional 

antagonism of S1P1 resulting from fingolimod constrains egress from lymph nodes whereas 

S1P1 signaling seems to prevail over CCR7- mediated retention through elevation of lymphocyte 

egress from lymph nodes (Chun & Brinkmann, 2011).  

Phosphorylation of sphingosine produces S1P through universally expressed sphingosine 

kinases (Chun & Hartung, 2010). S1P prevails in the blood at concentrations of between 100 and 

1000 nM and is preferentially adjoined to plasma proteins such as albumin among others. 
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Regarding the structural correspondent of natural sphingosine, fingolimod goes through quick 

phosphorylation in vivo through sphingosine kinase 2 to produce fingolimod-phosphate that 

binds to 4 of the 5 S1P receptors with a high level of affinity (0.3–3.1 nM) (Chun & Hartung, 

2010). After  fingolimod-phosphate binding, internalized S1P1 receptors are likely to maintain a 

conformational state that is active for the duration of time with continual signaling. Therefore, the 

functional effects of the interaction between  fingolimod-phosphate and S1P1 are an intricate 

blend of agonistic and functional antagonistic consequences, particularly within the immune 

system. Adaptation of fingolimod to  fingolimod-phosphate - its phosphorylated metabolite - and 

relations with cognate-S1P receptors lead to trafficking effects as proven by the appropriation of 

lymphocytes in secondary lymphoid organs (Chun & Brinkmann, 2011). 

S1P receptors play a central role in various biological processes such as neural cell 

proliferation, leukocyte recirculation, morphological shifts, migration vasoregulation, endothelial 

cell function, and cardiovascular development (Chun & Hartung, 2010). S1P receptors articulated 

in the CNS are capacitated to moderate functions relating to MS neuropathology such as neural 

function and migration, and neurogenesis. Similarly, the introduction of S1P1-3 on endothelial 

cells and smooth muscle play crucial roles in regulating vascular permeability and 

vascular homeostasis whereas S1P1 on atrial myocytes is utilized to normalize heart rate (Chun 

& Hartung, 2010). 

3.2 Fingolimod Effect on the Immune System 
A major effect of the CNS fingolimod and dual-immunological mechanisms is that            

fingolimod is not an immunosuppressive agent such as those in regularly used in the field of                

transplantation (Chun & Brinkmann, 2011). The therapeutic effects of fingolimod arise through            

S1P1 receptor down-modulation in lymphocytes resulting in reversible circulating lymphocyte          

retention in lymph nodes and subsequent reduction of their CNS recirculation (Chun & Hartung,              

2010). Fingolimod selectively inhibits central and naive memory lymph node T-cell egress while             

sparing effector memory T cells and retaining their functional capacity, thereby preserving major             

immune functions. It leads to a redistribution and not depletion, causing a reduction in              

autoreactive lymphocyte infiltration into the CNS (Chun & Hartung, 2010). Therefore,           

fingolimod may attain its beneficial effects in MS patients via receptor-mediated actions both in              

the CNS and on the immune system (Chun & Hartung, 2010). The variation in receptor binding                
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underscores the reason why the pharmacodynamic properties of fingolimod vary from the typical             

immunosuppressants and is thus a selective immunosuppressant (Chun & Brinkmann, 2011). 

Fingolimod is lipophilic in nature, making it able to cross the BBB. An oral formulation of 

fingolimod can lead to biologically active CNS concentrations. Increasing evidence from 

preclinical trials suggests that fingolimod also plays a role in the down-modulation of S1P1 in 

S1P1 in cells of the CNS, including astrocytes for astrogliosis reduction, a phenomenon linked to 

neurodegeneration in MS. Other effects are thought to be due to S1P3 (down-) modulation in 

astrocytes and of S1P5 and S1P1 in oligodendrocytes. Therefore, fingolimod is likely to target 

MS disease process through inflammation reduction as well as direct protective effects within the 

lesions (Chun & Brinkmann, 2011). fingolimod is believed to offer therapeutic benefits in 

patients with MS through prevention of normal lymphocyte egress from lymphoid tissue thereby 

causing a reduction of autoaggressive lymphocyte infiltration into the CNS where they would 

result in inflammation and damage to tissues. This fingolimod action is primarily mediated by 

S1P1 modulation on lymphocytes. fingolimod prevents normal lymphocyte egress, including 

autoaggressive forms that remain in lymph organs and far from inflammation sites (Chun & 

Hartung, 2010). 

Fingolimod also selectively retains T cells, which have regular traffic through lymph 

nodes as well as express the homing receptor, CCR7. Studies conducted on relapsing MS patients 

have demonstrated that fingolimod prevents CCR7-positive naïve T cell and  central memory T 

cell (TCM) egress but does not affect CCR7-negative effector memory cells (Chun & 

Brinkmann, 2011). Evidence indicates that the autoaggressive lymphocytes of importance to MS 

are mainly of the subset TCM, which include the pro-inflammatory Th17 cells. In relapsing MS 

patients, fingolimod has been demonstrated to reduce Th17 cell numbers in the peripheral blood. 

T-cell subpopulation analysis demonstrated that IL-17 producing cell levels were considerably

lower in patients with MS treated with fingolimod that in untreated patients. Treatment with

fingolimod is associated with a reduction in overall peripheral blood lymphocyte counts due to

lymphocyte retention. However, this reduction is reversible and is indicative of lymphocyte

redistribution to the lymphoid tissues rather than the destruction of lymphocytes (Chun &

Hartung, 2010).
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3.3 Fingolimod Effects on Lymphocyte Function 
Increasing data suggest that although fingolimod modulates the egress of lymphocytes, it 

does not inhibit their effector functions. Therefore, there is the maintenance of various normal 

immune response functions during treatment. Given the fingolimod retains TCM and primary T 

cell recently activated in lymphoid tissues, there can be delay or reduction of the local immune 

responses that are dependent on these cells, and this may translate into elevated infection risk, 

including viral infections such as influenza and common cold (Chun & Hartung, 2010). 

Nonetheless, there is no inhibition of memory immune responses in the body that are dependent 

of local peripheral effector memory T cells (TEM) as these cells do not undergo recirculation 

through lymph nodes and therefore fingolimod does not retain them. Furthermore, fingolimod 

does not seem to cause inhibition of humoral immunity to primary systemic bacterial or viral 

infection because it does not cause suppression of bacterial-specific or viral-specific cytotoxic T 

cell generation in the lymph nodes that kill pathogen-infected cells (Chun & Hartung, 2010). 

In general, existing data suggest that fingolimod sequesters naïve TCM and T cell 

selectively within lymphoid tissue. It is believed that these subsets of lymphocytes are vital for 

neurological damage induction in MS; therefore, their lymphoid tissue containment is expected to 

be beneficial to MS patients (Chun & Hartung, 2010). The lymphoid tissue cell retention causes a 

reduction in the counts of peripheral blood lymphocytes during fingolimod treatment. Reversal of 

this effect occurs readily following the withdrawal of fingolimod treatment because of 

redistribution rather than the destruction of lymphocytes. Fingolimod treatment does not affect 

intrinsic functions of lymphocytes, and there is sparing of TEMs. Conversely, local immune 

responses that depended on the migration of naïve TCM and T cells to tissues are likely to be 

delayed or reduced (Chun & Hartung, 2010). 

3.4 Efficacy, Safety, and Tolerability of Fingolimod in Multiple         

Sclerosis 

The safety and efficacy of fingolimod in RRMS have been supported by various studies. 

A study by Kappos et. al (2016) established that minimization of the clinical burden linked with 

MS Should prioritize diffusion and early control of focal CNS disease treatment. The primary 

therapeutic goal of early intervention involves prolonging survival through prevention of 

irreversible buildup of disability and minimization of neuro-axonal damage (Kappos et al., 2016). 
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There was a 2-year, initial phase two study of fingolimod (FTY720: Gilenya®, Novartis Pharma 

AG, Basel, Switzerland) targeting patients with relapsing MS. The design of study utilized 

collective populations from two placebo-controlled studies in their third phase (FTY720 

Research Evaluating Effects of Daily Oral Therapy in MS [FREEDOMS; ClinicalTrials.gov 

number, NCT00289978] and FREEDOMS II [ClinicalTrials.gov number, NCT00355134]). 

Researchers subsequently used MRI and clinical measures in their assessment to form a timing of 

the commencement of treatment effects within the initial six months. 

FREEDOMS and FREEDOMS II were a placebo-controlled; double-blind, randomized 

controlled trial that involved the comparison of two fingolimod disease oral doses, 1.25 mg, and 

0.5 mg once daily, to placebo over a 24-month duration (Kappos et al., 2016). Researchers 

undertook standardized MRI scans in both trials at screening 6, 12, and 24 after initiation of 

treatment. The major outcome measure Annualized relapse rate (ARR) over the two-year 

duration of the study with additional radiological and clinical outcome measures explored as 

secondary endpoints. Fingolimod condensed ARR in contrast to placebo (38.5 % reduction, p = 

0.0015), an effect that was maintained over month 3 to 6 (53.3% reduction, p <0.0001). The 

fraction of patients relieved from confirmed declines was considerably greater with fingolimod 

compared placebo at months 3 and 6 (reductions of 35.5 and 42.8 % respectively). The mean 

Multiple Sclerosis Functional Composite (MSFC)  improved slightly or remained stable in the 

fingolimod groups but worsened in the placebo group. The variation from zero to 6 months in 

MSFC z-score stood in favor of fingolimod over placebo ([mean (median): −0.01 (0.02) vs. 

−0.04 (−0.04) respectively; p < 0.0001). However, these findings were not statistically 

significant. The FREEDOMS and FREEDOMS II studies demonstrated disability progression 

was slowing, and both phase II trials demonstrated Brain volume loss (BVL) reduction (Kappos 

et al., 2016). Importantly, fingolimod did not lead to pseudoatrophy, the transient BVL 

acceleration observed with the commencement of high-dose natalizumab, IFNβ, and 

corticosteroids. 

The TRANSFORMS (Trial Assessing Injectable INF-β 1a Versus oral fingolimod in 

RRMS) trial was a one-year, double-blind, active-controlled, Phase III trial with a discretionary 

extension (Cohen et al., 2013). The study involved participants (n=1,292) with RMMS randomly 

allocated to receive fingolimod 0.5 mg or 1.25 mg daily ( Injectable INF-β 1a 30 μg weekly, for 

12 months). ARR was the primary endpoint with secondary measures being a clinical and 

radiological endpoint. The study revealed that ARR was 0.20 in the 1.25 mg and 0.16 in the 0.5 

mg in the fingolimod arm and 0.33 in the IFNβ1a arm. In the TRANSFORMS trial, Cohen et al. 
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(2013) found that there was a reduction of ARR with treatment with once-daily fingolimod 1.25 

mg and fingolimod 0.5 mg compared with once-weekly intramuscular IFNβ-1a 30 µg (-38% and 

-52%, respectively; P<0.001 for both fingolimod vs. IFNβ-1a IM comparisons). Decreases in

brain-volume loss largely comprised of the order of 30–40 %, fluctuating from 14 % (for patients

with only a single relapse within two years before study entry) to 66 % in patients with an EDSS

score greater than 3.5 at baseline. There was no specific dose effect for MRI or clinical outcomes

in both TRANSFORMS and FREEDOMS trials (Cohen et al., 2013; Kappos et al., 2016).

Kappos et al. (2015) conducted a dose-blinded, parallel-group extension study to examine 

the long-term fingolimod efficacy and safety in patients with RRMS (n=920). The study includes 

patients that completed the FREEDOMS trial, continuing fingolimod 1.25 mg daily or 0.5 mg 

daily, or changing from placebo to either dose, randomized 1:1. The variables for efficacy 

included confirmed Confirmed disability progression (CDP), BVL and ARR. They conducted 

between-group analyses in the intent-to-treat (ITT) population from baseline FREEDOMS to 

study completion. Also, they used within-group analyses to compare years 0-2 (FREEDOMS) 

and year 2-4 (extension) in the extension ITT population. Their study revealed that more patients 

were free from three-month CDP (P<0.05), BVL was reduced (P< 0.05), and ARR was lower 

(P<0.0001) in the continuous-fingolimod groups than the placebo-fingolimod group. It also found 

lower ARR (P<0.001) reduced BVL after switching (P<0.01, placebo-fingolimod 0.5 mg) within 

each placebo-fingolimod group. Besides, the researchers found that types and rates of adverse 

events were the same across groups without reports of any new safety issues. They concluded 

that there was sustenance of fingolimod efficacy benefits during FREEDOMS with the extension, 

with BVL and ARR reduction after switching. However, the conclusions of this study regarding 

efficacy are limited by the absence of a placebo-control group (Kappos et al., 2015). 

An observational cohort study by Braune et al. (2013) compared the clinical efficacy of 

fingolimod as second-line drug and Natalizumab in RRMS patients (N=427) in Germany. The 

researchers used routine health data in outpatient neurology practices across Germany. The 

participants were categorized into two treatment groups: the Natalizumab group (n=237) and the 

fingolimod group (n=190) completing 12-month treatment duration. The study revealed a drastic 

reduction in the mean relapse rate in both intervention groups within three months of treatment in 

the same degree and was sustained on a low level. There was a similar fraction of patients with 

improved or unchanged EDSS. The authors did not find statistically significant variation between 

the percentage of patients being progression free, relapse free, or progression and relapse-free at 

12 months in both strata. The findings of this study show that fingolimod has similar clinical 
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efficacy to that of Natalizumab as second line therapy for RRM during the initial 12 months of 

treatment (Braune et al., 2013). 

Rasenack et al., (2016) carried out a retrospective, non-randomized, open-label, 

observational study to explore neuroradiological and clinical responses to fingolimod and the 

tolerability and safety in patients with RRMS (n=105) in clinical practice. Furthermore, they 

investigated a proinflammatory serum cytokine panel as a likely treatment response biomarker. 

Their study revealed that compared to the previous year, commencement of fingolimod resulted 

in a reduction in ARR by 44 percent. Also, there was a decrease in the proportion of worsening of 

EDSS. There was an increase in the proportion of patients within evidence of disease activity 

from 11 percent to 38 percent. Safety and efficacy were found to be comparable between patients 

who were highly active or those with relevant comorbidities and the overall patient population. 

The authors concluded that fingolimod efficacy in relapse reduction was comparable to that in 

phase III trials. Also, they concluded that fingolimod was efficacious and safe regardless of prior 

treatment and comorbidities. However, the generalizability of the findings of their study is 

limited by the short duration of follow-up and lack of blinding (Rasenack et al., 2016). 

Similarly, Ordonez-Boschetti et al. (2015) conducted a sixteen-week, single treatment 

arm, open-label, multi-center study to explore fingolimod tolerability and safety in patients with 

RRMS (n=162) from Latin America. Unlike previous trials, their study enrolled patients with 

higher EDSS, older age, pulmonary conditions, some cardiac conditions, and controlled diabetes. 

The researchers monitored all the patients clinically for at least six hours following the initial 

dose. They based tolerability and safety on electrocardiograms, ophthalmic examinations, vital 

signs, clinically notable laboratory derangements, and adverse events. Their study revealed that 

the initial fingolimod dose of 0.5 mg was well tolerated in patients with RRMS from Latin 

America. Also, the general safety profile was manageable clinically and consistent with prior 

trials on fingolimod. 

In another study, Laroni et al. (2014) investigate tolerability and safety of first fingolimod 

dose in a cohort of RRMS patients (n=906) in Italy. They adopted open-label, single arm, 

multicenter study. Their study revealed that 95.2 percent of the patients did not suffer from any 

adverse event after administration of fingolimod. The findings also revealed that 18 patients 

experienced adverse cardiovascular events, including ventricular premature beats, sinus 

arrhythmia, palpitations, atrioventricular block, and bradycardia. All of these events were 

demonstrated to be self-limiting without requiring any intervention. These findings suggest that 

fingolimod is well tolerated and safe. 
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4. Discussion
This systematic review of the literature provides convincing evidence that fingolimod is 

efficacious and safe in treating MS. Fingolimod has been shown to have a positive influence on 

RRMS course regarding reduction of MRI activity, EDSS stabilization, and reduction of relapse. 

These findings have been consistent across several clinical trials (Braune et al., 2013; Cohen, et 

al., 2013; Kappos et al., 2015; Kappos et al., 2016; Rasenack et al., 2016). 

Although the mechanism of action of fingolimod in MS remains unclear, the common 

view is that immunologic effects, particularly lymphocyte egress inhibition from lymph nodes 

and CNS recirculation interruption, are responsible for the benefit of features of MS that are most 

directly indicative of blood-borne inflammatory cell infiltration into lesion activity and relapses. 

CNS effects are thought to play a role of importance is that in renal transplantation studies, 

fingolimod demonstrated just modest efficacy, including as adjunctive therapy, implying that it 

lack potent immunosuppressant effects in humans (Chun & Brinkmann, 2011). The importance 

of S1P in biological processes relating to the incidence of MS and effectiveness of fingolimod 

was also highlighted. It plays a role in the cardiovascular system, the CNS, and immune system 

in addition to signaling in neuro-inflammatory responses. S1P1-3 regulates vascular permeability 

and vascular homeostasis on endothelial and smooth muscle cells whereas S1P1 plays a role in 

heart rate regulation in on atrial myocytes (Chun & Hartung, 2010). Peripheral effector memory 

T cells is also believed to play a vital role in local invasion by pathogens are somewhat spared. 

Fingolimod selectively retains T cells, which have regular traffic through lymph nodes as well as 

express the homing receptor, CCR7 (Chun & Brinkmann, 2011). Fingolimod can also bind S1P 

receptors other than those within the immune system. Fingolimod can cross the BBB and S1P 

receptor functional antagonism in the CNS is likely to lead to a reduction in proinflammatory 

cytokine secretion, improved remyelination and oligodendrocytes protection from cell death 

(Chun & Brinkmann, 2011). The direct fingolimod effects on the CNS have been proposed by 

preclinical data. Further studies are necessary to explore the likely neuroprotective and reparative 

fingolimod functions in MS. 

While fingolimod modulates the egress of lymphocytes, it does not inhibit their effector 

functions. There can be delay or reduction of the local immune responses that are dependent on 

these cells considering fingolimod retains TCM and primary T cell recently activated in 

lymphoid tissues (Chun & Hartung, 2010). Still, there is no inhibition of memory immune 
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responses in the body that are dependent of local peripheral TEM as these cells do not undergo 

recirculation through lymph nodes. However, fingolimod treatment does not affect intrinsic 

functions of lymphocytes, and there is sparing of TEMs although local immune responses 

dependent on the migration of naïve TCM and T cells to tissues are likely to be delayed or 

reduced (Chun & Hartung, 2010). As such, minimization of the clinical burden linked with MS 

should prioritize diffusion and early control of focal CNS disease treatment. 

The safety and efficacy of fingolimod in RRMS is quite evident. The primary therapeutic 

goal of early intervention involves prolonging survival through prevention of irreversible buildup 

of disability and minimization of neuro-axonal damage. The FREEDOMS and FREEDOMS II 

trials in particular played a pivotal role in establishing this outcome after a 24-month study. They 

demonstrated a slowing disability progression, lessening of BVL, and that fingolimod did not 

lead to pseudoatrophy (Kappos et al., 2016). The TRANSFORMS trial in its part demonstrated a 

superior efficacy of fingolimod than injectable INF-β 1a beta  in patients with RRMS. 

Fingolimod effectively reduced brain BVL and lesion counts in these patients (Cohen et al., 

2013). Furthermore, the clinical efficacy of fingolimod in comparison to Natalizumab as second 

line therapy for RRM is similar (Braune et al., 2013). Kappos et al. (2015) examined the 

long-term fingolimod efficacy and safety in patients with RRMS. The long-term fingolimod 

treatment is well endured and diminishes disability progression, relapse rates, and MRI 

influences in patients with RRMS – even during the extension. Neuroradiological and clinical 

responses to fingolimod and the tolerability and safety in patients with RRMS reveal a relapse 

reduction at safe levels regardless of prior treatment and comorbidities (Rasenack et al., 2016). 

Also, there was a decrease in the proportion of worsening of EDSS. 

The general safety profile is manageable clinically and consistent with a number of trials 

on fingolimod – including initial doses of 0.5 mg (Ordoñez-Boschetti et al., 2015). These results 

also reflect in patients with higher baseline EDSS, older age, pulmonary conditions, some cardiac 

conditions, and controlled diabetes (Ordoñez-Boschetti et al., 2015). Indeed, patients do 

experience adverse cardiovascular events, including ventricular premature beats, sinus 

arrhythmia, palpitations, atrioventricular block, and bradycardia as demonstrated by Laroni et al. 

(2014). All of these events revealed self-limiting capabilities without requiring any intervention 

and suggest that fingolimod is well tolerated and safe. 
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5. Conclusion

Fingolimod efficiency on the treatment of RRMS is due to its mechanism of action. In its 

active form, Fingolimod is a S1P receptor modulator which sequesters lymphocytes in lymph 

nodes, preventing them from contributing to an autoimmune reaction (Chun & Hartung, 2010). 

Fingolimod has demonstrated enhanced efficacy relative to placebo and the current first-line 

therapy in RRMS patients. Similarly, it has demonstrated an effect on disability and enhanced 

efficacy relative to INF-β 1a products concerning MRI measurement and MS relapses. 

Fingolimod has proven benefits in brain atrophy reduction relative to current standard therapy 

and placebo. Given the tolerability and efficacy demonstrated in clinical trials of fingolimod, and 

the convenience associated with once-daily oral administration, this drug is likely to provide 

considerable benefits relative to current first-line therapies (Brinkmann et al., 2010). 

Well-designed studies are still needed to better define fingolimod role in the treatment of MS. 

Also, long-term studies are needed to explore further the adverse events associated with 

fingolimod use, including the risk of malignancies, opportunistic infections and reproductive 

effects. Such studies will assist to establish fingolimod efficacy and safety in patients with RRMS 

experiencing an inadequate response to treatment to the currently approved standard therapy 

(Willis & Cohen, 2013). 

19 



References 

Braune, S., Lang, M., Bergmann, A., & NTC Study Group. (2013). Second line use 
of Fingolimod is as effective as Natalizumab in a German out-patient RRMS-cohort. 
J Neurol. , 2981-5. 

Brinkmann, V., Billich, A., Baumruker, T., Heining, P., Schmouder, R., Francis, G., . 
. . Burtin, P. (2010). Fingolimod (FTY720): discovery and development of an oral 
drug to treat multiple sclerosis. Nat Rev Drug Discov. , 883-97. 

Chew, W., Wang, W., & Herr, D. (2016). To fingolimod and beyond: The rich 
pipeline of drug candidates that target S1P signaling. Pharmacol Res. , 521-532. 

Chun, J., & Brinkmann, V. (2011). A mechanistically novel, first oral therapy for 
multiple sclerosis: the development of fingolimod (FTY720, Gilenya). Discov Med. , 
213-28.

Chun, J., & Hartung, H. (2010). Mechanism of action of oral fingolimod (FTY720) in 
multiple sclerosis. Clin Neuropharmacol. , 91-101. 

Cohen, J., Barkhof, F., Comi, G., Izquierdo, G., Kharti, B., Montalban, X., . . . 
Francis, G. (2013). Fingolimod versus intramuscular INF-β 1a in patient subgroups 
from TRANSFORMS. J Neurol. , 2023-32. 

Cohen, J., & Chun, J. (2011). Mechanisms of fingolimod's efficacy and adverse 
effects in 
multiple sclerosis. Ann Neurol. , 759-77. 

Kamm, C., Uitdehaag, B., & Polman, C. (2014). Multiple sclerosis: current 
knowledge and future outlook. Eur Neurol. , 132-41. 

Kappos, L., O'Connor, P., Radue, C., Polman, C., Hohlfeld, R., Selmaj, K., . . .               
Francis, G. (2015). Long-term effects of fingolimod in multiple sclerosis: the           
randomized FREEDOMS extension trial. Neurology. , 1582-91. 

Kappos, L., Radue, E., Chin, P., Ritter, S., Tomic, D., & Lublin, F. (2016). Onset               
of clinical and MRI efficacy occurs early after fingolimod treatment initiation in            
relapsing multiple sclerosis. J Neurol. , 354-60. 

Laroni, A., Brogi, D., Morra, V., Guidi, L., Pozzilli, C., Lugaresi, A., . . . EAP                
Investigators. (2014). Safety of the first dose of fingolimod for multiple sclerosis:            
results of an open-label clinical trial. BMC Neurol. 

Marriott, J. (2011). Safety and efficacy of fingolimod in treatment-naïve multiple           
sclerosis patients. J Cent Nerv Syst Dis. , 43-50. 

20 



Nishihara, H., Shimizu, F., Sano, Y., Takeshida, Y., Maeda, T., Abe, M., . . .               
Kanda, T. (2015). Fingolimod prevents blood-brain barrier disruption induced by          
the sera from patients with multiple sclerosis. PLoS One . 

Ordoñez-Boschetti, L., Rey, R., Cruz, A., Sinha, A., Reynolds, T., Frider, N., &             
Alvarenga, R. (2015). Erratum to: Safety and Tolerability of Fingolimod in Latin            
American Patients with Relapsing-Remitting Multiple Sclerosis: The Open-Label        
FIRST LATAM Study. Adv Ther. 

Rasenack, M., Rychen, J., Andelova, M., Naegelin, Y., Stippich, C., Kappos, L., .             
. . Derfuss, T. (2016). Efficacy and Safety of Fingolimod in an Unselected Patient              
Population. PLoS One. 

Willis, M., & Cohen, J. (2013). Fingolimod Therapy for Multiple Sclerosis. Semin            
Neurol. , 37-44. 

21 


	Cover page for degree projects at School of Health Sciences
	Title in English
	Any subtitle uses style Heading 2 and it looks like this if it covers more the one row


	Karim I2



