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AIM
Fingolimod, a sphingosine 1-phosphate receptor modulator, is the first oral disease
modifying therapy approved for the treatment of relapsing multiple sclerosis. The aim of
this double-blind, placebo-controlled study was to evaluate the effect of fingolimod on
cerebral blood flow, platelet function and macular thickness in healthy volunteers.

METHODS
The study included 88 healthy volunteers who received fingolimod 0.5 mg or 1.25 mg or
matched placebo over a period of 4 weeks. Transcranial colour coded sonography was
performed to measure mean blood flow velocities, the platelet function was measured by
the PFA-100® assay using a collagen/epinephrine cartridge and macular thickness was
measured using optical coherence tomography. An assessment of non-inferiority of
fingolimod vs. placebo was performed against a reference value (20% of the overall
baseline value).

RESULTS
All 88 randomized participants completed the study. At day 28 compared with baseline
value, for 0.5 mg, 1.25 mg and placebo treatments, the mean middle cerebral artery blood
flow velocity decreased by 4, 1 and 3.7 cm s−1, respectively. The platelet function analyzer
closure time increase was not significant (7.8, 7.5 and 10.4 s, respectively). The mean
percentage change in the central foveal thickness from baseline for both eyes was below
3% for all groups. The safety profile of fingolimod in this study was found consistent with
the previous reports.

CONCLUSIONS
In healthy volunteers, the changes seen with both fingolimod doses were found to be
within normal variability, non-inferior and comparable with those observed with placebo
for all the pharmacodynamic parameters assessed.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Fingolimod, a first-in-class sphingosine

1-phosphate (S1P) receptor modulator, targets
multiple sclerosis by preventing the
S1P-dependent autoreactive lymphocyte
trafficking from lymphoid tissues to the
inflammatory sites.

• The effect of S1P receptor modulation on
retino-cerebral vasculature and platelet function
has not been reported in clinical studies.

WHAT THIS STUDY ADDS
• The effect of steady-state fingolimod on cerebral

blood flow and platelet function was similar to
the effect of placebo in healthy volunteers.

• The study provided additional information on the
effects of S1P receptor modulation, particularly in
relation to cerebrovascular reactivity and
coagulation pathways and is of relevance to
patients with autoimmune vascular disease
conditions.
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Introduction

Fingolimod (FTY720; GilenyaTM, Novartis Pharma AG, Basel,
Switzerland), leads a new class of therapeutic compounds,
the sphingosine 1-phosphate (S1P) receptor modulators,
and has been approved in more than 80 countries as a
0.5 mg once-daily oral therapy for relapsing multiple scle-
rosis (MS) [1–3]. Fingolimod has demonstrated superior
efficacy over the approved first line treatment interferon
beta-1a (Avonex®) [4] and placebo [5] in terms of clinical
and magnetic resonance imaging (MRI) outcome meas-
ures in the largest ever clinical development programme
in relapsing MS.

S1P is a biologically active lysophospholipid which
exerts its physiological effects via a set of five G-protein-
coupled receptors (S1P1–5) [2]. These receptors, ubiqui-
tously distributed but displaying differential cell type
expression, play an important role in the physiology of the
cardiovascular, nervous and immune systems [6–8]. S1P
acts on endothelial cells to regulate barrier integrity, vas-
cular permeability and tissue perfusion, and on platelets
influencing activation, adhesion and aggregation, among
several other functions [6–9].

Multiple sclerosis is a chronic, auto-immune, inflamma-
tory and neurodegenerative disease of the central nervous
system [1]. MS lesions show evidence of vascular injury,
such as thickening or hyalinization of vein walls, suggest-
ing thrombosis of small veins and capillaries [10–14].
There is evidence of a pro-coagulant state in MS and
that platelets are significantly activated in MS patients
[15, 16]. Patients with MS are at increased risk of
thromboembolic events as compared with the age and
gender matched general population [17]. There are no
clinical or preclinical data that suggest that fingolimod
alters cerebrovascular reactivity or platelet function. The
effect of S1P receptor modulation on cerebrovascular
reactivity or platelet function has not been reported in
clinical studies. Therefore, this study was undertaken to
compare the pharmacodynamic effects of fingolimod
(0.5 mg and 1.25 mg doses) and placebo on the retino-
cerebral vasculature and platelet function in healthy
volunteers.

Methods

Subjects
The study enrolled 88 healthy, male and female volunteers
aged 18 to 50 years, weighing at least 50 kg with a body
mass index ranging between 18 to 30 kg m−2. Study eligi-
bility required volunteers to have normal platelet function
and detectable and accurately measurable cerebral blood
flow velocities of the middle cerebral artery (MCA), poste-
rior cerebral artery (PCA) and basilar artery (BA) at the
baseline visit. In addition, all eligible female volunteers
could not be of childbearing potential and had to have

negative pregnancy test results at screening and baseline,
regardless of follicular stimulating hormone results and
reported sterilization. Male volunteers were required to
use two modes of contraception (spermicidal gel plus
condom) for the entire duration of the study and refrain
from fathering a child in the 3 months following the
last dose.

Volunteers were ineligible if they were smokers,
indulged in alcohol/drug abuse, had vaccination with
live attenuated vaccine within 2 months before screen-
ing, had pulmonary symptoms, history of exercise-
induced asthma, asthma or chronic obstructive
pulmonary disorder, significant ECG abnormalities or pro-
longed QT interval syndrome, retinal abnormalities or
other evidence of eye disease, suspicious skin lesions or
skin cancer detected at screening. Intake of aspirin
or other anticoagulant drugs within at least 2 weeks, pre-
scription drugs within 4 weeks or over-the-counter
drugs within 2 weeks before baseline were additional
exclusion criteria. Clinical parameters determining exclu-
sion were haemoglobin levels <12 g dl−1 at screening, a
total white blood cell count outside the range of 4500–
11 000 μl−1, lymphocyte count <600 mm3, platelets
<100 000 μl−1, PR interval >220 ms, QRS interval >120 ms,
abnormal liver function test and positive hepatitis B or C
status. Volunteers with a history of significant illness
within the 2 weeks prior the first dose, any surgical or
medical condition that could significantly alter the
pharmacokinetics, and blood (within 8 weeks) or plasma
(within 7 days) donation before first dosing were not
included.

Study design
This was a single centre, double-blind, randomized,
placebo-controlled, multiple dose, parallel group study in
healthy volunteers (Figure 1). The volunteers were ran-
domly assigned in a ratio of 1:1:1 to take fingolimod 0.5 or
1.25 mg, or matching placebo, once daily by mouth. After
a screening period (day −21 to day −2), and a baseline visit
(day −1), there was a 4 week treatment period, an obser-
vational follow-up period of 2 weeks and finally an end-of-
study visit. For the baseline assessments and loading dose
phase (the first week of the treatment period) volunteers
stayed at the study centre.

The study was conducted at Charité Research Organi-
sation GmbH, Charitéplatz 1, D-10117 Berlin, Germany.
The study protocol was approved by the local ethics
committee and health authority and was conducted
in accordance with Good Clinical Practice and the
Declaration of Helsinki. All participants provided written
informed consent. The trial was registered under the
EudraCT registration number 2008-005461-65. The recep-
tor nomenclature used in this report conforms to the
British Journal of Pharmacology’s The Concise Guide to
PHARMACOLOGY 2013/14 [18].
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Interventions
During the loading phase, volunteers took escalating
doses of fingolimod (Figure 1) over a 4 day period to reach
pharmacokinetic steady-state. On day 4, the volunteers
were allowed to leave the study centre if the results from
the safety assessments were normal 6 h post-dose. After
the initial loading phase, a once daily regimen was main-
tained for the remainder of the active treatment period to
maintain steady-state. On weekly visits (days 7, 14, 21 and
28), volunteers took the medication at the study centre. On
the remaining days, volunteers self-administered the allot-
ted medication and we assessed compliance by counting
pills counts at each weekly visit.

Outcome measures
The primary objectives of this study were to measure the
effect of fingolimod on (i) mean blood flow velocity (Vm) in
the MCA, (ii) PFA closure time of a collagen and epineph-
rine cartridge and (iii) central foveal thickness, in healthy
volunteers. Secondary objectives were to measure the
effect of fingolimod on (i) Vm in the PCA and BA and (ii)
cerebrovascular reactivity of the MCA in response to
hypercapnia and hypocapnia. In addition, we assessed
effect of fingolimod on platelet aggregation in response
to the inducers collagen, epinephrine, adenosine-5′-
diphosphate (ADP) [19] and ristocetin and on plasma
factors, von Willebrand factor (vWF), fibrinogen and
d-dimers. The safety and tolerability of fingolimod dosing
as compared with the matched placebo group was also
evaluated.

Transcranial ultrasound The volunteer lay in the supine
position and we measured mean blood flow velocities in
the target arteries using a transcranial colour coded
sonography (TCCS) sector probe emitting sound waves at
a frequency of 2 MHz (Powervision 6000, Toshiba, Japan).
To identify the best side for measuring the Vm in the
M1-MCA and P2-PCA segments of the respective arteries,
both right and left temporal bone windows were assessed
at baseline and the side with the best signal was used for
subsequent assessments. For the BA, the Vm was meas-
ured using the Doppler signal from the proximal third of
the BA using a trans-foraminal approach.

CO2 vasomotor reactivity Both M1-MCA segments were
identified for measuring vasomotor reactivity (VMR).
Two 2 MHz transcranial Doppler (TCD) probes of a
multi-channel Doppler system (DWL X4, Compumedics,
Germany) were fixed to the subject’s head by means of a
professional holding system (supplied by DWL, Germany)
to ensure identical sample volume position during the
whole procedure. The end-tidal expiratory CO2 (etCO2) was
recorded using a capnometer. Initial measurements of
etCO2 and mean MCA flow velocity were performed under
normal breathing conditions (normocapnia). The next set
of measurements were performed under steady-state mild
hyperventilation conditions (hypocapnia) aided by a met-
ronome at 20 breaths min−1. The third set of measurements
were taken under hypercapnic condition, when subjects
continuously inhaled mixture of 5% CO2 and 95% O2

(carbogen gas). After achieving a steady-state etCO2, the

Week 1 Week 2 Week 3 Week 4

Loading phase
Day1–Day4  

Steady-state once daily dosing
Day5–Day28

Fingolimod 0.5 mg, n=30

Week 6,
Day 42, EOS

Fingolimod 1.25 mg, n=29

Placebo n=29

Screening
Day –21 to Day –2

n=88 

 
Healthy male or females

Age: 18–50 years (incl)

BMI: 18–30 kg/m2

Weight: 50 kgs

Baseline
Day –1

Day1
0.5
mg

Day2
1

mg

Day3
1.5
mg

Day4
2

mg

Day1
1.25
mg

Day2
2.5
mg

Day3
3.75
mg

Day4
5

mg

For the

baseline

assessments

subjects were

domiciled

overnight   

TCD 1PF 

SA 1

PF 1

OCT 1 SA 2

TCD 2 PF 2

OCT 5 SA 6

OCT 3 SA 4OCT2 SA 3 OCT 4 SA 5

R

Figure 1
Study design. BMI body mass index, EOS end of study, OCT optical coherence tomography, PF platelet function, R randomization, SA safety assessments,
TCD transcranial Doppler

M. Ocwieja et al.

1356 / 78:6 / Br J Clin Pharmacol



mean MCA flow velocity was recorded. VMR (percent VMR
change per mmHg etCO2) was calculated for both MCAs
under these three conditions.

Platelet function assays Platelet function was measured
by the PFA-100® assay (Platelet Function Analyzer-100,
Siemens Healthcare; formerly Dade Behring) using a
collagen/epinephrine cartridge. Platelet aggregation in
platelet rich plasma was assessed using varying concentra-
tions of the following inducers: ADP (5, 2.5 and 1.25 μmol)
[19], epinephrine (20 and 10 μmol), collagen (4, 2, and
1 μg ml−1) and ristocetin (1.5 and 1 mg ml−1), to assess any
effect of fingolimod on platelet function. The acute phase
reactant vWF, which can affect platelet function, was
measured in plasma. Fibrinogen and d-dimers, markers of
inflammation and activation of coagulation, were also
measured. The lower limit of quantification (LLOQ) values
for vWF was 3% (STA-Liatest), for fibrinogen was 30 mg/dl
and 0.22 mg l−1 for d-dimers (STA-Liatest).

For the PFA-100® assay 23 ml of whole blood was with-
drawn, using syringe and needle or a butterfly, into
Sarstedt tubes containing sodium citrate. Tubes were
stored at room temperature and analyzed within 1 h of
sampling for PFA and 3 h for aggregation. As the results of
the PFA performed at the screening visit were to deter-
mine eligibility for inclusion in the study, these results
were not included in the analysis.

Optical coherence tomography (OCT) Central foveal
thickness (CFT, mean thickness at the point of intersection
of six radial scans) was measured through a dilated pupil
using low intensity infrared laser light from the OCT 3
(Zeiss Stratus OCT 3.0, Carl Zeiss Ophthalmic Systems, Inc.,
Humphrey Division, Dublin). OCT reliably detects and
measures small changes in macular thickness to an accu-
racy of ≤10 μm.

The assessment schedule for the above pharmaco-
dynamic parameters is described in Figure 1. All subjects
who completed the study and had evaluable parameters
were included in the pharmacodynamic analysis. Results at
baseline were compared with results at week 4. In addi-
tion, the data obtained with the placebo and fingolimod
treatments were compared at week 4.

Pharmacokinetic assessments
In order to quantify drug exposure and subject compliance
during the loading dose regimen and the ambulatory
treatment phase, pre-dose blood samples were collected
on days 2, 3, 4, 7, 14, 21 and 28. Fingolimod and
fingolimod-phosphate (fingolimod-P) concentrations
were measured in whole blood using a validated
LC-MS/MS method with a LLOQ of 0.08 and 0.1 ng ml−1,
respectively. The steady-state blood concentrations of
fingolimod and fingolimod-P were measured throughout
the study.

Safety and tolerability assessments
These included vital signs and body measurements, sys-
tolic and diastolic blood pressure and pulse rate, ECG
evaluation, haematology, blood chemistry and urine
analysis. Any adverse events (AEs) or serious adverse
events (SAEs) that occurred were recorded. The safety
population comprised those who had received at least one
dose of the study drug.

Randomization and blinding
Participants were randomly assigned to one of the three
groups using a computer-generated block randomization
list. To maintain blinding, volunteers in the placebo group
received a respective number of fingolimod-matched
placebo capsules. The investigators were blinded to the
lymphocyte count since knowledge of the lymphocyte-
lowering effect of fingolimod could unblind the study.

Statistical methods
A sample size of approximately 87 subjects (29 in each of
the three treatment groups) was planned for this study.
This sample size had a power of at least 93% to reject the
hypothesis that the difference between the means of
the fingolimod and placebo groups is ≥20%, assuming the
same SD in each treatment group, at a one-sided signifi-
cance level of 2.5%. This sample size ensured an overall
power of at least 80% to reject a mean difference of 20% or
more between the treatment groups, for all primary end-
points simultaneously, assuming they are independent of
each other.

Descriptive statistics and graphical representations
were used to summarize the mean differences from
placebo and the two fingolimod treatment groups at the
end of week 4. Descriptive statistics were also used to sum-
marize treatment effects within group over time, including
the change from pre-dose values. A linear model including
fixed effects for treatment group and baseline values was
used to determine the one-sided 97.5% confidence inter-
vals. Linear regression analysis was performed to measure
VMR. An assessment of non-inferiority vs. placebo was per-
formed using a reference value that was 20% of the overall
average baseline value. The treatment was considered
non-inferior to placebo if the one-sided 97.5% confidence
intervals for the mean difference vs. placebo for all primary
endpoints fell within this 20% limit.

Results

Patient disposition
A total of 88 subjects were enrolled and randomized. All
subjects completed the study and were analyzed for the
outcome measures. Demographics and baseline charac-
teristics were balanced across the three study groups
(Table 1).

Pharmacodynamic effects of oral fingolimod
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Primary outcome measures
Mean blood flow velocity in the MCA The Vm for the
placebo group was 56 cm s−1 at baseline and 52 cm s−1 at
day 28. For the fingolimod 0.5 mg and 1.25 mg groups, the
Vm was 58 cm s−1 and 56 cm s−1 at baseline and 54 cm s−1

and 55 cm s−1 at day 28. Figure 2 presents the change in
Vm from baseline at day 28.

Platelet function (PFA) The mean platelet closure time in
the placebo group was 115.3 s at baseline and 125.7 s at
day 28. For the 0.5 mg group, the mean closure time at
baseline was 113.3 s and 121.1 s at day 28. Mean closure
time for the 1.25 mg group was 110.4 s at baseline and
117.9 s at day 28. For all three groups, platelet closure
time increased by 7–10% between baseline and day 28.
Changes from baseline in the mean platelet closure time
are shown in Figure 3.

Macular thickness In the placebo group, the mean foveal
thickness did not change from baseline to day 28
(178.9 μm right eye and 177.1 μm left eye to 179.9 μm
right eye and 177.4 μm left eye). For the fingolimod
0.5 mg group, the values were 173.7 μm right eye and
169.4 μm left eye at baseline and 172.1 μm right eye
and 172.4 μm left eye after 28 days of dosing. In the
fingolimod 1.25 mg group, the values at baseline were
175.5 μm right eye and 173.0 μm left eye and at day 28
were 178.2 μm right eye and 177.4 μm left eye. The mean
percentage change from baseline in CFT was always ≤3%
(Figure 4A, B).

The summary of statistical analysis for the primary vari-
ables is shown in Table 2. For all the primary variables
assessed, the two-sided 95% confidence intervals for the
mean difference vs. placebo fell within the pre-specified
limit of non-inferiority.

Secondary outcome measures
A mean difference of <10% was observed in mean blood
flow velocities and the CO2 reactivity from baseline to day

28 for all three treatment groups. The summary of statisti-
cal analysis for non-inferiority in these variables is shown in
Table 3.

The change in mean maximum platelet aggregation in
response to the various concentrations of aggregation
inducers is shown in Figure 5 (A−D). The patterns of
response in both fingolimod treatment groups were
similar to those in the placebo group (Table 4). With the
exception of the lower concentration of 1.25 μmol l−1

of ADP, all other measurements demonstrated non-
inferiority to placebo. Figure 6 (A−C) shows the change
from baseline to day 28 for all the acute phase reactants.
The change in these parameters was <10% at the end
of dosing (day 28), except for the d-dimers in the higher
dose group of 1.25 mg where a mean increase of 19%
was observed. The mean differences in the parameters
assessed were statistically non-inferior to placebo.

Pharmacokinetics assessments
In all but one subject, the pre-dose blood concentrations
of fingolimod and fingolimod-P were greater than the
LLOQ from day 2. The increase was observed up to day 7
and then remained constant thereafter.

Safety
A total of 47 subjects (53.4%) experienced at least one
AE. The most frequent (≥5%) AEs are listed in Table 5.
The most common AEs were headache, nasopharyngitis,
oropharyngeal pain, back pain and diarrhoea, and these
occurred across all treatment groups. All AEs were mild to
moderate. There were no SAEs and no discontinuations
due to adverse events.

A considerable decrease in the mean leucocyte count
was observed in both fingolimod groups, which did not
return to baseline value within the 2 weeks follow-up
period (at day 42). The drop in leucocyte count was largely
due to a decrease lymphocytes and to a lesser extent, a
drop in neutrophils. Liver transaminases were elevated
only in the fingolimod groups. Alanine aminotransferase
(ALT) was the predominant enzyme affected, followed
by aspartate aminotransferase, with gamma-glutamyl
transferase the least affected. Five subjects had ALT eleva-
tions 3–5-fold above the baseline value (fingolimod
0.5 mg: n = 1; 1.25 mg: n = 4). Other safety parameters were
comparable between all three groups. Blood pressure
was stable throughout the study. The mean pulse rate
decreased during the loading phase and was lowest on
day 2, but normalized by the study end. No deaths
occurred in this study.

Discussion

The role of endogenous sphingolipid, S1P, and its
G-protein-coupled receptors in the immune system, main-
tenance of vascular homeostasis and in preservation of

Table 1
Demographics and baseline characteristics

Demographics

Fingolimod
0.5 mg,

Fingolimod
1.25 mg, Placebo

n = 30 n = 29 n = 29

Age (years) mean ± SD 37.3 ± 9.24 38 ± 10.92 38.6 ± 7.37
Gender, n (%) Male 27 (90) 24 (82.8) 26 (89.7)

Female 3 (10) 5 (17.2) 3 (10.3)

Race, n (%) Caucasian 30 (100) 28 (96.6) 29 (100)

Hispanics 0 1 (3.4) 0
Weight (kg), mean ± SD 79 ± 11.32 78.9 ± 11.03 81.1 ± 8.95

BMI (kg m−2), mean ± SD 24.4 ± 2.75 24.9 ± 2.90 25 ± 2.43

BMI, body mass index; SD, standard deviation.
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endothelial permeability barrier functions is increasingly
evident [20]. S1P receptors represent a new drug target
class and our understanding of the pharmacodynamic
effects of S1P receptor modulation is evolving. Fingolimod
is the first-in-class S1P receptor modulator which has been
evaluated as a treatment for autoimmune diseases. Previ-
ously the drug has been studied for the treatment of renal
transplant rejection, though the doses studied were 5–10

times higher than the presently approved 0.5 mg dose for
the treatment of MS. In this study we attempted to evalu-
ate the pharmacodynamic effects of steady-state, clinical
and supra-therapeutic dosing of fingolimod for 1 month in
healthy volunteers and to assess its impact on the vascular
system.

Statistical analysis of the study results revealed non-
inferiority of both doses of fingolimod to placebo for all
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primary comparisons, blood flow and platelet function
assessments. In other words, at the level of detection pro-
vided by this study, both fingolimod and placebo treat-
ments were indistinguishable from each other. Platelet
aggregation induced by ADP 1.25 μmol l−1, a secondary
comparison, was the only parameter for which the two-
sided 95% confidence interval for the mean treatment
difference vs. placebo slightly crossed the pre-specified
limit of non-inferiority. This study was not powered to
assess non-inferiority for the secondary comparisons
and so it was not unexpected that for one of the mul-
tiple pharmacodynamic secondary endpoints the non-
inferiority criteria was not met by chance alone.

The parameters we assessed were chosen to capture
three primary features of the brain and systemic
vasculature: blood flow, platelet function and vascular
integrity. The three dynamic measures used to interrogate
these features were, respectively, transcranial ultrasound,
PFA100® and OCT.

Blood flow velocity measurements and vasomotor
reactivity as determined by TCCS and TCD are rigorous
methods of detecting abnormal brain artery vascular func-
tion [21, 22]. The primary endpoint in this study was blood
flow velocity in the MCA. For this measure, assuming that
blood flow will remain constant for this main conduit
vessel of the brain, a significant increase in the velocity of
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blood flow would be evidence of a reduced luminal cross
section, potentially due to increased vessel tone. We could
not detect a significant effect of steady-state fingolimod
on vessel tone of the MCA or other cerebral vessels. In
order to confirm these results further we also used the
provocative interventions of hypo- and hypercapnia which
allowed the calculation of the CO2 reactivity of the MCA.
Again, there were no differences in the CO2 reactivity
between the three treatment groups. There is a robust
literature on the use of the PFA-100® device in measuring
the effects of various drugs on platelet function [23, 24]. In
this study, neither platelet function, as measured by the
PFA-100, nor platelet aggregation assays using a range of
stimulation methods, showed evidence of a fingolimod
treatment effect on platelet function. In addition, none of
the plasma factors assessed in this study was affected.
Although a mean increase of 19% from baseline was
observed for d-dimers, at both time points in the study, all

individual subject d-dimer values were below the declared
cut-off value (500 μg ml−1) typically used for the exclusion
of deep vein thrombosis and pulmonary embolism [25].
Finally, OCT is recognized as a very sensitive tool for the
detection of early signs of macular oedema [26]. Using
this tool to interrogate possible changes in the hydrody-
namics of the macula, we were not able to detect any
significant changes in macular thickness with fingolimod
treatment.

Steady-state dosing of fingolimod 0.5 and 1.25 mg for 1
month was well tolerated in healthy volunteers. The safety
profile of fingolimod was consistent with previous reports
[4, 5, 27–29]. The observed asymptomatic reduction in
heart rate, decrease in mean lymphocyte count, and mild
increase in liver transaminases were expected and well-
characterized pharmacologic effects of fingolimod [30].

The parallel design might be considered as a limitation
for this type of study. While a crossover design would have

Table 2
Summary of statistical analysis of the change from placebo in primary endpoints at day 28

Treatment Statistics
Mean blood flow
velocity MCA (cm s−1)

Platelet closure
time (s)

Central foveal thickness
right eye (μm)

Central foveal
thickness left eye (μm)

Reference value* 11.32 22.60 35.21 34.62
Fingolimod 0.5 mg n 30 30 30 30

LS mean 53.23 120.94 174.00 176.29
Difference (95% CI) 0.58 (−2.83, 3.99) −3.03 (−11.99, 5.94) −3.58 (−10.28, 3.11) 3.04 (−1.66, 7.75)
Conclusion Non-inferior Non-inferior Non-inferior Non-inferior

Fingolimod 1.25 mg n 29 29 29 29

LS mean 55.25 119.75 178.66 177.53

Difference (95% CI) 2.60 (−0.83, 6.03) −4.22 (−13.31, 4.88) 1.08 (−5.65, 7.81) 4.29 (−0.41, 8.99)

Conclusion Non-inferior Non-inferior Non-inferior Non-inferior

*Reference value: 20% of mean baseline value. CI, confidence interval; LS mean, least square mean; MCA, middle cerebral artery.

Table 3
Summary of statistical analysis of the change from placebo in cerebral blood flow velocity in PCA, BA and MCA in response to hypercapnia at day 28

Parameters Statistics

Fingolimod
0.5 mg

Fingolimod
1.25 mg

n = 30 n = 29

Reference value*
PCA
(cm s−1)

7.24 n 30 29
LS mean 34.39 37.11
Difference (95% CI) −1.09 (−3.69, 1.5) 1.62 (−0.99, 4.24)
Conclusion Non-inferior Non-inferior

BA
(cm s−1)

6.84 n 30 29

LS mean 33.01 33.66

Difference (95% CI) −0.49 (−2.87, 1.89) 0.15 (−2.25, 2.55)

Conclusion Non-inferior Non-inferior
MCA
CO2 reactivity
index
(%mmHg)

1.00 n 30 29
LS mean 4.95 5.05
Difference (95% CI) −0.04 (−0.16, 0.08) 0.06 (−0.06, 0.18)
Conclusion Non-inferior Non-inferior

*Reference value: 20% of mean baseline value. CI, confidence interval; LS mean, least square mean; MCA, middle cerebral artery; PCA, posterior cerebral artery; BA, basilar artery.
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Change in mean maximum platelet aggregation from baseline to day 28 in response to various concentrations of (A) collagen, (B) epinephrine, (C) Ristocetin
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been preferred, the parallel design was employed owing
to the long half-life of 7–10 days of fingolimod. Baseline
measurements and a placebo treatment group allowed
the comparisons both within and between treatment
groups. The escalating doses of fingolimod 0.5 and
1.25 mg used in this study ensured a steady-state blood
concentration at the end of the loading phase. Healthy
volunteers were chosen for this study as they would
provide normative data on the potential pharmaco-
dynamic effects of fingolimod. While the sample size was
sufficient to allow accurate quantification of the dynamic
effects, it does not rule out possible outlier or idiosyncratic
effects which might occur infrequently. Another limitation
would be the 1 month study duration, which might not
capture potential long term effects, for example on
macular thickness. Pivotal phase 3 studies with fingolimod
have reported an approximately 0.4% incidence of cystoid
macular oedema with the approved 0.5 mg dose with
most cases diagnosed within 3–4 months of starting treat-
ment with fingolimod [4, 5].

A clinical implication of this study relates to patients
who may be misdiagnosed as having MS and started on
fingolimod treatment. For example, systemic diseases
such as antiphospholipid antibody syndrome (APS) and
systemic lupus erythematosus can present with symp-
tomatology resembling that of MS. APS presenting with
complex neurological manifestations and multifocal white
matter lesions similar to MS lesions has been described
[31]. Results of our study suggest that fingolimod would
not be expected to contribute untoward pharmacological
changes that might increase the risk of cerebrovascular
events (embolism, thrombosis and stroke) inherently asso-
ciated with these autoimmune vascular disease conditions
that may be misdiagnosed as MS.

In addition to providing additional understanding of
the effects of S1P receptor modulation on the cerebro-
vascular system, we have shown that the effect of
fingolimod 0.5 and 1.25 mg once daily in healthy volun-
teers was similar to the effect of placebo for all the
pharmacodynamic parameters assessed in this study.
Steady-state dosing with fingolimod in healthy volun-
teers had no effects beyond the normal variability of
these parameters.
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