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AIM
Previous studies have shown transient decreases in heart rate (HR)
following administration of sphingosine 1-phosphate (S1P) receptor
modulators including BAF312. This study was conducted to determine
whether dose titration of BAF312 reduces or eliminates these effects.

METHODS
Fifty-six healthy subjects were randomized 1:1:1:1 to receive BAF312 in
one of two dose titration (DT) regimens (DT1 and DT2: 0.25–10 mg over
9–10 days), no titration (10 mg starting dose) or placebo.
Pharmacodynamic and pharmacokinetic parameters were assessed.

RESULTS
Neither DT1 nor DT2 resulted in clinically significant bradycardia or
atrioventricular conduction effects. Both titration regimens showed a
favourable difference on each of days 1–12 vs. the non-titration
regimen on day 1 for HR effects (P < 0.0001). On day 1, the geometric
mean ratio of the fraction from the previous day in minimum daily HR
between DT1 and non-titration was 1.18 (95% confidence interval [CI]
1.13, 1.23) and 1.14 (95% CI 1.09, 1.18) for DT2 (both P < 0.05) with
significant differences noted through to day 12. Non-titration HRs
showed considerable separation from placebo throughout the study.
There was no statistically significant reduction in HR vs. placebo on
day 1 in either titration regimen. On days 3–7 subjects in DT1 and DT2
experienced minor reductions in HR vs. placebo (approximately
5 beats min-1; P � 0.0001). From days 9–12, HRs in both titration
regimens were comparable with placebo.

CONCLUSION
Both titration regimens effectively attenuated the initial
bradyarrhythmia observed on day 1 of treatment with BAF312 10 mg.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Sphingosine-1-phosphate (S1P) is a key

regulator of numerous physiological
functions, including the egress of
lymphocytes from the lymph nodes into the
circulation.

• S1P receptors are the targets of a number of
compounds currently in development for
the treatment of a range of conditions,
including multiple sclerosis.

• A transient, dose-dependent decrease in
heart rate has been shown to occur
following first dose administration of S1PR
modulators.

WHAT THIS STUDY ADDS
• Dose titration with BAF312 over 9 or 10 days

attenuates the bradyarrhythmia typically
seen at treatment onset with S1P receptor
modulators.

Introduction

BAF312 is the next generation selective sphingosine
1-phosphate (S1P) receptor modulator currently in clinical

development for the treatment of multiple sclerosis (MS).
BAF312 targets MS via effects on the immune system [1],
and may also have direct effects on S1P receptor-
expressing cells in the central nervous system (CNS),
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including oligodendrocytes and astrocytes [2]. S1P recep-
tors are expressed on lymphocytes and relevant cells in
the CNS and S1P signalling plays a key role in neuroin-
flammatory processes [3]. BAF312 is a modulator of the
S1P1 and S1P5 receptors, and therapeutic doses of BAF312
can significantly reduce neuroinflammation in preclinical
models of MS [1, 2]. In studies in healthy subjects, BAF312
reduces peripheral lymphocytes following once daily
dosing and recovery lymphocyte count is rapid after ces-
sation of treatment due to a short half-life of approxi-
mately 30 h [1].

In addition to cells in the CNS, S1P1 receptors have been
shown to be highly expressed in atrial, septal and ventricu-
lar cardiomyocytes, and in the endothelial cells of cardiac
vessels in humans [4, 5]. Transient, dose-dependent
decreases in heart rate have been observed at treatment
initiation both in patients with MS and in healthy subjects
receiving S1P receptor modulators [6–8]. Atrioventricular
(AV) conduction effects have also been reported in
patients with MS receiving S1P receptor modulators [6–8].
Preliminary results in a phase I multiple dose study with
BAF312 have shown a rapid tachyphylaxis of the brady-
cardic effect, starting at low doses [7]. The maximum
bradycardic effect occurred at 3 h post-dose, with heart
rate returning to placebo values by 10 h post-dose. The
magnitude of the effect was shown to decrease with each
subsequent day of dosing.

The current hypothesis is that the heart rate effects
previously observed with first dose (therapeutic dose) of
BAF312 may be attenuated using a dose titration strat-
egy. The concept of this dose titration, using the Fibon-
naci ratio, is to induce the internalization (or down
regulation) of S1P receptors at low doses that are known
to have little or no cardiac effect. In addition, earlier data
suggest that there may be a physiological compensatory
mechanism that results in the correction of heart rate
within 2 days of first dose administration of BAF312 at
therapeutic dose [9]. It is considered that, if the dose titra-
tion regimen were to start at a pharmacologically, but not
clinically active dose, this compensatory mechanism
would also occur during the 10-day titration period.
Therefore, any heart rate effects would be minimal and
occur at the lower doses. At the point patients receive
therapeutic doses no cardiac effects would be seen.
Finally, it was considered that dose titration over a period
of 10 days would lead to a more gradual, and therefore
less clinically significant, daily reduction in heart rate (for
example, if, at therapeutic doses, the overall reduction in
heart rate is 10 beats min–1 with the dose titration proto-
col, this reduction would occur over 10 days (i.e.
1 beat min–1 day-1), whereas with no dose titration, this
reduction would occur on day 1 (i.e. 10 beats min–1 day-1).

The purpose of the current study was to investigate
whether dose titration of BAF312 (0.25–10 mg) over a 9 or
10-day period can attenuate the initial bradycardia typi-
cally seen with S1P receptor modulators.

Methods

Subject selection
Healthy male and female volunteers aged 18–55 years
were eligible for this study. All volunteers were required to
have a body mass index of 18–30 kg m-2 and a body
weight of �50 kg. Female subjects were required to be
post-menopausal or surgically sterilized. Subjects with
heart rate <55 beats min–1 or with clinically significant
symptoms or pathological laboratory findings, vital signs
or 12-lead electrocardiogram (ECG) at screening were
excluded from the study. Additional exclusion criteria
included use of tobacco in the 3 months prior to the study,
a positive test for human immunodeficiency virus or hepa-
titis, a history of cardiovascular disease, recent (within the
previous 3 years) or recurrent history of autonomic dys-
function or acute or chronic bronchospastic disease as
reported by the subject, a history or evidence of drug or
alcohol abuse, donation or loss of blood �400 ml in the
previous 8 weeks, any surgical or medical condition that
might significantly affect pharmacokinetic (PK) parameters
and pregnancy or lactation. Concurrent use of prescription
or over-the-counter medicines (excluding hormonal
replacement therapy or contraceptives and occasional use
of paracetamol) was not permitted. Xanthine- (e.g. caf-
feine) and alcohol-containing food or beverages were not
allowed during the study or for 48 h prior to the first
dosing.

Study design
This was a randomized, double-blind, placebo-controlled,
parallel group study conducted in healthy adult subjects
to assess the effect of two BAF312 titration schemes (0.25–
10 mg) on heart rate vs. 12 days of BAF312 10 mg not
titrated, or placebo. The primary pharmacodynamic (PD)
variable was the fraction from previous day (FFPD) in
minimum daily heart rate (HRmin). Secondary PD metrics
included HRmin, mean hourly heart rate and daily maximum
effect on hourly average heart rate (Emax). PK and safety
assessments, which included evaluation of atrioventricular
conduction effects and sinus pause events, were also done.

The study was carried out in accordance with the Dec-
laration of Helsinki and International Conference on
Harmonisation/Good Clinical Practice and applicable regu-
latory requirements. The protocol was approved by the
Copernicus Group Institutional Review Board at Parkway
Research Center, Miami, Florida, USA and all subjects gave
written, informed consent prior to study initiation.

Study period and drug administration
The study period was a maximum of 44 days for each
subject, comprising a 21-day screening period, a 12-day
treatment period (days 1–12) and an end of study assess-
ment 10 days after the last treatment day (day 22). Sub-
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jects remained in the study centre from day -2 until dis-
charge on day 13 and returned for the end of study visit on
day 22.

Prior to the treatment period (day -2 and day -1), sub-
jects underwent baseline assessments, including a 24 h
Holter monitoring recording (day -1). All subjects were
required to have a resting heart rate of �50 beats min–1 at
screening. This was an arbitrary safety precaution to avoid
enrolment of subjects with pre-existing bradycardic heart
rates potentially associated with an increased risk of symp-
tomatic bradycardia under BAF312 treatment. On day 1,
subjects were randomized 1:1:1:1 to one of four treatment
arms: two BAF312 dose-titrated (0.25–10 mg) groups (DT1
and DT2), a BAF312 non-dose titration group (10 mg start-
ing dose: positive control) and a placebo group (negative
control).

Study medication was administered with water follow-
ing a 10 h fast and administration was followed by a
further 2 h fast (including fluids). Dosing schedules for
each of the treatment groups are described in Figure 1. In
the DT1 and DT2 groups, doses were increased from 0.25–
10 mg over 9 or 10 days in increment ratios of 2 and 1.68
(Fibonacci ratio), respectively. Subjects in both DT1 and

DT2 were subsequently followed for a 2–3 day confirma-
tion period at the 10 mg dose. BAF312 was supplied by
Novartis Pharma AG, Basel, Switzerland.

Study assessments
Pharmacodynamic assessments Heart rate and cardiac
rhythm were assessed at baseline and from days 1–12
using continuous 12-lead digital Holter recordings
(Mortara H12+, Mortara Instrument, Inc., 7865 North 86th
Street, Milwaukee, Wisconsin, USA) taken over 24 h
periods. Recordings were started between 15 and 5 min
before dosing on days 1–12. Hourly average heart rates
were derived from 24 h Holter recordings; the lowest value
(i.e. the most clinically significant value in terms of moni-
toring the heart rate reducing effects of different BAF312
dosing regimens) was taken as the daily value for the
analysis. Calculation methods for FFPD and Emax are
described in the Statistical analyses section.

Pharmacokinetic assessments Plasma concentrations of
BAF312 were assessed pre-dose and at 2, 3, 4, 6, 8 and 12 h
post-dose throughout the study and at 24 h post-dose on
day 12. Blood samples for drug quantification were taken
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from an indwelling venous cannula or by direct venipunc-
ture. On each occasion, 2 ml of blood was collected and
centrifuged within 30 min at 2500 g for 5 min at 3–5°C.The
plasma was kept in polypropylene screw capped tubes at
�-60°C until analyzed.

Safety assessments Safety assessments included physical
examinations, vital signs and body measurements, stand-
ard 12-lead ECG evaluations, standard clinical laboratory
evaluations, haematology, blood chemistry and urinalysis,
and adverse event (AE) monitoring. Frequency and dura-
tion of sinus pauses (>2 s), AV blocks, atrial fibrillation and
ventricular ectopy were also assessed.

Statistical analyses
The PD, PK and safety population consisted of all volun-
teers who received the study drug. All subjects were ana-
lyzed according to treatment received.

In the PD assessment, the primary study endpoint was
calculated as the FFPD in HRmin, i.e. the ratio in HRmin

between two consecutive days:

FFPD
HR

HR
d

min day

min day 1

=
−

,

,

HRmin was calculated as the minimum average HR recorded
over 24 1 h periods between two consecutive doses and
summarized using descriptive statistics. This methodology
allows for any large fluctuations or artefacts in heart rate
measurements to be smoothed out at each hourly interval
and potentially adds to the robustness of the study find-
ings [10]. The FFPD values were log-transformed and pre-
sented as geometric means. The estimated and 95%
confidence intervals (CIs) for the geometric mean ratios
(dose titration regimen/non-titration regimen) between
the FFPD on each day in each of the two dose titration
regimens and the FFPD on day 1 in the non-titration
regimen were calculated using a first order autoregression
model (12 primary treatment comparisons). The study
sample size of 56 was calculated on the basis of requiring
12 completers in each treatment group to provide �89%
power for the hypothesis that the mean FFPD in the dose
titration regimens during the 10 days of the treatment
period was larger than the mean FFPD on day 1 in the
non-titration regimen. This assumed an observed coeffi-
cient of variation equal to 9% for the FFPD (comparable
with that previously observed for a single dose of BAF312).
The hypothesis was rejected if the 95% CI for each of the 12
primary treatment comparisons were entirely above 1.

Other PD variables were summarized using descriptive
statistics and included mean hourly HR, HRmin and Emax. Emax

was determined as the maximum of the time-matched
decreases in hourly average HR from baseline (day -1) for
each of the 24-hourly average HRs on each of days 1 to 12.

Holter endpoints were described according to
numbers (%) of subjects with 0–10, 11–20, 21–50 and >50

supraventricular ectopies occurring during the treatment
period, numbers (%) of subjects with 0–5, 6–10, 11–30 and
>30 ventricular ectopies occurring during the treatment
period and numbers (%) of subjects with 0, 1 and >1
pauses of >2 s occurring during the treatment period. Any
atrioventricular conduction effects and sinus pause events
were also described.

PK evaluations comprised AUC(0,tlast) (mean, SD, CV,
min and max), and were summarized descriptively only.

Molecular target nomenclature
The nomenclature for molecular targets has been based
on the British Journal of Pharmacology Guide to Receptors
and Channels, 5th edition, throughout this report [11].

Results

Fifty-six healthy subjects were enrolled beginning 23
March 2009 at Parkway Research Center, Miami, Florida,
USA and randomized (n = 14 for each treatment group;
Figure 2). The last subject completed the study on 10 June
2009. All treatment groups were comparable at baseline
for all analysis populations (Table 1).

PD assessments
Mean hourly heart rate On day 1, mean hourly HR of the
BAF312 10 mg non-titration group dropped sharply from
69.3 beats min–1 at the time of dosing to 52.9 beats min–1

at 2 h post-dose. In comparison, mean hourly HR of
placebo, DT1 and DT2 groups at 2 h post-dose (day 1)
remained similar to mean hourly HR at time of dosing (74.6
from 69.6 beats min–1, 70.2 from 70.4 beats min–1 and 69.3
from 69.5 beats min–1, respectively) (Figure 3).

Minimum daily heart rate On day 1, clinically significant
bradycardia was observed in the BAF312 10 mg non-
titration group, indicated by a reduction in HRmin from
59.9 beats min–1 (95% CI 55.6, 64.1) to 50.6 beats min–1

(95% CI 45.8, 55.5) vs. 59.5 beats min–1 (95% CI 55.6, 63.4) to
60.4 beats min–1 (95% CI 56.1, 64.6) for the placebo group
(P < 0.0001). On day 2, HRmin in the non-titration group
recovered to 56.4 beats min–1 (95% CI 52.7, 60.2) and on
day 3 to end of study, HRmin ranged from 57.3 to
59.5 beats min–1. On day 12, HRmin for the BAF312 10 mg
non-titration group remained lower than placebo
(59.3 beats min-1,95% CI 56.4,62.1 vs.64.0 beats min–1,95%
CI 60.1, 67.9; P > 0.05) (Figure 4).

Clinically significant bradycardia was not observed at
any point in the study with either dose titration regimen.
On day 1, HRmin was reduced from 59.9 beats min–1 to
59.4 beats min–1 in DT1, and from 60.7 beats min–1 to
57.9 beats min–1 in DT2. On days 2–7, the trend of gradual
reductions in HRmin for both dose titration regimens con-
tinued until day 7 (DT1 range 55.3–58.7 beats min–1; DT2
range 56.1–58.0 beats min–1). On days 8–10, HRmin for both
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dose titration regimens gradually increased, reaching HRmin

similar to placebo by day 10 (DT1 62.2 beats min–1; DT2
62.2 beats min–1; placebo 63.1 beats min–1). A HRmin similar
to placebo was then maintained on days 11–12 in both
groups.

Fraction from previous day in minimum daily heart rate
FFPD data (untransformed) for all four treatment groups
throughout the study are shown in Figure 5. Log-
transformed geometric mean ratios between the FFPD on
each day in each of the two dose titration regimens and
the FFPD on day 1 in the non-titration regimen were cal-
culated. Both titration regimens showed a significant treat-
ment difference (P < 0.0001) on each of days 1–12 in favour
of the titration regimens vs. the non-titration regimen on
day 1 for FFPD in HRmin ratios.

Daily maximum effect Subjects in the non-titration treat-
ment group showed a statistically and clinically significant

reduction in mean Emax compared with placebo (difference
from placebo 15.64 beats min–1; 95% CI 11.36, 19.92; P <
0.0001) on day 1. From day 2 onwards this reduction in
mean Emax recovered and remained in the range 6.15–
10.03 beats min–1 (with statistically significant separation
from placebo) on all days throughout the study.

Subjects in the two dose titration treatment regimens
showed no difference from placebo in mean Emax on day 1.
On days 3–7 subjects in both titration regimens showed
statistically significant differences in mean Emax vs. placebo
of approximately 5 beats min–1 (P � 0.0001). By day 8,
mean Emax in both dose titration groups was similar
to placebo, and this was maintained until the end of
study.

Pharmacokinetic assessments
Daily geometric mean plasma concentrations of BAF312
are shown in Figure 6. Steady-state was reached in the

130 subjects screened

74 not eligible

56 randomized

14 assigned to DT1 14 assigned to placebo14 assigned to DT2
14 assigned to BAF312

10 mg*

Figure 2
Subject flow diagram. *Two subjects withdrew consent

Table 1
Demographic summary

DT1 (n = 14) DT2 (n = 14) 10 mg (n = 14) Placebo (n = 14) Total (n = 56)

Age (years) Mean (SD) 35.6 (6.0) 38.6 (8.8) 34.4 (8.1) 36.3 (9.7) 36.2 (8.2)
Gender Male (%) 13 (92.9) 13 (92.9) 13 (92.9) 12 (85.7) 51 (91.1)

Race Caucasian (%) 13 (92.9) 13 (92.9) 14 (100.0) 12 (85.7) 52 (92.9)

Black (%) 1 (7.1) 1 (7.1) 0 2 (14.3) 4 (7.1)
Height (cm) Mean (SD) 172.0 (8.8) 173.3 (6.8) 173.2 (5.1) 170.6 (8.0) 172.3 (7.2)

Weight (kg) Mean (SD) 80.0 (11.2) 80.3 (8.7) 81.1 (9.0) 79.2 (10.2) 80.1 (9.6)

DT, dose titration; SD, standard deviation.
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non-titration group after approximately 6 days for most
subjects. In the two dose groups, steady-state concentra-
tions were reached at day 10. PK data for each group at
steady-state (day 12) are summarized in Table 2.

Safety assessments
Atrioventricular conduction effects and sinus pause
events There was no apparent difference between treat-
ment groups for ventricular ectopy and supraventricular
ectopy. Events were not equally distributed among the

subjects and some were cumulating episodes that did not
allow statistical comparison. Episodes of type 1 (Mobitz
I/Wenckebach) and/or type 2 (Mobitz II/Hay) second-
degree AV block were reported in all treatment groups
except DT2 (Table 3). No subjects in the placebo group
reported episodes of sinus pause >2 s. A total of 638 epi-
sodes were experienced by five subjects in DT1 and DT2
compared with 1522 episodes experienced by four sub-
jects in the 10 mg non-titration group (see Table 4 for
details).
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Adverse events All three BAF312 dosing regimens were
well tolerated. Subjects in the BAF312 treatment groups
experienced more AEs than the placebo group. All AEs
were generally of mild-to-moderate severity. A total of 16
subjects experienced AEs. The most commonly reported
AEs were headache (n = 8, 14.3%) and increased alanine
aminotransferase (SGPT) (n = 6, 10.7%) (Table 5). There

were no deaths or serious AEs, and no subject required
medical treatment for AEs. One subject experienced clini-
cally significant elevations in SGPT, lactate dehydrogenase
(LDH), aspartate aminotransferase (SGOT) and creatine
kinase (CK) at the end of study visit, which were consid-
ered to be related to a skeletal muscular injury and not to
study medication. Three subjects in the non-titration
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group experienced mild bradycardia which started
approximately 2 h after dosing and resolved without inter-
vention. No clinically significant changes in blood pressure
occurred for any subject in any treatment group.

Discussion

All of the S1P receptor modulators currently in develop-
ment for the treatment of MS are either selective or non-
selective agonists of S1P1 [12, 13]. Studies have shown that
S1P1 is highly expressed in atrial, septal and ventricular
cardiomyocytes, and in the endothelial cells of cardiac
vessels in humans [4, 5]. Furthermore, S1P1 is considered to
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Table 2
Summary of pharmacokinetic data for each treatment group at steady state (day 12)

DT1 (n = 14) DT2 (n = 14) 10 mg (n = 13)*

tmax (h)† 1.29 (2.00–6.00) 1.68 (2.00–8.00) 2.05 (2.00–8.00)
Cmax (ng ml-1)‡ 155 [23] 161 [33] 175 [27]

AUC(0,24 h) (ng ml-1 h)‡ 2814 [29] 3032 [36] 3255 [32]
Racc ND ND 2.33 [26]

AUC(0,24 h), area under the plasma concentration–time curve 0–24 h; Cmax, peak plasma concentration; DT, dose titration; ND, not determined; Racc mean accumulation ratio, ratio
of AUC(0,24 h) on day 12 over AUC(0,24 h) on day 1); tmax, time to maximum plasma concentration. *One outlier excluded. †Median (min-max); ‡Geometric mean [%CV geometric
mean].

Table 3
Incidence of type 1 (Mobitz I/Wenckebach) and type 2 (Mobitz II/Hay)
second-degree AV block episodes: number of episodes/number of
subjects

Mobitz I/Wenckebach Mobitz II/Hay
Day -1 Days 1–12 Day -1 Days 1–12

Placebo 0/0 1/1 0/0 0/0
DT1 2/1 36/2* 0/0 0/0

DT2 0/0 0/0 0/0 1/1‡
10 mg 0/0 3/1† 0/0 5/1†

AV, atrioventricular; DT, dose titration. *One subject accumulated 36 episodes over
8 days. †All episodes on day 1. ‡One episode on day 2.

E. Legangneux et al.

838 / 75:3 / Br J Clin Pharmacol



play a dominant role in the regulation of atrial myocyte
function and heart rate [14]. As a result, administration of
S1P receptor modulators such as fingolimod (FTY720) has
been shown to cause transient, dose-related effects on
heart rate in patients with MS and in healthy subjects [6–8,
15]. However, differences in specificity and pharmacokinet-
ics, along with a paucity of available data, make it difficult
to generalize cardiac effects across compounds in this
class. Data on BAF312 preclinical models and healthy sub-
jects have shown species-specific differences in S1P recep-
tor specificity for first dose cardiac effects [9].

A previous study has demonstrated that initiation of
BAF312 at a therapeutic dose of 10 mg resulted in clinically
relevant bradycardia (as determined by measurement of
mean HRmin) [7]. The purpose of the current study was to
investigate whether dose titration of BAF312 (0.25–10 mg)
over a 9 or 10-day period can attenuate the initial brady-
cardia typically seen with S1P receptor modulators.

No instances of clinically relevant bradycardia were
observed in any individual at any point during the study in
either of the dose titration regimens studied. On day 1
(when cardiac effects had been observed previously), both
HR and HRmin of the subjects in the two dose titration regi-
mens remained comparable with those in the placebo
group. In comparison, all subjects in the 10 mg non-
titration group experienced a marked decrease in both HR
and HRmin within 2 h of dosing on day 1. Three subjects in
the non-titration group experienced bradycardia on day 1
ranging from 34 to 54 beats min–1. However, none of these
instances required treatment. These results confirmed the
findings of the previous study [9].Over the first 7 days,both

dose titration regimens resulted in a decrease of
4 beats min–1, with limited or no clinical impact. On day 8,
mean HRmin began to recover and by day 10 was compara-
ble with observed placebo rates. In contrast, mean HRmin in
the BAF312 10 mg non-titration group remained low
compared with placebo until the end of study (day 10).
BAF312 was well tolerated throughout the study in all
regimens, and no subject required medical treatment for
any AEs.

The inclusion of FFPD was based on the hypothesis
that a limited daily decrease in HRmin spread out over a
10 day period would be preferable to a significant
decrease on day 1. Assessment of FFPD allowed the com-
parison of the difference of the log-transformed HRmin

between two consecutive days. It should be noted that in
addition to attenuating the HR reducing effect (HRmin and
FFPD) observed on day 1 in the BAF312 10 mg group,
both titration regimens demonstrated a limited decrease
in HRmin (Emax) every day compared with the non-titration
regimen. The favourable Emax profiles obtained for each of
the dose titration regimens (compared with the Emax

profile for the non-titration regimen), are of greater clini-
cal relevance than the HRmin profiles obtained for the
dose titration regimens.

No sinus pauses or AV conduction with clinically symp-
tomatic effects were triggered at any point during the
study in subjects in the two dose titration regimens.

Subjects in DT1 reached the 10 mg dose in 9 days, and
those in DT2 in 10 days. The comparability of mean Emax in
both titration regimens was maintained until end of treat-
ment (day 12), demonstrating that a PD effect plateau

Table 4
Overall incidence of sinus pause events

Day

DT1 (n = 14) DT2 (n = 14) 10 mg (n = 14) Placebo (n = 14)
Number of
episodes

Number of
subjects

Number of
episodes

Number of
subjects

Number of
episodes

Number of
subjects

Number of
episodes

Number of
subjects

Day -1 1 1 632* 4 0 0 0 0
Days 1–12 0 0 6† 1 1522‡ 4 0 0

DT, dose titration. *One subject accumulated 622 episodes. †All episodes on day 6. ‡One subject cumulated 834 episodes; one subject cumulated 685 episodes.

Table 5
Summary of all adverse events reported by at least 10% of subjects in any of the treatment regimens

DT1 (n = 14) DT2 (n = 14) 10 mg (n = 14) Placebo (n = 14)
n (%) n (%) n (%)

Headache, n (%) 0 1 (7.1) 7 (50.0) 0
Pallor, n (%) 0 0 2 (14.3) 0

Increased SGPT, n (%) 3 (21.4) 2 (14.3) 1 (7.1) 0
Increased SGOT, n (%) 2 (14.3) 0 0 0

DT, dose titration; SGOT, aspartate aminotransferase; SGPT, alanine aminotransferase.
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was reached and was stable. DT2 appeared to have a
more favourable profile than the other active treatment
groups in number of subjects for total number of sinus
pauses of >2 s. However, the sample size was too low to
show a conclusive difference between the two titration
schemes. In addition, the absence of sinus pauses in the
placebo group does not reflect the normal physiological
presentation of these pauses in the general population
[16–18].

The BAF312 10 mg non-titration and placebo regimens
used in this study provide positive and negative controls,
respectively, to validate the results from the two dose titra-
tion regimens. The dose titration regimens for this study
were designed so that half of the study duration was below
1.25 mg, with both regimens rising to 2 mg at day 6 and
then rising rapidly over the next 3 or 4 days. The starting
dose of 0.3 mg was based on a phase I study which showed
BAF312 0.3 mg dose to have a minimal cardiac effect [9]. As
there were no animal models available to help calculate
the appropriate ratio for dose increases, a factor of 2 was
selected, based on the pharmacological consideration that
doubling the exposure remains safe. The Fibonacci ratio
(1.68) was also selected as it is often used in first in man
studies, as it allows a safe incrementation of dose. One
possible limitation of the study is that the two titration
schemes used were similar (this was because greater dif-
ferences were expected). However, the similarities in the
data obtained for the two titration schemes vs. the 10 mg
non-titration scheme in fact confirm the consistency of the
observed results.

The PK profiles for BAF312 were consistent across the
dose regimens. Steady-state was reached in all three regi-
mens after 10 days of treatment. The increasing PK profile
in conjunction with a decreasing HR profile in the titra-
tion groups clearly indicates development of tolerance. At
low doses during days 1–6, this tolerance may have been
due to internalization of the S1P receptors, which has
been previously demonstrated in in vivo studies [1, 7].
Compensation via other mediators could explain the
longer term effects seen from day 8. However, further
work is needed to understand the underlying mechanism
for tolerance.

All BAF312 dosing regimens investigated were well toler-
ated.Transient and asymptomatic elevations in liver enzymes
were observed for BAF312, in line with previous reports for
BAF312 and other S1P receptor modulators [19–21].

In conclusion, titration over 9 or 10 days to a BAF312
dose of 10 mg successfully attenuates the initial bradycar-
dia observed on day 1 of treatment with BAF312 10 mg.
These results support implementation of an initial dose
titration regimen in future clinical studies of BAF312.
However, it should be noted that these data are applicable
to BAF312 because of its short elimination half-life and
unique pharmacological profile and this titration regimen
cannot be extrapolated to other S1P receptor modulators
with a different profile or a longer half-life.
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