
Pharmacokinetics, pharmacodynamics,
safety, and tolerability of single-dose
fingolimod (FTY720) in adolescents with
stable renal transplants

Fingolimod, also known as FTY720, is the first
of a new class of immunomodulating agents
that signal the G protein-coupled S1P receptor.

Fingolimod is rapidly phosphorylated by sphin-
gosine kinase 2 (SphK2) to form the pharmaco-
logically active metabolite fingolimod-phosphate
(1), which acts as a high-affinity ligand of four
of the five S1P receptors (2, 3). Fingolimod-
phosphate signals the S1P1 receptor on lympho-
cytes, leading to receptor internalization. This
receptor internalization results in downregula-
tion and thus, a functional antagonism of the
S1P1 receptors, which in turn blocks lymphocyte
egress from lymph nodes and the thymus (4).
Fingolimod-phosphate causes a rapid and

persistent reduction in lymphocyte counts in the
peripheral blood and appears to block migration
of lymphocytes from lymph nodes and the
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Abstract: Oral fingolimod signals the sphingosine 1-phosphate receptor
and this in turn mediates immunomodulatory activity. No data of fin-
golimod in any pediatric population existed before this study. We put
our study results in perspective against data from adult renal transplant
patients. We investigated pharmacokinetics and pharmacodynamics of
single-dose fingolimod (0.07 mg/kg) and its effects on lymphocytes and
heart rate in seven adolescents (14.1 ± 1.6 yr) with stable renal trans-
plants. Blood samples for pharmacokinetics and lymphocytes were
collected at screening, baseline, and up to 28 days post-dosing. Cardiac
monitoring included 12-lead ECG, 24-h Holter monitoring, and echo-
cardiography. A fingolimod dose of 0.07 mg/kg resulted in mean AUC
of 731 ± 240 ngÆh/mL and Cmax of 3.6 ± 0.6 ng/mL. Drug exposure
was nearly identical to adults receiving the same dose. Absolute lym-
phocyte count decreased 85% from baseline; average nadir occurred by
six h post-dose. Heart rate decreased from 74 bpm (predose mean) to
53 bpm (nadir) three h post-dose. Mean heart rates recovered by Day
14 (75 bpm). Weight-adjusted doses of fingolimod in adolescents
resulted in drug exposure similar to adults. Adolescents and adults
shared comparable negative chronotropic effects and decreased
lymphocyte count. Recovery trajectories of these parameters back to
baseline were similar between age groups.
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thymus to the systemic circulation (5). This
lymphopenia is thought to result via two mech-
anisms: the downregulation of S1P1 effectively
blocks the egress of lymphocytes from lymph
nodes, Peyer�s patches, and the thymus, and
fingolimod-phosphate may accelerate homing of
certain lymphocyte subsets (6). The lymphocyte
sequestration effect of fingolimod is reversible
upon treatment cessation (7). Other S1P receptor
ligands such as KRP-203, which is specific for the
S1P1 receptor, have exhibited similar effects in
preclinical studies in transplant models (8, 9).
S1P signaling of S1P receptors on atrial myo-

cytes has been shown to lower heart rate (10, 11).
In a similar fashion, fingolimod-phosphate elicits
a negative chronotropic effect onheart rate in both
a preclinical model (12) and healthy adults (13).
This effect attenuates over time with continued
administration of fingolimod (12).
With respect to the clinical pharmacokinetics

of fingolimod in adults, absorption is slow after
oral administration, with Cmax reached by 12–
16 h post-dose. Apparent absolute bioavailabil-
ity is 93%. Fingolimod is highly protein bound
(>99%), with a distribution volume averaging
1200 L. The biotransformation of fingolimod
occurs via three main pathways: reversible
stereoselective phosphorylation to the pharma-
cologically active (S)-enantiomer of fingolimod-
phosphate; oxidative biotransformation mainly
through CYP4F2 and subsequent fatty acid-like
degradation to inactive metabolites; and forma-
tion of pharmacologically inactive nonpolar
ceramide analogs of fingolimod. Oral clearance
averages 6.3 L/h and the elimination t1/2 is
6–9 days. Excretion is primarily in urine as
inactive metabolites.
In this study, we used a fingolimod dose that

had been used in adult de novo renal transplant
clinical trials and scaled it down by body weight
for administration to pediatric patients with
stable renal transplants. Our primary goal was
to measure the pharmacokinetics of fingolimod
and fingolimod-phosphate to support a rational
dosing regimen for fingolimod in pediatric
patients. In addition, we characterized the effects
of a single dose of fingolimod on pharmacody-
namic measures including peripheral lymphocyte
count and lymphocyte subsets, and heart rate.
General safety and tolerability were also evalu-
ated.
Fingolimod has been studied extensively in

adults with renal transplants (8, 9, 14, 15). The
renal transplant program of fingolimod was
canceled because the pivotal, Phase III studies
in de novo renal transplantation demonstrated
that fingolimod treatment did not allow reduc-

tion of cyclosporine beyond that used in stan-
dard of care. In addition, fingolimod treated
renal transplant patients had higher rates of
macular edema, vascular rejection, and lower
creatinine clearance (8, 16).
Two pivotal Phase III studies of fingolimod in

multiple sclerosis have shown superior efficacy of
fingolimod 0.5 mg compared to both placebo
and intramuscular interferon (17, 18). Our study
was the first clinical research conducted in
adolescent patients.

Patients and methods

This was an open-label, single-dose study, planned to enroll
18 subjects in a sequential fashion with adolescents to be
enrolled first, followed by children, and finally infants. Due
to a change in development strategy for fingolimod from a
renal transplant to a multiple sclerosis indication during the
conduct of this trial, we enrolled only the adolescent cohort
(age 11–16 yr), which consisted of seven subjects.
This study adhered to the International Conference on

Harmonization Guidelines for Good Clinical Practice (19)
and was conducted in accordance with the Declaration of
Helsinki (20). The University of California Los Angeles
Office for Protection of Research Subjects (UCLA Investi-
gational Review Board) as well as the Ethics Committee of
the University Duisburg Essen approved the protocol. All
patients and their legal guardians gave written informed
consent.
Inclusion criteria were a stable first or second renal

transplant for more than nine months prior to the study�s
start (serum creatinine values varying by no more than
±10%), a serum creatinine level of £ 2.5 mg/dL, and a
stable general medical condition for ‡6 months. Subjects
had to be on a calcineurin inhibitor immunosuppressive
regimen for three months immediately preceding the study.
Subjects were not studied if they did not meet lower limit

baseline blood pressure criteria based on the 50th percentile
for pediatric blood pressure using the NHLBI guidelines
(21), were hypertensive based on the 95th percentile for
pediatric blood pressure using the NHLBI guidelines, or did
not meet lower limit baseline age-specific heart rates based
on the 2% age-specific heart rate values from the Harriet
Lane Handbook (22). Subjects could not take part in the
study if they had received any investigational drug within
four wk or an investigational immunosuppressive agent
within four months prior to study drug administration.
Other exclusion criteria were: multiple organ transplants,
neutropenia (lower limit baseline absolute neutrophil count
£ 1200/mm3), or patients with poor dentition or dental
work performed within two wk prior to dosing or planned
within two months after dosing.
On Day 1, subjects were admitted to the General Clinical

Research Center three h before study drug administration
and remained for 24 h thereafter. Clinical and pharmaco-
kinetic assessments, including 24-h Holter monitoring, were
performed in-center. Subjects returned to the study centers
at specified times for 28 days after the single dose of study
drug for pharmacokinetic, pharmacodynamic, and clinical
assessments. The end-of-study assessments were performed
on Day 28.
On Day 1 after fasting for two h, subjects received an oral

dose of fingolimod 0.07 mg/kg (maximum dose of 5 mg).
Fingolimod was supplied in 0.5 mg capsules along with
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10-mL glass vials, and 4-mL oral dosing syringes. The
contents of the required number of capsules were dissolved
in 3 mL of water and this solution was then administered to
the subject, followed by 50–200 mL of water.
For measurement of fingolimod and fingolimod-phos-

phate pharmacokinetics, venous blood samples were
obtained predose and then post-dose at two, four, six, eight,
12, and 24 h (Day 2), 48 (Day 3), 96 (Day 5), 144 (Day 7),
312 (Day 14), 480 (Day 21), and 648 (Day 28). Blood con-
centrations of fingolimod and fingolimod-phosphate were
determined separately by validated liquid chromatography
methods and tandem mass spectrometry as previously
described (23). The lower quantification limits for fingoli-
mod and fingolimod-phosphate were 0.08 and 1.0 ng/mL,
respectively. For fingolimod, standard non-compartmental
pharmacokinetic parameters included the tmax; the Cmax; the
AUC; the terminal t1/2, CL/F; and Vz/F, and MRT. Given
the lower blood levels of fingolimod-phosphate and the
higher assay quantification limit, the terminal t1/2 could not
be estimated. Therefore parameters for this analysis con-
sisted of tmax, Cmax, and AUC to the last blood sampling
time point with a quantifiable concentration [AUC(0–t)].
For pharmacodynamic measures of absolute lymphocyte

count, blood samples were collected at screening, baseline,
Day 1 (zero, six, 12 h post-dose), and Days 2, 5, 7, 14, 21,
and 28. Lymphocyte subsets were determined by flow
cytometry on Day 1 (zero and 12 h post-dose) and Day 14.
The predose lymphocyte count, nadir count, time of nadir,
and AUEC(1–2) and AUEC(1–28) were calculated from the
lymphocyte-time data.
Cardiac monitoring included standard 12-lead ECG

acquired in digital format, 24-h Holter monitoring and
echocardiography. Prior to Day 1, study subjects were seen
as outpatients for a baseline visit and the cardiac-monitor-
ing studies were performed. On Day 1, the Holter moni-
toring began two h before fingolimod administration and
was continued until 24 h post-dose. Standard 12-lead ECG
was measured prior to dosing and then at six and 24 h post-
dose on Day 1. An echocardiogram was performed at four h
post-dose on Day 1. The predose heart rate, nadir rate, time
of nadir rate, and AUEC(0–4) and AUEC(0–24) were calcu-
lated.
To assess safety and tolerability, the following data were

collected: adverse events, supine systolic and diastolic blood
pressure, radial pulse rate, standard hematology, biochem-
istry, and urinalysis parameters, screens for HBsAg, hepa-
titis C antibodies, and HIV, and pregnancy tests.
Pharmacokinetic and pharmacodynamic data derived

from the present study were compared to similar data from
six healthy adults of European descent (four men, two
women; mean age of 29 ± 6.18 yr) who received a single
5-mg dose of fingolimod in a double-blind, parallel-group,
randomized, placebo-controlled ethnic sensitivity study
(24).

Results

Enrollment of subjects

The seven subjects who enrolled in the study
consisted of five males and two females with a
mean age of 14.1 ± 1.6 yr (range, 11–16), mean
weight of 53.8 ± 10.7 kg (range, 37–67), mean
body mass index of 22.6 kg/m2 (range, 19.1–25.2;
z-scores, )1.5 to 1.1) and mean body surface area
of 1.52 m2 (z-scores, )1.7 to 1.3). All patients

received the planned single dose of 0.07 mg/kg
fingolimod. As part of their standard immuno-
suppression, all received mycophenolate mofetil
and/or prednisone; three received cyclosporine,
and four received tacrolimus. On the day of
fingolimod administration, the blood cyclospor-
ine concentrations two h after its administration
were 636, 657, and 673 ng/mL. The tacrolimus
12-h trough levels were 6.1, 7.1, and 12.5 ng/mL.
Tacrolimus data were not available for one
subject. In addition, five subjects were taking
concomitant medications for hypertension and
three were taking concomitant medication for
upper gastrointestinal prophylaxis (famotidine),
and history of vomiting (dimenhydrinate, metac-
lopromide).

Safety

No serious adverse events were reported. All seven
subjects experienced bradycardia and two patients
experienced instances of mild hypotension as
measured on the ambulatory blood pressure
monitoring; one subject had a blood pressure of
104/52 (z-scores, )1.6/)1.2) at one h post-dose
andanother subject hadabloodpressure of 105/49
(z-scores, )1.4/)1.5) at one h post-dose. Each of
these events was asymptomatic and both events
resolved without intervention.

Pharmacokinetics

Fingolimod and fingolimod phosphate pharma-
cokinetic parameters are summarized in Table 1
and compared with adult values from a previous
study (24). The concentration-time curves for
the two analyses for both adults and adolescents
are shown in Fig. 1a,b. The first post-dose blood
sample taken two h post-dose in adolescents
and one h post-dose in adults showed no lag

Table 1. Pharmacokinetic parameters

Parameter
Adolescents
n = 7

Adults
n = 6

Fingolimod
Dose (mg/kg) 0.07 0.07 € 0.02
tmax (h) 8 (4–24) 12 (12–16)
Cmax (ng/mL) 3.6 € 0.6 4.4 € 0.9
AUC (ngÆh/mL) 731 € 240 861 € 302
CL/F (L/h/kg) 0.10 € 0.02 0.09 € 0.03
Vz/F (L/kg) 22 € 6 20 € 5
t1/2 (days) 6.5 € 1.9 6.7 € 2.8
MRT (days) 9.1 € 2.9 9.6 € 4.0
Fingolimod-phosphate
tmax (h) 6 (4–24) 12 (6–12)
Cmax (ng/mL) 3.2 € 1.4 3.6 € 0.8
AUC (ngÆh/mL) 100 € 69 142 € 72

Values are mean € s.d. except for tmax, which is median (range).
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time for fingolimod appearance in blood. Mean
fingolimod concentrations rose similarly in the
two groups to six h post-dose. Cmax occurred
generally between eight and 12 h. While peak
levels appeared slightly blunted in adolescents
compared with adults, this difference was not
statistically significant (p = 0.12). Fingolimod
AUC, elimination t1/2, CL/F per kg, and distri-
bution volume per kg were similar in adolescents
and adults. Likewise, fingolimod-phosphate Cmax

(p = 0.35) and AUC(0–t) (p = 0.23) were similar
between the two age groups.
As shown in Fig. 1c, when CL/F was scaled

for body weight (L/h/kg), no age-dependence
appeared for this parameter in adolescents and
adults (regression slope )0.001 L/h/kg per yr;
p = 0.31). Lack of age-dependency for elimina-
tion t1/2 is shown in Fig. 1d (regression slope
)0.013 day/yr; p = 0.90). Age-independence
was also noted for distribution volume Vz/F in
L/kg (regression slope )0.274 L/kg per age-year;
p = 0.26).

Pharmacodynamics of lymphocytes

Tables 2 and 3 summarize the derived lympho-
cyte response parameters. Fig. 2a compares the
lymphocyte trajectories to Day 7 in both adoles-
cents and adults. The trajectories were generally
uniform among the seven adolescent patients.

The nadir count was generally reached by six h
post-dose (the first post-dose blood sampling
time point) and represented an average 85%
decrease from baseline. The slight rise between
nadir and the Day 2 morning count may reflect
the typical circadian pattern in lymphocyte count
or may be nonspecific variation. Nevertheless,
even though the baseline mean circulating lym-
phocyte count was higher in the adolescents than
that in the adult comparator group, it fell to a
lower mean nadir level than that which was seen
in adults (Table 2). Lymphocyte recovery was
similar in adolescents and adults (Fig. 2b,
Table 2), with both groups returning to normal
mean lymphocyte count (‡1.0 · 109/L) within
14 days and to near baseline count within
28 days.

Pharmacodynamics of lymphocyte subsets

Lymphocyte subsets were quantified on Day 1
predose and 12 h post-dose, and on Day 14. A
similar temporal pattern is evident for all subsets,
with decreased counts at 12 h post-dose and
values indicative of a trend toward recovery on
Day 14. Monocytes (CD14+) did not appear to
be affected by fingolimod. There appear to be
recovery patterns of some T cell subsets of special
interest in the pediatric data (Table 3). By Day
14, the recovery of total T cells (CD3) reached

(a) (b)

(c) (d)

Fig. 1. (a) Mean concentration-time profiles to 48 h post-dose for fingolimod in adolescents (filled circles) and adults (open
circles), and for fingolimod-phosphate in adolescents (filled triangles), and adults (open triangles); (b) mean concentration-time
profiles as in panel a on a logarithmic scale plotted over the full 28-day assessment period; (c) scatter plot of age vs. weight-
normalized CL/F of fingolimod; (d) scatter plot of age vs. fingolimod t1/2.
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only 37% of baseline. A similar finding was also
seen with CD52+ cells. CD4+ T cells were
higher than CD8+ T cells predose. However, on
Day 14, the recovery of CD4+ T lymphocytes
was less complete than the recovery of CD8+
cells, 30% vs. 51% of baseline, respectively. T
cells with the CD45RA marker are considered
naı̈ve T cells, while those with CD45RO are
considered memory T lymphocytes. Thirty-nine
percent of naı̈ve T cells were restored in the
circulation by Day 14 and 44% of memory T
cells were present in the peripheral blood at the
same time point. The CD25+ cell count in the
peripheral blood was low, but nonetheless 55%
of CD25+ cells were restored at Day 14.

Pharmacodynamics of heart rate

Heart rate parameters are shown in Table 4 and
heart rate trajectories are shown in Fig. 2c,d. For
both adolescents and adults, the predose morn-
ing mean heart rate of 74 bpm decreased to 53–
55 bpm by approximately three h post-dose. In
adults, the nadir in heart rate persisted from

three to seven h post-dose. In contrast, the
adolescent group heart increased after the hour
3 nadir. In general, the heart rate trajectory for
adolescents was slightly higher during the day,
but similar at night to adults. However, there
were no substantial differences in the response
parameters between the two age groups. Mean
heart rates in adolescents measured in the morn-
ing on Day 7 were still slightly depressed
(65 ± 4 bpm) compared with predose on Day 1
(74 ± 6 bpm), but exhibited full recovery by the
next visit on Day 14 (75 ± 9 bpm).

Discussion

This is the first report of the pharmacokinetics
and pharmacodynamics of oral fingolimod in
adolescent patients. Because this study investi-
gated pharmacokinetic and pharmacodynamic
parameters in only seven patients who had
received renal transplants, it may be subject to
the sampling bias found in small studies. Never-
theless, both the pharmacokinetic and pharma-
codynamic data collected in these adolescent
patients are consistent with corresponding data
collected in adult patients.
The studies in adults and our study also

suggest that there are certain properties of oral
fingolimod that may have some potential utility
in pediatric patients. In this study, we took a
representative oral dose of fingolimod used in
adult renal transplant studies (5 mg) and scaled it
down by body weight (0.07 mg/kg) for adminis-
tration to adolescent patients. At this dose level,
we showed that a single, oral dose of fingolimod
was well tolerated and safe in adolescents yield-
ing similar fingolimod and fingolimod-phosphate
blood concentrations as in adults. Patients
belonging to the younger pediatric age groups
were not enrolled. When scaled for body weight,
CL/F, Vz/F, and t1/2 of fingolimod did not
exhibit any age-dependency across the adoles-
cent-to-adult range. While these adolescent
patients were also receiving concomitant medi-
cations, none appeared to influence the pharma-
cokinetics of fingolimod or fingolimod
phosphate. This is based on the fact that fingo-
limod is metabolized principally by cytochrome
CYP4F2, an isoform not known to be altered by
any of the comedications used in this study. In
addition, fingolimod pharmacokinetics is not
significantly affected by renal insufficiency (25)
or mild to moderate hepatic insufficiency (26).
Hence, these pharmacokinetic results should be
applicable to adolescents receiving fingolimod for
other medical conditions, including multiple
sclerosis. These results in adolescents may not

Table 2. Lymphocyte responses*

Response
Adolescents
n = 7

Adults
n = 6

Acute response
Predose count (109/L) 2.64 € 1.04 1.62 € 0.33
Nadir time (days) 2 (1.25–7) 18 (8–24)
Nadir count (109/L) 0.37 € 0.17 0.41 € 0.09
Nadir count (% predose) 15 € 7 26 € 5
AUEC(1) (109/L per day) 0.9 € 0.3 0.7 € 0.1
Recovery
Day 14 count (109/L) 1.10 € 0.37 1.25 € 0.45
Day 21 count (109/L) 1.67 € 1.03 1.51 € 0.28
Day 28 count (109/L) 2.34 € 0.83 1.69 € 0.43
AUEC(1–28) (109/LÆday) 35 € 14 33 € 7

*Data are mean € s.d. except for nadir time, which is median (range).

Table 3. Lymphocyte subsets and monocyte counts

CD subset Descriptor
Day 1
predose

Day 1
12 h
post-dose Day 14

CD3 Pan T-cells 2.11 € 0.90 0.41 € 0.22 0.79 € 0.24
CD4 Helper T-cells 1.27 € 0.41 0.17 € 0.07 0.38 € 0.13
CD8 Cytotoxic/suppressor

T-cells
0.74 € 0.40 0.22 € 0.16 0.38 € 0.18

CD14 Monocytes 0.19 € 0.32 0.19 € 0.33 0.16 € 0.27
CD16 Natural killer cells 0.16 € 0.16 0.07 € 0.06 0.11 € 0.12
CD45RO Memory T-cells 0.93 € 0.31 0.25 € 0.09 0.41 € 0.12
CD45RA Na�ve T-cells 1.75 € 0.88 0.35 € 0.25 0.69 € 0.31
CD25 Activated T-cells 0.02 € 0.01 0.01 € 0.004 0.011 € 0.004
CD28 – 1.73 € 0.58 0.28 € 0.10 0.58 € 0.21
CD52 – 2.50 € 1.09 0.48 € 0.37 1.00 € 0.37
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extrapolate to young children and assessment of
the pharmacokinetics and pharmacodynamics of
fingolimod in young children would be required
for its use in this age group.
Although we did not determine the relative

bioavailability of oral fingolimod from the solu-
tion formulation used in this study vs. the capsule
formulation used in adults, the nearly complete
bioavailability of fingolimod from the capsule in
adults (27) makes it likely that it is equally
bioavailable from a solution made by dissolving
the capsule contents in water before administra-
tion.
A reduction in the peripheral lymphocyte

count is a measure of the capacity of fingolimod

treatment to result in the altered trafficking of
lymphocytes. Therefore, the pharmacodynamic
effect of oral fingolimod to reduce the peripheral
lymphocyte count is considered to be linked to
the mechanism of action of this drug. In adoles-
cents, lymphocyte trajectories to Day 7 were
uniform across the study population, with the
nadir count at six h post-dose representing an
85% decrease from baseline count. The 5-mg
prototype dose chosen from the adult studies
elicited a near-maximal decrease in absolute
lymphocyte counts that recovered over the
following 2–4 wk after a single dose. Absolute
lymphocyte counts in pediatric patients are
generally higher than those in adults, which is
particularly true of CD4+ T lymphocytes (28)
and therefore the decrease and recovery of
lymphocyte count was similar to that measured
in adults, although the recovery pattern for some
lymphocyte subsets appeared different in adoles-
cents. Based on the lymphocyte lowering effect, it
appears that this mode of immunomodulation is
at least as active in adolescent patients as it is in
adults.
Safety data from clinical trials in adults have

shown that leukopenia, primarily due to a
decrease in the circulating absolute lymphocyte
count, and bradycardia can occur (8, 16–18).
Given that lymphocytopenia is important for the
mechanism of action of fingolimod, this is a

(a)

(c)

(b)

(d)

Fig. 2. (a) Lymphocyte trajectories to Day 7 in individual adolescents (thin lines) with an overlay of the mean trajectories in
adolescents (filled circles) and adults (open circles); (b) mean lymphocyte trajectories over the full study course of 28 days; (c)
heart rate trajectories in individual adolescents (thin lines) with an overlay of the mean trajectory (filled circles); (d) mean heart
rate trajectories in adolescents (filled circles) and adults (open circles).

Table 4. Heart rate responses

Response
Adolescents
n = 7

Adults
n = 6

Daytime
Predose rate (bpm) 74 € 6 75 € 15
Nadir time (h) 3 (1.5–7) 6 (3–7)
Nadir rate (bpm) 53 € 3 50 € 11
AUEC(0–4) (bpmÆh) 255 € 21 241 € 44
Nighttime
Nadir time (h) 17 (13–20) 20 (18–20)
Nadir rate (bpm) 49 € 3 49 € 10
Full day
AUEC(0–24) (bpmÆh) 1415 € 87 1368 € 286

Data are mean € s.d. except for nadir time, which is median (range).
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desired effect for this agent. In this study of
adolescents, lymphocyte trajectories to Day 7
were uniform across the study population, with
the nadir count reached at six h post-dose (85%
decrease from baseline). The single 5-mg proto-
type fingolimod dose chosen from the adult
studies elicited a near-maximal decrease in abso-
lute lymphocyte count that recovered over the
following 2–4 wk. This decrease and recovery
was similar, or perhaps somewhat longer in
adolescents. The duration of action of fingolimod
combined with its long t1/2 may be beneficial in
the management of adolescent patients in which
medication non-adherence is an all too frequent
complication (29, 30).
At Day 14, total lymphocytes as quantitated by

two different surface markers (CD3 and CD52)
were still at low numbers in the peripheral blood.
This was particularly true for CD4+ T lympho-
cytes, but not as much for CD8+ cells. Thus the
recovery of CD4+T lymphocytes seems to be less
complete than the recovery of CD8+ cell, even
though at baseline CD4+ cells were more plenti-
ful. This pattern of CD4+ response was also seen
in adult patients receiving fingolimod. The differ-
ential effect of fingolimod onCD4+cells has been
attributed to the fact that naı̈ve T cells are
predominantly CD4+ (31). It has been reported
that fingolimod treatment in kidney transplant
recipients results in a pronounced redistributionof
naı̈ve T cells (6). More sophisticated immunophe-
notyping will need to be performed with such
markers as CD44, CD62L, and hCD43 to better
understand this differential response of lympho-
cyte subsets to fingolimod.
Our study has shown that adolescents manifest

a negative chronotropic effect similar to that
found in adults. It is important to note that at no
time following fingolimod administration did an
adolescent experience a blood pressure drop out
of the normal range for age and size. Moreover,
when a decrease in blood pressure occurred, it
was not accompanied by any symptoms of
hypotension. The trajectory of recovery back to
baseline heart rate was also similar between these
two groups. Adolescents had slightly higher heart
rates during the day, but nocturnal heart rates
were similar to adults.
Although the long-term safety of fingolimod in

pediatric and adolescent patients has not been
assessed, this study provides evidence that single
oral doses of fingolimod were well tolerated in
adolescent renal transplant patients. When scaled
to body weight, single dose fingolimod adminis-
tration in adolescents results in similar pharma-
cokinetics and pharmacodynamics compared
with adults.
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