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1. EXECUTIVE SUMMARY
In this supplemental New Drug Application submitted in response to FDA’s Pediatric Written Request
issued March 20, 2013 and amended March 8, 2016, Novartis is seeking approval of fingolimod for the
treatment of relapsing forms of multiple sclerosis in pediatric patients ≥ 10 years of age.
Fingolimod, a sphingosine 1‐phosphate receptor modulator, has been approved for the treatment of
relapsing multiple sclerosis at a dose of 0.5 mg in adults. Fingolimod needs to be phosphorylated in vivo
to fingolimod‐phosphate (fingolimod‐P, FTY720‐P) to be pharmacologically active.
The submission contains one placebo controlled efficacy trial (Study D2311) to evaluate the safety and
efficacy of fingolimod (0.5 mg/day or 0.25 mg/day based on body weight) versus interferon beta‐1a
once weekly in pediatric patients aged 10 to < 18 years with multiple sclerosis. Fingolimod was
demonstrated to be superior to interferon beta‐1a on the primary endpoint of annualized relapse rate.
In addition, supportive data come from the bioequivalence study FTY20D2117.
The primary focus of this review is the evaluation of the proposed weight‐based dosing regimen.

1.1 Recommendations
The Office of Clinical Pharmacology has reviewed the information submitted under NDA 22527 and
recommends approval of fingolimod for the treatment of pediatric patients 10 years of age and older
with relapsing forms of multiple sclerosis. From a clinical pharmacology perspective, the Applicant has
also met the terms of the Pediatric Written Request. The dose of fingolimod should be 0.25 mg once
daily for patients weighing ≤ 40 kg and 0.5 mg once daily for patients weighing greater than 40 kg.

Review Issue
Pivotal or supportive evidence of
effectiveness
General dosing instructions

Dosing in patient subgroups
(intrinsic and extrinsic factors)
Labeling

Recommendations and Comments
The evidence of effectiveness of fingolimod in the pediatric
population comes from one pivotal study (D2311) in patients 10 to
less than 18 years of age with relapsing‐remitting multiple sclerosis.
Pediatric patients 10 years of age and above:
 Body weight ≤ 40 kg: 0.25 mg orally once daily, with or
without food
 Body weight > 40 kg: 0.5 mg orally once daily, with or
without food
Dosing in the pediatric population is adjusted by body weight (see
general dosing instructions above)
The review team does not agree with the Applicant’s assertion in
(b) (4)
their proposed label that
Instead, we
recommend that the steady‐state levels in pediatric patients be
reported in the label.
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Bridge between the to‐be‐
marketed and clinical trial
formulations

The to‐be‐marketed formulation was used in the pivotal trial.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT
2.1 Pharmacology and Clinical Pharmacokinetics
Fingolimod is metabolized by sphingosine to the active metabolite, fingolimod‐phosphate (fingolimod‐P)
which reduces the number of lymphocytes in peripheral blood. Steady‐state fingolimod‐P blood
concentrations are reached within 1 to 2 months following once‐daily administration and steady‐state
levels are approximately 10‐fold greater than with the initial dose.
The pharmacokinetics of fingolimod in adults have been reviewed during the original, adult submission
(Lai, DARRTS 8/4/2010) and are summarized in the product label.
Mean fingolimod‐P concentrations in pediatric patients (1.10 ng/mL) were approximately 23% lower
than the target concentration estimated from adult patients (1.35 ng/mL).

2.2 Dosing and Therapeutic Individualization
2.2.1 General dosing
The recommended dose in pediatric patients 10 years of age and above is based on body weight.
Patients weighing ≤ 40 kg should receive a dose of 0.25 mg orally, once per day. Patients weighing
greater than 40 kg should receive the adult dose of 0.5 mg orally, once per day. Similar to adults,
pediatric patients should also undergo first dose monitoring for symptomatic bradycardia. Pediatric
patients who start on the 0.25 mg dose and subsequently reach a stable body weight above 40 kg
should be switched to the 0.5 mg dose and repeat first dose monitoring.
2.2.2 Therapeutic individualization
No therapeutic individualization is necessary for extrinsic/intrinsic factors other than body weight.

2.4 Summary of Labeling Recommendations
(b) (4)
The review team does not agree with the Applicant’s assertion in their proposed label that
Instead, we
recommend that the steady‐state levels in pediatric patients be reported in the label.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW
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3.1 Overview of the Product and Regulatory Background
Fingolimod (Gilenya®) is an orally acting sphingosine‐1 phosphate (S1P) receptor modulator that was
approved at a daily dose of 0.5 mg for the treatment of relapsing multiple sclerosis (MS) in adults in
September 2010. Based on the recommendation of OCP (Lai, DARRTS 8/4/2010), a post‐marketing
commitment to perform a controlled study of a lower dose (0.25 mg) was issued. In March 2013, a
pediatric Written Request was issued (and later amended in 2016) and included a clinical trial to
evaluate the efficacy and safety of fingolimod versus interferon beta‐1a in pediatric patients (10 years of
age and older) with MS.

3.2 General Pharmacology and Pharmacokinetic Characteristics
Pharmacokinetic characteristics of fingolimod‐P in the pediatric population are primarily derived from
sparse sampling from the pivotal study D2311. Blood samples were obtained in the study at Day 1 and
Day 30 pre‐dose and 6 hours post dose and at any time on the following occasions: Day 15 and Months
2, 3, 6, 12, 18 and 24 or end of study. A total of 544 fingolimod‐P concentrations (≥ 45 days after start of
treatment or dose change) from 103 patients were available for analysis. The data suggested that steady
state was reached by Month 2. Between‐subject variability was large (72%), consistent with
observations in adults. Overall, mean fingolimod‐P concentrations in pediatric patients (1.10 ng/mL)
were approximately 23% lower than the target concentration estimated from adult patients (1.35
ng/mL). These aspects are visualized in a plot of the data in Figure 1.
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Figure 1: Observed Fingolimod‐P Concentrations in Study D2311. Green circles correspond to non‐steady‐state data. Black
circles correspond to steady‐state data. The dotted red line is the median adult target concentrations. Black dotted lines
correspond to 65%‐140% bounds around the target and blue lines represent the 90%CI of the target.

Source: Figure 9‐3 on page 75 of Population PK Report (RA00500600)

3.3 Clinical Pharmacology Review Questions
3.3.1 To what extent does the available clinical pharmacology information provide pivotal or
supportive evidence of effectiveness?
The evidence of effectiveness of fingolimod for the treatment of relapsing MS in pediatric patients is
derived from a single, double‐blind study to evaluate the safety and efficacy of fingolimod versus
interferon beta‐1a. The primary endpoint was the annualized relapse rate (ARR) of confirmed relapses.
Fingolimod was demonstrated to be superior to interferon beta‐1a (adjusted ARR of 0.122 vs 0.675,
p<0.0001). Absolute lymphocyte count data provides supportive evidence that fingolimod had the
intended pharmacodynamic effect of blocking the capacity of lymphocytes to egress from lymph nodes
(Figure 2). The effect is consistent with that observed in the adult population, in which lymphocyte
counts reached a nadir of approximately 0.5 × 109 cells/L with continued daily dosing.
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Figure 2: Lymphocyte data from Study D2311

Source: Figure 9‐10 on page 95 of Population PK Report (RA00500600)

3.3.2 Is the proposed dosing regimen appropriate for the general patient population for which
the indication is being sought?
Yes, the dosing regimen was found to be safe and effective in pediatric patients greater than 10 years of
age in Study D2311. The dose was selected to target concentrations observed in adults receiving the 0.5
mg dose, but median fingolimod‐P concentrations in pediatric patients in Study 2311 were
approximately 23% lower (1.10 ng/mL vs. 1.35 ng/mL). The reviewers explored potential explanations
for this observation, including patient demographics, concomitant medications and bioanalytical
methods, but none of them could sufficiently account for the discrepancy. Although of scientific interest,
the lower observed concentrations in pediatric patients are not clinically relevant because the difference
is modest, efficacy was established in Study D2311 at these concentrations and OCP previously
concluded that it was likely that doses lower than 0.5 mg in adults would provide comparable
effectiveness. The appropriateness of the 0.25 mg dose in patients weighing ≤ 40 kg is discussed in the
following question.
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3.3.3 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic factors?
Yes, the 0.25 mg dose is appropriate for pediatric patients weighing ≤ 40 kg. The 0.25 mg dose was
included in Study D2311 based on PK considerations that pediatric patients weighing ≤ 40 kg would
require a lower dose to match fingolimod‐P exposures to heavier pediatric patients (and adults). In
Study D2311 the Applicant conducted an online PK analysis of data in patients receiving the 0.25 mg
dose at Month 1 to confirm the need for a lower dose in patients with body weight ≤ 40 kg. If
concentrations at Month 1 were below 65% of the target exposure derived from adults, 0.9 ng/mL, the
dose was to be increased to 0.5 mg. Only 9 patients in Study D2311 initially received the 0.25 mg dose
(Table 1).
Table 1: Summary of Online PK Analysis in Patients Receiving the 0.25 mg Dose

Source: Summary of Clinical Pharmacology Studies, Table 2‐2, Pages 16‐17.
The results show that the dose was increased to 0.5 mg in two patients because of low concentrations at
Month 1. An additional subject with low concentration at Month 1 remained on the 0.25 mg dose due to
an error. A total of three subjects had their dose increased from 0.25 mg to 0.5 mg based on an increase
8
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Source: Study No FTY720D2117 CSR, PT‐Table 14.2‐1.1

No food effect for the 0.25 mg capsule was assumed based on no food effect for the 0.5 mg capsule.
Fingolimod hydrochloride is a BCS class II compound based on its low solubility at physiological pH and
the high apparent absolute oral bioavailability (93%) observed in humans. Due to the low solubility of
Fingolimod in higher pH’s, the 0.5 mg capsules dissolved no more than 63% in pH 4.5 and no more than
3% in pH 6.8 buffers. Therefore, the sponsor did not use in vitro dissolution comparison between the 0.5
mg and 0.25 mg strengths in pH 4.5 and pH 6.8 buffers (only in 0.1N HCl dissolution comparison was
provided).
Dissolution Results of Fingolimod 0.5 mg (FMI) and 0.25 mg (New Pediatric Formulation) Capsules in
0.1N HCl

* In parentheses, number of units tested
Source: [FTY720 0.25 mg Analysis Report v5 2012] and [FTY720 0.5 mg Analysis Report 2009]
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4.3 Population PK and or PD Analyses
4.3.1 Population PK Analysis
The objectives of the Applicant’s population PK analyses were to develop a model of steady‐state
fingolimod‐P concentrations in Study D2311 and to assess if those concentrations achieved the adult
target level. Blood samples were obtained in the study at Day 1 and Day 30 pre‐dose and 6 hours post
dose and at any time on the following occasions: Day 15 and Months 2, 3, 6, 12, 18 and 24 or end of
study. Measurements that met any of the following conditions were considered not to be at steady‐
state and therefore were excluded from the analysis:





≤ 45 days from starting treatment
After > 7 days without any dose
≤ 45 days after a treatment interruption that lasted > 7 days
≤ 45 days after the switch from 0.25 mg to 0.5 mg if pediatric patient gained weight or had a
dose increase

The final dataset included 544 fingolimod‐P concentrations from 103 patients. A summary of the
observed steady‐state concentrations is displayed in Table 2. Concentrations following the 0.25 mg dose
tended to be slightly (10% to 20%) lower on average than concentrations following the 0.5 mg dose, but
there was considerable overlap in the distribution.
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Table 2: Summary of Fingolimod‐P Concentrations at Steady‐State by Actual Dose

Source: Table 4‐2 on page 32 of Population PK Report (RA00500600)
The previously developed linear mixed effects model developed in adults (reviewed in Lai, DARRTS
8/4/2010) served as the starting point for the pediatric PK analysis. Age, body weight, gender, race and
dose group were evaluated as potential covariates. The final model included effects of weight and dose
on intercept. The Applicant concludes that following 0.5 mg, the typical steady‐state fingolimod‐P
concentration was estimated to be 0.978 ng/mL for a body weight of 70 kg, which is below the adult
target level (1.35 ng/mL) but within the 90% CI around the median and within the median 65%‐140%
bounds around the adult target. This difference was not considered clinically relevant and the Applicant
considered steady‐state concentrations to be similar between adult and pediatric patients.
4.3.2 Population PKPD Analyses
The previously developed PKPD model between fingolimod‐P concentration and lymphocyte count
derived in adults was used as a starting point for analysis in the pediatric population. Lymphocyte count
data were collected in Study D2311 at screening, baseline, Day 15 and Months 1, 2, 3, 6, 9, 12, 15, 18, 21
and 24 months (or end of study) and a follow‐up sample after 3 months in patients who prematurely
discontinued study drug or who did not enter the extension phase. The data are illustrated in Figure 2. A
visual predictive check (VPC) was performed to assess whether the adult model could adequately
15
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describe the pediatric data. The VPC showed that the adult model predicted lower lymphocyte levels
than the observed pediatric data. The PKPD model was then re‐estimated using pooled adult and
pediatric data and a binary covariate to describe differences in the two populations. The updated model
showed that baseline lymphocyte count was 17.2% higher in children compared to adults. Differences in
Imax and IC50 were estimated with poor precision, but did not reveal clinically relevant differences
between populations. The maximum reduction in lymphocytes from baseline was estimated to be 81%
in adult patients and 79% in pediatric patients.
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