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Abstract
Background In PARADIGMS, a double-blind phase III
trial in 215 paediatric patients with multiple sclerosis
(MS) (10 to <18 years), fingolimod administered for up
to 2 years significantly reduced the annualised relapse
rate (ARR) and rate of new/newly enlarged T2 (n/neT2)
lesions compared with interferon (IFN) β-1a.
Objectives To investigate (1) differences between
treatment groups across subpopulations (treatmentnaïve, younger/prepubertal patients); (2) disability
progression.
Methods ARRs at 10, 11 and 12 years were estimated
based on predefined modelling extrapolations. Changes
in Expanded Disability Status Scale (EDSS), and in
3 month (3M) and 6 month (6M) confirmed disability
progression (CDP) were evaluated post hoc.
Results In the treatment-naïve subpopulation,
fingolimod reduced ARR and n/neT2 lesions by 85.8%
and 53.4%, respectively versus INF β-1a (both p<0.001),
compared with 81.9% and 52.6% in the overall
population. Model-based ARR reductions in younger
patients (≤12 years) were 91.9%–94.6%. Twice as
many IFN β-1a-treated than fingolimod-treated patients
had worse EDSS scores at study end (20.6% vs 10.5%,
p=0.043). Risk reductions in 3M-CDP and 6M-CDP were
77.2% (p=0.007) and 80.2% (p=0.040), respectively.
Conclusions Fingolimod in paediatric MS was
associated with consistent control of disease activity
versus IFN β-1a (including treatment-naïve and younger
patients) and resulted in less disability progression for up
to 2 years.
Trial registration number NCT01892722.
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Paediatric-onset multiple sclerosis (MS) compared
with adult-onset MS is characterised by increased
clinical and radiological disease activity suggestive
of a more inflammatory initial course.1 2 This observation supports the rationale for prompt initiation
of effective immunomodulatory therapies in children and adolescents with MS. However, efficacy,
safety and tolerability data of available therapies
in the paediatric MS population so far have been
derived from retrospective and open-label studies
rather than randomised controlled trials. Until
recently, treatment options were limited to injectable agents such as β-interferons and glatiramer

acetate, which are approved by the European Medicines Agency for use in children over 12 years of
age,3 4 but in the absence of randomised controlled
trial data. These agents are not approved for paediatric relapsing MS in the USA. Therapeutic choices
in paediatric MS should be based on controlled
trials and be expanded to include newer and more
effective agents.5 6
PARADIGMS, the first randomised controlled
trial completed in paediatric patients with MS,
assessed the efficacy and safety of the oral sphingosine 1-phosphate receptor modulator fingolimod
compared with intramuscular interferon beta-1a
(IFN β-1a) administered for up to 2 years in 215
children and adolescents from 10 to <18 years of
age.7 The primary efficacy end point (annualised
relapse rate (ARR)) and key secondary end point
(annualised rate of new/newly enlarged T2 (n/neT2)
lesions) were met, demonstrating superior efficacy
of fingolimod versus IFN β-1a (81.9% reduction in
ARR and 52.6% reduction in n/neT2 lesions with
fingolimod vs IFN β-1a). As a result, fingolimod
became the first Food and Drug Administration-approved drug for the treatment of relapsing MS in
paediatric patients in the USA; fingolimod has also
been approved for paediatric use in other regions,
including the European Union.8 9
Here, we present analyses that assess the
robustness of treatment effects, and provide
further insights on the efficacy of fingolimod
in paediatric subpopulations. These include
predefined supportive and sensitivity analyses
of the primary and key secondary outcomes:
(1) excluding patients with major protocol
deviations (ie, predefined deviations that could
confound the interpretation of the analyses),
(2) excluding patients in the INF treatment
group that are positive for IFN antibodies, (3)
evaluating treatment-naïve patients. Treatment
effects on confirmed relapses in patients ≤12
years of age, in whom data are limited, are also
explored. A similar focus is given to prepubertal versus pubertal patients, as puberty and
associated hormonal changes are suspected to
influence the course of the disease. 10–12 Finally,
we conducted post hoc analyses to explore the
effect of fingolimod on the Expanded Disability
Status Scale (EDSS) and disability progression
up to 2 years.
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Table 1

Supportive and sensitivity analyses of primary end points at end of study (up to Month 24)*
Fingolimod
(n=107)

Interferon β-1a
(n=107)

Rate ratio or between-group
difference (95% CI)

 FAS

0.12 (0.08 to 0.19)

0.67 (0.52 to 0.89)

0.18 (0.11 to 0.30)

81.9%

 Excluding data after SDD

0.12 (0.08 to 0.20)

0.73 (0.55 to 0.96)

0.17 (0.10 to 0.29)

83.1%

<0.001

 PPS

N’=96
0.12 (0.07 to 0.20)

N’=101
0.72 (0.53 to 0.97)

0.17 (0.10 to 0.30)

 83.2%

 <0.001

 Excluding IFN NAbs-positive patients

N’=107
0.12 (0.08 to 0.20)

N’=98
0.67 (0.50 to 0.89)

0.19 (0.11 to 0.31)

 81.5%

 <0.001

 Treatment-naïve patients

N’=69
0.07 (0.04 to 0.15)

N’=67
0.50 (0.34 to 0.74)

0.14 (0.06 to 0.32)

 85.8%

 <0.001

 Patients ≤12 years

N’=13
0.10

N’=9
0.72

See model

 

 Prepubertal patients

N’=7
0.20

N’=3
1.49

See model

 

 Pubertal patients

N’=98
0.13

N’=104
0.73

See model

 

<0.001

Rate
reduction

P value

Estimated annualised relapse rate (95% CI)†
<0.001

Observed annualised relapse rate

Model-based annualised relapse rate based on extrapolation from all paediatric patients (95% CI)
 Younger patients‡
  
Overall FAS

0.12 (0.07 to 0.19)

0.73 (0.56 to 0.97)

0.16 (0.1 to 0.28)

83.8%

  
10 years

0.04 (0.01 to 0.21)

0.76 (0.29 to 2.03)

0.05 (0.01 to 0.36)

94.6%

0.003

  
11 years

0.05 (0.01 to 0.20)

0.76 (0.33 to 1.71)

0.07 (0.01 to 0.33)

93.4%

<0.001

  
12 years

0.06 (0.02 to 0.19)

0.75 (0.39 to 1.44)

0.08 (0.02 to 0.30)

91.9%

 Prepubertal patients§

N’=7

N’=3

 Pubertal patients

<0.001
Pos-Prob¶:

0.16 (0.00 to 0.89)

1.97 (0.20 to 10.53)

N’=98

N’=104

0.08 (0.04 to 0.15)

0.72 (0.54 to 0.96)

0.26 (0.00 to 1.82)

 73.9%

93.8%

0.12 (0.05 to 0.22)

 88.2%

 100.0%

 All relapses (confirmed and unconfirmed)
  
FAS

FAS 0.18 (0.13 to 0.26)

0.80 (0.64 to 1.01)

0.23 (0.15 to 0.35)

77.4%

<0.001

  
PPS

N’=96
0.17 (0.11 to 0.26)

N’=101
0.81 (0.63 to 1.04)

0.21 (0.13 to 0.34)

78.6%

<0.001

End of study defined as the last assessment taken on or before the final study phase visit date.
*Unless otherwise stated.
†Between-treatment comparison obtained from fitting a negative binomial regression model adjusted as described in methodology.
‡Estimated at a given age at baseline by fitting a negative binomial regression model adjusted for treatment, age at baseline, region, pubertal status (stratified variable), number
of relapses within the previous 2 years before randomisation as well as age and treatment interaction.
§Obtained from fitting a Bayesian-negative binomial regression model with mixture priors adjusted for treatment, age, number of relapses within the previous 2 years before
randomisation as well as age and treatment interaction.
¶Pos-Prob indicates the posterior probability of the rate ratio is <1, ie, the probability of the ARR with fingolimod being lower than the ARR with IFN β-1a.
ARR, annualised relapse rate; FAS, full analysis set; IFN, interferon; N’, total number of subjects with available result and included in the analysis; NAbs, neutralising antibodies;
PPS, per-protocol set; SDD, study drug discontinuation.

Methods
PARADIGMS study design and participants
Study design

PARADIGMS was a double-blind, double-dummy, active-controlled, parallel-group, multicentre study involving 87 centres
across 26 countries from July 2013 to August 2017. The trial
was conducted in accordance with the provisions of the International Conference on Harmonization Guidelines for Good Clinical Practice and the principles of the Declaration of Helsinki.13
Full review details are available from Novartis on request.
The legal guardian or legally acceptable representative of each
patient gave written informed consent before any study-related
procedures were performed. In addition, the patient provided
his/her written consent (in accordance with local ethical/regulatory requirements).

Participants

PARADIGMS design and inclusion/exclusion criteria have been
published previously7 in accordance with the Consolidated
2

Standards of Reporting Trials guidelines. To summarise, the
study included paediatric patients (aged 10 to <18 years)
with a diagnosis of MS as defined by the revised consensus
definition for paediatric MS,14 and who had experienced
at least one MS relapse in the year preceding screening, or
more than one relapse in the 2 years preceding screening,
or had evidence of at least one gadolinium-enhancing lesion
on T1-weighted MRI in the 6 months before randomisation
(including screening MRI). Participants had an EDSS score of
0.0–5.5, inclusive.
Baseline demographic and disease characteristics of the
215 randomised patients were generally comparable between
treatment groups and as expected in relatively newly diagnosed young patients (see Chitnis et al for full baseline characteristics).7 Mean baseline EDSS score for the combined
groups was low (1.54) and over 63% of patients (n=136)
were treatment naïve. Twenty-two (10.2%) patients were
aged ≤12 years and 10 (4.7%) were prepubertal (Tanner
stage 1).
Deiva K, et al. J Neurol Neurosurg Psychiatry 2019;0:1–9. doi:10.1136/jnnp-2019-321124

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp-2019-321124 on 29 August 2019. Downloaded from http://jnnp.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Multiple sclerosis

Figure 1 Supportive and sensitivity analyses of primary and key secondary end points: percentage reductions in ARR (A) and in new or newly enlarged T2
lesions (B) with fingolimod vs INF β-1a at study end (up to month 24). Fingolimod vs IFN β-1a comparison: *p=0.03, **p<0.001. aThe relapses considered
for the analyses are confirmed relapses unless stated ‘all relapses’. bEstimated at a given age at baseline by fitting a negative binomial regression model
adjusted for treatment, age at baseline, region, pubertal status (stratified variable), number of relapses within the previous 2 years before randomisation
as well as age and treatment interaction. cObtained from fitting a Bayesian-negative binomial regression model with mixture priors adjusted for treatment,
age, number of relapses within the previous 2 years before randomisation as well as age and treatment interaction; post-prob=100% (pubertal patients)
and 93.8% (prepubertal patients). ARR, annualised relapse rate; FAS, full analysis set; IFN, interferon; NAbs+, neutralising antibodies-positive; post-prob,
posterior probability of rate ratio <1; PPS, per-protocol set.

Supportive and sensitivity analyses of key end points

All analyses—including supportive, sensitivity and subgroup analyses—tested the difference between treatments on the primary
efficacy outcome (annualised rate of confirmed relapses) and/
or on the key secondary end point (annualised rate of n/neT2
lesions) using negative binomial models. The difference in the
annualised rate of confirmed and unconfirmed relapses was also
assessed. Region and pubertal status, as randomisation stratification factors, were included as covariates along with treatment
and number of relapses within the previous 2 years. The primary
analysis was performed on the intent-to-treat population (full
analysis set (FAS)) including 214 (99.5%) patients. All the analyses presented in this section were predefined.

Primary end point (ARR)

These predefined analyses were conducted to assess the primary
outcome: (1) in the FAS population after the exclusion of data
following drug discontinuation; (2) in the per-protocol set
(PPS), which excludes patients with major protocol deviations
(ie, deviations that could confound the interpretation of analyses conducted on the FAS); (3) in the FAS population excluding
patients in the IFN β-1a group who were positive for IFN β-1a
neutralising antibodies (NAbs; as per single sample collected
at end-of-study visit). Supportive analyses were also done
Deiva K, et al. J Neurol Neurosurg Psychiatry 2019;0:1–9. doi:10.1136/jnnp-2019-321124

to evaluate the annualised rate of all relapses (confirmed and
unconfirmed) in both the FAS and the PPS populations.
In order to assess the impact of prior treatment status, we
analysed the subpopulation of paediatric patients with MS
who did not have previous disease-modifying therapy (DMT)
(DMT-naïve patients).
A negative binomial regression modelling approach was used
to extrapolate fingolimod-treatment effect on ARR (confirmed
relapse) in the small subgroup of younger patients as a function
of age at randomisation/first dose, including 10, 11 and 12 years
of age. Similarly, a Bayesian-negative binomial model was fit
to extrapolate efficacy from the pubertal patients to the small
subgroup of prepubertal patients.

Key secondary end point (n/neT2 lesions)
The key secondary efficacy variable, analysed on the FAS population from month 0 to end of study,7 was further tested (1) on
the FAS from months 0–6, 0–12, 0–18 and 0–24; (2) on the
PPS; (3) on the FAS after excluding patients in the IFN β-1a
arm who were IFN NAbs-positive. The impact of prior treatment status on the key secondary end point was also assessed
as a predefined supportive analysis focusing on the DMT-naïve
subgroup.
3
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Table 2

Supportive and sensitivity analyses of the key secondary end point at end of study (up to month 24)

Estimated annualised rate of n/ne T2 lesions (95% CI)*
Fingolimod
(n=107)

IFN β-1a
(n=107)

Rate ratio or between-group
difference (95% CI)

Rate reduction (%) P value

 Month 0–end of study

N’=106
4.39 (3.62 to 5.34)

N’=102
9.27 (7.66 to 11.21)

0.47 (0.36 to 0.62)

52.6

<0.001

 Month 0–6

N’=104
9.29 (7.43 to 11.62)

N’=100
17.80 (14.32 to 22.12)

0.52 (0.38 to 0.71)

47.8

<0.001

 Month 0–12

N’=98
5.18 (4.24 to 6.33)

N’=90
10.44 (8.57 to 12.72)

0.50 (0.37 to 0.66)

50.4

<0.001

 Month 0–18

N’=71
5.14 (4.10 to 6.44)

N’=53
8.48 (6.57 to 10.94)

0.61 (0.43 to 0.85)

39.4

0.004

 Month 0–24

N’=35
3.48 (2.49 to 4.85)

N’=24
10.97 (7.46 to 16.13)

0.32 (0.19 to 0.54)

68.3

<0.001

PPS

N’=92
4.75 (3.86 to 5.85)

N’=93
9.83 (8.04 to 12.01)

0.48 (0.36 to 0.65)

51.6

<0.001

 Excluding IFN NAbs-positive patients

N’=106
4.34 (3.58 to 5.26)

N’=93
8.29 (6.80 to 10.10)

0.52 (0.40 to 0.69)

47.6

<0.001

 Treatment-naïve patients

N’=68
3.90 (3.06 to 4.97)

N’=64
8.38 (6.59 to 10.65)

0.47 (0.33 to 0.66)

53.4

<0.001

FAS

End of study defined as the last assessment taken on or before the final study phase visit date.
*Between-treatment comparison obtained from fitting a negative binomial regression model adjusted as described in methodology.
FAS, full analysis set; IFN, interferon; N’, total number of subjects with available result and included in the analysis; NAbs, neutralising antibodies; PPS, per-protocol set.

Analyses of disability
Expanded Disability Status Scale
The EDSS score and its change from baseline were assessed
every 3 months until month 24 as a predefined analysis.
EDSS ratings were performed as far as possible by the same
certified EDSS raters to minimise inter-rater variability, and
only EDSS changes not related to acute relapse events were
considered. Categorical change in EDSS from baseline was
assessed at each visit, with patients assigned to one of three
groups: improving, stable and worsening (also predefined).
For patients with baseline EDSS 5.0 or less, change of ≤−1
point was defined as improvement, change from −0.5 to 0.5
as stable, change of ≥1 point as deterioration. For patients
with baseline EDSS >5.0, change of ≤−0.5 point was
defined as improvement, zero change as stable, change of
≥0.5 point as deterioration. Inferential testing based on χ2
test was performed as a post hoc analysis.

Confirmed disability progression (post hoc)
Kaplan-Meier (KM) survival analyses were used to study the
times to 3 month and 6 month confirmed disability progression (3M-CDP and 6M-CDP, defined as 3 month and 6 month
sustained increase in EDSS score by ≥1.5 if null at baseline, by
≥1.0 if 1–5 at baseline and by ≥0.5 if ≥5.5 at baseline, respectively). It was required that 3M-CDP and 6M-CDP be confirmed
by EDSS at a scheduled visit 3 months and 6 months, respectively, after the onset of disability progression and in the absence
of a relapse.
KM estimates at 12 and 24 months, together with 95% CIs,
were calculated and a log-rank test of the treatment difference in KM estimates was performed. A Cox proportional
hazards regression model adjusted for treatment, region,
pubertal status and baseline EDSS was fit as a supportive
analysis. To assess the robustness of the results, we analysed
time to 3M-CDP sustained until the last observation using
the same method.
4

Results
Supportive and sensitivity analyses of key end points
Primary end point
Findings from all predefined supportive and sensitivity analyses were consistent with the primary efficacy results (ie,
81.9% reduction in ARR in the fingolimod group compared
with the IFN β-1a group7 and demonstrated consistent reductions at study end (up to Month 24) in the annualised rate of
confirmed relapses (all p<0.001, unless otherwise specified;
table 1).
Excluding data after study drug discontinuation (8 patients
on fingolimod and 26 on IFN β-1a prematurely discontinued
study drug), patients with major protocol deviations (n=17) and
IFN NAbs-positive patients (n=9) yielded similar reductions as
observed for the overall population. Of the nine NAbs-positive
IFN patients, eight completed the study. The ARR reduction
in treatment-naïve patients was 85.8% vs 81.9% in the overall
population. ARR reductions in all relapses (confirmed and
unconfirmed) were also observed in the fingolimod versus the
IFN β-1a group (see figure 1A and table 1 for an overview of
all results).

Younger and prepubertal patients
As shown in table 1, ARR reductions in younger patients estimated from the negative binomial regression modelling extrapolation were 94.6% (p=0.003), 93.4% and 91.9% for 10, 11
and 12 years of age, respectively vs 83.8% for the overall FAS
population (also estimated by the model). Observed ARR in the
subpopulation of patients ≤12 years are displayed in table 1
along with model-based ARR.
Based on the Bayesian extrapolation model, the ARR reduction in prepubertal patients was estimated at 73.9% vs 88.2% in
the pubertal patients (table 1). The posterior probabilities (ie, the
probabilities of ARR being lower with fingolimod than with IFN
β-1a) were 100% in pubertal patients and 93.8% in prepubertal
patients.
Deiva K, et al. J Neurol Neurosurg Psychiatry 2019;0:1–9. doi:10.1136/jnnp-2019-321124
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Analyses of disability
Expanded Disability Status Scale

The mean EDSS score (SD) at baseline was 1.5 (1.14) in the
fingolimod group and 1.6 (0.89) in the IFN β-1a group
(figure 2A). In the predefined analysis, the mean change from
baseline in EDSS score at the end of study was numerically negative (−0.23) (improvement) in the fingolimod group and positive
(0.22) (worsening) in the IFN β-1a group. This improvement in
the fingolimod group was apparent from month 3 onwards and
consistently observed every 3 months up to month 24, whereas
numeric increases in EDSS score or stable values were observed
at each corresponding time-point in the IFN β-1a group
(figure 2A).
At all time-points, more fingolimod-treated patients had categorically improved EDSS scores (ie, lower EDSS scores) and
fewer patients had categorical worsening (ie, higher EDSS scores;
figure 2B) compared with INF β-1a-treated patients. At the study
end, nearly twice as many fingolimod-treated compared with
IFN β-1a-treated patients demonstrated a trend towards categorical improvement from baseline in EDSS (21.9% vs 12.1%,
respectively, p=0.059; p values calculated post hoc) while only
half as many had categorical worsening (10.5% vs 20.6%,
respectively, p=0.043). A similar proportion of patients in both
groups showed stable EDSS (67.6% vs 67.3%; p=0.959).

Disability progression (post hoc)

Figure 2 Changes in EDSS from baseline (A) mean EDSS changes; (B)
categorical EDSS changes†. *P<0.05; **p<0.01. †Patients with baseline
≤EDSS 5.0: change of ≤−1 point defined as improvement, change from
−0.5 to 0.5 as stable, change of ≥1 point as deterioration; patients with
baseline. EDSS >5.0: change of ≤−0.5 point defined as improvement, zero
change as stable, change of ≥0.5 point as deterioration. EDSS, Expanded
Disability Status Scale; EOS, end of study, defined as the last assessment
taken on or before the final study phase visit date; IFN, interferon; n,
number of patients.

Key secondary endpoint
Predefined analyses (ie, in the PPS population, excluding IFN
NAbs-positive patients, and in treatment-naïve patients) were
all consistent with the key secondary efficacy results, which
demonstrated a 52.6% reduction in the annualised rate of n/
neT2 lesions with fingolimod versus IFN β-1a (table 2).7 We
observed consistent reductions in n/neT2 lesions with fingolimod compared with IFN β-1a. All annualised rates for n/neT2
lesions were also significantly lower from months 0–6, 0–12,
0–18 and 0–24 in the fingolimod group than in the IFN β-1a
group, noting that due to the study design fewer patients were
included on the month 0–24 analysis (all p<0.001, unless otherwise specified; figure 1B and table 2).
Deiva K, et al. J Neurol Neurosurg Psychiatry 2019;0:1–9. doi:10.1136/jnnp-2019-321124

In a post hoc analysis, fingolimod significantly delayed the time
to 3M-CDP compared with IFN β-1a (log-rank test, p=0.015)
(figure 3A), with KM estimates shown in table 3. A supportive
analysis indicated a risk reduction of 77.2% in 3M-CDP up
to 2 years for fingolimod compared with IFN β-1a (p=0.007)
(table 3).
A similar outcome was observed when the analysis was
repeated for time to 3M-CDP sustained until the last observation. Fingolimod significantly delayed such progression,
compared with IFN β-1a (log-rank test, p=0.024) (figure 3B).
The KM estimate of the percentage of patients free of 3M-CDP
sustained until the last observation was higher for fingolimod
(98.1%) compared with IFN β-1a (90.6%), with a risk reduction
of 87.4% (p=0.013 for this supportive analysis) (table 3).
The results of the post hoc analysis of time to the onset of
6M-CDP show very few events, as expected with a flexible duration study design with mean duration <2 years: 3/107 (2.8%)
patients in the fingolimod group and 7/107 (6.5%) patients in
IFN β-1a group had 6M-CDP during the study. The KM estimate of the percentage of patients free of 6M-CDP up to month
24 was 97.1% in the fingolimod group compared with 93.0%
in the IFN β-1a group (figure 3C, table 3). The log-rank test
(p=0.180) indicates no significant difference in delaying time to
onset of 6M-CDP for fingolimod compared with IFN β-1a due
to small number of events in both arms and thus low power for
the comparison. The Cox proportional hazard model nevertheless shows that fingolimod reduced the risk of 6M-CDP over up
to 24 months by 80.2% compared with IFN β-1a (HR=0.20,
p=0.040).

Discussion

The supportive and sensitivity analyses of this first phase III
trial in paediatric MS are all consistent with the primary and
key secondary efficacy results. Fingolimod consistently reduced
ARRs and the formation of n/neT2 lesions across all analysis
sets compared with IFN β-1a in paediatric patients treated for
up to 2 years. Depending on the subpopulation considered, the
5
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Figure 3 Kaplan-Meier plot for (A) time to 3M-CDP; (B) time to 3M-CDP sustained until last observationa; (C) time to 6M-CDP. aPost hoc analysis of full
analysis set. bEstimated using a Cox regression model adjusted for treatment, pubertal status and baseline EDSS. 3M-CDP, 3 month confirmed disability
progression; 6M-CDP, 6 month confirmed disability progression; EDSS, Expanded Disability Status Scale; IFN, interferon.

reductions ranged from 81.5% to 85.8% for confirmed relapses
and 47.6% to 53.4% for n/neT2 lesions.
Excluding patients in the IFN β-1a arm who were positive
for IFN antibody at the end of the study had no impact on the
results. In addition, strong reductions both in ARR and n/neT2
lesions (85.8% and 53.4%, respectively) were observed in treatment-naïve patients, which represented the majority (63%) of
patients.
Excluding patients with major protocol deviations as well
as patients who discontinued the study drug had no impact on
the primary and key secondary results. This last observation is
6

notable because more patients discontinued treatment on IFN
β-1a than on fingolimod, and half of IFN β-1a-treated patients
who discontinued treatment did so due to lack of efficacy.7
Efficacy in younger and prepubertal patients were comparable
to the overall population. Due to limited sample size, statistical
models were applied to quantify the relationship between ARR
and age or pubertal status; this allowed us to extrapolate relapse
rates for children ≤12 years and for prepubertal children. The
negative binomial extrapolation supported the high efficacy of
fingolimod compared with IFN β-1a in patients ≤12 years of
age. The magnitude of the estimated effect of fingolimod on
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Table 3

Risk of confirmed disability progression (FAS)

Outcome

Treatment

Patients without progression
(95% CI)†

3M-CDP

Fingolimod n/N=5/107

95.2% (91.1 to 99.3)

 

INF β-1a n/N=15/107

84.7% (77.5 to 91.9)

Sustained 3M-CDP‡

Fingolimod n/N=2/107

98.1% (95.5 to 100.0)

 

INF β-1a n/N=9/107

90.6% (84.7 to 96.5)

6M-CDP

Fingolimod n/N=3/107

97.1% (93.9 to 100.0)

 

INF β-1a n/N=7/107

93.0% (88.0 to 98.0)

Between-treatment comparison*
Risk reduction (%)

HR (95% CI)

P value

77.2

0.23 (0.08 to 0.66)

0.007

87.4

0.13 (0.02 to 0.64)

0.013

80.2%

0.20 (0.04 to 0.93)

0.040

*Performed on time to event using a Cox regression model adjusted as described in methodology.
†Estimated at month 24 from Kaplan-Meier analysis.
‡3M-CDP sustained until last observation.
FAS, full analysis set; IFN, interferon; 3M-CDP, 3 month confirmed disability progression; 6M-CDP, 6 month confirmed disability progression; N, total number of patients included
in the analysis; n, total number of events included in the analysis.

ARR reduction was inversely proportional with age, with higher
reduction observed in the younger paediatric population. Results
from a post hoc analysis of fingolimod phase III trials in adults,
using a similar modelling extrapolation, had already suggested a
stronger effect of fingolimod on ARR in younger adult patients
(20 and 30 years of age), with the youngest adults showing the
highest reduction.15 These findings in adults are consistent with
what we observed in the paediatric population of PARADIGMS,
supporting the trajectory of greater benefits of fingolimod on
ARR in younger patients. The higher clinical and radiological
activity in paediatric MS, suggesting a more inflammatory course
of the disease,1 2 could explain the higher efficacy of fingolimod,
which is a stronger immunomodulatory treatment than IFN.
Results from the extrapolation based on the Bayesian-negative binomial model suggest that both prepubertal and pubertal
patients are benefiting from the effect of fingolimod on relapses.
The posterior probabilities of observing a high reduction in ARR
with fingolimod compared with IFN β-1a treatment remained
high, 100% in pubertal patients and 93.8% in prepubertal
patients. While paediatric MS is already infrequent, MS in
prepubertal patients is rare and onset before 10–12 years of age
is estimated to account for <1% of all MS cases.16 17 In PARADIGMS, however, due to specific enrolment efforts, close to
5% of enrolled patients were prepubertal. Although the use of
the applied model mitigates the uncertainty associated with low
numbers, caution is still required when interpreting this finding.
Post hoc analyses of disability progression suggest that the
benefits observed on disease activity in paediatric patients may
translate into benefits on disability progression over the treatment period of up to 2 years. It is important to note that while
the EDSS score changes were small (mean changes of <0.5 in
any direction and may not be clinically meaningful), findings
were statistically significant. The overall EDSS scores remained
very low (median EDSS scores remained <2), and therefore,
the changes in EDSS scores should be interpreted with caution.
EDSS scores of 1 or 2 often reflect minor findings on examination, and rarely indicate actual disability. Although the direction
of EDSS changes in favour of fingolimod are supported by the
magnitude of the primary results, and are also consistent with
the findings from the adult fingolimod trials,18–20 the long-term
implications are yet to be determined. Note also that the categorical change in EDSS from baseline at each visit may reflect
relapse-induced transient change in EDSS rather than sustained
disability progression, which is to be confirmed by subsequent
EDSS assessments such as 3M-CDP and 6M-CDP.
The positive effect on 3M-CDP is consistent across supportive
and sensitivity analyses, with various tests and outcome
Deiva K, et al. J Neurol Neurosurg Psychiatry 2019;0:1–9. doi:10.1136/jnnp-2019-321124

definitions, increasing the confidence in this retrospective analysis. This applies to 3M-CDP sustained until the last observation, which does not include patients who may partly recover
before study end. There was no significant difference in delaying
the time to onset of 6M-CDP for fingolimod compared with
IFN β-1a based on the log-rank test; the difference, however,
reached significance in a supportive Cox regression analysis
adjusting for covariates. The lack of significance based on the
log-rank test is likely due to the small number of 6M-CDP
events, resulting in a low statistical power for the comparison. A
number of factors have probably contributed to the low number
of 6M-CDP events. First, paediatric patients with patients rarely
accrue disability in the first 10 years of disease; and by definition, 6M-CDP has a lower incidence than does 3M-CDP because
of the stricter confirmation procedure: 6M-CDP requires that
disability progression is confirmed 6 months after onset and
that all interim EDSS assessments must meet the definition of
disability progression. This is also true for studies in the pivotal
phase III clinical trials of fingolimod in adult MS.18–20 Second,
because of the flexible follow-up design, not all patients with
a 3-month follow-up EDSS assessment to confirm disability
progression also had the 6-month EDSS assessment, resulting
in fewer 6M-CDP events than 3M-CDP events. As mentioned,
given that paediatric patients with MS rarely accrue physical
disability early in their disease course, a study duration of 2 years
is underpowered to detect disability progression. In an analysis
of 394 patients with disease onset before the age of 16, time to
reach an EDSS score of 4 was 20 years as compared with 8 years
for adult-onset patients.21
The longer time to disability progression in paediatric patients
occurs despite more frequent and severe relapses compared
with adult patients, and it has been suggested to be due to the
greater potential paediatric patients have for complete recovery
from relapses, particularly early during the disease course.22–25
This greater potential for complete recovery has been proposed
to be due to a greater potential for remyelination and repair
in younger patients, consistent with studies in animal demyelination models, which show a decreasing capacity for remyelination with increasing age.26 27 Paediatric patients with MS
have usually not yet acquired significant spinal cord lesional
damage, which contributes to motor impairment in adult-onset
MS. Finally, important comorbidities such as cerebral vascular
disease, severe obesity and lung disease, all of which reduce
physical functioning, are much less prevalent in paediatric MS.
A recent meta-analysis of 38 clinical MS trials supports the
hypothesis that a greater effect of immunomodulatory DMTs on
disease activity may translate into greater benefits on disability
7
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progression in younger patients. The results show that the efficacy of immunomodulatory DMTs on disability progression
strongly decreases with advancing age.28 The meta-analysis also
found that the difference in the effect on disability between
higher and lower efficacy therapies is greater in younger patients.
The stronger effect on disability progression in younger patients
is likely due to the stronger effect on relapse, resulting in less
residual postrelapse symptoms. With fewer relapses, reorganising and repairing damage processes can proceed uninterrupted.
In addition, inflammation interferes with plasticity, hence
targeting the high level of inflammation present in the young
brain may help maintain reorganising capabilities and support
potential recovery from damage29; in line with this observation,
it has been shown that more pronounced acute axonal damage
is observed in inflammatory demyelinating lesions in children
compared with adults.30
PARADIGMS 5-year open-label extension will assess how the
robust effects of fingolimod in paediatric MS demonstrated in
the core study are sustained over time. We hope that these findings will help initiate a paradigm shift towards the tailored use of
more efficacious DMT options earlier on in children and adolescents with MS, thereby preventing a detrimental disease course
and addressing the serious unmet needs of this challenging
population.
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