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ABSTRACT
Background  In the PARADIGMS Study, fingolimod 
demonstrated superior efficacy versus interferon (IFN) 
β-1a and comparable overall incidence of adverse events 
but slightly higher rate of serious adverse events in 
patients with paediatric-onset multiple sclerosis (PoMS). 
Here, we report the health-related quality of life (HRQoL) 
outcomes from PARADIGMS.
Methods  Patients with PoMS (N=215; aged 10–<18 
years) were randomised to once-daily oral fingolimod 
(N=107) or once-weekly intramuscular IFN β-1a (N=108). 
HRQoL outcomes were assessed using the 23-item 
Pediatric Quality of Life (PedsQL) scale that comprises 
Physical and Psychosocial Health Summary Scores 
(including Emotional, Social and School Functioning). A 
post hoc inferential analysis evaluated changes in self-
reported or parent-reported PedsQL scores from baseline 
up to 2 years between treatment groups using an analysis 
of covariance model.
Results  Treatment with fingolimod showed improvements 
versus IFN β-1a on the PedsQL scale in both the self-
reported and parent-reported Total Scale Scores (4.66 vs 
−1.16, p≤0.001 and 2.71 vs −1.02, p≤0.05, respectively). 
The proportion of patients achieving a clinically meaningful 
improvement in the PedsQL Total Scale Score was two 
times higher with fingolimod versus IFN β-1a per the 
self-reported scores (47.5% vs 24.2%, p=0.001), and 
fingolimod was favoured versus IFN β-1a per the parent-
reported scores (37.8% vs 24.7%, p=non-significant). 
Group differences in self-reported Total Scale Scores 
in favour of fingolimod were most pronounced among 
patients who had ≥2 relapses in the year prior to study 
entry or who showed improving or stable Expanded 
Disability Status Scale scores during the study.
Conclusion  Fingolimod improved HRQoL compared with 
IFN β-1a in patients with PoMS as evidenced by the self-
reported and parent-reported PedsQL scores.

INTRODUCTION
The global incidence of paediatric-onset 
multiple sclerosis (PoMS) ranges from 0.05 
to 2.85 per 100 000 children1 and globally 
at least 30 000 children below the age of 18 
years are living with MS.2 PoMS compared 

with adult-onset MS is associated with more 
frequent relapses3 4 and a higher MRI lesion 
burden,5 resulting in disability accumulation 
and a transition to a secondary progressive 
course at a younger age in adulthood.6 7

PoMS can adversely affect physical and 
psychosocial well-being, and is associated 
with fatigue, depression and cognitive impair-
ment.8–10 Patients with PoMS may experi-
ence troubling behavioural symptoms,11 
challenges in academic performance and 
social interactions, and a reduced quality of 
life (QoL) during the key formative years of 
education.8–10 12 Measuring and addressing 
health-related QoL (HRQoL) in PoMS 
informs patient management with respect to 
how the MS diagnosis and associated symp-
toms affect daily functioning in these young 
individuals. The importance of incorporating 
HRQoL measures into clinical research and 
treatment is highlighted by the US Food 
and Drug Administration and European 
Medicines Agency, which have emphasised 
that HRQoL is an essential patient-reported 
outcome (PRO) in the assessment of patients 
with chronic illnesses.13 14

The relative effects of PoMS on daily func-
tioning and QoL are incompletely character-
ised, and the relative effects of HRQoL across 
different disease-modifying therapies are yet 
to be explored. Here, we report the HRQoL 
outcomes from PARADIGMS, the first 
completed clinical trial in PoMS that led to 
the approval of a disease-modifying therapy 
in several countries for paediatric patients 
aged 10 years and older.15 16 The PARADIGMS 
Study showed that oral once-daily fingo-
limod compared with intramuscular weekly 
interferon (IFN) β-1a had superior efficacy 
in relapse and new MRI lesion outcomes. 
We applied a well-validated instrument, 
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the Pediatric Quality of Life (PedsQL) scale, and its 
Emotional, Social and School Functioning subscales17 
to all study participants to compare HRQoL outcomes 
between treatment groups and better understand the 
factors underlying HRQoL in PoMS.

METHODS
Study design and patient population
PARADIGMS was a randomised, double-blind, double-
dummy, active-controlled, parallel-group, multicentre 
study of up to 2 years, followed by a 5-year open-label 
extension period.18 Patients (N=215) were randomised 
(1:1) to receive either oral fingolimod (N=107; 0.5 mg 
once daily for >40 kg body weight and 0.25 mg once daily 
for ≤40 kg body weight) or intramuscular IFN β-1a 30 µg 
once weekly (N=108). The study included patients aged 
10–<18 years at randomisation with a diagnosis of MS; an 
Expanded Disability Status Scale (EDSS) score of 0–5.5 
and ≥1 MS relapse in the past year; ≥2 MS relapses in the 
past 2 years; or evidence of ≥1 gadolinium-enhancing 
lesion on T1-weighted MRI within 6 months before rando-
misation (including the screening MRI). Further details 
of the study design and population have been reported in 
the primary publication (PARADIGMS ​ClinicalTrials.​gov 
number, NCT01892722)18 in accordance with the Consol-
idated Standards of Reporting Trials guidelines.

HRQoL assessments and outcomes
The HRQoL measures have been demonstrated as predic-
tors of health.19 Among the tools to assess HRQoL in the 
paediatric population with chronic illnesses, the PedsQL 
scale is an established, validated instrument for the 
measurement of HRQoL, and its Emotional, Social and 
School Functioning subscales may be used to examine 
functional domains.17 The PedsQL questionnaire requires 
little time for completion (less than 5 min) and assesses 
both the children’s (self-reported) and parent’s (parent-
reported) views, providing invaluable information for the 
evaluation of the children’s HRQoL that may inform clin-
ical decision-making and treatment plans. Moreover, this 
tool has been translated and validated in other languages 
and usefully applied in previous studies to evaluate QoL 
determinants in patients with PoMS and their parents.12 20

The PedsQL scale uses a modular approach to measure 
the core dimensions of health as delineated by the WHO, 
including school functioning. The 23-item PedsQL scale 

comprises the Physical Health Summary Score (8 items) 
and Psychosocial Health Summary Score (15 items; 
subdivided into 3 multidimensional scales: Emotional 
(5 items), Social (5 items) and School (5 items) Func-
tioning), which together make up the Total Scale Score 
(table  1). The questionnaire was tailored to record 
responses by different age groups (8–12 years and 13–18 
years) and included separate child self-reporting and 
parent proxy-reporting scales; the items for each form 
were essentially identical, differing in developmentally 
appropriate language (figure  1). The scoring was done 
on a 5-point Likert scale, with each item attributed a score 
from 0 (‘if it is never a problem’) to 4 (‘if it is almost 
always a problem’) based on how much of a problem each 
item had been during the past month. For ease of inter-
pretability, item scores were reversed and linearly trans-
formed to a 0–100 scale so that higher scores indicated 
better HRQoL (figure 2). PedsQL was administered in all 
patients at baseline, month 12, month 24 and at the end 
of study (EOS). The outcomes included changes in total 
and individual summary scores of the PedsQL scale from 
baseline to EOS per self-reporting and parent-reporting.

Statistical analysis
The differences in PedsQL scores between the groups 
treated with fingolimod and IFN β-1a were determined 
by a post hoc inferential analysis. The least square (LS) 
mean changes from baseline in the Total Scale Score, 
Physical Health Summary Score and Psychosocial Health 
Summary Score (including Emotional, Social and School 
Functioning) were compared by visit for the self-reported 
and parent-reported PedsQL scores using a parametric 
analysis of covariance model. This model was adjusted for 
treatment (arm), pubertal status, sex, number of relapses 
in the 2 years prior to the study, EDSS at baseline and the 
corresponding baseline PedsQL scale score.

The mean changes in the PedsQL scale and subscale 
scores were also analysed in different subgroups of 
patients defined by the occurrence of confirmed relapses 
(free of confirmed relapses or at least one confirmed 
relapse before EOS) during the study, number of relapses 
(≤1 relapse, 2–3 relapses or >3 relapses) in the last 2 
years prior to the start of the study and changes in the 
EDSS scores (stable, improved or deteriorated (refer to 
figure 3 for the definition of these categories)) at EOS. At 
each HRQoL assessment time point, only patients with a 

Table 1  Dimensions of the PedsQL scales

Dimensions Number of items Summary scores

Physical Functioning 8 Physical Health Summary Score: Physical Functioning 
scale score

Total Scale Score:
Sum of all the items divided by 
the number of items answered on 
all of the scales

Emotional Functioning 5 Psychosocial Health Summary Score: Sum of the items 
divided by the number of items answered in the Emotional, 
Social and School Functioning scalesSocial Functioning 5

School Functioning 5

PedsQL, Pediatric Quality of Life.
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value at both baseline and the respective time point were 
included. The p value was determined from a Wilcoxon 
rank-sum test. In addition, the PedsQL scale and subscale 
scores at months 12 and 24 were also compared between 
the study arms based on the reported severity of the most 
severe adverse event (AE; mild, moderate and severe).

The proportion of patients with clinically meaningful 
improvement in the PedsQL Total Scale Scores and 
subscores was determined using the two-tailed Fisher’s 

exact test. Differences of 4.36 points for the child self-
reported scores and 4.50 points for the parent proxy-
reported scores from baseline are considered minimal 
clinically important changes; as such, greater differences 
were considered meaningful.21 22 In the current analysis, a 
more conservative approach of 5 points was considered to 
report clinically meaningful difference in PedsQL score.

Figure 1  Examples of questions from the PedsQL parent-reporting and self-reporting scale. PedsQL, Pediatric Quality of Life.

Figure 2  Scoring procedure for the PedsQL scale. HRQoL, health-related quality of life; PedsQL, Pediatric Quality of Life.
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RESULTS
Patient disposition and baseline characteristics
Of the 215 randomised patients, 214 received study medi-
cation and were included in the full analysis set (fingo-
limod, n=107; IFN β-1a, n=107) and 188 completed 
the core phase (fingolimod, 100 (93.5%); IFN β-1a, 88 
(81.5%), online supplemental table 1). The mean (SD) 

age of patients was 15.3 (1.81) years, ranging between 10 
and <18 years at randomisation, and most were female 
(~62%). The baseline PedsQL scores were similar between 
the treatment groups (table 2). Further details on patient 
disposition and baseline characteristics are reported in 
the primary and secondary publications.18 22 23

Figure 3  Mean change in total PedsQL scale score at EOS per the self-reports and parent-reports by (A) occurrence of 
confirmed relapses during the study, (B) number of relapses in the last 2 years prior to study start and (C) EDSS status at EOS. 
*p≤0.1; **p≤0.05; ***p≤0.01. The p values are from a Wilcoxon rank-sum test and represent the significant effect of fingolimod 
versus IFN β-1a. BL indicates the mean baseline PedsQL scale score. For patients with a baseline EDSS score of ≤5.0, a 
decrease of ≤1 point is defined as improvement, a change from –0.5 to 0.5 is defined as stable and an increase of ≥1 point is 
defined as deterioration; for patients with a baseline EDSS score of >5.0, a decrease of ≤0.5 point is defined as improvement, 0 
change is defined as stable and an increase of ≥0.5 point is defined as deterioration. BL, baseline; EDSS, Expanded Disability 
Status Scale; EOS, end of study; IFN, interferon; n, number of subjects with a value at both baseline and EOS; PedsQL, 
Pediatric Quality of Life.

https://dx.doi.org/10.1136/bmjno-2021-000215
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Changes in the PedsQL scores
Overall population
The LS mean changes in PedsQL scales and subscales 
from baseline to EOS are presented in figure 4. Compared 
with IFN β-1a, fingolimod showed a significant effect 
(p≤0.05) on all of the self-reported PedsQL scale and 
subscale scores, except for Social Functioning (1.30 for 
fingolimod vs −1.27 for IFN β-1a). The Total Scale and 
Physical Health Summary Scores were greater for the 

fingolimod group (p≤0.05) in the parent-reported ques-
tionnaires, whereas the Psychosocial Health Summary 
Score (including Emotional, Social and School Func-
tioning) favoured fingolimod but did not reach statistical 
significance.

The proportion of patients achieving a clinically 
meaningful improvement in the PedsQL Total Scale 
Score was higher with fingolimod versus IFN β-1a per 

Table 2  Mean baseline and end of study PedsQL scale scores (full analysis set)

PedsQL scale score

Baseline End of study

Fingolimod
N=107

IFN β-1a
N=107

Fingolimod
N=107

IFN β-1a
N=107

Self-reported (n=99) (n=102) (n=106) (n=100)

Total Scale Score 78.06 80.13 82.59** 78.11

Physical Health Summary Score 80.62 82.51 84.84 79.79

Psychosocial Health Summary Score 76.70 78.92 81.40** 77.22

Emotional Functioning 71.11 75.69 77.22* 72.95

Social Functioning 90.66 90.15 91.98 88.85

School Functioning 68.33 70.84 74.91* 69.85

Parent-reported (n=102) (n=105) (n=102) (n=93)

Total Scale Score 75.42 78.45 78.98 76.80

Physical Health Summary Score 78.29 80.59 80.64 77.44

Psychosocial Health Summary Score 73.89 77.34 78.09 76.46

Emotional Functioning 68.58 73.10 74.02 72.10

Social Functioning 86.23 87.49 89.31 86.76

School Functioning 66.86 71.32 70.96 70.54

*p≤0.1, **p≤0.05 (both fingolimod vs IFN β-1a).
IFN, interferon; n, total number of patients with available results at baseline and included in the analysis; N, number of patients in the full 
analysis set; PedsQL, Pediatric Quality of Life.

Figure 4  LS mean change in the PedsQL scale and subscale scores at EOS per the self-reports and parent-reports. *p≤0.05; 
**p≤0.01; ***p≤0.001. BL indicates the mean baseline PedsQL scale score. EOS is defined as the last assessment taken on or 
before the final study phase visit date. LS mean change is obtained from an ANCOVA model adjusted for treatment, pubertal 
status, sex, number of relapses in the 2 years prior to the study, EDSS at baseline and the baseline value of the respective 
PedsQL scale. ANCOVA, analysis of covariance; BL, baseline; EDSS, Expanded Disability Status Scale; EOS, end of study; IFN, 
interferon; LS, least square; n, total number of patients with available results for the corresponding time point or time window 
and included in the analysis; PedsQL, Pediatric Quality of Life.
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the self-reported scores (47.5% (fingolimod) vs 24.2% 
(IFN β-1a); p=0.001), and fingolimod was favoured 
per the parent-reported scores (37.8% (fingolimod) vs 
24.7% (IFN β-1a); p=non-significant) (figure 5). Further, 
the self-reported Psychosocial Health Summary Score 
(52.5% (fingolimod) vs 29.5% (IFN β-1a); p≤0.01) and 
parent-reported Physical Health Summary Score (38.8% 
(fingolimod) vs 21.5% (IFN β-1a); p≤0.05) were found to 
contribute to the Total Scale Score of the PedsQL scale.

Subgroups
Figure 3 summarises the mean changes in the PedsQL 
total scores for self-reported and parent-reported 
PedsQL scores on three subgroup analyses of patients 
defined by: (1) occurrence of confirmed relapses 
during the study (figure 3A), (2) number of relapses 
in the last 2 years prior to study start (figure 3B) and 
(3) EDSS status at EOS (figure  3C). Interestingly, 
among the self-reported Total Scale Scores, signifi-
cantly greater improvement (p≤0.05) in the PedsQL 
score was noted with fingolimod versus IFN β-1a in the 
subgroup of patients who were free of relapse during 
the study. The subgroup of patients who had two to 
three relapses in the years prior to study start had 
greater improvement with fingolimod versus IFN β-1a 
(p≤0.01) in the Total Scale Scores as observed in the 
self-reported scores.

In the subgroup of patients whose EDSS remained 
stable or worsened, PedsQL scores were in favour of 
fingolimod versus IFN β-1a but the differences did not 
reach significance.

Further, for the PedsQL subscores, a significant 
effect was observed with fingolimod (n=85) versus IFN 
β-1a (n=43, both p≤0.05) for the self-reported Physical 
Health Summary and Psychosocial Health Summary 
Scores in the subgroup of patients who were free of 
relapses during the study (online supplemental table 
2A). For the remaining subgroups, the changes in 
PedsQL scores were in favour of fingolimod treatment 
versus IFN β-1a.

When analysed by the number of relapses in the 
last 2 years prior to the start of the study (online 

supplemental table 2B), fingolimod (n=54) versus 
IFN β-1a (n=59) resulted in significant improvements 
in the self-reported Psychosocial Health Summary 
(p≤0.01), Emotional Functioning (p≤0.01), Social 
Functioning (p≤0.05) and School Functioning 
(p≤0.05) scores in the subgroup of patients who had 
two to three relapses (online supplemental table 2B). 
The parent-reported Physical Health Summary and 
School Functioning scores were significantly (both 
p≤0.05) improved with fingolimod (n=17) versus IFN 
β-1a (n=15) in patients who had experienced more 
than three relapses prior to study entry. The improve-
ment in HRQoL in the remaining subscales of the 
PedsQL and in the subgroups by relapses favoured 
fingolimod but did not reach statistical significance 
for both self-reported and parent-reported scores.

When we analysed the mean change in PedsQL scales 
and subscales by EDSS status at EOS (online supplemental 
table 2C), fingolimod (n=22) showed an effect versus IFN 
β-1a (n=10) in the self-reported Physical Health Summary 
Score in patients who had an improved EDSS score 
(p≤0.05) and in the Psychosocial Health Summary (fingo-
limod, n=67 and IFN β-1a, n=66) and Emotional Func-
tioning scores (fingolimod, n=67 and IFN β-1a, n=66) in 
patients who had a stable EDSS score (both p≤0.05).

The mean changes in the PedsQL scale and subscale 
scores in patients with any AE between baseline and 
month 12 and between month 12 and month 24 showed 
improvement with fingolimod versus IFN β-1a. All the 
AEs began before the last treatment dose. The improve-
ment in the PedsQL scores in the fingolimod-treated 
patients was similar across the mild, moderate and severe 
subgroup AE categories, regardless of being self-reported 
or parent-reported (data not presented). The results are 
from a small sample size.

DISCUSSION
In this post hoc inferential analysis of the PARADIGMS 
Study, treatment with fingolimod versus IFN β-1a showed 
improvements on the PedsQL scale for both the self-
reported and parent-reported Total Scale Score.

Figure 5  Proportion of patients with clinically meaningful improvement in the PedsQL scale scores at EOS per the self-reports 
and parent-reports. *p≤0.1; **p≤0.05; ***p≤0.01; ****p≤0.001. The p values for the treatment comparison are based on a two-
tailed Fisher’s exact test. EOS, end of study; IFN, interferon; N, number of patients with an assessment; n, number of patients 
with at least a 5-point increase in the score; PedsQL, Pediatric Quality of Life.
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Overall, a twofold higher proportion of patients 
achieved clinically meaningful improvement in the 
PedsQL Total Scale Score with fingolimod versus IFN 
β-1a per the self-reported scores, and fingolimod was 
favoured versus IFN β-1a per the parent-reported 
scores. These results reflect the positive impact of fingo-
limod treatment on HRQoL in paediatric patients while 
parents and children were blinded for the study. Among 
the subgroup analyses, patients who had ≥2 relapses in 
the year prior to study entry or who showed improving 
or stable EDSS scores showed pronounced improve-
ment with fingolimod as reflected in the self-reported 
Total Scale Scores.

HRQoL has rarely been evaluated in paediatric 
MS therapeutic studies. In the single-arm observa-
tional FUTURE Study of IFN β-1a by intramuscular 
injection,24 the QoL of patients was slightly but not 
significantly improved with subcutaneous IFN β-1a, 
when compared with pretreatment. When compared 
with the self-reported scores, the parent-reported 
scores were higher with improvements of +5.90 in 
the ‘Psychosocial Health Summary Score’ and +7.84 
in the ‘School Functioning Score’ versus baseline, 
suggesting that parents perceived more improve-
ment in aspects of HRQoL than did the patients 
themselves. In contrast, in the current double-blind, 
double-dummy PARADIGMS Study, a consistent wors-
ening was observed in the IFN β-1a-treated patients, as 
assessed by self-reported and parent-reported PedsQL 
scores. Lower QoL scores with IFN β-1a might have 
influenced patients’ decision to remain in the study, 
as 18.5% of the patients in the IFN β-1a arm discon-
tinued the PARADIGMS Study mainly owing to an 
unsatisfactory therapeutic effect, AEs and withdrawal 
of consent.18 The different results of the two studies 
could depend on different study designs, differing 
clinical settings and the post hoc nature of data anal-
ysis in the PARADIGMS Study.

The present PARADIGMS Study showed that the LS 
mean change in the PedsQL scale and subscale scores 
was significant for all outcomes at EOS per the self-
reported and parent-reported scores, except for the 
parent-reported Psychosocial Health Summary Score. 
This result corroborates literature that suggests that 
parents tend to be better at reporting their child’s 
observable behaviour (physical domains) rather than 
their children’s internal state of mind or feelings 
(emotional or social domains) considering that the 
child is the only person who can actually inform about 
their feelings.12 20 25 26 Proxy responses are not always 
equivalent to those provided by a patient,22 27 however, 
it is typically the parents' perception of their child’s 
symptoms and outcomes that influence healthcare 
utilisation.28 As such, the Food and Drug Administra-
tion industry guidance for PROs encourages observers 
(parents or proxy) to collect responses related to events 
or behaviours that can be observed versus psychosocial 
feelings that can only be known by the patient.14

Acute relapse or neurological disability has been 
consistently found to be associated with a lower QoL 
in adult and paediatric patients with MS assessed using 
EQ-5D or PedsQL instruments.22 29 30 In the PARA-
DIGMS Study, fingolimod-treated patients showed 
improvement in the PedsQL scores, as reflected in the 
subgroup analysis of patients who had 2–3 or >3 relapses 
in the last 2 years prior to the start of the study; were 
free of confirmed relapses during the study; or (despite 
the narrow range in EDSS scores) had an improved or 
stable EDSS at EOS. The greater mean change in the 
self-reported Physical Health Summary, Psychosocial 
Health Summary and Total Scale Scores of the PedsQL 
scale favoured fingolimod over IFN β-1a. The improve-
ments in PedsQL scores and HRQoL reinforce the 
benefits to patients with PoMS seen in the previously 
reported findings from the PARADIGMS (a greater 
reduction in relapses or higher number of relapse-free 
patients or an improved/stable EDSS).18

School performance and emotional well-being are 
key concerns in these young patients. Further, patients 
with paediatric MS have been shown to have a range of 
emotional and clinical problems11 and individuals with 
paediatric MS relative to monophasic inflammatory 
events have higher frequencies of depressive symptoms.31 
Similar elevated levels of depressive symptoms and 
anxiety have been found for youth with other chronic 
illness such as type I diabetes32, epilepsy, allergies33 and 
Crohn’s disease.34 Hence, medical therapies which are 
associated with better self-reported and parent-reported 
QoL are critical to the patients’ well-being. Patients with 
PoMS may also experience reduced school performance 
as measured by failing grades or classes.35 Other studies 
show comparable performance of patients with PoMS 
relative to their peers but emphasise increased psychiatric 
comorbidity.36 Fingolimod-treated patients experienced 
clinically meaningful improvement in the Psychosocial 
Health Summary subscales, that is, emotional and school 
domains, versus increased worsening in IFN β-1a-treated 
patients.

Limitations
There were some limitations in the study that must be 
acknowledged. These include low number of people with 
PedsQL assessment at month 24, the post hoc nature of 
subgroup analysis and the QoL assessments being not the 
primary study endpoint of the core trial.

CONCLUSIONS
In conclusion, fingolimod significantly improved HRQoL 
compared with intramuscular IFN β-1a in patients with 
PoMS in the PARADIGMS Study. These results suggest 
that the therapies that have strong effects on relapse rates 
and are well tolerated also show positive effects on the 
QoL of patients with PoMS. Given that prior research 
has shown a low adherence rate for MS therapies in 
patients with PoMS,37 therapies that improve HRQoL 
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are promising in their potential to promote medication 
adherence. Furthermore, improvement in psychosocial 
well-being of patients is also a key driver of improvement 
in PoMS. As MS is a chronic illness, these positive steps 
to improve patient experience are fundamental to QoL.
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