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Abstract

Background: Disease activity differs in young patients with multiple sclerosis (MS) compared with the
overall adult MS population.

Objective: The objective of this paper is to evaluate the effect of fingolimod 0.5 mg on disease activity
in young adults with MS from three randomized, double-blind Phase 3 trials.

Methods: Annualized relapse rate (ARR), number of new/newly enlarging T2 lesions (neT2), and no
evidence of disease activity (NEDA-3) were estimated in the intent-to-treat population at age 20 (youn-
gest) and 30 (young) and compared to the overall population. Models used included a negative binomial
regression (ARR/neT2) and a logistic regression (NEDA), with age at baseline as a continuous covariate.
Results: ARRs were higher in younger patients (all p < 0.05), and significantly reduced with fingolimod
versus placebo or interferon beta-1a (IFN B-1a), with the percentage reduction inversely proportional to
age. Fingolimod was significantly associated with a lower number of neT2 lesions versus placebo/IFN in
all age groups except versus IFN in the youngest patients. Regardless of age, fingolimod-treated patients
were more likely to achieve NEDA-3 versus placebo/IFN (-1a, with strongest benefits in the youngest
patients (all p < 0.05).

Conclusions: Young adults show higher levels of MS disease activity, and may particularly benefit from
fingolimod treatment compared with the overall study population.
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Introduction

Multiple sclerosis (MS) is the most common neuro-
logical disease affecting young and middle-aged
adults that causes significant disability resulting in
poor health-related quality of life."! Patients with
early-onset MS tend to relapse more frequently
with higher magnetic resonance imaging (MRI)
activity compared with older patients.””> Consistent
with this observation, studies focusing on children

they reach significant disability at a younger age and
develop a progressive MS course earlier.® '
Evidence from natural history studies indeed indi-
cates that age at clinical onset is an important pre-
dictor for poor prognosis of MS, in that the earlier
the onset, the younger the age at attainment of dis-
ability milestones.'*'* In spite of the significant
burden of MS in pediatric and young adult patients,
in practice, controlled studies in MS generally

found that the annualized relapse rate (ARR) in pedi-
atric MS patients was generally higher than in adult
patients with MS.%7 Although patients with earlier
disease onset accumulate irreversible disability at a
slower rate compared with their adult counterparts,

recruit adult patients with an average age of 3641
years,'>"'7 and to-date little information is available
from clinical trials in patients with pediatric MS,'®'°
with only one randomized controlled trial con-

ducted.?® Thus, more systematic analyses of MS
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disease activity in young patients from well-
controlled trials are needed.

Fingolimod 0.5 mg (Gilenya®, Novartis Pharma AG)
was found to be effective on both clinical and MRI
outcomes versus placebo or interferon beta-la (IFN
B-la) intramuscular (IM) injection based on data
from three Phase 3 trials.">™'” In this study, we ana-
lyzed data from FREEDOMS, FREEDOMS II, and
TRANSFORMS to characterize the relationship
between age and MS disease activity (including
relapses and MRI lesion activity) and to evaluate
the efficacy and safety of fingolimod 0.5 mg
versus placebo/IFN fB-la in young adult patients
compared with the overall study population.

Patients and Methods

Study Population

This post hoc analysis included patients from the
pivotal fingolimod clinical trials FREEDOMS
(NCT00289978), FREEDOMS 1I (NCT00355134),
and TRANSFORMS (NCT00340834). The study
designs and patient populations of all three clinical
studies have been published previously,'>™'” and the
analysis in this article does not include new patients.
FREEDOMS'® and FREEDOMS 1II'° were both
24-month, placebo-controlled, parallel-group studies
conducted in 1272 and 1083 patients, aged 18 to 55
years, respectively. Patients were randomized in a
1:1:1 ratio to receive once-daily fingolimod 0.5 mg,
fingolimod 1.25mg, or placebo. TRANSFORMS'’
was a 12-month, active-controlled, parallel-group
trial including 1292 patients aged 18 to 55 years,
randomized in a 1:1:1 ratio to receive once-daily
fingolimod 0.5 mg, fingolimod 1.25 mg, or IFN
B-1a IM injection.

Statistical Analysis

For each trial, baseline information was summarized
for patients aged <20 years, <30 years and for the
overall population. The relationship between MS
disease activity and age was evaluated based on
the entire intent-to-treat (ITT) population in each
trial. Disease activity was analyzed as a continuous
function of age in statistical models. ARR, number
of new/newly enlarging T2 (neT2) lesions and no
evidence of disease activity (NEDA-3) were estimat-
ed at age 20 years and 30 years and compared with
that of the overall population. ARR and neT2 lesions
were both analyzed in negative binomial regression
model with log-link. The models were adjusted for
treatment, age, and age-by-treatment interaction.
The ARR model used log time-in-study as an

offset to standardize the relapse rates to one year.
The relationship between age and disease activity
was tested for each treatment based on the statistical
model.

To test the robustness of our findings on ARR, three
sensitivity analyses were conducted: (a) by exclud-
ing patients who dropped out of the study before
completing three months, (b) by excluding patients
who dropped out of the study before completing six
months and (c) by excluding patients who had an
ARR of >2.5 estimated on an individual level.
NEDA-3, defined as absence of T1 gadolinium-
enhancing (Gd+) and neT2 lesions, no confirmed
relapse, and no three-month confirmed Expanded
Disability Status Scale (EDSS) progression, was
analyzed in a logistic regression model with treat-
ment as a factor, age as a continuous explanatory
variable, and an age-by-treatment interaction.

Safety in young adult patients was analyzed based
on adverse events (AEs) in the subgroup of patients
aged <30 years using the combined data of all the
controlled Phase 2/3 trials of the fingolimod relaps-
ing-remitting MS (RRMS) program. Overall AEs
with fingolimod 0.5 mg (n=1364) and placebo
(n=966) are also reported for comparison purposes.
No separate safety analysis was carried out for
patients aged <20 years because of the low sample
size for an evaluation.

Results

Baseline Characteristics

The baseline demographic and disease characteristics
for patients at age <20 and <30 years and for the
overall population are presented in Table 1. Of the
patients in the FREEDOMS, FREEDOMS II and
TRANSFORMS studies, 28/1272 (2.2%), 17/1083
(1.6%), and 40/1292 (3.1%), respectively, were
<20 years of age; and 325/1272 (25.6%), 150/1083
(13.9%) and 355/1292 (27.5%), respectively, were
<30 years of age at baseline. The median disease
duration at baseline was 2.1-2.4 years and 3.4-4.9
years in patients aged <20 and <30 years, respec-
tively. Compared with the overall population,
patients at age <20 and <30 years showed lower
EDSS scores and a higher number of T1 Gd+ lesions
at baseline.

Annualized relapse rate

In the control arms of all three Phase 3 trials (pla-
cebo in FREEDOMS and FREEDOMS 11, or IFN
B-la in TRANSFORMS), young adult patients
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Table 1. Demographic and baseline disease characteristics of patients at age <20 years, <30 years and the overall population.

relapsed more frequently compared with the overall
population (Figure 1). For the placebo arm, patients
at age 20 years, 30 years or in the overall population,
the ARR in FREEDOMS was 0.73, 0.57, and 0.40,
respectively and in FREEDOMS 1I was 0.67, 0.51,
and 0.40, respectively (p =0.002 and p =0.004 for
the relationship between age and ARR). The corre-
sponding values for the IFN f-la arm of
TRANSFORMS were 0.60, 0.48, and 0.33
(»p=0.036 for the relationship between age and
ARR). Compared with the overall population, the
youngest adult patients (20 years of age) in the
FREEDOMS and FREEDOMS II placebo arms
had a 1.7- to 1.8-fold higher ARR.

In fingolimod 0.5 mg-treated patients, there was no
significant association between age and ARR, with
reductions in ARR being consistently lower across
all age groups (0.14 — 0.27) compared with placebo/
IFN B-1a. The percentage reduction in ARR associ-
ated with fingolimod 0.5 mg compared with placebo
or IFN B-la was inversely proportional to the age,
with the youngest patients showing the strongest
reductions (versus placebo: 79% in FREEDOMS,
59% in FREEDOMS II; and versus IFN f-la:
77% in TRANSFORMS). Sensitivity analyses per-
formed to test the robustness of the relationship
between young age and high ARR, and to test the
superiority of fingolimod 0.5 mg versus placebo/IFN

B-la, based on predetermined criteria, did not
change the results.

New/newly enlarging T2 Lesions

In all three trials across all treatment groups, young
adult patients had 1.8- to 5.1-fold higher numbers of
neT2 lesions compared with the overall population
(Figure 2). Compared with placebo in FREEDOMS
and FREEDOMS 11, fingolimod 0.5 mg was associ-
ated with significantly lower numbers of neT2
lesions in patients at age 20 years (p =0.0002 and
0.0001), patients at age 30 years (p <0.0001 for
both) and in the overall population (p < 0.0001 for
both). Fingolimod 0.5 mg was also associated with a
significant reduction of neT2 lesions compared with
IFN B-la in the overall population (41%,
p<0.0001) and in patients at age 30 years (32%,
p=0.0112). However, lesion suppression was simi-
lar with fingolimod and IFN B-la in the youngest
patient group.

No Evidence of Disease Activity

The odds of achieving a NEDA-3 status over two
years in young adult patients were 8.3- to 17.8-fold
higher (p <0.0001) in the fingolimod group com-
pared with placebo, with the strongest treatment ben-
efit observed in the youngest patients (Figure 3).
Compared with IFN B-1a, the odds of achieving a
NEDA status over one year was approximately
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Figure 1. Estimated ARRs at age 20 years, age 30 years and in the overall population in the FREEDOMS, FREEDOMS II, and TRANSFORMS
trials. ARR ratio <1 favors fingolimod 0.5 mg compared with controls. “P values for relationship between age and ARR in control patients.
¥Values for patients at age 20 or 30 years are based on a statistical model using all data in the ITT population. N = patients in ITT, n = patients
with available data. Control refers to placebo for the FREEDOMS and FREEDOMS 11 trials, and IFN B-1a for the TRANSFORMS trial. Youngest
and young MS patients refer to the estimates at age 20 years and 30 years, respectively, in all three studies. ARR: annualized relapse rate; CI:
confidence interval; IFN B-la: interferon beta-la; ITT: intent-to-treat; MS: multiple sclerosis.

doubled in fingolimod-treated patients irrespective
of the patient’s age (odds ratio >2.0, p < 0.05).

Safety

The AE profile of fingolimod in young adults (<30
years) is presented in Table 2. The most common
AEs in the fingolimod 0.5 mg group were nasophar-
yngitis (26.3%), headache (24.2%), upper respirato-
ry tract infections (14.1%), and diarrhea (10.1%).
The frequency of AEs reported in the young adults
was similar to those reported in the overall popula-
tion (Table 2). In young adult patients (<30 years of
age), the most common AEs, with an incidence of at
least 5% in the fingolimod 0.5 mg group, included
influenza, pharyngitis, bronchitis, headache, diar-
rhea, nausea, fatigue, back pain, cough, oropharyn-
geal pain, dyspnea and increased levels of alanine
aminotransferase (ALT); this was similar to the AEs
reported in the overall population versus placebo.

Discussion

This post hoc analysis of three Phase 3 fingolimod
trials investigated the relationship between age and
MS disease activity and estimated treatment effects
of fingolimod 0.5 mg versus placebo or IFN B-1a in
young adult patients (at age 20 and 30 years) in

comparison with that of the overall study population.
At baseline, young adult patients showed higher
clinical and MRI disease activity compared with
the overall adult study population. However, the dif-
ferences in relapse activity between young adult
patients and the overall population were less pro-
nounced at baseline than on-study in the control
group (placebo/IFN B-1a), because the study proto-
col mandated a minimum of one relapse in the last
year, or two relapses in the last two years before
study entry in all patients. Fingolimod 0.5 mg was
associated with significant reductions in ARR (53%
to 79%) and neT2 lesions (65% to 79%) versus
placebo in young adult patients, with the youngest
group (patients at age 20 years) showing the highest
reductions in ARR. Similarly, fingolimod 0.5 mg
significantly reduced the ARR compared with IFN
B-1a, with the strongest relative reductions seen in
the youngest patients. The odds of achieving a
NEDA status over two years was strongest in the
youngest patients versus placebo/IFN f-la, and
was twice as high with fingolimod compared with
IFN B-1a irrespective of patient age.

Observational data from natural history studies in
MS suggest that the clinical phenotype and progno-
sis of MS are age-dependent.”'*?!? The inverse
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Figure 2. Estimated number of neT2 lesions at age 20 years, age 30 years and in the overall population in the FREEDOMS, FREEDOMS II and
TRANSFORMS trials. A ratio <1 between fingolimod 0.5 mg and control groups signifies a treatment effect in favor of fingolimod. *Values for
patients at age 20 or 30 years are based on a statistical model using all data in the ITT population. N =patients in ITT, » = patients with available
data. Control refers to placebo for the FREEDOMS and FREEDOMS 1I trials, and IFN B-1a for the TRANSFORMS trial. Youngest and young
MS patients refer to the estimates at age 20 and 30 years, respectively, in all three studies. CI: confidence interval; IFN B-1a: interferon beta-1a;

ITT: intent-to-treat; MS: multiple sclerosis; neT2: new/newly enlarging T2.

relationship between age and relapse activity
observed in this study supports the results reported
previously.”® In the present analysis, the relapse
rates estimated for young adult patients in the pla-
cebo arms of FREEDOMS and FREEDOMS 11 (at
age 20, ARR=0.73 and 0.67, respectively) are in
line with those reported in the literature for younger
RRMS patients,? and are in between those reported
for children with MS and the overall adult popula-
tion.>” Our findings are further supported by evi-
dence from previous analyses. A retrospective
analysis including 2477 RRMS patients showed
that the relapse rates were age-dependent and that
patients who are younger than 40 years tend to ben-
efit the most from drugs that can modify relapse
rates.”> In a recent meta-analysis of randomized,
blinded MS clinical trials involving >28,000 MS
patients, the efficacy of disease-modifying therapies
(DMTs) on MS disability was found to be strongly
dependent on age, with younger patients showing the
most benefit.>* Furthermore, the results suggested
that delaying any DMT at an early stage of disease
could lead to a decrease in cumulative efficacy of a
DMT at later age.”* In the preparatory work of this
analysis, we also analyzed the relationship between
MS disease activity and disease duration (data not

shown), and found the relationship between MS dis-
ease activity and age to be stronger.

The disease course in young RRMS patients is pre-
dominantly inflammatory, and accumulation of irre-
versible disability takes longer.”'* In a study that
used age as a categorical time-varying covariate
for evaluating the relationship between age and
rate of disability progression found that the median
times to reach EDSS scores of 4.0 and 6.0 were
significantly longer among patients aged 20 to 35
years compared with patients aged 36 to 50 and 51
to 65 years (p <0.0001)."" A possible explanation
for the slower disease worsening in young patients
is the higher ability of the brains of younger patients
to repair and compensate via remyelination and neu-
roplasticity mechanisms. Studies in experimental
animal rodent models indeed indicate that, compared
to observed rapid remyelination in younger animals,
remyelination occurs slowly in older animals
because of changes in the central nervous system
environment and intrinsic epigenetic changes in oli-
godendrocytes.”>*® Further, age has long been
linked to plasticity, with greater plasticity associated
with younger age.?” As inflammation interferes with
plasticity, its pharmacological modulation may
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Figure 3. Odds of achieving a NEDA-3 status at age 20 years, age 30 years and in the overall population in the FREEDOMS, FREEDOMS II and
TRANSFORMS trials. An odds ratio >1 signifies a treatment effect in favor of fingolimod. ¥Values for patients at age 20 or 30 years are based on
a statistical model using all data in the ITT population. N = patients in ITT, n = patients with available data. Youngest and young MS patients refer
to the estimates at age 20 and 30 years, respectively, in all three studies. Control refers to placebo for the FREEDOMS, FREEDOMS II and IFN
B-1a for the TRANSFORMS. CI: confidence interval; IFN B-1a: interferon beta-1a; ITT: intent-to-treat; MS: multiple sclerosis; NEDA: no

evidence of disease activity.

restore plasticity and thereby promote patterns of
functional reorganization underlying recovery in
MS.?® Clinical research indeed shows that lowered
capacity for brain plasticity can negatively influence
functional reorganization and connectivity that is
required for recovery from disease-related structural
damage.”® By efficiently suppressing the higher
inflammatory response observed in younger patients,
fingolimod may help restore brain plasticity, thereby
facilitating recovery mechanisms. We can therefore
hypothesize that the mode of action of fingolimod
may translate into greater benefits in younger
patients in the long term.

In IFN B-la-treated patients, there was a significant
association between young age and high disease activ-
ity, similar to what was observed in the placebo arm in
the FREEDOMS'> and FREEDOMS II'® studies
(which contrasts with fingolimod 0.5 mg-treated
patients who had a low ARR, irrespective of age).
Comparing between fingolimod and IFN [-la treat-
ment in young patients, it is noteworthy that although
both treatments have suppressed MRI activity relative-
ly efficiently, there was still high clinical breakthrough
activity in the IFN B-1a arm of TRANSFORMS. It is a
consistent finding in most clinical trials in MS that

treatment effects on lesion formation are stronger
than those on relapse rates.> > Our results thus suggest
that, although IFN B-la is comparable to fingolimod
0.5 mg in reducing inflammatory MRI activity in
young adults, it is suboptimal to prevent relapses,
especially in younger patients with higher disease
activity. It should also be noted that mean treatment
duration was shorter in TRANSFORMS (one year) as
compared with FREEDOMS/FREEDOMS 1I (two
years), which may have influenced efficacy results
for both MRI outcomes and NEDA-3 status in this
patient population.

The safety profile of fingolimod 0.5 mg reported for
patients aged 30 or less based on pooled data from
the fingolimod RRMS program was similar to that of
placebo and consistent with that observed in the
overall adult population. Headache, influenza, diar-
rhea, back pain, dyspnea and increased levels of
ALT reported in the fingolimod group were higher
compared with placebo in young adults; similar
trends were observed in the overall adult population.
The overall incidence of AEs reported in the young
adult patients treated with fingolimod was similar to
placebo and consistent with the overall
adult population.

www.sagepub.com/msjetc



Table 2. Most common adverse events (>5% incidence in the fingolimod group) in young adults (<30 years)
and the overall population.

The results from this post hoc analysis of data from
adult patients of the fingolimod Phase 3 program
supported sample size assumptions made for the
PARADIGMS trial (NCT01892722). Recently con-
cluded, PARADIGMS is the first prospective,
double-blind, double-dummy, randomized, active-
controlled trial in a pediatric MS population. This
study evaluated the efficacy and safety of fingoli-
mod 0.5 mg versus IFN B-1a in children and adoles-
cents with MS (aged 10—17 years). Results show that
oral fingolimod significantly reduced the number of
relapses (ARR) in this patient population over a
period of up to two years, compared with IFN B-1la
injections.””

Strengths and Limitations

In this post hoc analysis, we included all ITT
patients from three randomized, double-blind Phase
3 trials to quantify the relationship between age and
disease activity in statistical models, and then eval-
uated the model for young adult patients at age 20
years and age 30 years in each study. Age was used
as a continuous covariate because it is more likely
that MS disease activity changes gradually with
increasing age, rather than following a step function
at arbitrary age cutoffs. By applying the statistical
model to all ITT data, it was possible to avoid arbi-
trary cutoffs, and make robust inference for the
youngest adult patients despite a relatively limited
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sample size. Although interpretation at “the edge” of
the data (here the youngest) should always be per-
formed with some caution, this analysis method was
used to extrapolate to pediatric patients, which
proved useful for the planning and execution of the
PARADIGMS study for the fingolimod program as
there are currently no data available from controlled
clinical trials in pediatric MS patients. The robust-
ness of the results was tested and confirmed in sev-
eral sensitivity analyses, and by the side-by-side
presentation of a similar analysis in three random-
ized controlled clinical trials. Excluding extreme
values did not change the overall conclusion, and
findings were remarkably similar in all three studies.
Consistently, young patients were more susceptible
to high levels of MS disease activity, and the youn-
gest patients benefited from the greatest relative
reductions in ARR compared to placebo or
IFN B-la.

The relationship between age and NEDA seems less
pronounced compared to the relationship between
age and MRI lesions or age and ARR. The underly-
ing reason is that in a NEDA analysis, disease activ-
ity information is reduced to a binary yes/no
response and information on recurrent lesions or
recurrent relapses is lost, thereby lowering the sen-
sitivity to detect an age-dependency. The safety
analysis in this study was restricted to patients
<30 years of age because of a too small sample
size of patients <20 years for a reliable evaluation
of safety results. Finally, the study has the inherent
limitations of a post hoc analysis and, as such, the
results should be interpreted cautiously.

Conclusions

Benefits of fingolimod versus placebo and IFN B-1a
in young adults with MS on clinical and MRI meas-
ures of disease activity were consistent across three
trials. This post hoc data analysis from randomized
controlled trials involving young adult patients helps
in understanding the drivers of disease activity and
its relationship with age. Our findings show that the
youngest patients can benefit the most from fingoli-
mod treatment. Further, these data and the statistical
analysis method used have informed the planning
and design of the PARADIGMS Phase 3 study, pro-
viding useful information on a yet unexplored area
of treatment effects of DMTs in pediatric patients
with MS.
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