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Abstract

Background: Treatment of MS often begins with low-efficacy injectable disease-modifying
therapy (iDMT).

Objectives: To compare the effect of fingolimod 0.5 mg/day on clinical, MRI, patient-reported, and
safety outcomes, in treatment-naive and previously treated (>1 iDMT) patients with early MS.
Methods: EARLIMS was a multicentre, open-label, non-randomized, parallel-group phase 3 b/4 study
in Australia and Spain. Patients with relapsing—remitting MS, Expanded Disability Status Scale (EDSS)
score <4.0, and >1-5years since diagnosis, received daily fingolimod for 48 weeks. The primary
endpoint was annualized relapse rate (ARR).

Results: Of 347 patients enrolled at 51 sites (treatment-naive, 200 [57.6%]; previously treated, 147
[42.4%]), 320 completed the study (treatment-naive, 184 [92.0%]; previously treated, 136 [92.5%]), but
the study remained underpowered (planned enrolment, n =432). Fingolimod reduced ARR to similar
levels in both treatment-naive (mean ARR [95% confidence interval], 0.21 [0.14, 0.29]) and previously
treated groups (0.30 [0.20, 0.41]; p=0.1668). There were no new safety signals.

Conclusions: Fingolimod appeared equally effective as first- or second-line therapy in relapsing MS.
There was a trend for better outcomes with fingolimod in treatment-naive patients than in those previ-
ously treated with >1 iDMT.

Keywords: Beta-interferon, clinical trial, disease-modifying therapies, glatiramer acetate, outcome mea-
surement, relapsing/remitting
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Introduction

) ] ] ] tissue loss early in MS® correlates with long-term
Early treatment in relapsing multiple sclerosis (MS)

is associated with improved long-term outcomes.'*
Typically, patients receive injectable disease-
modifying therapy (iDMT; glatiramer acetate; inter-
feron beta-la or -1b) or oral agents first line, then
switch to another first-line therapy or escalate to
high-efficacy therapy if disease breakthrough
occurs.” However, there is an argument that treat-
ment should be initiated with high-efficacy therapy,
if justified based on assessment of benefit and
risk.*> A consideration is that acceleration of brain

accrual of disability."High-efficacy immunomodula-
tory therapy slows accumulation of disability in
moderately advanced and advanced relapsing MS,*
therefore, early treatment with high-efficacy thera-
pies could be strategically preferable.

Fingolimod is a high-efficacy oral sphingosine
1-phosphate receptor modulator,” indicated second
line in the EU in adults with relapsing forms of
MS or first line in patients with rapidly evolving
severe relapsing MS.'” In several countries,
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including the USA and Australia, fingolimod is
approved for first-line use.!' Fingolimod demon-
strated better outcomes than placebo or intramuscu-
lar interferon beta-1a in the pivotal FREEDOMS'?
and TRANSFORMS'? trials, respectively. Post hoc
analyses of these trials showed that treatment-naive
patients receiving fingolimod derived greater benefit
than those previously treated with an iDMT,"
including patients with highly active disease.'>'®
An observational study also showed benefits
among those receiving first-line fingolimod com-
pared with those previously on an iDMT.'” Here,
we report findings from EARLIMS, a 48-week
phase 3 b/4 study of patients with early-stage relaps-
ing MS in Australia and Spain that examined wheth-
er outcomes with first-line fingolimod were superior
to those with fingolimod administered second line
after iDMT treatment.

Methods

Study oversight

EARLIMS  (ClinicalTrials.gov: ~ NCT01498887,
European Union Clinical Trials Register: 2011-
003484-30) complied with the Declaration of
Helsinki and the International Conference on
Harmonisation Good Clinical Practices guide-
lines.'"®!” The study protocol and all amendments
were reviewed by an Independent Ethics
Committee or Institutional Review Board represent-
ing each study site. Written informed consent was
obtained from each patient before any evaluations
were undertaken. Amendments to the study protocol
are listed in the Appendix.

Study design

EARLIMS was a multicentre, open-label, non-ran-
domized, parallel-group study in Australia and Spain
in patients diagnosed with relapsing—remitting
MS.2%2! Following a 1-month screening period, all
eligible patients were assigned to receive fingolimod
0.5mg/day for 48 weeks (336days). Within this
group, outcomes were compared between patients
who were treatment naive and those previously
treated with a first-line iDMT (glatiramer acetate,
interferon beta-1a or -1b). Scheduled visits were at
screening (day —30 to —1), day 0, then (£15 days) at
weeks 12, 24 and 48. On day 0, patients initiated
fingolimod treatment and were observed for at
least 6 hours to ensure management of any cardiac
side effects. As an open-label study, randomization
and blinding were not applicable. In Australia, study
medication was dispensed according to standard
clinical practice. In Spain, study drug was dispensed

at the day-0, week-12 and week-24 visits in packs
bearing the study code, the investigator’s name, and
the centre, patient and visit numbers. Patients were
asked to return all unused study drug at the week-48
visit for assessment of adherence. Dose adjustment
was not permitted. Treatment interruption was only
permitted for safety reasons. Patients who withdrew
from the study were treated according to local best
clinical practice.

Participants

At screening, eligible patients were 18-50years of
age, had been diagnosed with relapsing—remitting
MS for at least lyear and for no more than
Syears, were treatment naive or had been treated
continuously with a first-line iDMT for at least
lyear, had at least nine brain lesions on T2-
weighted magnetic resonance imaging (MRI), and
an Expanded Disability Status Scale (EDSS)*
score less than 4.0 (see Appendix for all eligibility
criteria). An additional requirement in Spain was at
least two relapses in the preceding 2 years and, in
Australia, patients were required to be eligible for
the Pharmaceutical Benefits Scheme, under which
the Australian Government subsidizes the cost of
certain drugs. Key exclusion criteria were a history
of chronic immune disease, malignant disease
(except localized basal-cell carcinoma of the skin),
diabetes mellitus, severe hepatic impairment, and
prior treatment with fingolimod. Patients with cardi-
ac risk factors, suspected macular oedema, active
infection, or who tested seronegative for varicella-
zoster, rubella and measles at screening, and women
of child-bearing age who did not wish to use effec-
tive contraception, were also excluded.

Outcome measures and assessments

The primary endpoint was annualized relapse rate
(ARR; the number of relapses in 12 months), com-
paring patients who were treatment-naive with
patients previously treated with first-line iDMTs.
Relapse information was recorded at each visit,
and confirmed by a neurologist if accompanied by
an increase in EDSS score of at least 0.5 points, or
by a 1.0-point increase in two functional systems, or
a 2.0-point increase in one functional system, unless
sphincter- or cognition-related.

Secondary endpoints were: time to first relapse from
day 0; severity of relapse (‘mild’ if neither steroid
treatment nor hospitalization were needed, otherwise
‘moderate—severe’); percentage of relapse-free
patients at week 48; percentage brain volume
change (PBVC) at week 48; number of active (new
or enlarged) T2 lesions on MRI at week 48;
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disability worsening at each visit by change in EDSS
score (range, 0 to 10; higher scores indicate greater
disability); treatment satisfaction at week 48, using
the patient-reported outcome indices for multiple
sclerosis (PRIMUS) scale;*® and safety and tolera-
bility by assessment of adverse events (AEs) and
serious AEs (SAEs), vital signs, and laboratory
parameters at each visit, by ophthalmological exam-
ination (screening and week 12) and electrocardio-
gram (screening and day 0).

Total PBVC on study was measured using
T1-weighted MRI and Structural Image Evaluation
using Normalization of Atrophy.** All MRI analyses
were undertaken at the Sydney Neuroimaging
Analysis Centre. Patients rated satisfaction on the
three PRIMUS subscales: symptoms (22 items;
score 0—22); activity limitation (15 items; score, 0—
30); and quality-of-life (QoL; 22 items; score 0-22).
An increase in score indicates worsening in that
domain; PRIMUS has been validated in Spanish.?®
Clinical disease activity (relapses and disability
progression) and overall disease activity (clinical
disease activity, active T2 lesions and PBVC
>0%) were also assessed.

Statistical analyses

The safety population consisted of all patients who
received at least one dose of fingolimod. The
intention-to-treat (ITT) population consisted of all
patients in the safety population with information
relating to the primary endpoint from at least
one study visit. The per protocol (PP) population
consisted of all patients in the ITT population
with no major protocol deviations. Study power
was calculated based on ARR outcomes in the
TRANSFORMS'? and FREEDOMS trials of fingo-
limod."* Assuming an ARR of 0.11 in the treatment-
naive group and of 0.25 in the previously treated
group, 216 patients in each group would yield
90% statistical power to demonstrate the superiority
of fingolimod at a significance level of 5%, with an
estimated loss to follow-up of 5%.

The primary endpoint was analysed in the ITT pop-
ulation and a sensitivity analysis was conducted in
the PP population to examine the effect of protocol
violations and early withdrawal from the study; all
secondary endpoints were analysed in the ITT pop-
ulation. The primary endpoint was the difference in
ARR between the treatment-naive and previously
treated groups.

Analyses were also conducted in the subgroup of
patients previously treated with one iDMT (single-
iDMT), in the subgroup previously treated with
more than one iDMT (multi-iDMT), and in the
total population. The Mann—Whitney—Wilcoxon
test was used for comparisons between two groups
and the Kruskal-Wallis test for comparisons among
more than two groups. All statistical tests were two-
sided at a significance level of 0.05. Time to first
relapse was calculated using the Kaplan—Meier
method, between-group comparisons of the propor-
tions of relapse-free patients used the y* or Fisher
exact test as appropriate. Between-group compari-
sons of PBVC used analysis of covariance adjusted
for total cerebral volume at screening, and compar-
isons of change in EDSS score used analysis of
covariance adjusted for EDSS score on day 0.

For analyses of active T2 lesions, PBVC, EDSS and
PRIMUS, patients were only included if they had
non-missing values both at baseline (screening or
day 0) and at week 48; no missing values were
imputed. Patient disposition, demographics, baseline
characteristics and safety assessments are reported
descriptively; AEs were coded using the Medical
Dictionary for Regulatory Activities (MedDRA ver-
sion 19.0) and were summarized for the first
24 hours, and after the first 24 hours.

Results

EARLIMS was conducted between 21 December
2011 and 23 December 2015 at 34 hospitals in
Spain and 17 in Australia. In total, 460 patients
were screened and 347 were enrolled in the safety
population (treatment naive, 200 [57.6%]; previous-
ly treated, 147 [42.4%]); 320 (92.2%) completed
the study (treatment naive, 184 [92.0%]; previously
treated, 136 [92.5%]). Fewer patients than planned
participated in the study owing to difficulties in
recruitment driven primarily by the timing of fingo-
limod’s second-line approval in FEurope (see
Appendix for further information).

Patient disposition is summarized in Figure 1. The
most frequent reasons for withdrawing early from
the study were: unsatisfactory therapeutic effect
(8 [2.3%]), SAE (5 [1.4%]), abnormal laboratory
values (4 [1.2%]) and protocol violations
(4 [1.2%]). Among 320 patients in the ITT popula-
tion, 70 (21.9%) were excluded, mostly for
non-compliance with treatment (39 [12.2%]), low
lymphocyte count (15 [4.7%]) or protocol violations
(6 [1.9%]), resulting in a PP population of 250
patients. In the two patient groups, mean treatment
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Figure 1. Patient disposition in EARLIMS.

|

Previously treated with first-line iDMT
(n=147)

l

Early withdrawal (n = 11):
« SAE(n=1)

* Abnormal laboratory value (n = 2)

« Abnormal result of test procedures (n = 1)
« Unsatisfactory therapeutic effect (n = 3)

« Protocol violation (n = 3)

« Lost to follow-up (n = 1)

Completed (n = 136)

iDMT: injectable disease-modifying therapy; SAE: serious adverse event.

compliance on study was approximately 98% and
mean exposure to study drug was similar (treat-
ment-naive, 335 days; previously treated, 332 days).

Patient characteristics at baseline were generally
similar in the treatment-naive and previously treated
groups (Table 1). There were differences in disease
history: the average times since onset of MS symp-
toms, since diagnosis of MS, and since first relapse
were shorter among treatment-naive patients than
among those previously treated (p <0.0001, all).
On average, the number of relapses in the 2 years
before enrolment was slightly lower (p =0.0749),
but ARR was higher in the same period
(»<0.0001) and in the year before enrolment
(» =0.0074) in the treatment-naive than in the pre-
viously treated group. Proportionally more treat-
ment-naive than previously treated patients had
experienced severe relapses (p = 0.0318) or a relapse
requiring hospitalization (p =0.0183). Comparison
of 95% confidence intervals (CI) suggests that treat-
ment-naive patients had a lower mean EDSS score at
baseline than those previously treated (Table 1).

Longitudinal comparison of on-study ARR with
ARR in the year before enrolment demonstrated sub-
stantial, significant reductions in ARR after patients
initiated fingolimod (p < 0.0001, both groups). The
mean (95% CI) reduction was greater in treatment-
naive (n=162) patients (—88.7% [—93.1%,
—84.2%]) than in previously treated (n=114)
patients (—76.8% [—85.7%, —67.8%];

p=0.0408). The ARR reduction was smallest in
the multi-iDMT subgroup (treatment naive,
—88.7%  [-93.1%, —84.2%]; single-iDMT
[n=87], —82.4% [-91.1%, —73.8%]; multi-
iDMT [n=24], —-533% [-81.7%, —24.9%];
p=0.0037), even when compared only with the
single-iIDMT subgroup (p =0.0183; Figure 2(a)).

Noting insufficient statistical power to assess the
primary endpoint (28% power to detect a between-
group difference in ARR of —0.1), no difference in
ARR was observed between treatment-naive
(n=173) and previously treated (n=128) patients
(mean ARR [95% CI], 0.21 [0.14, 0.29] vs 0.30
[0.20, 0.41]; p=0.1668; Table 2), nor was any dif-
ference detected in the PP population (treatment
naive [n=139], 0.22 [0.13, 0.30] vs previously
treated [n=100], 0.27 [0.16, 0.38]; p=0.2914).
ARR was highest in the multi-iIDMT group (treat-
ment-naive, 0.21 [0.14, 0.29]; single-iDMT [n =97],
0.23 [0.13, 0.33]; multi-iDMT [n=28], 0.57 [0.25,
0.90]; p=0.0212), even when compared only with
the single-iDMT subgroup (p = 0.0237; Figure 2(b)).

No significant differences were observed between
the treatment-naive and previously treated groups
for secondary endpoints of time to first relapse,
relapse severity, relapse duration, the percentage of
patients needing hospitalization, or the percentage of
relapse-free patients on study (Table 2). Among
these parameters, the only significant difference
between the single-iDMT and multi-iDMT

www.sagepub.com/msjetc



Table 1. Baseline demographic and disease characteristics (ITT population).

subgroups was time to first relapse (10.5 months vs
6.1 months; p=0.0429). Based on 95% ClIs, there
was no mean change in EDSS score in any group.
Consistent with small numerical decreases in mean
EDSS score observed in all groups and subgroups,
categorical analysis of EDSS score showed that

www.sagepub.com/msjetc

disability was stable or improved among approxi-
mately 90% of patients in each group (Table 2).

The mean (95% CI) number of active T2 lesions at
week 48 was similar in the treatment-naive (2.0 [1.5,
2.5]) and previously treated groups (1.6 [1.0, 2.1])
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Figure 2. Comparison of ARR in treatment-naive patients
and previously treated patients by subgroup. (a) reduction
in ARR on study compared with the year before enrolment
and (b) ARR on study. Data are mean (95% confidence
intervals).

Comparisons across three groups by Kruskal-Wallis test;
comparison between single-iDMT and multi-iDMT sub-
groups by Mann—Whitney—Wilcoxon test.

(p=0.1091; Table 2), across the treatment-naive
group, single-iDMT (1.6 [1.0, 2.4], n=280) and
multi-iDMT subgroups (1.4 [0.4, 2.4], n=24)
(»p=0.2720), and between the iDMT subgroups
(»p =0.8483). Average PBVC from baseline was
—0.53% and no significant differences were seen
in any of the between-group or between-subgroup
comparisons (Table 2).

There was no difference among treatment-naive and
previously treated groups in the proportion of
patients free from clinical disease activity (133
[71.9%] vs 90 [66.7%]; p=0.2166, Table 2).
Although a smaller proportion of treatment-naive
than previously treated patients were free from
active T2 lesions at the end of the study (70
[37.8%] vs 59 [43.7%]; p=0.0414), data were
missing for a larger proportion of previously treated
patients (21.48%) than treatment-naive patients
(11.89%; Table 2). In the total population, mean

PRIMUS scores at baseline and at week 48 were:
symptoms, 5.9 vs 5.9; activity limitation, 26.9 vs
26.9; and QoL, 17.1 vs 17.3. No changes in
PRIMUS subscale scores for treatment satisfaction
were seen in any groups or subgroups.

There were 42 AEs and six SAEs in the 24 hours
following fingolimod initiation; the proportions of
patients in the two groups experiencing AEs (treat-
ment naive, 19 [9.5%]; previously treated, 17
[11.6%]; p=0.5331) or SAEs (treatment naive, 4
[2.0%]; previously treated, 2 [1.4%]; p=0.6516)
were similar (Table 3). The most frequent AEs
were nervous system disorders (11 [3.2%], mostly
dizziness or headache), cardiac disorders (9 [2.6%],
either atrioventricular block [including one case of
second-degree block] or bradycardia) and gastroin-
testinal disorders (7 [2.0%]); SAEs were bradycar-
dia/sinus bradycardia (n=3), atrioventricular block
(n=2) and drug hypersensitivity (n=1). One case
(0.3%) of mild macular oedema was reported.

After the initial 24-hour observation period, there
were 819 AEs and 12 SAEs on study; similar pro-
portions of patients experienced AEs (treatment
naive, 139 [69.5%]; previously treated, 111
[75.5%]; p=0.2177) or SAEs (treatment naive, 7
[3.5%]; previously treated, 2 [1.4%]; p=0.2154;
Table 3). The most frequent AEs were infections
(125 [36.0%], primarily urinary tract or upper respi-
ratory tract infection, or nasopharyngitis), nervous
system disorders (85 [24.5%], mainly headache or
migraine) and gastrointestinal  disorders (50
[14.4%], mostly diarrhoea or nausea); there was
one case of superficial spreading melanoma; SAEs
were MS relapse (n=3), cholelithiasis (n=2), and
single cases of acute hepatitis, B-cell lymphoma,
brain oedema, epilepsy, lower respiratory tract infec-
tion, ovarian cyst, and partial seizure. No deaths
were reported.

Discussion

In EARLIMS, both treatment-naive and previously
treated patients at an early stage of MS experienced
substantial and similar on-fingolimod reductions in
ARR compared with rates seen before enrolment.
Longitudinal reductions in ARR were similar to
those seen with fingolimod in a recent real-world
study,'” and were greater than those reported in piv-
otal fingolimod trials.'*!?

Treatment-naive patients in EARLIMS had more
frequent and severe relapses before enrolment than
did those previously treated with iDMTs. After
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Table 2. Primary and secondary efficacy endpoints (ITT population).

48 weeks of fingolimod treatment, there was no dif-
ference in ARR between the groups. Subgroup anal-
yses revealed no difference in ARR between
treatment-naive patients and those treated with one
iDMT, although patients previously treated with
multiple iDMTs had higher ARR. In terms of disease
burden pre-enrolment, relapse rates, EDSS score and
normalized brain volume at baseline were all similar
in the single-iDMT and multi-iDMT groups.
However, patients in the multi-IDMT group are

www.sagepub.com/msjetc

likely to have experienced disease breakthrough on
several therapies, and relapse experiences on multi-
ple treatments could indicate a poorer prognosis.®
Consistent with this hypothesis, this subgroup had
the lowest longitudinal reduction in ARR and the
shortest time to first relapse on study.

Treatment history was not associated with differen-
ces in relapse severity, relapse-related hospitaliza-
tion, EDSS score, rate of brain volume loss, T2




Multiple Sclerosis Journal-Experimental, Translational and Clinical

Table 3. Adverse events (safety population).”
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Table 3. Continued.

Treatment-naive Previously treated Total
patients (n=200) patients (n=147) (n=347)
Depression/depressed mood® 9 (4.5) 7 (4.8) 16 (4.6)
Reproductive system and breast disorders 8 (4.0) 3 (2.0 11 3.2)
Skin and subcutaneous disorders 20 (10.0) 14 (9.5) 34 (9.8)
Patients with AEs related to study drug 63 (31.5) 49 (33.3) 112 (32.3)
Patients with SAEs 7 (3.5) 2 (14 9 (2.6)

AE: adverse event; PT: preferred term; SAE: serious adverse event; SOC: system organ class.
?Adverse events were coded according to the Medical Dictionary for Regulatory Activities.
Values for alanine aminotransferase and aspartate aminotransferase combined.

°AE terms combined.

lesion count, or freedom from clinical disease activ-
ity, which was proportionally high in all groups.
Although a smaller proportion of treatment-naive
than previously treated patients were free from
active T2 lesions, this may simply relate to greater
disease activity in the treatment-naive group before
enrolment.

Patient eligibility was a key difference between
EARLIMS and the phase 3 trials of fingoli-
mod;12~13’27 EARLIMS recruited younger, less dis-
abled patients within 5 years of diagnosis. However,
post hoc analysis of FREEDOMS'* found that, com-
pared with placebo, fingolimod reduced ARR pro-
portionally more in treatment-naive patients than in
patients previously treated with iDMTs. An observa-
tional study also found greater longitudinal reduc-
tions in ARR among patients receiving fingolimod
first line than those receiving it second line to
iDMTs. Notably, patients in a real-world setting
with an EDSS score <3 or with an ARR >2 had
the greatest reductions in ARR with fingolimod."”
In terms of efficacy in young patients at earlier
stages of MS, results from the PARADIGMS study
demonstrated a significantly greater reduction of
ARR with fingolimod than with interferon beta-la
in patients below 18 years of age.?®

Consistent with studies such as PREFERMS,ZQ
adherence to fingolimod was excellent irrespective
of treatment history, and reinforces the notion that
patients are more likely to adhere to an oral drug
than to an iDMT.*>3' There were no unexpected
safety signals in EARLIMS, with no new safety
findings. The profile of AEs during first-dose obser-
vation and during the study were consistent with the
phase 3 trials.'*'**7 Owing to the relatively small
sample size (n =347) and study duration (48 weeks),
it is not possible to draw conclusions on the risk of

rare SAEs, such as opportunistic infections, associ-
ated with fingolimod treatment. Although rare, cases
of progressive multifocal leukoencephalopathy and
cryptococcal infections, including cryptococcal
meningitis, have been reported in the post-
marketing setting after 2-3 years of treatment with
fingolimod. '3

The main limitation of EARLIMS was that it was
underpowered, difficulties with recruitment likely
relating to the timing of fingolimod’s second-line
approval in Europe (see Appendix for further infor-
mation). Consequently, the primary endpoint could
not be tested, but data are presented with 95% Cls to
improve the likelihood of detecting clinically rele-
vant between-group differences.?> The small number
of patients in the multi-iDMT group may have
biased comparisons, and imaging findings must be
interpreted with caution because of missing values.

In EARLIMS, both treatment-naive patients and
those previously treated with iDMTs experienced
substantial reductions in ARR when treated with
fingolimod. Treatment-naive patients also saw as
much benefit as patients previously treated with
one iDMT in all outcomes examined. Accordingly,
and unless benefit-risk considerations dictate other-
wise, there seems little merit in using low-efficacy
iDMTs early in MS when high-efficacy therapy is an
option.
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