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ABSTRACT
Objective The 12-month (M), phase 3, double-blind,
randomised TRANSFORMS study demonstrated
signiﬁcant beneﬁts of ﬁngolimod 0.5 or 1.25 mg over
interferon β-1a (IFNβ-1a) in patients with relapsing–
remitting multiple sclerosis. We report the results of
long-term (up to 4.5 years) extension of TRANSFORMS.
Methods Patients randomised to ﬁngolimod (0.5/
1.25 mg) in the core phase continued the same dose
(continuous-ﬁngolimod) in the extension, whereas those
on IFNβ-1a were re-randomised (1:1) to ﬁngolimod
(IFN-switch; IFN: 0.5/1.25 mg). Outcomes included
annualised relapse rate (ARR), conﬁrmed disability
progression and MRI measures. Results are presented
here for the continuous-ﬁngolimod 0.5 mg and pooled
IFN-switch groups.
Results Of the 1027 patients who entered the
extension, 772 (75.2%) completed the study. From
baseline to the end of the study (EOS), ARR in patients
on continuous-ﬁngolimod 0.5 mg was signiﬁcantly lower
than in the IFN-switch group (M0–EOS: 0.17 vs 0.27).
After switching to ﬁngolimod (M0–12 vs M13–EOS),
patients initially treated with IFN had a 50% reduction
in ARR (0.40 vs 0.20), reduced MRI activity and a lower
rate of brain volume loss. In a post hoc analysis, the
proportion of IFN-switch patients with no evidence of
disease activity increased by approximately 50% in the
ﬁrst year after switching to ﬁngolimod treatment (44.3%
to 66.0%). The safety proﬁle was consistent with that
observed in the core phase.
Conclusions These results support a continued effect
of long-term ﬁngolimod therapy in maintaining a low
rate of disease activity and sustained improved efﬁcacy
after switching from IFNβ-1a to ﬁngolimod.
Clinical trial registration No NCT00340834.

whereas patients who switched from IFNβ-1a to ﬁngolimod demonstrated improved outcomes.2 We
report the full results of the TRANSFORMS extension study (EOS) comprising efﬁcacy and safety data
of up to 4.5 years of follow-up. In post hoc analyses,
we compare patients who completed the study
(completers) versus those who discontinued prematurely (non-completers), and explore the relation of
ﬁrst year clinical and MRI measures of disease activity with longer term outcomes.

METHODS
Study design
The TRANSFORMS core study (ClinicalTrials.gov,
number NCT00340834) was initiated in May 2006
at 172 clinical centres in 18 countries.1 A full list of
sites and investigators is provided in the online
supplementary material. Patients with RRMS
(N=1292) were randomised to receive either
12 months of oral ﬁngolimod treatment at a dose of
0.5 or 1.25 mg once a day, or IFNβ-1a 30 mg intramuscularly once a week.1 All patients who completed
the core phase were offered participation in the
extension phase (NCT00340834), which was
double-blinded until the locking of the core phase,
and dose-blinded until implementation of a protocol
amendment in 2009, following Novartis’ decision to
discontinue development of the 1.25 mg dose.2
Thereafter, all patients received open-label ﬁngolimod 0.5 mg until the end of the extension phase
(EOS), following the completion of which these
patients had an option to enter a common extension
study for participants of the ﬁngolimod phase 2 and
3 programmes (LONGTERMS, NCT01281657).3
The last patient visit in the TRANSFORMS extension
occurred in August 2011 when some patients had
received ﬁngolimod treatment for up to 4.5 years.
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In the 12-month (M), double-blind phase of the
TRANSFORMS study, ﬁngolimod (0.5 or 1.25 mg
once daily) signiﬁcantly improved clinical and MRI
outcomes, including brain atrophy, in comparison to
an active comparator, intramuscular interferon β-1a
(IFNβ-1a), in patients with relapsing–remitting multiple sclerosis (RRMS).1 Results from the ﬁrst year
of the TRANSFORMS extension showed sustained
efﬁcacy in patients who continued on ﬁngolimod,

Patients
Of the 1123 patients, a total of 1027 (92%) completed the core phase and received treatment in the
extension phase. Patients randomised to ﬁngolimod
in the core phase continued with the original
dose (continuous-ﬁngolimod 0.5 mg (n=356) or
1.25 mg (330) groups). Patients receiving IFNβ-1a
in the core phase were re-randomised (1:1) to
receive ﬁngolimod 0.5 mg or 1.25 mg in a blinded
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manner (IFNβ-1a/ﬁngolimod 0.5 mg (n=167) or IFNβ-1a/ﬁngolimod 1.25 mg (174)). The eligibility criteria have been
described previously.1 2 All patients provided written informed
consent prior to study entry. The protocol was approved by the
respective institutional review board, independent ethics committee or research ethics board of each centre. The study was
conducted in accordance with the International Conference on
Harmonization-Good Clinical Practice (ICH-GCP) guidelines
and the principles of the Declaration of Helsinki.

Outcome measures and procedures
The methods of randomisation and masking for the core and
extension phases were reported earlier.1 2 In the extension
phase, patients were evaluated monthly until the M24 visit and
every 3 months thereafter. We present the outcomes for those
patients who received continuous therapy with ﬁngolimod
0.5 mg, during both the core (M0–12) and extension (M13–
EOS) phases. Owing to the low patient numbers in the IFN to
ﬁngolimod switch groups (IFN-switch 0.5 and 1.25 mg), we
present pooled data for both the ﬁngolimod doses (IFN-switch
group) for efﬁcacy outcomes. To avoid bias in data interpretation, adverse events (AEs) are presented for the continuousﬁngolimod 0.5 mg and IFN-switch 0.5 mg groups. Safety
outcomes of patients in the continuous-ﬁngolimod 1.25 mg and
IFN-switch 1.25 mg groups are presented in the online supplementary material.
The annualised relapse rate (ARR) was calculated based on the
number of conﬁrmed relapses (new, worsening or recurrent neurological symptoms lasting for at least 24 h in the absence of fever
(<37.5°C) or infection) and total number of days in the study.
Disability progression was evaluated using changes in the
Expanded Disability Status Scale (EDSS) and the Multiple
Sclerosis Functional Composite (MSFC) scores. Disability progression was deﬁned as either a 1-point increase in the EDSS score for
patients with an EDSS score of 0 to 5.0 or a half-point increase for
patients with a baseline score of ≥5.5, which was conﬁrmed at 3
and 6 months. MRI measures of efﬁcacy included the number of
new/newly enlarged T2 lesions, gadolinium-enhanced (Gd+) T1
lesion count and per cent brain volume change (PBVC) measured
by the Structural Image Evaluation, using Normalisation, of
Atrophy (SIENA) methodology. All patients underwent MRI at
screening, and then annually with central reading at the Image
Analysis Centre (Amsterdam, The Netherlands).
Safety assessments included recording of all AEs and serious
AEs (SAEs) with monitoring of haematology, blood chemistry
and urine values; physical examinations and vital signs; ECG;
monitoring following ﬁrst dose administration of ﬁngolimod;
ophthalmological assessments; pulmonary function tests; and
dermatological examinations.
Post hoc efﬁcacy analysis included assessment of ARR up to
M48 for completers versus non-completers of the study. For
non-completers, ARR was calculated up to the point of discontinuation and is reported by interval. The interval for noncompleters, M0–24, summarises the aggregate ARR from M0 to
M24 for patients who discontinued during the interval of M12–
24. Similarly, the intervals of M0–36 and M0–48 summarise the
aggregate ARR for patients who discontinued during the intervals of M24–36 and M36–48, respectively.
To assess the impact of ﬁngolimod treatment on disease activity
over time, an exploratory analysis, using a model similar to that
developed by Rio et al,4 was performed. The presence ( positive)
or absence (negative) of measures of disease activity such as conﬁrmed relapses, sum of active MRI lesions (deﬁned as the sum of
new/newly enlarged T2 lesions and Gd+ T1 lesions at M12 that

was >2 compared with baseline) or 3-month conﬁrmed disability
progression, during the TRANSFORMS core phase, was related
to clinical outcomes over the duration of the extension phase
(M13–EOS). All patients were classiﬁed into four groups based
on the number of positive measures for disease activity during
year 1 (no positive, 1, 2 or 3 positives). Furthermore, the proportions of patients with no evidence of disease activity (NEDA,
deﬁned as no relapses, no 3-month disability progression and no
MRI activity) were calculated for years 1 and 2 to evaluate the
impact of ﬁngolimod treatment 1 year after the switch from
IFNβ-1a.
Odds ratios (ORs), computed by logistic regression, were generated to evaluate the association between disease status after
1 year of treatment and clinical NEDA outcomes (deﬁned as no
relapses and no 6-month disability progression) during the
extension phase (M13–EOS). Firth’s penalised likelihood
method was used to improve the reliability of the estimates
because of the small number of patients in some subgroups.
Detailed deﬁnitions are presented in the online supplementary
data. Data for both the ﬁngolimod dose groups (0.5 and
1.25 mg) were pooled for this analysis.

Statistical analysis
The baseline of the extension phase was deﬁned as the last assessment made before the administration of the ﬁrst dose of study
medication in the extension phase. Methods for the analysis of
relapse, disability progression and MRI variables (new/newly
enlarging T2 lesions, Gd+ T1 lesions, mean PBVC) have been
presented elsewhere.1 2 Between-group analyses were performed
on the core intention-to-treat population for the continuousﬁngolimod 0.5 mg versus IFN-switch groups; all p values were
based on the two-sided tests and statistical signiﬁcance was set at
the 0.05 level with no adjustment for multiplicity. Descriptive statistics were used to present baseline demographic data.

RESULTS
The extension phase baseline patient demographics and disease
characteristics are presented in table 1. Of the 1027 patients who
received treatment in the TRANSFORMS extension, 772
(75.2%) completed the extension phase (ﬁgure 1). The mean
(median) time-on-study for the treatment groups was:
continuous-ﬁngolimod 0.5 mg—1083 (1282) days; continuousﬁngolimod 1.25 mg—1015 (1273) days; IFN-switch—1012
(1271) days. At the time of study closure, the number (%) of
patients completing 24, 36 and at least 48 months were 882
(86%), 841 (82%) and 103 (10%), respectively. Such a small
number of completers at the M48 time point is attributed to the
transfer of patients to the umbrella extension phase or commercial availability of ﬁngolimod past M36 of the study. The most
common reasons for study discontinuation ( pooled study population) were withdrawal of consent (8.2%) and AEs (6.7%).

Clinical outcomes
Patients in the continuous-ﬁngolimod group who received treatment for up to 4.5 years demonstrated signiﬁcantly lower ARR
compared with those in the IFN-switch group (M0–EOS: 0.17
vs 0.27), with an associated 35% reduction in the risk of relapse
(HR=0.65; p<0.001; ﬁgure 2). Within-group comparisons in
the IFN-switch group (M0–12 vs M13–EOS) showed a reduction in ARR from 0.40 to 0.20 after patients switched to ﬁngolimod. In the continuous-ﬁngolimod group, the low relapse rate
during the extension phase (M13–EOS: 0.16) was comparable
with that observed in the core phase (M0–M12: 0.19; table 2).
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Table 1 Baseline demographics and MS disease characteristics
Characteristic
Demographics
Age, years
Female sex, n (%)
Disease history
First MS symptom to randomisation, years
Relapses in the past year
Relapses in the previous 2 years
EDSS score
MS treatment history
Any therapy, n (%)
Any IFNβ
Glatiramer acetate
Natalizumab
MRI characteristics
Patients free of Gd+ T1 lesions, n*/n (%)
Number of Gd+ T1 lesions
Volume of T2 lesions, cm3
Normalised brain volume, cm3

Fingolimod 0.5 mg
(N=356)

IFN-switch fingolimod
0.5 mg (N=167)

Fingolimod 1.25 mg
(N=330)

IFN-switch fingolimod
1.25 mg (N=174)

36.5 (8.7)
235 (66)

36.1 (8.6)
109 (65)

35.5 (8.4)
227 (69)

7.3 (6.2)
1.5 (1.3)
2.3 (2.3)
2.2 (1.3)

7.6 (6.5)
1.4 (0.7)
2.2 (1.0)
2.2 (1.2)

6.9 (5.8)
1.5 (0.9)
2.2 (1.2)
2.2 (1.3)

7.0
1.4
2.2
2.2

(6.2)
(0.8)
(1.2)
(1.2)

7.2
1.5
2.2
2.2

(6.1)
(1.0)
(1.7)
(1.3)

202 (57)
180 (51)
42 (12)
2 (<1)

94 (56)
77 (46)
25 (15)
1 (<1)

190 (58)
158 (48)
44 (13)
3 (<1)

98
81
28
0

(56)
(47)
(16)
(0)

584
496
139
6

(57)
(48)
(14)
(<1)

244/355 (69)
1.0 (3.0)
5.18 (6.93)
1523.9 (82.8)

104/165 (63)
1.0 (2.5)
4.79 (5.17)
1526.7 (73.6)

210/323 (65)
1.5 (4.9)
4.96 (5.75)
1531.9 (73.1)

36.1 (8.1)
114 (66)

Total*
(N=1027)

110/170
1.0
4.52
1529.4

(65)
(3.1)
(5.44)
(77.2)

36 (8.5)
685 (67)

668/1013
1.2
4.94
1527.8

(66)
(3.7)
(6.05)
(77.4)

Values are mean±SD unless otherwise stated.
n*=Number of patients free of Gd-enhanced T1 lesions.
n=Number of patients with values at the core baseline for the specified variable.
*Values indicated in the column entitled ‘Total’ also include fingolimod 1.25 mg and IFN-switch 1.25 mg groups’ data.
EDSS, Expanded Disability Status Scale; Gd+, gadolinium enhanced; IFN, interferon; MS, multiple sclerosis.

Figure 1 Patient disposition.
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Figure 2 Time to ﬁrst conﬁrmed
relapse up to the end of the study
(core intent to treat (ITT) population).

The post hoc analysis indicated that ARR of the non-completers
was higher than that of the completers of the comparable intervals
(ﬁgure 3), especially in the IFN-switch group. Non-completers of
the continuous-ﬁngolimod group showed lower ARR in comparison with non-completers of the IFN-switch group.
HRs for conﬁrmed disability progression were not statistically different at EOS in the continuous-ﬁngolimod versus the IFN-switch
group (HR (CI) 3-month conﬁrmed disability progression, 0.94
(0.71 to 1.26), p=0.687; 6-month conﬁrmed disability progression,
1.08 (0.77 to 1.51), p=0.674). Mean (SD) change in EDSS scores
or in MSFC z-scores from core baseline to EOS was 0.16 (1.09)
versus 0.12 (1.07), p=0.580 and 0.07 (0.45) vs 0.08 (0.44),
p=0.314 in the continuous-ﬁngolimod versus IFN-switch group.

MRI outcomes
New/newly enlarging T2 lesion counts remained low in the
continuous-ﬁngolimod group throughout the extension phase
(table 2). During M12–24 in the IFN-switch group, the T2
lesion count decreased by 63% and remained low throughout
the extension phase. The percentage of patients free of new/
newly enlarging T2 lesions between the groups was similar
throughout the extension study (M12–EOS: continuousﬁngolimod group: 42%; IFN-switch group: 45%; p=0.63).
In the IFN-switch group, the mean number of Gd+ T1
lesions decreased from 0.5 at M12 to 0.2 at M24 and was 0.4
at EOS. In the continuous-ﬁngolimod group, the mean Gd+ T1
lesion count was 0.2 at M12 and 0.3 at EOS. Throughout the
extension phase, the percentage of patients free of Gd+ T1
lesions was 75% in the continuous-ﬁngolimod group and 77%
in the IFN-switch group ( p=0.508).
The PBVC from baseline to M12 was reduced signiﬁcantly by
ﬁngolimod relative to IFNβ-1a, and the low rate was maintained
through the EOS until the study completion (ﬁgure 4). Patients
in the IFN-switch group experienced a slowing down in the rate
of brain volume loss. Mean (median) PBVC from core baseline
to EOS was −1.01% (−0.8) for continuous-ﬁngolimod and
−0.96% (−0.8); p=0.937 for the IFN-switch group.

Assessment of disease activity over time
Data evaluating the relation between disease activity during year
1 and clinical activity (relapses and 6-month disability

progression) during the extension phase were available from
924 patients (continuous-ﬁngolimod group (n=628, 68%) and
IFN-switch group (n=296, 32%)). At the end of the 12-month
core phase, 63.4% of patients treated with ﬁngolimod 0.5 mg
had NEDA compared with 44.3% of those treated with
IFNβ-1a. At the end of year 2 (M24) and after a year of treatment with ﬁngolimod, the proportion of patients showing
NEDA increased in the IFN-switch group to 66% (ﬁgure 5A).
In the continuous-ﬁngolimod group, proportions of patients
with NEDA did not differ at the end of year 2 versus 1 (69% vs
63.4%, ﬁgure 5B). Patients who were active on only one MS
disease measure (either MRI or relapses or EDSS) in the core
phase (M0–12) had the highest odds of being free of clinical
disease activity in the extension phase (M13–EOS) (see online
supplementary table S1).

Safety outcomes
The safety population comprised 1027 patients. We compare
the safety data of patients who were exposed to ﬁngolimod
0.5 mg during the extension phase: continuous-ﬁngolimod
0.5 mg (n=356) and IFN-switch 0.5 mg groups (n=167). Data
for ﬁngolimod 1.25 mg and the IFN-switch 1.25 mg groups are
provided in the online supplementary table S2. The overall
mean (±SD) duration of exposure to ﬁngolimod (including the
core phase) was 1216.5±281.2 days in the continuousﬁngolimod 0.5 mg and 787.2±330.5 days in the IFN-switch
0.5 mg groups.
The most frequently reported AEs (>10% of patients) during
the extension phase (M13–EOS) are summarised in table 3.
The highest incidence in these groups was reported for nasopharyngitis, lymphocyte count decrease and headache. The majority
of AEs (775/971, 79.8%) were mild to moderate in severity.
SAEs were reported for 15.4% of patients in the continuousﬁngolimod group, and for 12.6% in the IFN-switch group
(table 3). The most common SAEs in both groups were basal
cell carcinoma and MS relapse. Severe infection AEs were
reported in 14 patients (3.9%) in the continuous-ﬁngolimod
group and six patients (3.6%) in the IFN-switch group. Herpes
viral infections were reported in 36 (10.1%) patients in the
continuous-ﬁngolimod group and 25 (15%) patients in the
IFN-switch group. In the IFN-switch group, one case of
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Table 2 Between-group comparisons of clinical and MRI outcomes
Fingolimod 0.5 mg (N=429)
Clinical outcomes
Annualised relapse rate (95% CI); confirmed relapses only†
M0–12
0.19 (0.15 to 0.24)
M13–EOS
0.16 (0.12 to 0.19)
Patients with 3-month confirmed disability progression, n (%)‡
M0–EOS
94 (22)
HR (95% CI)
0.94 (0.71 to 1.26)
Patients with 6-month confirmed disability progression, n (%)‡
M0–EOS
73 (17)
HR (95% CI)
1.08 (0.77 to 1.51)
MRI outcomes
Number of new/newly enlarged T2 lesions, mean (SD) (core ITT population)
M0–12
1.7 (3.9)
M12–24
0.9 (1.6)
M24–36
1.0 (4.4)
M36–48
0.6 (1.4)
Last scheduled MRI-EOS
0.9 (2.7)
Patients free of new or newly enlarged T2 lesions, n*/n (%)§
M0–12
211/384 (55)
M13–EOS
136/324 (42)
Number of Gd+ T1 lesions, mean (SD) (core ITT population)
Core baseline
1 (2.8)
M12
0.2 (1.0)
M24
0.1 (0.4)
M36
0.3 (1.8)
M48
0.0 (0.2)
EOS
0.3 (1.1)
Patients free of Gd+ T1 lesions, n*/n (%)¶
Core baseline
288/427 (67)
M12
337/374 (90)
M13–EOS††
221/296 (75)
EOS
266/305 (87)
Per cent change in brain volume, mean/median, n‡‡
M12
−0.31/−0.20, 368
M24
−0.65/−0.50, 314
M36
−0.91/−0.80, 281
M48
−0.94/−0.70, 33
EOS
−1.01/−0.80, 301

IFN-switch (N=431)

p Value

0.40 (0.33 to 0.47)
0.20 (0.16 to 0.25)

<0.001*
0.101

91 (21)
0.689
63 (15)
0.661

2.7 (5.8)
1.0 (1.9)
0.7 (1.7)
0.5 (1.5)
1.0 (4.4)
168/375 (45)
136/302 (45)

0.002*
0.630

1.1 (2.8)
0.5 (1.9)
0.2 (0.9)
0.2 (0.8)
0.1 (0.2)
0.4 (2.7)
268/354
286/354
219/283
253/286

(63)
(81)
(77)
(89)

−0.45/−0.40,
−0.66/−0.60,
−0.80/−0.70,
−0.89/−0.80,
−0.96/−0.80,

<0.001*
0.508

359
286
250
35
285

<0.001*
0.967
0.091
0.982
0.937

n*=number of patients free of lesion.
n=number of patients with evaluable MRI scans.
*Indicates a two-sided statistical significance at the 0.05 level.
†p Values from a negative binomial regression model, adjusted for treatment, pooled country, number of relapses in the previous 2 years before enrolment and core baseline EDSS.
Log (time in the study) is the offset variable.
‡HRs and p values from the Cox proportional hazards model adjusted for treatment, pooled country, core baseline EDSS and age.
§p Value from a negative binomial regression model, adjusted for treatment, core baseline volume of T2 lesions and pooled country.
¶p Value from a logistic regression model adjusted by treatment, core baseline number of T1 lesions and pooled country.
††Includes patients not free of Gd+ T1 lesions at any particular time point of M12-EOS even if they do not have evaluable MRI at all time points.
‡‡p Value from Rank ANCOVA with covariates: treatment, pooled country and core baseline normalised brain volume.
ANOVA, analysis of variance; EDSS, Expanded Disability Status Scale; EOS, end of study; Gd+, gadolinium enhanced; IFN, interferon; ITT, intent to treat; M, month.

disseminated herpes zoster was reported on extension day 194.
The patient recovered completely within 9 days following drug
discontinuation and treatment with acyclovir. No conﬁrmed
cases of macular oedema were reported. One case of complete
AV block occurred in a patient who switched from IFN to
1.25 mg ﬁngolimod, and has been reported earlier.2
The proportion of patients who discontinued the study
because of AEs was similar between the treatment groups (8.4%
in the continuous-ﬁngolimod group, 7.8% in the IFN-switch
group), mostly due to an increase in liver enzymes by >5-fold
of the upper limit of normal. Two patients formally met Hy’s
law criteria5 for hepatotoxicity and discontinued the study, one
472

in the continuous-ﬁngolimod 0.5 mg group who had a history
of Gilbert syndrome and had elevated bilirubin before receiving
the study medication, and the other in the IFN-switch ﬁngolimod 1.25 mg group who developed jaundice and splenomegaly
while in the study and was subsequently diagnosed with hepatitis E infection.
Basal cell carcinoma and lymphopenia (lymphocyte count
below 0.2×109/L or 200 cells/mm3; 9 patients each) were the
other most common AEs leading to study discontinuation in the
overall population. One patient in the IFN-switch ﬁngolimod
0.5 mg group committed suicide, accounting for the one death
reported in the extension phase. Apart from the seven cases of
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Figure 3 Annualised relapse rate of completers versus non-completers over time. *Number of patients who completed the study during M36–48.
#
Interval non-completers are patients who did not continue to the next yearly time interval. For interval non-completers, M0–24 summarises the
aggregate ARR from M0 to M24 for patients who discontinued during the interval of M12–24. M0–36 summarises the aggregate ARR from M0 to
M36 for patients who discontinued during the interval of M24–36. M0–48 summarises the aggregate ARR from M0 to M48 for patients who
discontinued during the interval of M36–48. ARR, annualised relapse rate; IFN, interferon; M, month.

basal cell carcinoma, one case each of squamous cell carcinoma
of the skin, thyroid cancer, anal neoplasm, ovarian epithelial
cancer and non-melanoma skin cancer and two cases of breast
cancer were reported in the continuous-ﬁngolimod group. No
malignancy was reported in the IFN-switch group other than
the one case of basal cell carcinoma.

DISCUSSION
These results from the extension phase of the TRANSFORMS
study support a sustained effect of ﬁngolimod on disease activity
in patients with RRMS who received up to 4.5 years of therapy
and are consistent with the ﬁndings of the core study and the
ﬁrst year of the extension study.1 2 A comparison between the

Figure 4 Between-group comparison of cumulative PBVC from core baseline. ***p<0.001 for ﬁngolimod versus IFN-switch; 2-sided statistical
signiﬁcance at 0.05 level. EOS, end of study; IFN, interferon; PBVC, per cent brain volume change; M, month.
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Figure 5 Comparison of NEDA status in the core study and the ﬁrst extension year by treatment group (A) IFN-switch group (B)
Continuous-ﬁngolimod group. Data presented here are for the pooled ﬁngolimod 0.5 and 1.25 mg groups. N, total number of patients in the group;
n, number of patients achieving NEDA; IFN, interferon; NEDA, no evidence of disease activity.
originally randomised groups shows that over the entire study, a
treatment difference in favour of the continuous-ﬁngolimod
group for ARR was observed over the IFN-switch group, indicating that the earlier start of ﬁngolimod treatment had an
overall stronger impact on the control of clinical disease activity.
Both disability progression and MRI outcomes reﬂecting cumulative changes at the end of the extension phase were not signiﬁcantly different between the groups, which is not surprising
given that both groups received ﬁngolimod for a considerable
length of time as compared to the 1 year core study. ARR and
MRI outcomes were clearly improved in the IFN group after
switching to ﬁngolimod, but due to the lack of an external
control group we cannot exclude some inﬂuence of regression
Table 3 AEs in 10% or more patients (A), and SAEs in two or
more patients (B) in the extension phase (M13–EOS)
Fingolimod
0.5 mg
(N=356)
A. AE, n (%) (at least 10% in either of the groups*)
Overall AEs
337 (94.7)
Nasopharyngitis
112 (31.5)
Lymphopenia/lymphocyte
78 (21.9)
count decreased
Headache
69 (19.4)
Urinary tract infection
40 (11.2)
Upper respiratory tract infection
38 (10.7)
Influenza
36 (10.1)
Back pain
35 (9.8)
Cough
33 (9.3)
B. SAE, n (%) (at least two patients in either of the groups*)
Overall SAEs
55 (15.4)
Basal cell carcinoma†
6 (1.7)
Multiple sclerosis relapse
4 (1.1)
Cholelithiasis
4 (1.1)
Cystitis
2 (0.6)
Breast cancer
2 (0.6)
Spontaneous abortion
2 (0.6)
Lower limb fracture
2 (0.6)
Road traffic accident
2 (0.6)

IFN-switch
fingolimod
0.5 mg (N=167)

154 (92.2)
51 (30.5)
42 (25.2)
38 (22.8)
18 (10.8)
21 (12.6)
17 (10.2)
18 (10.8)
20 (12.0)
21 (12.6)
1 (0.6)
2 (1.2)
0
0
0
0
0
0

*Results for fingolimod 1.25 mg and IFNβ-1a/fingolimod 1.25 mg are provided in the
online supplementary table S2.
†An additional case of basal cell carcinoma was reported as AE, but not SAE.
AE, adverse events; EOS, end of study; IFN, interferon; M, month; SAEs, serious AEs.
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to the mean, as disease activity has a natural tendency to
decrease over time, especially in patients with more active
disease prior to baseline.6 The low rate of BVL during the
extension study in the continuous-ﬁngolimod group is in line
with observations from the extension of the placebo-controlled
FREEDOMS study7 and further supports a continuous effect of
ﬁngolimod on this outcome. The pronounced reduction, by
approximately 50%, of BVL observed in the IFN-switch patients
in the ﬁrst year after the switch to ﬁngolimod adds to the discussion about IFNβ-induced ‘pseudoatrophy’ but does not allow
for deﬁnitive conclusions.2
Given the long duration of the study, it was important to evaluate if the treatment effect among the dropouts was lower, potentially introducing a responder bias. Indeed, patients who
discontinued the study tended to have a higher disease activity
while on study and compared with completers. However, within
the subgroup of non-completers, patients who were initially randomised to ﬁngolimod had a lower ARR than those who had been
randomised to IFNβ-1a in the core study, conﬁrming the beneﬁts
of earlier ﬁngolimod treatment regarding relapse control.
Absence of evidence of disease activity deﬁned by MRI and
clinical measures (NEDA) is increasingly used to capture treatment beneﬁts.8 In the 12-month TRANSFORMS core study, the
proportion of patients with NEDA, deﬁned as no evidence of
new MRI lesions, relapses and 3-month conﬁrmed disability
progression, was signiﬁcantly higher in the ﬁngolimod 0.5 mg
group than in the IFNβ-1a group (46% vs 34%, p<0.001).9
Persisting disease activity as depicted by such clinical and MRI
outcomes in the ﬁrst year of treatment has been shown to be
predictive of later disease activity and worsening, especially with
IFNβ treatment.4 10–12 Irrespective of the initial treatment allocation, in our study, patients with disease activity during the ﬁrst
year of therapy were more likely to have relapses and disability
progression over the extension phase, and this risk increased
with the number of measures indicating disease activity during
year 1. Overall, our ﬁndings support the value of the NEDA criteria in the ﬁrst year of treatment for the prognosis of longer
term outcomes. It remains to be shown in long-term follow-up
studies8 if the achievement of NEDA in the ﬁrst year after
switching treatment from IFNβ to ﬁngolimod, as observed in
our study, has the same positive prognostic value.
The safety proﬁle of continuous ﬁngolimod treatment for up
to 4.5 years was consistent with the previous reports.1 13–17
Transient effects on heart rate at treatment initiation and effects
on liver function were noted, while the absence of conﬁrmed
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cases of macular oedema may be due to the small number of
newly exposed patients in the extension phase (n=167). The
incidence of herpes viral infections was similar across the treatment groups. We noted an imbalance in the incidence of cancer
between the groups. However, in a pooled analysis comprising
3553 patients treated with ﬁngolimod in the core and extension
studies, the incidence of basal cell carcinoma with ﬁngolimod
0.5 mg was 1.8%, and the total incidence was 1.5% (Novartis,
data on ﬁle); our results show comparable frequencies of basal
cell carcinoma (2% for the continuous-ﬁngolimod 0.5 mg
group) and a low incidence of other cancer types (<0.6%).
These results also indicate that the safety monitoring described
in the ﬁngolimod prescribing information should be adhered to
in clinical practice throughout the duration of ﬁngolimod
treatment.
Limitations for this extension study include the absence of a
control arm and a potential selection bias typically seen in longterm studies, in which patients who are not doing well are more
likely to drop out. Data beyond 36 months are sparse and could
possibly limit meaningful conclusions to be drawn beyond this
time point. The lower number of patients at the 48-month
assessment is mainly driven by the transitioning of these patients
into the ﬁngolimod long-term safety and efﬁcacy study
(LONGTERMS). Despite these inherent limitations, our ﬁndings
together with those from the TRANSFORMS core study1 and
its 1-year extension2 further support sustained beneﬁts of ﬁngolimod on relapses and MRI inﬂammatory activity in continuously treated and IFN-switch patients.
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