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Switching from natalizumab to fingolimod
A randomized, placebo-controlled study in RRMS

ABSTRACT

Objective: To investigate the effect of different natalizumab washout (WO) periods on recurrence
of MRI and clinical disease activity in patients switching from natalizumab to fingolimod.

Methods: In this multicenter, double-blind, placebo-controlled trial (TOFINGO), patients with
relapsing-remitting multiple sclerosis (RRMS) were randomized 1:1:1 to 8-, 12-, or 16-week
WO followed by fingolimod treatment over 32 weeks from last natalizumab infusion (LNI). Brain
MRI was performed at baseline and weeks 8, 12, 16, 20, and 24.

Results: Of 142 enrolled and randomized patients, 112 (78.9%) completed the study (8 weeks,
n 5 41/50; 12 weeks, n 5 31/42; 16 weeks, n 5 40/50). Number (95% confidence interval [CI])
of active (new/newly enlarged T2) lesions from LNI through 8 weeks of fingolimod treatment
(primary outcome) was similar in the 8-week (2.1 [1.7–2.6]) and 12-week WO groups (1.7 [1.3–
2.2]) and higher in the 16-week WO group (8.2 [7.3–9.1]). During the WO period only, the number
(95% CI) of active lesions increased with increasing WO duration (8 weeks, 0.4 [0.2–0.6]; 12
weeks, 2.1 [1.6–2.6]; 16 weeks, 3.6 [3.0–4.2]). Over the 24 weeks from LNI, gadolinium-
enhancing T1 lesion counts were lower in the 8-week WO group (14.1 [5.67–22.53]) than in
the 12-week (21.3 [1.41–41.19]) or 16-week (18.5 [8.40–28.60]) WO groups. More patients
were relapse-free in the 8-week (88%) and 12-week (91%) WO groups than the 16-week WO
group (84%). Sixty-eight percent of patients experienced adverse events (mostly mild/moderate),
with similar incidence across groups. No unusually severe relapses or opportunistic infections
occurred.

Conclusions: Initiating fingolimod therapy 8–12 weeks after natalizumab discontinuation is asso-
ciated with a lower risk of MRI and clinical disease reactivation than initiation after 16-week WO.

Classification of evidence: This study provides Class II evidence that for patients with RRMS
switching from natalizumab to fingolimod, shorter natalizumab WO periods are associated with
less MRI disease activity than are longer WO periods. Neurology® 2015;85:29–39

GLOSSARY
AE 5 adverse event; EDSS 5 Expanded Disability Status Scale; FAS 5 full analysis set; Gd1 5 gadolinium-enhancing;
JCV 5 JC virus; LNI 5 last natalizumab infusion; MS 5 multiple sclerosis; P90 5 90th percentile; PML 5 progressive
multifocal leukoencephalopathy; RRMS 5 relapsing-remitting multiple sclerosis; SAE 5 serious adverse event; SS 5 safety
set; TSQM-9 5 Treatment Satisfaction Questionnaire for Medication–9; WO 5 washout.

Natalizumab is an a4 integrin antagonist used for the treatment of patients with relapsing
multiple sclerosis (MS). Its use, however, can be associated with progressive multifocal leuko-
encephalopathy (PML), an uncommon but severe and potentially fatal opportunistic brain

From Neurology, the Departments of Medicine, Clinical Research and Biomedicine (L.K., T.D., Y.N., T.S.), the Medical Image Analysis Center
(MIAC) (E.-W.R., T.S., N.M.-L.), and the Department of Radiology, Division of Neuroradiology (T.S.), University Hospital, University of Basel,
Switzerland; the Department of Neuroscience (G.C.), Scientific Institute H. San Raffaele, University of Milan, Italy; Vall d’Hebron University
Hospital (X.M.), Barcelona, Spain; Royal Melbourne Hospital (H.B.), Parkville, Australia; the Department of Neurology (H.W.), University of
Münster, Germany; the Neuroscience and Trauma Centre (G.G.), Blizard Institute, Barts and The London School of Medicine and Dentistry,
London, UK; the Department of Neurology (H.-P.H.), Heinrich Heine University, Düsseldorf, Germany; Oxford PharmaGenesis Ltd. (S.G.),
Tubney Warren Barns, Oxford, UK; Novartis Pharma AG (P.v.R., Y.Z., F.D., D.T.), Basel, Switzerland; and Novartis Pharmaceutical Corporation
(R.G.), East Hanover, NJ.

Coinvestigators are listed on the Neurology® Web site at Neurology.org.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.
The Article Processing Charge was paid by the sponsor of the study, Novartis Pharma AG, Basel, Switzerland.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC
BY-NC-ND), which permits downloading and sharing the work provided it is properly cited. The work cannot be changed in any way or used
commercially.

© 2015 American Academy of Neurology 29

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:lkappos@uhbs.ch
http://neurology.org/lookup/doi/10.1212/WNL.0000000000001706
http://neurology.org/lookup/doi/10.1212/WNL.0000000000001706
http://neurology.org/lookup/doi/10.1212/WNL.0000000000001706
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


infection caused by the JC virus (JCV), which
most likely results from compromised brain
immunosurveillance.1,2 In anti-JCV seroposi-
tive patients (approximately 55% of patients
with MS),3 the risk of PML increases with
duration of natalizumab treatment and with
previous immunosuppressant use.1 Anti-JCV
seropositive patients with a history of previous
immunosuppressant use who have been
receiving natalizumab for more than 2 years
have a PML risk of up to 13 per 1,000 vs
,1 per 1,000 for patients with none of these
risk factors.1 Therefore, in patients found to be
anti-JCV seropositive, a switch from natalizu-
mab to another treatment is considered in
order to mitigate the increased risk of
PML.4–7 Other factors may also lead to a deci-
sion to discontinue natalizumab, for example,
persistent anti-natalizumab antibodies, subop-
timal efficacy, tolerability issues,1 or patient
preference for an oral therapy. However, nata-
lizumab discontinuation could lead to the
rapid return of relapse activity and MRI lesion
development to pretreatment levels.1,4,8,9

Fingolimod 0.5 mg is a once-daily oral
treatment10 for relapsing forms of MS11,12

with superior efficacy to the first-line therapy
interferon-b-1a IM with regards to relapse rate
and MRI outcomes.13 Post hoc analyses of
relapse data from an open-label observational
study showed that fingolimod has a beneficial
effect on relapse rates in patients who discon-
tinued natalizumab before the study, suggest-
ing that fingolimod provides disease control
after natalizumab discontinuation.14 Indirect
comparisons based on phase 3 data further
support the use of fingolimod as a potentially
suitable switch therapy from natalizumab in
appropriate patients.15

This double-blind, randomized, parallel-
group study aimed to establish the optimal
timing for initiating fingolimod therapy fol-
lowing natalizumab discontinuation, which
would avoid potentially harmful additive ef-
fects on immune surveillance and would still
maintain appropriate disease control.

METHODS Study oversight and design. This 32-week,

patient- and rater-blinded, randomized, multicenter, parallel-

group study was originally planned to include about 600

patients with relapsing-remitting MS (RRMS) who received

their last natalizumab treatment at randomization. The sponsor

prematurely stopped enrollment owing to an internal decision;

however, all 142 randomized patients were allowed to continue

in the study as per protocol.

Standard protocol approvals, registrations, and patient
consents. Patients eligible for inclusion were aged 18–65 years

with RRMS (diagnosed using the 2010 McDonald criteria)16 and

an Expanded Disability Status Scale (EDSS) score of 0–6. All

patients had received natalizumab treatment for at least 6 months

immediately before study screening, but were considered for

treatment discontinuation for at least one of the following rea-

sons: treatment duration .2 years, positive JCV antibody status,

pretreatment with immunosuppressive drugs, adverse events

(AEs) including hypersensitivity reactions, presence of anti-

natalizumab neutralizing antibodies, or any other valid medical

reason.

The last natalizumab infusion (LNI) had to occur within

1 week of randomization. Key exclusion criteria were consistent

with those described in the phase 3 fingolimod clinical trials.13,17

Patients who had previously been treated at any time with cla-

dribine or mitoxantrone were excluded.

All patients gave written informed consent. The study

(ClinicalTrials.gov identifier NCT01499667) involved 44 study

centers, and was conducted in accordance with the ethical prin-

ciples of the Declaration of Helsinki.18,19 The protocol and all

amendments were approved by each study center’s ethics

committee.

Study randomization and masking. The study consisted of 3
phases: screening, washout (WO) following the LNI, and treat-

ment with fingolimod 0.5 mg once daily (figure e-1 on the

Neurology® Web site at Neurology.org). During the WO phase,

patients were randomized 1:1:1 to 1 of 3 different natalizumab

WO/fingolimod treatment regimens: 8-week WO (no therapy

for 8 weeks following LNI) followed by 24 weeks of treatment

with oral fingolimod 0.5 mg; 12-week WO (no therapy for 8

weeks following LNI and placebo for 4 weeks) followed by 20

weeks of treatment with fingolimod 0.5 mg; or 16-week WO

(no therapy for 8 weeks following LNI and placebo for

8 weeks) followed by 16 weeks of treatment with fingolimod

0.5 mg. Randomization was managed centrally using a

validated automated system (Cenduit, Durham, NC) (details

are provided in the supplementary material).

Study outcomes. The objective of the study was to evaluate dis-
ease control, using MRI and clinical outcomes, during different

periods of WO following discontinuation of natalizumab and also

after switching to fingolimod treatment.

The primary outcome was the number of active (new or

newly enlarged) T2 lesions from the LNI, during WO, and

through 8 weeks of fingolimod treatment, adjusted for the obser-

vation time (figure e-1).

The key secondary outcomes were the number of active (new

or newly enlarged) T2 lesions from the LNI through to the end of

the WO, and the number of active T2 lesions during the first 8

weeks of fingolimod treatment only (figure e-1). Other secondary

outcomes (assessed up to week 24, the last MRI scan) included

change in T2 lesion volume from baseline, gadolinium-

enhancing (Gd1) lesion count, proportion of patients free from

Gd1 lesions, proportion of patients free from active T2 lesions,

proportion of patients free from relapses, and safety and tolera-

bility parameters.

Assessments. Disease control was assessed by analyzing MRI

scans, MS relapses, and EDSS scores. MRI scans were obtained

at baseline and at weeks 8, 12, 16, 20, and 24 and were examined
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by a central MRI reading center blinded to treatment allocation

and clinical information. Active T2 lesions were counted by com-

paring the most recent MRI scan with the previous MRI scan

(usually 4 weeks apart, except for weeks 0–8), not by comparison

with the baseline scan. For periods of time involving multiple

MRI scans, the sum of the active T2 lesion counts of each

MRI was used. Gd1 lesions were counted at every scan. Patients

were asked to report symptoms indicative of relapse, which had to

be confirmed by an EDSS assessment in the study center within 7

days of onset. These, and the scheduled EDSS assessments at

screening, week 16, and at the end of the study (week 32), were

performed by a trained and certified independent evaluating phy-

sician blinded to the other data collected during the trial. Only

confirmed relapses were included in analyses. In case of confirmed

relapse or if MRI-related activity reached a prespecified threshold

(a new lesion [Gd1 or new T2] .0.5 cm or $2 new lesions

[Gd1 or new T2, regardless of size]), patients had the option to

continue on current treatment or to be transitioned to open-label

fingolimod or switched to a nonprotocol MS treatment.

AEs, serious AEs (SAEs), vital signs, and laboratory evalua-

tions were monitored throughout the study. ECGs were obtained

at baseline and at weeks 8, 12, and 16, and ophthalmologic ex-

aminations were performed at baseline and weeks 24 and 32. Sat-

isfaction with and preference for treatments was assessed using the

Treatment Satisfaction Questionnaire for Medication–9

(TSQM-9) and treatment preference questionnaire (details are

provided in the supplementary material).

Statistical analysis. Sample size calculations are reported in the

supplementary material. For the primary and key secondary out-

comes, a primary analysis was performed using a negative bino-

mial regression model adjusted for each WO group, the total

volume of T2 lesions at baseline, and the observation period.

Owing to early termination of study enrollment and drop in sam-

ple size, the power to detect statistically significant differences in

the number of active T2 lesions based on the negative binomial

model across WO groups was reduced to 30%–40% of that orig-

inally planned. In addition, reported p values should be inter-

preted with caution because of the smaller than expected sample

size. Summary statistics are provided for other outcomes. An

exploratory outlier analysis of active T2 lesion counts was also

performed; the 90th percentile (P90) of the number of active T2

lesions (only 10% of patients have greater than or equal to this

number of active T2 lesions) was determined and the mean plus 2

times SD (mean 1 2 SD) was calculated.

Kaplan-Meier plots were produced based on time to first

event data, with an increase in active (new or newly enlarged)

T2 lesions being considered as an event. The modified full anal-

ysis set was used for the primary outcome and included all pa-

tients who completed 8 weeks of fingolimod therapy and had

an evaluable MRI scan at this time point. The analyses of the sec-

ondary variables were based on the full analysis set (FAS), which

included all randomized patients, analyzed according to the WO

group assigned at randomization. The safety set (SS) included all

randomized patients, analyzed according to the WO group as-

signed on the basis of the closest match to the day on which

the patient first received fingolimod. Patients with an actual

WO period that fell exactly midway between the 8- and 12-

week groups (i.e., 10 weeks) or the 12- and 16-week groups

(i.e., 14 weeks) were assigned to the group with the longer WO

time. The SS was used for analysis of all safety and tolerability

variables.

Classification of evidence. Given that, at the time of study ini-

tiation, there was no evidence-based guidance on the optimal

length of the WO period between natalizumab discontinuation

and fingolimod initiation, the TOFINGO study was designed

to determine if different natalizumab WO periods had an effect

on recurrence of MRI and clinical disease activity in patients

switching from natalizumab to fingolimod. This study provides

Class II evidence that for patients with RRMS switching from

natalizumab to fingolimod, shorter natalizumab WO periods

are associated with less MRI disease activity than longer WO

periods.

RESULTS The first patient visit took place in
September 2011; the study was then terminated
early in March 2012, with the final patient visit
in November 2012.

Patient disposition. A total of 142 patients were ran-
domized and were analyzed as part of the FAS: 50,
42, and 50 patients to the 8-, 12-, and 16-week
WO groups, respectively. Of these, 112 (78.9%)
patients completed the study (41, 31, and 40 in the
3 groups, respectively) (figure 1). The most
frequent reasons for study discontinuation reported
by the investigators across the WO groups were
administrative problems (n 5 14 [9.9%]) and
protocol deviations (n 5 6 [4.2%]).

Given the relatively small sample size, baseline
demographic and MS characteristics were reasonably
well balanced between WO groups (table 1), with the
exception of T2 lesion volume being lower in the
16-week WO group and relapses in the previous year
and natalizumab exposure being lower in the 12-week
WO group (all nonsignificant).

Primary outcome. The mean number (adjusted for
observation time) of active T2 lesions from the LNI
through 8 weeks of fingolimod treatment was similar
in the 8-week and 12-week WO groups and
significantly higher in the 16-week WO than the
12-week WO group (p 5 0.0393, figure 2A).
Numerically more patients were free from active T2
lesions in the 8-week and 12-week WO groups,
compared with those in the 16-week WO group
based on Kaplan-Meier estimates for the time to
first active T2 lesion (secondary outcome), which
was shortest for the 8-week WO group (figure 2B).

Key secondary outcomes. During the WO period, the
mean number of active T2 lesions (adjusted for obser-
vation time) (figure 2C) significantly increased with
increasing duration of WO (8-week vs 12-week WO
[p , 0.0001] and vs 16-week WO [p 5 0.0013]).

During the first 8 weeks of fingolimod treatment,
the mean number of active T2 lesions was numeri-
cally lower in the 8-week compared with the
12-week WO group and significantly lower in the
8-week than the 16-week WO group (p 5 0.0351)
(figure 2D). Similarly, more patients were free from
active T2 lesions in the 8-week than in the 12- or
16-week WO groups (figure 2D).
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Relapses. Over the 24-week study period, the
annualized relapse rate was highest for patients in
the 16-week WO group and similar in the 8-week
and 12-week WO groups (table 2). Accordingly,
over the entire study a smaller proportion of
patients (no significant difference) were relapse-free
in the 16-week group vs the 8-week or 12-week WO
groups. There was no clear pattern of relapse
occurrence relative to the time since the last
natalizumab dose.

During the WO period, 1 patient in the 16-week
group reported a relapse, classified by the investigator
as a moderate AE, and received IV methylprednisolone.
During fingolimod therapy, 1 relapse was reported as a
moderate AE in the 12-week group. In the 16-week
group, 3 relapses were reported as AEs in 3 patients;
one was classed as a moderate AE and 2 patients were
hospitalized (SAEs). Across groups, all relapsed patients
were treated with IV methylprednisolone.

Other secondary outcomes. Active T2 lesion counts and
proportion of patients free from active T2 lesions over
24 weeks are summarized in table 3. Up to week 24,
patients in the 8-week WO group had numerically
lower mean and median number of Gd1 T1 lesions
(not significant) and proportionately more patients were
free from Gd1 lesions than in the 12- or 16-week WO
groups (table 3). Active T2 lesion counts per observation
interval (during the first 8 weeks of WO and every 4
weeks thereafter) are summarized in table e-1.

A small number of patients had high active T2
lesion counts (table 3); of the 121 patients in the

FAS, 15 patients were at or above the P90 in terms
of a cumulative number of active T2 lesions over 24
weeks, with the greatest number of active T2 lesions
found in patients in the 16-week WO group. Six of
these 15 patients had active T2 lesion counts that
were greater than the mean 1 2 SD (table 3). Inter-
estingly, 5 of these patients relapsed during the study:
2 patients in the 8-week WO group at study day 91
and day 105 (34 and 49 days since starting fingoli-
mod, respectively), and 3 patients in the 16-week
WO group at study days 113, 138, and 139 (1, 26,
and 14 days since starting fingolimod, respectively).
MRI activity preceded or coincided with relapses in
all cases and all relapses were mild/moderate in sever-
ity; all patients recovered either partially or
completely.

There was no significant difference in mean EDSS
scores between treatment groups at week 32 (table 2).
Treatment preference questionnaire and TSQM-9
results are presented in table e-2.

Safety. AEs during the study, including both the WO
and fingolimod treatment periods, were reported for
67.6% of patients; the overall proportions of patients
with AEs were the same in the 8-week and 16-week
WO groups, and lower in the 12-week WO group.
In particular, more AEs were reported during the
longer vs shorter WO periods, and during
fingolimod therapy, the number of reported AEs
was highest for the group that had received
fingolimod for the longest duration (table 4). The
most frequent AEs reported in at least 5% of

Figure 1 CONSORT flow diagram

WO 5 washout.
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patients during the WO period, regardless of WO
group, were headache, sinusitis, depression, and
dizziness (table 4). During fingolimod treatment,
infection incidence was greater in the 8-week WO
group (n/N 5 15/50 patients; 30.0%) than in the
12-week (n/N 5 6/42; 14.3%) or 16-week (n/N 5

7/50; 14.0%) groups. In particular, a higher
incidence of nasopharyngitis (n 5 6, 12%) and
urinary tract infections (n 5 3, 6%) were reported
in the 8-week group than in the 12-week (n5 1, 1%
for both) or 16-week groups (n 5 2, 4%; n 5 0,
respectively) (table 4), which accounted for the
majority of the infections reported during
fingolimod therapy. The majority of infections were

mild and the occurrence did not show any particular
temporal pattern (data on file); there was no spike in
infection frequency during the first 8 weeks of
treatment in the 8-week group when natalizumab
may not have fully washed out.

There were no deaths during the study. During
the WO period, 1 patient in the 12-week group
(dizziness) and 1 patient in the 16-week group
(ECG T-wave inversion) discontinued owing to
AEs; the latter was also reported as a SAE due to
hospitalization of the patient. During the fingoli-
mod treatment period, 2 patients discontinued fin-
golimod (12-week group, cholelithiasis; 16-week
group, hepatic enzyme increase); SAEs were

Table 1 Baseline demographics and clinical characteristics (randomized population)

Characteristics 8-wk WO (n 5 50) 12-wkWO (n5 42) 16-wk WO (n5 50) Total (n 5 142)

Age, y, mean 6 SD 41.2 6 10.1 41.9 6 7.4 41.8 6 8.6 41.6 6 8.8

Female, n (%) 39 (78.0) 21 (50.0) 32 (64.0) 92 (64.8)

Duration of MS since first symptom, y

Mean 6 SD 13.2 6 7.2 14.5 6 7.8 14.0 6 7.8 13.9 6 7.6

Median (range) 12 (3–28) 13.5 (4–39) 12.4 (4–35) 12.4 (3–39)

T2 lesion volume at baseline, mm3,
mean 6 SD

12,216 6 16,539 12,955 6 13,906 10,775 6 13,893 11,925 6 14,792

Gd1 lesion count at baseline, mean 6 SD 0 6 0 0 6 0 0 6 0 0 6 0

Relapses in the past year, mean 6 SD 0.42 6 0.64 0.21 6 0.47 0.40 6 0.88 0.35 6 0.70

Time since most recent relapse, mo,
mean 6 SD

35.4 6 36.4 35.3 6 23.3 34.6 6 29.6 35.1 6 30.4

Baseline EDSS score, mean 6 SD 3.3 6 1.8 3.8 6 1.5 3.5 6 1.7 3.5 6 1.7

Any previous MS treatment prior to
natalizumab, n (%)

47 (94.0) 41 (97.6) 46 (92.0) 134 (94.4)

Interferon-b 40 (80.0) 37 (88.1) 39 (78.0) 116 (81.7)

Glatiramer acetate 18 (36.0) 12 (28.6) 13 (26.0) 43 (30.3)

Azathioprine 9 (18.0) 3 (7.1) 7 (14.0) 19 (13.4)

Other 12 (24.0) 9 (21.4) 12 (24.0) 33 (23.2)

Positive JC virus status, n (%)a 39 (78.0) 34 (81.0) 41 (82.0) 112 (78.9)

Natalizumab exposure, d, mean 6 SD 1,080 6 485 965 6 421 1,088 6 443 1,049 6 452

Primary reason for natalizumab
discontinuation, n (%)

Treatment duration >2 y 10 (20.0) 10 (23.8) 9 (18.0) 29 (20.4)

Positive JC virus status 29 (58.0) 21 (50.0) 30 (60.0) 80 (56.3)

Pretreatment with immunosuppressive
agents

0 (0) 0 (0) 0 (0) 0 (0)

Adverse events, including
hypersensitivity reactions

0 (0) 0 (0) 0 (0) 0 (0)

Presence of anti-natalizumab antibodies 0 (0) 0 (0) 0 (0) 0 (0)

Other 10 (20.0) 11 (26.2) 11 (22.0) 32 (22.5)b

Missing 1 (2.0) 0 (0) 0 (0) 1 (0.7)

Abbreviations: EDSS 5 Expanded Disability Status Scale; Gd1 5 gadolinium-enhancing; MS 5 multiple sclerosis; WO 5

washout.
aResults were missing for 21/142 patients.
bA total of 12/32 (37.5%) patients discontinued for having both treatment duration .2 years and positive JC virus
antibody status.
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reported for 10 patients: 2 patients in the 8-week, 5
patients in the 12-week, and 3 patients in the
16-week WO groups (table 4). None of the SAEs
was reported as severe. No systemic opportunistic
infections or PML cases were reported. There were
no clinically significant differences between the
WO groups in laboratory and vital sign parameters

during the WO and fingolimod treatment periods
(data not shown).

DISCUSSION Currently, there is no evidence-based
guidance on the optimal length of the WO period
between natalizumab discontinuation and fingolimod
initiation. In the EU label, caution is recommended

Figure 2 Active T2 lesions

(A) Number of active T2 lesions (sum of all active T2 lesions on MRI scans during specified time interval in each group) since last infusion of natalizumab for
the washout (WO) period and 8 weeks of fingolimod therapy (adjusted for observation time). (B) Kaplan-Meier estimate of time to a new or newly enlarged T2
lesion (adjusted for observation time; modified full analysis set population). The number of new or newly enlarged T2 lesions (C) since the last natalizumab
infusion for the WO period only and (D) for the first 8 weeks of fingolimod therapy only (adjusted for the observation time; full analysis set population). *Two-
sided statistical significance at 0.05 level, calculated using a negative binomial regression model adjusted for WO group and baseline T2 lesion volume, with
the logarithm of the observation period as the offset variable. **Difference was statistically significant for the 8-week vs the 12-week (p, 0.0001) and 16-
week (p 5 0.0013) WO groups for the first key secondary endpoint and for the second key secondary endpoint, for the 8-week vs the 16-week WO group
(p5 0.0351). A 2-sided statistical significance at 0.05 level was indicated, calculated using the negative binomial regression model adjusted for WO group,
baseline T2 lesion volume, and observation period. CI 5 confidence interval.
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for the initiation of fingolimod therapy within 2–3
months of natalizumab discontinuation.12 In this
randomized, patient- and rater-blinded, parallel-
group study, we assessed systematically the effects of
variable WO periods between discontinuation of
natalizumab and the initiation of fingolimod
treatment. Generally, a shorter WO period was
associated with less MS disease activity. WO periods
of 8 weeks or 12 weeks were associated with less MRI
and clinical disease activity compared with the 16-week
WO, in line with reports showing the return of MS
disease activity 16–28 weeks after natalizumab
discontinuation6,9,20 and previous uncontrolled
studies showing that initiating fingolimod later than

12 weeks after the LNI was associated with higher
initial MRI and clinical disease activity.5–7,9,21,22

Although there was no difference between the
8-week and 12-week WO groups for the primary
outcome, evidence from secondary endpoints on
disease activity favored 8-week WO over longer WO
periods.

Analysis of active T2 lesion outlier patients
showed that lesions either preceded or coincided with
relapses for all 6 patients with counts outside the
mean 1 2 SD; however, this analysis is limited by
the fact that MRI scans were performed only at set
study visits, so lesion activity may not have been cap-
tured at the time of onset.

Table 2 Clinical disease activity

Relapse outcome (safety set) 8-wk WO (n 5 50) 12-wk WO (n 5 42) 16-wk WO (n 5 50)

Annualized relapse ratea

During WO 0.13 0 0.26

95% CI 0.003–0.749 0.000–0.387 0.071–0.672

During weeks 0–8 of fingolimod therapy 0.16 0.42 1.00

95% CI 0.004–0.876 0.050–1.499 0.367–2.178

During weeks 0–16 of fingolimod therapy 0.39 0.43 0.67

95% CI 0.127–0.911 0.116–1.090 0.290–1.324

During 24 weeks since last natalizumab infusionb 0.36 0.33 0.65

95% CI 0.146–0.748 0.091–0.852 0.281–1.284

Relapse-free patients, n (%)a,c

During WO 48d (96.0) 42 (100) 45 (90.0)

95% CI 86.3–99.5 91.6–100 78.2–96.7

During weeks 0–8 of fingolimod therapy 48d (96.0) 40 (95.2) 43 (86.0)

95% CI 86.3–99.5 83.8–99.4 73.3–94.2

During weeks 0–16 of fingolimod therapy 45 (90.0) 38 (90.5) 42 (84.0)

95% CI 78.2–96.7 77.4–97.3 70.9–92.8

During 24 weeks since last natalizumab infusionb 44 (88.0) 38 (90.5) 42 (84.0)

95% CI 75.7–95.5 77.4–97.3 70.9–92.8

Relapses by study group, na

During WO 1 0 4

During weeks 0–8 of fingolimod therapy 1 2 6

During weeks 9–16 of fingolimod therapy 4 2 2

During weeks 17 to end of fingolimod therapyb 2 0 0

Disability outcome (FAS population) 8-wk WO (n 5 49) 12-wk WO (n 5 42) 16-wk WO (n 5 50)

Change in EDSS score from baseline, mean (95% CI)

To week 16 0.11 (0.02 to 0.20) 20.03 (20.19 to 0.13) 0.23 (0.03 to 0.43)

To week 32 0.11 (20.07 to 0.29) 20.13 (20.19 to 0.13) 0.08 (20.13 to 0.29)

Abbreviations: CI5 confidence interval; EDSS5 Expanded Disability Status Scale; FAS5 full analysis set; WO 5 washout.
aBased on confirmed relapses; confirmed relapses were accompanied by an increase of $0.5 points in EDSS score, of
1 point in each of 2 EDSS functional system (FS) scores, or of 2 points in 1 EDSS FS score (excluding bowel–bladder or
cerebral functional systems).
bMean number of weeks on fingolimod: 23.5 (8-week group), 19.7 (12-week group), 16.0 (16-week group).
c A patient may have multiple relapses in the specified period.
dOne patient did not have a relapse assessment and, therefore, was not categorized as being relapse-free.
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Our data suggest that, for optimal disease control,
fingolimod treatment should be initiated between 8
and 12 weeks after discontinuation of natalizumab in-
fusions. Recently, a period of 4–8 weeks has been
recommended in order to reduce the likelihood of
disease reactivation.7,23 Nonetheless, the potential risk
of additive effects on the immune system should be
considered within the first 3 months since natalizu-
mab discontinuation, given the long elimination half-
life of natalizumab and also the prolonged effect of
natalizumab on immunosurveillance.12,24 There is an
overlap between natalizumab and fingolimod treat-
ment in the 8-week WO group due to the half-life

of natalizumab. However, treatment with fingolimod
has a differential effect on T and B cells, and can
preserve immunosurveillance because immunocom-
petent regulatory and memory cells are free to circu-
late throughout the body, including the CSF.25,26 It
has recently been shown that fingolimod-treated pa-
tients exhibited increased regulatory B-cell frequen-
cies in the CSF.27 Although vigilance for serious
infections such as PML is warranted following nata-
lizumab discontinuation, current experience has thus
far not indicated an increased risk of PML attribut-
able to fingolimod treatment,28 and no severe or sys-
temic opportunistic infections occurred in any of the

Table 3 MRI disease activity at week 24 (FAS population)

8-wk WO (n 5 50) 12-wk WO (n 5 42) 16-wk WO (n 5 50)

Active T2 lesion countsa

Patients with available MRI
scans, n

44 35 42

Mean (95% CI) 3.2 (0.22–6.18) 4.4 (0–9.70) 7.7 (2.77–12.63)

Median (range) 0 (0–62) 0 (0–94) 2 (0–82)

Change in T2 lesion volume from
baseline, mm3, mean (95% CI)

2107.5 (2675.1 to 460.1) 204.3 (2154.4 to 563.0) 1,351.1 (192.3–2,509.9)

Patients free from active
T2 lesions, n (%) (95% CI)

25 (51.0) (35.5–64.5) 20 (47.6) (32.0–63.6) 15 (30.0) (17.9–44.6)

Outlier analysis of active T2 lesion
counts

Patients with available MRI
scans, n

44 35 42

Mean 6 SD (95% CI) 3.2 6 10.1 (0.22–6.18) 4.4 6 16.0 (0–9.7) 7.7 6 16.3 (2.77–12.63)

P90b of active T2 lesion
count, n

8 7 26

Patients with lesion counts
‡P90, n

5 5 5

Mean 1 2 SD 23.4 36.4 40.3

Patients with mean 1
2 SD, nc

2 1 3

Gd1 T1 lesion countsd

Patients with available MRI
scans at week 24, n

40 31 40

Patients, from those with
available scans at week 24, with
Gd1 lesions on any scan during
weeks 0–24, n (%) (95% CI)

16 (40.0) (24.8–55.2) 15 (48.4) (30.2–66.9) 26 (65.0) (48.3–79.4)

Mean (95% CI) 14.1 (5.67–22.53) 21.3 (1.41–41.19) 18.5 (8.40–28.60)

Median (range) 2.5 (1–104) 5.0 (1–224) 5.5 (1–128)

Patients free from Gd1 lesions
at week 24, n (%) (95% CI)

30 (75.0) (58.8–87.3) 19 (61.3) (42.2–78.2) 19 (47.5) (31.5–63.9)

Abbreviations: CI 5 confidence interval; FAS 5 full analysis set; Gd1 5 gadolinium-enhancing; P90 5 90th percentile;
WO 5 washout.
aActive T2 lesions were counted by comparing the most recent MRI scan with the previous MRI scan (usually 4 weeks
apart, except for weeks 0–8), not by comparing against the baseline scan. For periods of time involving multiple MRI scans,
the sum of the active T2 lesion counts of each MRI was used. Outcome assessed in the FAS population; summary statistics
are presented (unadjusted for duration of WO).
b90th percentile of number of active T2 lesions, i.e., 10% of patients have greater than or equal to P90 lesions.
c Patients with active T2 lesion counts beyond the mean 1 2 SD cutoff had the following lesion counts during weeks 0–24:
8-week WO group, 24, 62; 12-week WO group, 94; 16-week WO group, 82, 41, 50.
dGd1 lesions were counted at every scan, not fromwhen they first appeared. Sum of Gd1 lesions at weeks 0, 8, 12, 16, and 24.
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fingolimod study groups reported up to now.13,17,29,30

Although we observed a higher overall incidence of
infections in the 8-week WO group, these were
largely attributable to the higher incidence of naso-
pharyngitis and urinary tract infections. The majority
of infections were mild or moderate in severity and an

increased incidence during the first few weeks of fin-
golimod treatment, when natalizumab may not have
fully washed out, was reassuringly not observed (data
on file).

In this short-term study, treatment was generally
well tolerated irrespective of the WO period; the

Table 4 Adverse events reported in ‡5%of patients duringWO and fingolimod treatment and serious adverse
eventsa during WO and fingolimod treatment (safety set)

8-wk WO (n 5 50) 12-wk WO (n 5 42) 16-wk WO (n 5 50) Total (n 5 142)

AEs during WO, n (%)b,c

Any adverse event 13 (26.0) 12 (28.6) 25 (50.0) 50 (35.2)

Headache 1 (2.0) 2 (4.8) 5 (10.0) 8 (5.6)

Sinusitis 2 (4.0) 1 (2.4) 3 (6.0) 6 (4.2)

Depression 1 (2.0) 0 (0) 3 (6.0) 4 (2.8)

Dizziness 0 (0) 1 (2.4) 3 (6.0) 4 (2.8)

AEs during fingolimod therapy, n (%)b,d

Any adverse event 35 (70.0) 20 (47.6) 28 (56.0) 83 (58.5)

Headache 5 (10.0) 1 (2.4) 6 (12.0) 12 (8.5)

Nasopharyngitis 6 (12.0) 1 (2.4) 2 (4.0) 9 (6.3)

Dizziness 3 (6.0) 0 (0) 1 (2.0) 4 (2.8)

MS relapse 0 (0) 1 (2.4) 3 (6.0) 4 (2.8)

Oropharyngeal pain 4 (8.0) 0 (0) 0 (0) 4 (2.8)

Urinary tract infection 3 (6.0) 1 (2.4) 0 (0) 4 (2.8)

Myalgia 3 (6.0) 0 (0) 0 (0) 3 (2.1)

SAEs during WO, n (%)

Any serious adverse event 0 (0) 0 (0) 1 (2.0) 1 (0.7)

ECG T-wave inversion 0 (0) 0 (0) 1 (2.0) 1 (0.7)

SAEs during fingolimod therapy, n (%)

Any SAE 2 (4.0) 5 (11.9) 3 (6.0) 10 (7.0)

Bradycardia 0 (0) 0 (0) 1 (2.0) 1 (0.7)

Acute cholecystitis 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Cholelithiasis 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Pharyngitis 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Pneumonia 1 (2.0) 0 (0) 0 (0) 1 (0.7)

Femur fracture 1 (2.0) 0 (0) 0 (0) 1 (0.7)

Heart rate decreased 0 (0) 1 (2.4) 0 (0) 1 (0.7)

MS relapse 0 (0) 0 (0) 2 (4.0) 2 (1.4)

Epilepsy 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Syncope 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Suicidal depression 0 (0) 1 (2.4) 0 (0) 1 (0.7)

Major depression 0 (0) 0 (0) 1 (2.0) 1 (0.7)

Mental disorder due to a general
condition

0 (0) 0 (0) 1 (2.0) 1 (0.7)

Personality change 0 (0) 0 (0) 1 (2.0) 1 (0.7)

Abbreviations: AE 5 adverse event; MS 5 multiple sclerosis; SAE 5 serious adverse event; WO 5 washout.
aOnset date on or after randomization date.
b Incidence of AEs was not adjusted for duration of WO or duration of fingolimod therapy.
cOnset at or after randomization to end of WO.
dOnset at or after randomization to 45 days after last dose of fingolimod.
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incidence of SAEs and discontinuations due to AEs
were similar across the 3 WO groups. Of note, there
were no unusually severe relapses reported in this
study. Severe relapses have been reported in a small
number of patients switching from natalizumab to
fingolimod in clinical practice settings and have been
interpreted as the result of disease reactivation before
the onset of action of fingolimod.31

There were limitations to this study, primarily
related to the lower than initially planned number
of patients enrolled after the decision to stop recruit-
ment. This study was therefore too small to allow full
exploration of the risks of a short WO period in terms
of serious infections. However, despite the sample
size, the study results were analyzed as stipulated in
the original study protocol. Although the power for
the analysis was decreased, the numerical trends and
proportions are consistent and indicative.

Overall, findings from the primary endpoint of
this blinded, controlled study suggest that initiation
of fingolimod therapy 8–12 weeks after discontinua-
tion of natalizumab infusions is more effective in con-
trolling disease reactivation than if it is initiated after a
16-week WO. Evidence from secondary endpoints
on disease activity favors 8-week over longer WO
periods. Additional observational or controlled stud-
ies are needed to determine if shorter than 8-week
WO intervals would further improve disease control
with reasonable risks.
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