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Abstract
Background  Natalizumab (NTZ) was the first approved monoclonal antibody for the treatment of relapsing-remitting mul-
tiple sclerosis (RRMS). Despite proven and sustained efficacy, its use is limited by the risk of progressive multifocal leu-
koencephalopathy (PML). Moreover, some patients show ongoing disease activity under NTZ, requiring a switch to another 
disease-modifying treatment (DMT). However, evidence regarding the optimal DMT for treatment of active RRMS after 
NTZ-cessation is still scarce.
Objective  To evaluate efficacy and safety outcomes of ALEM vs FTY treatment after cessation of NTZ.
Methods  We retrospectively identified patients at 12 German neurology centers and analyzed risks for disease activity, 
adverse events, disability progression, and treatment discontinuation.
Results  195 patients were identified and 144 underwent final analysis (FTY: 101; ALEM: 42). The hazard ratio for clinical 
relapses was 2.24 favoring ALEM (95% CI 1.12–4.50; p = 0.015). The hazard ratio for adverse events was 7.78 (95% CI 
1.04–57.95; p = 0.006) and 2.41 for MRI progression (95% CI 1.26–4.60; p = 0.004). The odds ratio for disability progression 
after 12 months was 4.84 (95% CI 1.74–13.47, p = 0.003). Differences remained after adjusting for possible confounders 
(e.g., age, sex, baseline disability, NTZ treatment duration, washout time).
Conclusion  Our findings indicated particular advantages of ALEM compared to FTY in patients stopping NTZ.

Keywords  Alemtuzumab · Natalizumab · Fingolimod · Remitting-relapsing multiple sclerosis · Progressive multifocal 
leukoencephalopathy · Immunomodulatory therapy

Introduction

Natalizumab (NTZ) is a highly efficacious treatment option 
in relapsing-remitting multiple sclerosis (RRMS). It has 
proven to reduce relapse rates and to slow disability progres-
sion [1, 2]. Unfortunately, its therapeutic potential is limited 
by a significant risk of progressive multifocal leukoencepha-
lopathy (PML), a JC virus (JCV)-mediated and potentially 

life-threatening viral infection of the brain [3]. Specific sub-
groups of patients (treatment for more than 2 years, positive 
JCV antibodies and previous immunosuppressive therapy) 
can bear a risk of up to 1:31 for development of PML [4]. 
Consequently, a significant proportion of patients need to 
switch treatment to maintain control of disease activity while 
minimizing PML risk [5]. Furthermore, a small but relevant 
patient cohort shows continued disease activity despite NTZ 
infusion. In phase 3 clinical trials, up to 26% of NTZ patients 
developed more than one new or enlarging T2-hyperintense 
lesion and up to 8% of patients experienced more than one 
relapse within 2 years [1].

Since NTZ-cessation is associated with rekindling dis-
ease activity, considerations regarding the optimal choice 
of the following disease-modifying treatment (DMT) are 
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important. Depending on when a DMT is subsequently ini-
tiated, rebound activity peaks around month 4–7 after NTZ-
cessation and can even exceed pre-treatment inflammatory 
activity [6, 7]. Frequently, patients at increased PML risk are 
switched to fingolimod (FTY), which has shown superior 
efficacy compared to beta-interferon and glatiramer acetate 
in previous studies [8].

Nonetheless, FTY is not capable of stabilizing the disease 
course in all patients switched from NTZ. Even a shortening 
of the washout period to 8 weeks prior to FTY initiation still 
led to paraclinical disease activity 24 weeks after the last 
NTZ infusion in about half of the patients in a randomized 
clinical trial [9]. In a larger cohort, around 20% of patients 
that were switched to FTY experienced clinical relapses 
within the first year. In this trial, rituximab (RTX) treat-
ment was examined as the other drug of choice after NTZ-
cessation. RTX showed favorable outcomes in this situation 
[10]. Unfortunately, it is restricted to off-label use in RRMS 
and long-term data on the upcoming anti-CD20 antibodies, 
e.g., ocrelizumab, in this special situation will take several 
years of real-world experience.

Another powerful therapeutic option for active RRMS is 
alemtuzumab (ALEM) [11, 12]. The monoclonal anti-CD52 
antibody has proven superior efficacy compared to interfer-
ons in trials of active RRMS. So far, there are no reports on a 
significant risk of PML in alemtuzumab-treated MS patients. 
Nonetheless, the long-lasting immunological effects of alem-
tuzumab have to be put in context with carry-over PML. 
However, the most relevant risk under alemtuzumab is the 
induction of secondary autoimmune disorders. These mostly 
affect the thyroid gland and to a much lesser extent platelets 
and kidneys [13, 14].

Given the specific risks of the mentioned treatments for 
active RRMS, the individual risk-benefit-profile should be 
subject to careful considerations. However, currently there 
are no larger scale studies providing evidence for the deci-
sion making process. We, therefore, conducted a multi-
center retrospective analysis on efficacy and safety in RRMS 
patients switched from NTZ to either ALEM or FTY provid-
ing relevant information for the development of treatment 
algorithms in patients with active RRMS.

Methods

We conducted a retrospective analysis at 12 German neu-
rology departments. Patients that were withdrawn from 
NTZ between 01/2014 and 12/2016 were identified from 
local databases. Inclusion criteria were NTZ treatment of at 
least 12 months and subsequent switch to either ALEM or 
FTY. Exclusion criteria were a washout period of more than 
6 months and pregnancy. In-depth medical chart reviews 
were performed locally using standardized case report forms. 

Differences between treatment groups (ALEM or FTY) in 
the distribution of baseline parameters were assessed using 
Mann–Whitney U test for continuous and Fisher’s exact test 
for categorical variables. Baseline was here defined as time 
point of the respective subsequent DMT initiation. The time 
to MRI progression, serious adverse events, relapses and 
drug discontinuation was analyzed using the Cox propor-
tional hazards model and the Kaplan–Meier method. We 
performed analysis using a complete-case strategy. For the 
outcome parameter disability progression after 12 months, 
logistic regression was used for calculation of odds ratios. 
Multivariable analysis was performed using step-wise vari-
able selection with the drug (FTY vs. ALEM) in the first 
block and further covariates in a second block (inclusion 
criterion: score test p value ≤ 0.05, exclusion criterion: like-
lihood ratio test p value > 0.1). Potential covariates included 
disease duration from debut and diagnosis, NTZ treatment 
duration, washout time, sex, baseline expanded baseline dis-
ability status (EDSS) and presence of gadolinium-enhancing 
MRI lesions (GELs) at baseline. Hazard ratios and odds 
ratios are given with 95% confidence interval (95%CI) and p 
value of likelihood ratio test. MRI scans for GELs at baseline 
were included if performed at least 6 weeks before or after 
initiation of ALEM or FTY treatment. MRI data obtained 
while on FTY or ALEM or not later than 4 weeks after cen-
soring or drug discontinuation were included for follow-up. 
Paraclinical disease activity was assessed via detection of 
new or enlarging T2-hyperintense lesions (T2Ls). Treatment 
cessation of FTY was defined as day of last intake, whereas 
ALEM treatment discontinuation was defined as beginning 
of an alternative DMT within the first year or when the deci-
sion against administration of the second treatment course 
was made. Progression of disability after 12 months was 
considered clinically relevant if two independent assess-
ments of EDSS at least 6 weeks apart displayed the fol-
lowing: (I) EDSS + 1.5 (baseline = 0.0), (II) EDSS + 1.0 
(baseline = 1.0–4.0), (III) EDSS + 0.5 (baseline ≥ 4.5). The 
confirmatory null hypothesis was H0: The on drug survival 
does not differ between the treatment arms (FTY vs ALEM). 
H0 was tested by two-sided log-rank test on a significance 
level of 5%. All remaining analyses were regarded as explor-
atory with p values being displayed for descriptive reasons 
to study meaningful effects. Analysis was carried out using 
SPSS Statistics 24 (IBM, Watson, USA). Ethical approval 
for conduction was given by local ethical review board (Uni-
versity of Muenster, 2017-297-f-S).

Results

In total, we identified 217 patients stopping NTZ, 195 of 
which were switched to either FTY (124 patients) or ALEM 
(71 patients, see Fig.  1); 22 patients remained without 
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disease-modifying treatment or were switched to other sub-
stances (e.g., mitoxantron). After exclusion of patients with 
only short-term NTZ treatment, prolonged washout or preg-
nancy, we could include 101 FTY patients and 43 ALEM 
patients in the final analyses. Table 1 shows baseline criteria 
for both treatment groups. Data on baseline criteria were 
missing in only 3 FTY patients (MS duration since disease 
debut: 2 patients; number of previous DMTs: 1 patient).

Neutralizing antibodies against NTZ were not reported. 
DMTs were administered according to guidelines with daily 
intake of 0.5 mg FTY and infusion of 12 mg per day of 
ALEM for 5 consecutive days. A single case received ALEM 
for less than 5 days due to serious infusion-related adverse 
events.

Remarkably, the allocation to the two DMTs was highly 
dependent on whether a patient was withdrawn from NTZ 
solely due to PML risk or ongoing disease activity (2.0% of 
FTY patients and 55.8% of ALEM patients were switched 
due to disease progression; p < 0.001). This is mirrored 
by a larger proportion of patients with GELs at baseline 
(3.1% for FTY vs. 21.4% for ALEM; p < 0.001). Nonethe-
less, median washout time was relevantly longer in patients 
receiving ALEM (63 days for FTY vs. 91 days for ALEM). 
Remarkably, there was no difference in ALEM patients in 
terms of washout when considering the reason for stopping 
NTZ [PML risk: 91 days (66–108); disease progression: 90 
days (68.25–118.3); p = 0.659]. Within washout period, two 
relapses occurred prior to ALEM induction, both affecting 
patients withdrawn from NTZ due to disease progression.

In total, 54 of our patients experienced 83 clinical relapses 
within the first year, 45 in the FTY group (73 relapses) and 
9 in the ALEM group (10 relapses). One-year relapse free 
survival was 55.4% for FTY patients and 76.7% for ALEM 
treated patients (p = 0.024). Figure 2a shows the decrease 
of patients without clinical relapse over time. Univariable 
hazard ratio for time to relapse was 2.24 (95% CI 1.12–4.50; 
p = 0.015) favoring ALEM and was confirmed by multivari-
able analysis with none of the further covariates described 
above being selected.

Cranial MRI examination detected ongoing disease 
activity by either new T2Ls in a total of 51 FTY patients 
(50.5%) and 11 ALEM patients (25.6%; Fig.  2b). One 
patient with clinical relapse, but stable cranial MRI was 
diagnosed with isolated spinal disease activity showing 
new paraparesis. Cox regression resulted in a crude hazard 

Fig. 1   Flow chart depicting patient identification and inclusion at the 
study centers. Patients switched from NTZ to different treatment and 
had follow-up data for 12 months were identified from local databases 
and underwent in-depth medical chart review

Table 1   Baseline characteristics 
of the ALEM and FTY group

Bold—a p value < 0.05 was considered significant in either test
Missing data in the FTY group: MS duration, 2 patients; previous DMT, 1 patient. No data were missing in 
the ALEM group
EDSS expanded disability status scale, IQR interquartile range
*Two-sided p value of Mann–Whitney U test
# Two-sided p value of Fisher’s exact test

Fingolimod Alemtuzumab p

Patients, no. 101 42 –
Age, year, median (IQR) 40 (33–45.75) 34 (27–34) 0.185*
Male sex, no. (%) 27 (26.7) 10 (23.8) 0.835#

MS duration, year, median (IQR)
 Since debut 11 (7–18) 9 (6–13) 0.236*
 Since diagnosis 9 (5–14) 6 (3–10) 0.272*

Previous DMTs, no., median (IQR) 2 (1–3) 2 (1–3) 0.484*
Baseline EDSS, median (IQR) 2.5 (2–4) 3.0 (2–4) 0.600
Patients with GELs at baseline, No. (%) 3 (3.1) 9 (21.4) < 0.001#

Natalizumab infusions, no. median (IQR) 34 (20–48) 25 (21–52) 0.517*
Natalizumab duration, months, median (IQR) 34 (20.5–50) 26 (22–54) 0.554*
Washout period, days, median (IQR) 63 (55.5–91) 91 (68–116) < 0.001*
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ratio of 2.17 favoring ALEM (95% CI 1.13–4.20; p = 0.029), 
which changed to 2.41 (95% CI 1.26–4.60; p = 0.004) after 
adjustment.

The safety profile of both drugs was congruent to pre-
vious data and revealed no unexpected (severe) adverse 
events. First-dosing events were detectable in 5 patients 
in the FTY group (5%) and in 19 patients in the ALEM 
group (44.2%; p > 0.001). Bradycardia was the docu-
mented adverse reaction in all 5 FTY-treated patients and 
3 of those required temporary surveillance as inpatients 
(but not exceeding 24 h). In the ALEM treatment group, 
patients suffered from rash (12), pyrexia (9), tachycardia 
(6) and bradycardia (1). The latter was judged as a grade 
4 adverse event regarding common terminology crite-
ria (CTCAE v4.0) and required intensive care-treatment 
due to hypotension. Twenty-three adverse events were 
reported in the FTY group. Of these, persistent grade 

°IV lymphopenia was present in 8 patients (and led to 
discontinuation of FTY treatment in all cases), elevated 
liver enzymes in 5, pneumonia in 2, herpes zoster in 2 
and others in 5 patients. Of note, one case of basalioma 
was diagnosed. In the ALEM-group, 2 case of autoim-
mune thyroiditis both requiring thyreostatic treatment 
were diagnosed. Additionally, two patients suffered from 
temporary elevated liver enzymes of unknown origin. Nei-
ther of the patients developed symptoms or required spe-
cific treatment. No cases of persistent grade °IV lympho-
penia were discovered in the alemtuzumab group and no 
patient required antiinfective prophylaxis beyond 4-week 
post-infusion. Apart from first-dosing adverse events, 
1-year adverse event free survival was 77.3% and 90.7% 
in the FTY and ALEM groups, respectively (Fig. 2c). 
This resulted in an adjusted hazard ratio of 7.78 (95% CI 
1.04–57.95; p = 0.006) favoring ALEM.

Fig. 2   Kaplan–Meier plots indicating outcomes of both treatment 
groups within their first year after having been switched from NTZ. 
a Time to first confirmed clinical relapse. b Time to first documented 

serious adverse event. c Time to first detection of new T2-hyperin-
tense Lesions or GELs. d Time to drug discontinuation. Significance 
levels were derived from univariate analysis
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Treatment was discontinued in 40 patients in the FTY 
group and 2 patients in the ALEM group. Accordingly, 
1-year drug survival differed significantly between treat-
ment groups with 61.6% and 95.3% in FTY and ALEM 
groups, respectively (p = 0.002) (Fig. 2d). Univariable test-
ing resulted in a crude hazard ratio of 9.09 favoring ALEM 
(95% CI 2.18–37.84; p = 0.002) and multivariable testing 
gave similar results without inclusion of further covari-
ates. Adverse events, mostly lymphopenia or elevated liver 
enzymes, were the reason for discontinuation in 11 patients 
in the FTY group (10.9%) and 1 patient in the ALEM group 
(3.2%). Twenty-eight patients stopped FTY due to disease 
progression (27.7%) and one patient required ALEM cessa-
tion because of paradoxical disease activity (3.2%). Notably, 
both patients stopping alemtuzumab were initially switched 
because of PML risk and not ongoing disease activity. The 
patient discontinuing ALEM because of her first-dosing 
adverse event (bradycardia) was subjected to daclizumab 
treatment after 8 months; the ALEM-patient displaying 
recurring disease activity with more than 20 new T2Ls 
after 10 months was treated with RTX. Data on consecu-
tive DMTs in patients stopping FTY are available in 35 
patients (87.5%): 17 patients were treated with alemtuzumab 
(42.5%), 11 were re-exposed to natalizumab (27.5%) and 7 
received B cell-depleting therapy with RTX (17.5%).

Finally, 37 patients demonstrated disability progres-
sion in the FTY group (37.4%) during the first year after 
cessation of natalizumab, whereas 5 patients did so in the 
ALEM group (11.6%). Univariable odds ratio for disability 
progression was 4.84 favoring ALEM (95% CI 1.74–13.47; 
p = 0.003) and was confirmed by multivariable analysis 
with none of the further covariates described above being 
selected.

Discussion

In this study, we compared safety and efficacy outcomes of 
ALEM and FTY treatment for patients switched from NTZ. 
Contrasting previous studies, we also included patients that 
not only switched due to increased PML risk, but also due 
to ongoing disease activity under NTZ. Only the CARE-
MS II trial on ALEM in active RRMS included 15 patients 
pretreated with NTZ. However, no detailed subgroup analy-
sis was provided [12]. Malucchi and colleagues published 
a small cohort of patients switched from NTZ to ALEM 
comprising 16 patients. However, only two patients out of 
these were followed for at least 1 year and this was somehow 
limiting the validity of that study [15].

Currently, no randomized, prospective head-to-head 
studies comparing FTY, NTZ or ALEM exist and their 
conduction in the future remains unlikely. A large ret-
rospective analysis of the MSBase cohort displayed 

beneficial outcomes of ALEM compared to FTY during 
treatment years 1 to 3. Unfortunately, this study included 
only small numbers of NTZ-pretreated patients in its 
FTY and ALEM study arms and is, therefore, unsuitable 
for deriving of recommendations regarding treatment 
sequences [16].

Of note, risk of disease reactivation largely depends on 
duration of washout period [9]. But remarkably, washout 
period was not selected as a confounder in our multivariate 
analyses despite having shown relevant differences at base-
line. Furthermore, only two patients experienced relapses 
during washout period and prior to ALEM treatment. In 
terms of NTZ switch to FTY, previous studies have shown a 
risk ranging from 25 to 30% of reoccurring disease activity 
in previously stable patients depending on previous disease 
activity and washout period [10].

In accordance with these observations, we observed that 
alemtuzumab patients had a lower risk for clinical relapses. 
Additionally, ALEM was also superior in reducing the risk 
for MRI disease activity and preventing disability progres-
sion. Moreover, a significantly larger proportion of patients 
remained on ALEM treatment compared to FTY after year 
one. Finally, around 40% of patients that stopped FTY treat-
ment ultimately switched to ALEM, but experienced sus-
tained disability progression in the meantime. Additionally, 
some case reports suggest an impaired efficacy of ALEM 
in previously FTY-treated patients, eventually putting these 
patients at risk for further accumulation of disability [17].

We also collected safety data, but incomplete reporting, 
especially in mild adverse events including non-complicated 
infections, might be a relevant bias to the analyses. Conse-
quently, we only reported data on severe adverse events and 
events that led to drug withdrawal which were more likely 
to be covered in the medical charts in total.

As expected from the literature, first-dosing adverse reac-
tions were more common in the ALEM group as cytokine-
release syndrome is frequently observed in this antibody-
based treatment [18]. Surprisingly, we detected a frequency 
lower than measured in the phase three clinical trials [12, 
19]. It remains unclear whether this is due to common appli-
cation of intravenous corticosteroids (5 instead of 3 days 
during first ALEM treatment), other symptomatic treatments 
(including antihistaminic drugs, non-steroidal anti-inflam-
matory drugs and proton pump inhibitors), or because of 
underreporting. A single case was of special interest show-
ing symptomatic bradycardia with hypotension during infu-
sion leading to treatment discontinuation. However, the most 
important long-term risk of ALEM treatment, the develop-
ment of secondary autoimmunity affecting thyroid and other 
organs, is insufficiently represented in our study due to peak-
ing incidence in year three and four after treatment induc-
tion [13]. Therefore, these limitations should be carefully 
considered in interpretation of safety data.
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A valid concern of physicians switching patients from 
NTZ to other DMT is the risk of unidentified PML (“carry-
over PML”) [20]. Common precautions include repetitive 
MRI examination and even lumbar puncture for assessment 
of JCV-DNA in the cerebrospinal fluids. Taken together with 
long-term T cell suppression with ALEM, this might have 
prolonged the washout period. Although no cases of carry-
over PML have been observed after switch from NTZ to 
RTX despite a shorter washout period of about 45 days in 
the Swedish cohort, we acknowledge the wish for an addi-
tional level of confidence by an increased washout period 
[10]. Of course, the existence of PML cases after FTY treat-
ment also warrants a thorough exclusion of PML in patients 
aiming for FTY after NTZ [21].

As always in retrospective analyses, our study is chal-
lenged by potential confounders at baseline that we could 
not account for. Especially, data on relapse rate prior to NTZ 
treatment in our cohort were mostly unobtainable despite our 
best intentions. However, baseline and outcome criteria of 
our FTY group are in line with other publications [10]. Fur-
thermore, we were not able to analyze the influences of dif-
ferent treatment centers due to limited patient numbers. One 
of the biggest challenges in this real-world cohort remained 
the uneven distribution of the respective reasons for NTZ-
cessation to the subsequent treatment groups. However, the 
prevalent admission of active patients to ALEM compared to 
FTY in our opinion results in a bias against ALEM and was 
somehow overcome by the still positive findings made here.

In summary, our study reports the first comparative real-
world cohort of NTZ-stopping patients treated with ALEM. 
Despite limitations in prediction of long-term adverse 
events, we found favorable outcomes for ALEM at least dur-
ing the first year compared to FTY even though our study 
was likely to even be biased against ALEM because of the 
larger proportion of patients with ongoing disease activity 
subjected to ALEM. However, the specific long-term risks 
of ALEM treatment in patients stopping NTZ have to be 
evaluated by longer follow-up of patient cohorts such as the 
presented one. Of course, our study cannot replace a pro-
spective, randomized head-to-head trial and results have to 
be interpreted with caution.

We nonetheless conclude that ALEM is a reasonable 
treatment alternative in patients discontinuing NTZ, even 
in patients with ongoing disease activity. Our data warrant 
further (long-term) evaluation of ALEM in these patients, 
maybe even comparison to B cell-depleting therapy with the 
recently approved antibody ocrelizumab for further develop-
ment of optimal treatment sequelae. Thorough balancing of 
risk factors and the potential benefit of either therapy has 
to be performed. Patients should be well informed prior to 
NTZ-cessation and availability of different treatment strate-
gies and should determine their priorities in terms of drug 
safety and freedom from disease activity.
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