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Abstract
Background and purpose: Real- world data on alemtuzumab are limited and do not pro-
vide evidence of its effectiveness after various disease- modifying therapies (DMTs). Our 
aim was to provide real- world data on the impact of clinical variables and previous DMTs 
on clinical response to alemtuzumab.
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INTRODUC TION

Alemtuzumab is a humanized monoclonal antibody that selectively 
targets the cell surface antigen CD52 [1,2]. This causes a massive 
depletion of both circulating T and B cells, which is followed by a re-
population pattern different from all other treatments [3]. Although 
the exact mechanism of action remains unknown, this is thought to 
cause a more favorable, less inflammatory and autoreactive pool of 
lymphocytes [4].

When compared to interferon β1a, alemtuzumab proved to be 
effective in two phase 3 clinical trials in relapsing- remitting mul-
tiple sclerosis (RRMS) patients with regard to both clinical and ra-
diological measures [5,6]. This performance was confirmed in the 
open- label phase of the study and in a long- term follow- up [7,8]. 
Alemtuzumab is approved for two treatment courses, 1 year apart 
[9]. The first course requires 5 consecutive days of treatment with 
one intravenous injection of 12 mg each, while the second requires 
3 consecutive days of infusions [5,6]. In case of disease activity oc-
curring at least 12 months after the last course, a third, or further, 
3- day course was later approved. Additional courses were able to 
improve outcomes in patients showing disease activity after the sec-
ond course, without reducing overall safety [10,11].

Real- world evidence (RWE) studies are very few for alemtu-
zumab, and data on the impact of washout and on- therapy relapses 
on the future course of the disease are lacking. The objective of the 

present study was to provide RWE on the use of alemtuzumab in 
Italian multiple sclerosis centers. This included patient profile (pre-
vious DMT use and reason for switch), real- life retention, efficacy 
of alemtuzumab, the impact of clinical variables and previous DMTs 
on clinical response, impact of washout and initial relapses on fu-
ture response to alemtuzumab, and no evidence of disease activity 
(NEDA) measures.

PATIENTS AND METHODS

Study design

We designed a multicenter, retrospective study including 16 Italian 
multiple sclerosis centers. The ethics committee of the coordinating 
center (Genova) approved the study. Raw data collection was approved 
by the local ethics committees at all centers. We included all patients 
treated with alemtuzumab from January 2015 to December 2018, and 
for whom clinical data were available. There were no specific exclusion 
criteria. We obtained written informed consent from all patients for a 
bigger project on real- world data collection that started earlier.

We collected data using a centralized electronic case report form 
stored at the University Federico II. All electronic case report form 
entries were reviewed and queries generated for inconsistencies or 
missing data.

Methods: Sixteen Italian multiple sclerosis centers retrospectively included patients who 
started alemtuzumab from January 2015 to December 2018, and recorded demograph-
ics, previous therapies, washout duration, relapses, Expanded Disability Status Scale 
(EDSS) score, and magnetic resonance imaging data. Negative binomial regression models 
were used to assess the effect of factors on annualized relapse (ARR) after alemtuzumab 
initiation.
Results: We studied 322 patients (mean age 36.8 years, median EDSS score 3, median 
follow- up 1.94 years). Previous treatments were: fingolimod (106), natalizumab (80), first- 
line oral agents (56), first- line injectables (interferon/glatiramer acetate; 30), and other 
drugs (15). Thirty- five patients were treatment- naïve. The pre- alemtuzumab ARR was 
0.99 and decreased to 0.13 during alemtuzumab treatment (p < 0.001). The number of 
previous- year relapses was associated with alemtuzumab ARR (adjusted risk ratio [RR] 
1.38, p = 0.009). Progression- free survival was 94.5% after 1 year, and 89.2% after 2 years 
of alemtuzumab treatment. EDSS score improvement occurred in 13.5% after 1 year, and 
20.6% after 2 years. Re- baselining patients after 6 months of alemtuzumab treatment, led 
to no evidence of disease activity status in 71.6% after 1 year and 58.9% after 2 years.
Conclusions: Alemtuzumab decreases ARR independent of previous therapy, including 
patients with disease activity during natalizumab treatment. Overall, 90% of patients 
showed no disease progression, and 20% an improvement after 2 years of alemtuzumab.

K E Y W O R D S
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We collected demographics (age, gender, level of education) and 
clinical data at the time of treatment start (baseline): time from dis-
ease onset and diagnosis; previous DMT use; reason for previous 
DMT discontinuation; relapses during previous DMT; relapses during 
washout period from previous DMT to alemtuzumab initiation; re-
lapses during alemtuzumab treatment; washout duration; number of 
alemtuzumab courses; Expanded Disability Status Scale (EDSS) score 
before and during alemtuzumab treatment; and magnetic resonance 
imaging (MRI) data before alemtuzumab initiation, at alemtuzumab 
initiation and during follow- up (presence of gadolinium- enhancing 
lesions, increase in T2 lesion load). The Lorscheider criteria for sec-
ondary progressive multiple sclerosis (SPMS) diagnosis were verified 
at treatment start.

Alemtuzumab was used at all centers according to the summary 
of product characteristics approved for alemtuzumab [9].

Follow- up visits were not scheduled at fixed time points for 
all patients and there may be inter- visit heterogeneity. If patients 
discontinued alemtuzumab treatment, we collected data and rea-
son for treatment end. Drop- out from alemtuzumab treatment was 
defined as decision by the treating physician to terminate alemtu-
zumab follow- up and switch the patient to another DMT. We also 
captured all reported adverse events during alemtuzumab follow- up, 
as well as infusion- associated reactions (IARs). No evidence of dis-
ease activity (NEDA) was defined as the absence of new relapses, 
new gadolinium- enhancing lesions, and EDSS score worsening after 
alemtuzumab initiation.

Anti- John Cunningham virus (JCV) antibody test results had 
been previously collected at each center using standard clinically 
available services (i.e. the Unilabs Stratify JCV website).

Statistical methods

We report descriptive analyses as mean with standard deviation 
(SD), or median with interquartile range (IQR), or range for quantita-
tive characteristics, and count with relative frequency for categori-
cal ones.

We used a chi- squared test for trend to test the possible increase 
in the proportion of treatment- naïve and pretreated with first- line 
therapies, as compared with a decrease in the proportion of patients 
switched from natalizumab or fingolimod.

We compared the annualized relapse (ARRs) pre- alemtuzumab 
and during alemtuzumab using the non- parametric Wilcoxon 
matched- pairs signed- rank test.

We used a negative binomial regression model, with log of time 
while on alemtuzumab as offset, to assess variables associated with 
relapse activity in alemtuzumab (age, gender, disease duration, 
EDSS, previous treatment, length of last treatment, washout period 
pre- alemtuzumab and last MRI activity pre- alemtuzumab). The in-
teraction between washout period and previous DMT was also con-
sidered since washout was heterogeneous. We used a multivariable 
model including variables with a p value <0.10 in the univariable 
analysis. Analysis was also corrected for center of treatment.

Progression- free survival, cumulative probability of improve-
ment and disease- activity free probability (NEDA) were calculated 
using the Kaplan– Meier approach.

We used Stata (v.16; StataCorp.) for the computation.

RESULTS

We included 322 patients (71.1% women) with a mean age of 
37.8 years, a median EDSS score of 3, a mean disease duration of 
7.4 years, and a median number of previous therapies of 3 (Table 1). 
A total of 195 patients (60.6%) were from three centers and equally 
distributed. The remaining 13 centers contributed a total of 5% of 
patients or fewer. Heterogeneity among the centers was observed 
with regard to baseline EDSS score (p < 0.001) and ARR in the year 
prior to alemtuzumab initiation (p < 0.001). Patients in seven centers 
had a mean EDSS score below 3, in six centers it was in the range of 
3– 4 and in the remaining 3 centers it was greater than 4. Nine cent-
ers had a mean ARR below 1 and ranging between 0.31 and 0.9. The 
small sample included from some centers and differences in DMTs 
before alemtuzumab treatment among the centers would have con-
tributed to the observed heterogeneity for baseline EDSS and ARR.

All patients were judged as having RRMS by clinicians, while 16 
patients (5%) satisfied the Lorscheider criteria for SPMS diagnosis at 
treatment start.

The most frequent DMT was fingolimod (n = 106; Figure 1), 
followed by first- line therapies (n = 86; dimethylfumarate [n = 46], 
interferon/glatiramer acetate [n = 30], teriflunomide [n = 10]), natali-
zumab (n = 80) and other DMTs (n = 15 [of these, six were pretreated 
with daclizumab, six with mitoxantrone, three with cyclophospha-
mide]). Thirty- five patients were treatment- naïve. During the most 
recent years there was a trend towards an increase in the number 
of treatment- naïve patients and in patients pretreated with first- line 
DMTs. In parallel, we witnessed a percentual decrease in the number 
of patients pretreated with fingolimod and natalizumab (chi- squared 
test for trend: p = 0.0065).

The reasons for switch from pre- alemtuzumab DMTs were re-
lapse (40.6%), MRI activity (22.6%), JCV+ or anti- natalizumab an-
tibodies (19.8%), EDSS score progression (4.9%), adverse events 
(4.2%) and other (7.9%). Figure S1 shows the reasons for switch for 
all four pretreatment categories. Disease activity (relapses, MRI ac-
tivity, EDSS score worsening) was the predominant cause of switch 
from first- line DMTs and from fingolimod. Disease activity and anti- 
natalizumab antibodies were the switch trigger in almost 30% of 
patients pretreated with natalizumab, albeit less frequent than anti- 
JCV antibodies. Pregnancy was also a drop- out reason for nine pa-
tients treated with different DMTs (four switched from natalizumab 
[the previous DMT was fingolimod or mitoxantrone, while two pa-
tients were naïve before natalizumab], two from dimethylfumarate 
[preceded by fingolimod], two from fingolimod [preceded by natali-
zumab] and one from nitoxantrone [as first therapy]).

Follow- up data showed an excellent retention rate, with 24 pa-
tients dropping out (Figure S2) for the following reasons: adverse 
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events (n = 7); relapse (n = 6); MRI activity (n = 5); compliance 
(n = 3); other (n = 3). Of these, 10 patients switched to ocrelizumab, 
nine did not receive other DMTs until the last available follow- up, 
two switched to fingolimod, one to natalizumab, one received he-
matopoietic stem- cell transplantation, and one a third course of 
alemtuzumab 2 years after the second dose because of high disease 
activity.

The pre- alemtuzumab ARR was 0.99 and decreased to 0.13 
during alemtuzumab treatment (p < 0.001; Figure 2a). This was also 
true for patients pretreated with natalizumab (ARR 0.65 last year on 
natalizumab vs. 0.16 during alemtuzumab; p < 0.001 [Figure 2b]). In a 
multivariable model, patients pretreated with fingolimod (ARR 0.18; 
p = 0.038) or natalizumab (ARR 0.16; p = 0.029) had a higher ARR 
during alemtuzumab treatment as compared to naïve patients (ARR 
0.02). Number of previous year relapses was also associated with a 
higher ARR during alemtuzumab treatment (risk ratio [RR ]1.43, 95% 
confidence interval [CI] 1.11– 1.84; p = 0.005). Between the first two 

alemtuzumab courses, 13.9% experienced a relapse, and this was 
linked to higher ARR during the remaining follow- up (RR 5.48, 95% 
CI 2.63– 11.41; p < 0.001 [Figure 2c]).

Washout from previous DMT (median 80 days) did not impact 
the ARR during alemtuzumab treatment (p = 0.46). This was also 
confirmed when taking into account the previous treatment (p for 
interaction washout/previous DMT = 0.69).

Relapses were equally distributed during the first 90 days of 
washout without evidence of preferential timing for disease reac-
tivation (Figure 3).

The median follow- up was 1.94 years after the first alemtuzumab 
course. The median (IQR; range) time between subsequent visits was 
5.6 (4.2– 8.9;1.4– 22.3) months, and the median (IQR) annual visits 
over 2 years was 1.5 (1– 2.5) with, respectively, 69 (21.4%) and 145 
(45%) patients with 2 and ≥3 visits in the first 2 years.

Progression- free survival was 95.4% (95% CI 92.1– 97.3) after 
1 year, 89.2% (95% CI 84.4– 92.6) after 2 years, and 86.1% (95% CI 

Age, years 37.8 (9.5)

Women, n (%) 229 (71.1)

Median (IQR) EDSS 3 (2– 5)

Median (IQR; range) years since onset 9.0 (4.4– 14.7; 0.2– 38.9)

Median (IQR; range) no. of previous therapies 3 (1– 4; 0– 10)

ARR 1- year pre- treatment 0.99 (1.02)

SPMS diagnosis (Lorscheider criteria), n (%) 16 (5)

Median (range) year of alemtuzumab treatment 2016 (2015– 2018)

Active MRI 1- year pre- treatment start, n (%) 156/249 (62.7)

DMT pre- treatment

Naive 35 (10.9)

Fingolimod 106 (32.9)

Natalizumab 80 (24.8)

DMF 46 (14.2)

IFN 15 (4.7)

GA 15 (4.7)

Teriflunomide 10 (3.1)

Other 15 (4.7)

Reason for previous DMT discontinuation

Inefficacy 196/288 (68.1)

Relapse 117 (40.6)

MRI activity 65 (22.6)

EDSS progression 14 (4.9)

Safety 69 (24.0)

JCV+ or natalizumab antibodies 57 (19.8)

Adverse events 12 (4.2)

Other (pregnancy, end of treatment cycle, no adherence) 23 (7.9)

Median (IQR) length of previous DMT, years 1.7 (0.9– 2.9)

Median (range) washout, months 2.7 (0– 29.0)

Abbreviations: DMF, dimethylfumarate; DMT, disease- modifying therapy; EDSS, Expanded 
Disability Status Scale; GA, glatiramer acetate; INF, interferon; IQR, interquartile range; JCV, John 
Cunningham virus; MRI, magnetic resonance imaging; n, total number; SD, standard deviation; 
SPMS, secondary progressive multiple sclerosis.

TA B L E  1  Demographic and clinical 
characteristics of the whole cohort 
(n = 322)
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80.3– 90.3) after 3 years of alemtuzumab treatment (Figure 4a). We 
did not detect any impact of DMTs on progression (p = 0.99). The cu-
mulative probability of improvement was 13.5% (95% CI 9.9– 18.2) at 
1 year and 20.6% (95% CI 15.9– 26.3) at 2 years from the first alemtu-
zumab course (Figure 4b).

Magnetic resonance imaging 3 months after alemtuzumab start 
was available for 287 patients (89.1%). Four to twelve months after 
the first Alemtuzumab course (i.e., excluding MRI performed in first 
3 months) 36/286 scans (12.6%) had gadolinium- enhancing lesions 
and 67/287 (23.3%) had new T2 lesions. Between month 12 to 

month 24, 42/286 scans (14.7%) had gadolinium- enhancing lesions 
and 77/287 (26.8%) had new T2 lesions. Globally 73/287 (25.4%) 
patients had an activity observed on MRI during the first year, and 
83/287 (28.9%) during the second year after alemtuzumab start.

The number of patients with NEDA during the first year of 
alemtuzumab treatment was 183/290, and was 164/290 over 2 years 
(Figure 5). Nineteen patients with NEDA (6.6%) during the first year 
had active disease during the second year. The disease activity- free 
probability calculated using the Kaplan– Meier method on time to 
NEDA was 63.3% (95% CI 57.4– 68.7) at 1 year and 54.8% (95% CI 

F I G U R E  1  Frequency distribution 
of pre- alemtuzumab disease- modifying 
therapies (DMTs) [Colour figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  2  Annualized relapse (ARR) in the overall population (a), in patients switching form natalizumab (b) and from the second year for 
patients showing relapses between the first and second course of alemtuzumab (c)

https://onlinelibrary.wiley.com/
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48.6– 60.6) after 2 years. We then considered re- baselining patients 
after 6 months into alemtuzumab therapy and found NEDA status in 
71.6% (65.9– 76.6%) after 1 year and 58.9% (52.5– 64.6) after 2 years.

A total of 173 patients (57.8%) had adverse events during the 
study, 130 (43.3%) were IARs, 79 (26.3%) were registered during 
follow- up, and 36 patients (12%) had both IARs and adverse events 
during follow- up. The most commonly reported IAR was urticaria 
(n = 63; 21%), followed by headache (n = 45; 15%), fever (n = 37; 
12.3%), cutaneous rash (n = 32; 10.7%), and nausea (n = 9; 3%). The 
most frequently reported adverse events during follow- up were au-
toimmune thyroid disorders (n = 34; 11.3%), cutaneous rash (n = 7; 
2.3%), respiratory infections (n = 6; 2%), urinary infections (n = 4; 
1.3%) and cytomegalovirus (CMV) infections (n = 3; 1%). Adverse 
events leading to alemtuzumab drop- out were allergic reaction, se-
vere pancytopenia, gastrostomy infection, anaphylactic shock, and 
autoimmune hemolytic anemia.

We recorded one death secondary to invasive aspergillosis oc-
curring 3 weeks after alemtuzumab infusion [12].

DISCUSSION

We report the results of a large RWE study investigating the clinical 
use, effectiveness, and safety of alemtuzumab treatment in Italian 
multiple sclerosis centers. Our study reveals how alemtuzumab 
was preferentially considered after fingolimod treatment failure, 

primarily due to disease relapse or MRI activity, or after natalizumab 
treatment when JCV positivity caused safety concerns. Due to the 
prevalent use of fingolimod and natalizumab as second- line DMTs, 
we could conclude that alemtuzumab has been considered, shortly 
after its launch, as a third- line therapy. Before 2018, alemtuzumab 
was the only approved alternative for patients failing second- line 
DMTs (i.e., fingolimod and natalizumab), as ocrelizumab and cladrib-
ine were not available in Italy, and rituximab was still off- label.

During the last years of observation, switches from first- line 
therapies increased, as well as the number of treatment- naïve pa-
tients initiating alemtuzumab. We could speculate that the increased 
availability of alternative treatments, namely, ocrelizumab, may have 

F I G U R E  3  Temporal distribution of 
relapses during pre- alemtuzumab washout

F I G U R E  4  Impact of alemtuzumab on disability progression and improvement

F I G U R E  5  Impact of alemtuzumab on disease activity. MRI, 
magnetic resonance imaging
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reduced the number of switches from second- line DMTs to alemtu-
zumab. Also, increased confidence in the use of alemtuzumab may 
have led Italian neurologists to use it earlier in the disease course.

Fingolimod pretreatment has been associated with severe dis-
ease reactivation soon after the initiation of alemtuzumab [13– 17]. 
However, results are contrasting and scarce [14,18]. In a German 
multicenter observational study [18], 50 RRMS patients benefi-
cially switched from fingolimod to alemtuzumab, and the authors 
concluded that alemtuzumab could be a rescue strategy in patients 
with high disease activity during fingolimod treatment [18]. In an 
Italian multicenter observational study [19], alemtuzumab reduced 
relapses, new T2/gadolinium- enhancing lesions, and EDSS score, 
compared to fingolimod, and results were related to washout length 
or lymphocyte count.

In addition to disease activity and safety, compliance should also 
be considered when switching to alemtuzumab. Hospital and yearly 
administrations make alemtuzumab an obvious choice to ensure 
good treatment adherence, although frequent monitoring of labora-
tory variables still requires a certain degree of compliance.

As for safety and tolerability, 40% of our patients reported IARs, 
which is lower than the previously reported incidence of 90– 97% 
[5,6]. Peri- infusion acute events include cardiotoxicity, pulmonary 
alveolar hemorrhage, myocardial infarction, and cervicocephalic ar-
terial dissection [20]. We did not observe any of these rare events, 
but one patient in this cohort died as a result of fulminating aspergil-
losis 3 weeks after infusion. This was caused by an unexpected early 
neutropenia that was not captured and thus remained unmanaged 
[12].

As for autoimmune disorders, we report 11.3% of patients devel-
oping autoimmune thyroid disorders. Previous studies and reports 
found up to 40% of patients developing autoimmune thyroid disease 
after alemtuzumab treatment [5,6,21– 25].

During follow- up, infective adverse events were reported in 
4.3% of our patients and consisted of respiratory, urinary and CMV 
infections. This shows an acceptable safety profile, although infec-
tive adverse events are frequently reported in alemtuzumab- treated 
patients, and more frequently than with anti- CD20 DMTs, and 
should be carefully evaluated. Taken together, this should lead to an 
accurate and cautious selection of candidates able to comply with 
monitoring procedures.

In our cohort, treatment retention was excellent, with fewer than 
10% of patients dropping out, mainly for safety or lack of efficacy. 
This figure is lower than previously reported in open- label extension 
studies [11] and for Italian cohorts [26].

Alemtuzumab was extremely effective, leading to disease re-
lapse suppression independently from previous treatment. This is 
not surprising for first- line DMTs [5,6] or for fingolimod [19], despite 
the fact that, in a recent retrospective study [31] a suboptimal ther-
apeutic response to alemtuzumab in fingolimod pretreated patients 
was observed. Regarding the post- natalizumab phase, where treat-
ment choices are very difficult, our results are novel. The efficacy 
of alemtuzumab was evident for all patients pretreated with natali-
zumab, including patients switching for JCV positivity, and patients 

non- responsive to natalizumab. Only treatment- naïve patients had 
a lower ARR than those on natalizumab and fingolimod. This adds 
value to the efficacy of alemtuzumab as it can be successfully used 
in this setting as a rescue strategy.

The ability to halt disability progression, and stimulate disability 
improvement, are crucial for every DMT and excellent results have 
been previously reported in RWE studies for natalizumab and rit-
uximab [27,28]. In a comparative, propensity score- matched study, 
alemtuzumab showed similar reduction of disease progression with 
an inferior ability to favor disease improvement, when compared to 
natalizumab (hazard ratio 0.35) [29]. A possible explanation for this 
inferior ability may lie in the population enrolled in that study as it 
collected patients treated soon after alemtuzumab became available, 
and a limited number of patients were treated for more than 1 year. 
This should be carefully considered as the phenotype of patients 
treated with alemtuzumab changed considerably during recent years 
to a more favorable one (i.e., first- line switches or treatment- naïve). 
In a more recent retrospective study [31] a higher probability of dis-
ability progression at 48 months was found for patients previously 
treated with fingolimod as compared with naïve patients. This result 
was not confirmed from our cohort where no heterogeneity among 
DMTs pre- alemtuzumab on disability progression over 24 months 
was detected.

No evidence of disease activity was low when compared to other 
second- line DMTs, being 63.3% at 1 year and 54.8% after 2 years 
of therapy. This is partially due to disease activity during the first 
6 months, as re- baselining after that point increased NEDA status 
to 71.6% after 1 year and 58.9% after 2 years. This also diverges 
from the excellent finding of progression- free survival of 95.4% after 
1 year, and 89.2% after 2 years, and also of cumulative improvement 
of 13.5% at 1 year and 20.6% at 2 years from initiation of alemtu-
zumab treatment. This is comparable to the well- known effect of 
natalizumab on disease improvement [28], but it should be noted 
that alemtuzumab was used in more adverse conditions, namely, as 
third- line or rescue therapy.

We should also consider that disease activity during the year 
preceding alemtuzumab treatment negatively impacted on the ARR 
during alemtuzumab treatment (RR 1.38), and that relapses between 
alemtuzumab courses increased the risk of future relapses. This is 
confirmed by the fact that, globally, 25% of treated patients had ac-
tivity on MRI during the first year, and 29% during the second year 
after alemtuzumab start. Altogether, this shows that alemtuzumab 
is less effective on disease activity than it is on blocking disability 
worsening and in stimulating disability improvement.

The recent change in the alemtuzumab summary of product 
characteristics did not impact on the present population, as all of 
our patients had been treated before April 2019. The impact of this 
change will be evaluated by future studies. It is possible that ex-
cluding patients with autoimmune and cardiovascular diseases, and 
previous episodes of arterial dissection will increase the safety of 
alemtuzumab. Excluding patients with cardiovascular disease may 
also lower the mean age of patients treated with alemtuzumab, thus 
increasing the overall safety and efficacy of the DMT. Unfortunately, 
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the exclusion of patients with autoimmune diseases may limit its use 
as an induction DMT in younger patients.

Some limitations of the present study should be noted. First, our 
2- year follow- up was too short to observe serious adverse events 
such as secondary autoimmunity that could require additional 
courses of treatment. Second, the absence of fixed time points 
for visits could impact on the ability to collect all adverse events 
and clinical relapses. Third, disability improvement in a chronic and 
progressive disease can be a transient condition and should be con-
firmed at subsequent visits in order to observe the duration [30] of 
the improvement. Further, some MRI scans were missing due to the 
retrospective nature of the study and this may have influenced the 
interpretation of disease activity.

In conclusion, we have provided RWE that alemtuzumab is ef-
fective regardless of pretreatment status based on clinical variables 
and previously used DMTs. Washout, on- treatment relapses, or MRI 
activity did not translate into disability progression or reduce the 
possibility of disability improvement, and should not trigger with-
drawal from alemtuzumab.
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