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Abstract

Background Relapsing—remitting multiple sclerosis (RRMS) requires efficient immunomodulatory treatment to reach “no
evidence of disease activity” status at best. Alemtuzumab and fingolimod have proved to be efficient options in RRMS with
active disease course. Yet, side effects and break-through disease may limit long-time treatment and necessitate switch of
medication. Data on efficacy and safety of alemtuzumab following fingolimod treatment are limited, but useful for clinical
practice.

Methods Clinical and MRI data of 50 RRMS patients with a history of therapy switch from fingolimod to alemtuzumab
were retrospectively analyzed. Data were acquired from nine large German MS Centers from 2013 to 2016 and analyzed
using descriptive statistics.

Results On average, patients with disease duration of 12.9 years and median EDSS of 3.0 at baseline switched to alemtu-
zumab after 68 weeks of fingolimod treatment. Thereafter, patients on alemtuzumab were followed for a mean of 64 weeks.
The annualized relapse rate decreased from 2.2 in the year prior to 0.34 in the following year after switching to alemtuzumab
and EDSS stabilized. In a subgroup of patients (n =23), MRI data point to a reduction in enhancing (4.47 vs. 0.26) and new/
enlarging T2 lesions (5.8 vs. 0.27) after treatment adjustment. Side effects were generally as expected from published data
for alemtuzumab (autoimmunity 2/50, severe infections 1/50). One patient suffered combined lethal necrotizing leukoen-
cephalopathy and hemolytic anemia.

Discussion Therapy switch was highly effective in reducing clinical and MRI surrogates of disease activity and was mainly
well tolerated within one year of follow-up. Hence, alemtuzumab constitutes a promising therapy in RRMS with refractory
disease activity despite fingolimod treatment. Further studies are warranted to confirm these beneficial findings and to reveal
safety concerns in the longer-term follow-up.
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Background

Multiple sclerosis (MS) is a chronic inflammatory disease
with a relapsing—remitting disease course (RRMS) being the
most frequent. Inflammation and demyelination are major
pathologic hallmarks leading to sustained disability via pri-
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of “no evidence of disease activity” (NEDA) as a major goal
in MS treatment [2].

Among rising numbers of immunomodulatory drugs
approved for MS treatment within the last decade, natali-
zumab, alemtuzumab and fingolimod proved to be highly
efficacious substances, all mainly employed for the treatment
of RRMS with high disease activity. Nevertheless, efficacy
in prevention of MS progression is blurred by potentially
severe side effects of these treatments necessitating strict
pharmacovigilance and eventually switching medication in
some cases.

Fingolimod is thought to act via modulatory effects on
sphingosine-1-phosphate (S1P) receptors thus resulting in
retention of mainly pro-inflammatory lymphocytes within
lymph nodes, preventing lymphocyte recirculation and
finally reducing inflammation in the CNS [3]. Data from
the phase II FREEDOMS and TRANSFORMS trials dem-
onstrated efficacy in reducing annualized relapse rate (ARR)
and MRI activity as compared to placebo and interferon-
beta la [4, 5]. Yet, as follow-up therapy after natalizumab,
up to 40% of patients experience a return of inflammatory
activity within 12 months [6, 7]. Relevant side effects com-
prise especially bradycardia as well as lymphopenia with
risk of severe opportunistic infections including rare cases
of JC virus-associated progressive multifocal leukoencepha-
lopathy (PML) [8-10]. Therefore, if persistent lymphocyte
counts below 200/ul occur, preventive interruption of fin-
golimod therapy or even switch to alternate medication is
recommended [4, 5].

In contrast, alemtuzumab is a humanized monoclonal
antibody against the surface marker CD52 found on vari-
ous B- and T-lymphocytes as well as monocytes leading to
specific depletion of CD52 4+ cells [11]. The clinical phase
III studies CARE-MS I and II revealed high efficacy of alem-
tuzumab as compared to interferon-beta la treatment with
ARR reduction of 55 or 49%, respectively [12, 13]. MRI
outcome parameters were significantly improved resulting
in a proportion of 39% (CARE-MS I) or 32% (CARE-MS
II) of alemtuzumab-treated patients reaching NEDA [14].
Results were recently corroborated by long-term data gener-
ated from various extension studies [15].

After lymphocyte depletion, adaptive immune cells
reconstitute depending on the respective cell lineages:
monocytes and B-cells are thought to recover first in the
peripheral blood, whereas T-cells recover more slowly
reaching initial levels after years [16]. However, long-term
lymphocyte repopulation may not only be responsible for
long-lasting efficacy, but also later onset of potential side
effects. Among others, typical side effects for alemtuzumab
comprise infusion-associated reactions, reactivation of her-
pes virus and especially autoimmune disorders. Here, throm-
bocytopenia, autoimmune nephritis and thyroiditis have
been described and may arise years after last alemtuzumab
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infusion therefore requiring long-term pharmacovigilance
[17].

Despite overall good efficacy, insufficient control of dis-
ease activity may require switching from fingolimod to alem-
tuzumab in some cases for treatment optimization. Thus, our
study investigates efficacy and safety of alemtuzumab after
fingolimod treatment in a cohort of RRMS patients.

Methods
Patients

Clinical data of 50 RRMS patients as defined by the 2010
revised McDonald criteria with history of a therapy switch
from fingolimod to alemtuzumab were retrospectively ana-
lyzed [18]. Patient data were acquired from 9 large German
tertial referral MS Centers from 2013 to 2016. Exclusion
criteria were mainly based on the prescription recommen-
dations of fingolimod and alemtuzumab. Patients with sec-
ondary or primary progressive MS were generally excluded.
Additional cerebral MRI follow-up data of 23 patients
were available before and one year after alemtuzumab and
eligible for imaging analysis including gadolinium enhanc-
ing T1 lesions as well as new or enlarging T2 lesions. The
study was conducted after approval of the local ethics com-
mittee of the University of Erlangen (application No. 13_18
Bc) and in accordance with the Declaration of Helsinki.

Statistics

Data were first analyzed by descriptive statistics (Graph
Pad PRISM, San Diego, USA) and are presented as mean
+/— standard deviation (SD). For data without normal dis-
tribution, median and range were applied. For comparison
of data from individual patients pre- and post-alemtuzumab,
we employed a paired t-test. Statistical significance was
accorded to p values <0.05.

Results

In this retrospective, multicenter study, data of 50 RRMS
patients (20 males, 30 females) were analyzed. At treatment
initiation with alemtuzumab, mean age was 35.7 years and
patients suffered from a mean disease duration of 12.9 years.
Median Expanded Disability Status Scale (EDSS) score as a
measure of disease severity was 3.0 and patients on average
received 2.5 disease modifying drugs before starting fin-
golimod. Previous therapies included natalizamab in 54% of
the patients with mean treatment duration of approximately
3 years and a high percentage of anti-JCV antibody positiv-
ity (87.5%), as a major reason for cessation of natalizumab.
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On average, patients were treated with fingolimod for 68
weeks before switching to alemtuzumab with a follow-up
for another 64 weeks. The mean interval between stopping
fingolimod and initiation of alemtuzumab was 19 weeks.
Baseline characteristics are summarized in Table 1.

After the first alemtuzumab treatment course (12 mg per
day for 5 days), the study cohort demonstrated a significant
EDSS stabilization (A EDSS +2.0 in the year before vs. A
EDSS 0 one year after therapy switch to alemtuzumab) and
a reduction of the annualized relapse rate (ARR 2.2 before
vs. 0.34 after change of treatment) after 12 months.

For 23 patients with a complete follow-up MRI data set
available, new enhancing T1 lesions (4.47 vs. 0.26) as well
as new or enlarging T2 lesions (5.8 vs. 0.27) were signifi-
cantly reduced under alemtuzumab demonstrating benefi-
cial effects also on MRI disease activity markers after 12
months (see Table 2). However, two patients were switched
from alemtuzumab to the monoclonal CD20 antibody rituxi-
mab due to persistent disease activity. 84% of the included
patients received a second course of alemtuzumab.

Regarding white blood cell levels, after a mean interval
of 19 weeks after fingolimod withdrawal and initiation of
alemtuzumab, leukocyte (mean 6.907/ul) and lymphocyte
(mean 1.680/ul) counts were normalized at the time point
of the first alemtuzumab administration.

In a subgroup analysis of patients with vs. without signs
of persistent clinical or MRI disease activity under alem-
tuzumab, lymphocyte counts at baseline did not differ

significantly (mean 1.685 vs. 1.625/ul; p=0.85). Only 4
patients showed mild-to-moderate lymphopenia below 800/
pl at alemtuzumab initiation and alemtuzumab was started
based on an individual decision due to the high disease
activity of these patients.

Except one case, all patients switched from fingolimod
to alemtuzumab after a therapy-free interval longer than
4 weeks. In that single case, lymphocyte counts returned
to normal already 2 weeks after cessation of fingolimod
and initiation of alemtuzumab was based on the individual
judgement of the treating physician respecting high disease
activity.

Concerning safety outcomes, the occurrence of typical
side effects of alemtuzumab, i.e., autoimmunity (n=2/50)
and severe infections (n=1/50) was low, and close to levels
of published data, at least in the 12 months of survey in our
cohort. No case of progressive multifocal leukoencephalopa-
thy (PML) was reported, whereas one severe infection with
Bordetella pertussis was found which completely resolved
under appropriate treatment. One patient was switched to
rituximab treatment because of diffuse alveolar damage. One
patient re-developed malignoma after initial diagnosis of a
salivary gland carcinoma. Remarkably, one patient died from
combined disseminated necrotizing leukoencephalopathy
and hemolytic anemia, that single case was published earlier
as a case report by some of the co-authors [19].

In sum, the 33-year-old female patient died 8 months
after first alemtuzumab infusion, had normalized leuko-/

Table 1 Baseline data of
all included RRMS patients
(n=50)

Gender (male/female)
Age (years; mean, [range])

MS disease duration (years; mean, [range])

Initial EDSS (median, [range])

Duration of preceding fingolimod therapy (months; mean, [range])
Interval fingolimod—alemtuzumab (weeks; mean, [range])
Previous therapies (n; mean, [range])

% natalizumab pre-treatment

Natalizumab therapy duration (months; mean, [range])
% Anti-JCV positive (data available for n=40)

20/30

35.7 [20-56]
12.9 [1-35]
3.0 [1.0-6.5]
15.9 [1-60]
18.7 [2-60]
2.5 [1-5]
54%

31.7 [2-96]
87.5%

RRMS relapsing-remitting multiple sclerosis, SD standard deviation, EDSS Expanded Disability Status
Scale, anti-JCV positive seropositivity for John Cunningham virus antibodies

Table 2 Efficacy data comparing the year before to the year after therapy switch from fingolimod to alemtuzumab (clinical data n=>50; complete

MRI datasets n=23)

Year pre-alemtuzumab Year post-alemtuzumab p value
Delta EDSS (median and inter-quartile range) +2[+1to+3] 0[-0.41t00] < 0.0001
Annualized relapse rate (n+SD) 22+1.8 0.34+0.6 < 0.0001
Number of gadolinium enhancing lesions (mean + SD) 447+59 0.26+0.62 0.012
Number of new or enlarging T2 lesions (mean + SD) 5.8+8.1 0.27+0.9 0.0023

MRI magnetic resonance imaging, SD standard deviation, EDSS Expanded Disability Status Scale
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lymphocyte counts at baseline, adhered to the mandatory
safety monitoring and clinically presented with signs of
acute anemia (hemoglobin 2.4 g/dl) and systemic inflam-
matory response syndrome. Treatment consisted of corti-
costeroids, immunoglobulins, plasma separation, cyclophos-
phamide and erythrocyte substitution. No focal neurological
deficits were documented, but finally the patient died after
loss of consciousness and unsuccessful intensive care ther-
apy 6 days after admission. Post mortem autopsy revealed
disseminated necrotizing leukoencephalopathy (DNL), but
its definite etiology remained unclear. Safety aspects are
summarized in Table 3.

Discussion

Our real-world data underline the high potential of alemtu-
zumab in RRMS treatment with a significant reduction of
annualized relapse rates and MRI parameters of inflamma-
tion as well as EDSS stabilization in the setting of break-
through disease on fingolimod.

Remarkably, the significant reduction of MS disease
activity surrogate markers was found in a cohort of patients
with refractory active disease despite an otherwise highly
efficacious therapy regimen with fingolimod. With average
disease duration of 12 years before initiation of alemtu-
zumab, these beneficial effects were shown in a cohort with
rather long MS duration that was not sufficiently represented
in the large CARE MS phase III studies [12, 13].

Previous data mainly argue for an early initiation of
alemtuzumab therapy to reach highest efficacy in RRMS
[15]. Here, we show that alemtuzumab as second, third line
or “rescue medication” (on average 2.5 preceding disease
modifying drugs) at the later stages of RRMS, yet often sup-
posed as unfavorable, is still beneficial as long as signs of
persistent disease activity are evident independently of the
individual pre-treatment [20]. Efficacy of the first course of
alemtuzumab was already highly effective with two patients
necessitating additional induction of B-cell depleting ther-
apy with rituximab due to persistent disease activity. While
obtained in a small cohort, this efficacy in part outperformed
results from CARE-MS I and II extension studies describing

stable disease after two regular alemtuzumab administra-
tions (year 1: 5Xx 12 mg, year 2: 3 X 12 mg) without need for
additional therapy courses in 60-68% of the treated RRMS
patients [21, 22].

Our data extend findings of a previous study demon-
strating persistent or even increased disease activity in a
RRMS cohort after switching therapy from fingolimod to
alemtuzumab [23]. In the above-mentioned study, 9 out of
36 analyzed patients were found to have persistent clinical
and/or MRI disease activity within one year after the first
course of alemtuzumab with a similar duration of preced-
ing fingolimod treatment (13 vs. 16 months in our cohort).
In the preceding observational study, the interval between
cessation of fingolimod and initiation of alemtuzumab was
remarkably shorter than in our analysis (6 weeks vs. 19
weeks in our cohort). The shorter interval may explain that 5
of 9 patients with disease activity on alemtuzumab displayed
persistent lymphopenia in the above-mentioned study. It was
speculated that fingolimod treatment-mediated retention of
immune cells in the lymph nodes may foster delayed recir-
culation of pro-inflammatory cells not accessible for alem-
tuzumab-mediated depletion in the blood [23]. In our study,
lymphopenia at baseline was rarely detectable, with only
4 patients showing mild-to-moderate lymphopenia below
800/ul at alemtuzumab initiation. In a subgroup analysis,
persistent disease activity under alemtuzumab treatment was
independent of lymphocyte counts at baseline. We would
thus conclude that alemtuzumab treatment after fingolimod
withdrawal and an adequate interval without signs of per-
sistent severe lymphopenia is highly efficient in an RRMS
subgroup with high disease activity.

With normalized white blood cell counts at time of alem-
tuzumab initiation, no significant association with any unex-
pected, atypical or otherwise accumulating side effects was
found in our cohort. As described in the CARE MS I and II
studies, event rates for severe infusion-associated reactions
(<2%) and severe infections (<3%) were not different in
our cohort under appropriate pre-medication and treatment
monitoring. Despite 54% of our patients having a history of
natalizumab therapy and high rates of JCV antibody posi-
tivity, no case of PML was reported. Besides a completely
resolving Bordetella pertussis infection, no severe herpes

Table 3 Safety profile at baseline and one year after change of medication from fingolimod to alemtuzumab (n=50)

Leukocytes at 1st alemtuzumab infusion (/ul; mean, [range])
Lymphocytes at 1st alemtuzumab infusion (/ul; mean, [range])
Developing autoimmunity

Severe infections

Malignancy

Death

Switch to rituximab after alemtuzumab

6907 [3050-15,400]

1680 [1010-4258]

2/50 (hyperthyroidism; hemolytic anemia)
1/50 (Bordetella pertussis infection)

1/50 (pre-existing carcinoma salivary gland)

1/50 (combined hemolytic anemia and disseminated necrotizing
leukoencephalopathy) [19]

2/50 (2x persistent disease activity, 1x diffuse alveolar damage)
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viral infections and neither any case of nocardiosis nor of
listeriosis occurred as previously reported rare infections on
alemtuzumab [15].

In our study, one patient re-developed malignoma. Yet,
this case was later identified as pre-existing salivary gland
carcinoma. Thus, in this case a causative relation to alemtu-
zumab treatment could not be assured.

Only two patients from our cohort showed autoimmunity
under alemtuzumab, with only one individual developing
hyperthyroidism. One pulmonary event with diffuse alveo-
lar damage has to be interpreted as an infusion-associated
toxic effect, manageable under medical treatment and switch
of therapy to rituximab. No cases of idiopathic thrombo-
cytopenic purpura (ITP) or autoimmune nephropathy were
found.

Yet, one fatal case of hemolytic anemia with combined
disseminated necrotizing leukoencephalopathy (DNL) con-
firmed by brain biopsy unfortunately turned out lethal as
previously published [19]. The etiology of DNL remained
unclear in this patient. DNL was described as associated
with immunosuppression including HIV, preceding high-
dose chemotherapy, and sepsis with variable onset, symp-
toms and MRI findings [19]. Since multiple triggers poten-
tially fit the present case, an association with alemtuzumab
cannot be excluded. Additionally, hemolytic anemia is a rare
adverse event under alemtuzumab treatment which is esti-
mated to occur only in 0.05% of cases with a potential early-
onset after alemtuzumab induction [15]. While our data do
not argue for a specifically higher risk of autoimmunity after
switching from fingolimod to alemtuzumab, this hypothe-
sis cannot be completely excluded yet. In fact, two cases
reported severe early-onset thrombocytopenia within the first
year after therapy switch from fingolimod to alemtuzumab.
Both cases previously displayed marked lymphopenia that
led to discontinuation of fingolimod treatment which was
not the case in our patient [24].

Finally, our study has several limitations. The retrospec-
tive study character with limited patient numbers and in part
incomplete clinical and MRI data sets restrict the interpreta-
tion of our findings. Another limitation is the short follow-
up time of 12 months after the first administration course
of alemtuzumab. Thus, data on outcome of further alemtu-
zumab cycles and the incidence of common side effects of
alemtuzumab with later onset will be of interest [17, 20].
Since it is not recommended in the alemtuzumab treatment
guidelines for everyday practice, we were not able to provide
sufficient data on follow-up counts of total lymphocytes or
lymphocyte subpopulations. These data would be of interest
as depletion of CD52-positive cells may exert distinct effects
on various immune cells.

In conclusion, therapy switch from fingolimod to alem-
tuzumab in the setting of breakthrough disease activity was
associated with beneficial effects on clinical and imaging

parameters. General safety outcomes and severe adverse
events were generally in line with published data, but strict
monitoring and awareness for potential rare and serious side
effects is warranted. We propose to wait for normalization of
preceding lymphopenia after stopping fingolimod and before
switching to alemtuzumab to minimize the potential risk of
severe side effects or therapy failure.

Further prospective studies with larger patient cohorts
will be useful to further elucidate efficacy and safety of
alemtuzumab following fingolimod therapy.
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