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Jan Dorr 12 Abstract: Multiple sclerosis (MS) is among the most common chronic inflammatory diseases
Karl Baum' of the central nervous system. Although not curable, the constantly increasing armamentarium

\ ) ) of disease-modifying drugs now allows control of disease activity in many patients. The human-
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circulating CD52* cells are eliminated via antibody- and complement-mediated lysis, and a less

of both clinical and magnetic resonance imaging outcomes has been demonstrated in several
phase II/III trials including long-term extensions and follow-up studies. Treatment response to
alemtuzumab is strongest as long as active inflammation is the predominant pathophysiologi-
cal feature, and it is becoming less efficacious in neurodegeneration-dominated later stages of
the disease. Thus, the optimal placement of alemtuzumab within treatment algorithms of MS
is crucial. The impressive efficacy of alemtuzumab is counteracted by a less favorable safety
profile. Besides usually manageable infusion-associated side effects, development of secondary
autoimmunity in almost half of treated patients is the most disconcerting risk of alemtuzumab.
The high frequency, the delayed occurrence, and the potentially severe course of secondary
autoimmune diseases require awareness and a close long-term monitoring of patients treated
with alemtuzumab. Biomarkers that would allow prediction of treatment response to alemtu-
zumab on the one hand and identification of patients at risk for the development of secondary
autoimmune diseases on the other are not yet available. Thus, the overall success of alemtu-
zumab treatment critically depends on the patient selection. The aim of this article is therefore,
to characterize the significance of alemtuzumab in the treatment of MS with a focus on the
selection of the optimal patient.
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Introduction

Multiple sclerosis (MS) is the most common chronic inflammatory disease of the cen-
tral nervous system (CNS) in western countries and the leading cause of nontraumatic
neurological disability in young adults. Although still not curable, disease activity can
now be controlled in many patients by a variety of disease-modifying drugs (Table 1).

However, modern drug treatment of MS is facing a dilemma: on the one hand, the
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armamentarium of available drugs is constantly increasing, yet on the other, there is

individual patient.! The lack of valid predictive biomarkers for both treatment response
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Table | Disease-modifying drugs approved for multiple sclerosis

Drug Application

Mode of action

Common side effects

Interferon beta- |a/Peginterferon Intramuscular/

Pleiotrophic

Flu-like symptoms, injection-site

beta- la/ Interferon beta- b subcutaneous immunomodulatory cytokine reactions, hepatopathy
Glatiramer acetate Subcutaneous Immunomodulatory polypeptide Injection-site reactions, lipodystrophy
Teriflunomide Oral Reversible inhibition of Hepatopathy, gastrointestinal side
dihydroorotate-dehydrogenase effects, hair thinning
Dimethylfumarate Oral Activation of NrF 2 pathway (?), Flush syndrome, gastrointestinal side
antioxidant (?) effects, lymphopenia
Fingolimod Oral Sphingosine- 1 -phosphate Infections, hepatopathy,
receptor modulator bradyarrhythmia, gastrointestinal side
effects
Natalizumab Intravenous mAb against 04 | -integrine Opportunistic infections,
gastrointestinal side effects, infusion-
associated reactions
Alemtuzumab Intravenous mAB against CD52 Infections, infusion-associated
reactions, secondary autoimmune
disorders
Daclizumab Subcutaneous mAB against CD25 Infections, skin reactions,
hepatopathy
Mitoxantrone Intravenous DNA intercalation, inhibition of Infections, gastrointestinal side

DNA/RNA synthesis

effects, myelopsuppression,
cardiotoxicity, secondary neoplasia

Note: “?” Highlights the hypothetical character of these risk factors.

Abbreviations: DNA, deoxyribonucleic acid; mAB, monoclonal antibody; NrF 2, nuclear factor 2 related factor; RNA, ribonucleic acid.

safety of a drug are usually inversely related, meaning that
the more powerfully a drug suppresses disease activity the
more severe safety and tolerability issues need to be consid-
ered. For the treatment of MS two not necessarily exclusive
treatment paradigms are currently discussed: induction
therapy advocating the early use of the most potent drugs
and accepting a less favorable safety and tolerability profile
to allow for maximum disease control from earliest disease
phase on versus escalation therapy promoting safer and more
tolerable but less effective drugs for the initial treatment
and stepping-up as the disease progresses.? Alemtuzumab is
among the most potent currently available drugs for disease
modification in MS and a candidate for both induction and
escalation strategies. The aim of this article is to characterize
the significance of alemtuzumab in the treatment of MS with
a focus on the selection of the optimal patient.

Alemtuzumab in multiple sclerosis

Pharmacodynamics

Alemtuzumab is a humanized monoclonal antibody against
the cell surface protein CD52 which is primarily expressed
on CD4* and CD8" T lymphocytes, B cells, and monocytes.
The physiological role of CD52 is not known. Upon binding,
alemtuzumab rapidly and effectively eliminates circulat-
ing CD52* cells via antibody- and complement-mediated
depletion.>* Shortly after application the peripheral blood
is virtually devoid of circulating lymphocytes. CD52* cells

in the lymphoid organs are less affected. Subsequently, the
adaptive immune system reconstitutes from precursor cells
or mature cells that have escaped depletion. The dynamics
of repopulation differ in the respective cell lineages: mono-
cytes and B cells are the first to reappear in the peripheral
blood ~3—6 months after treatment. T cells, particularly CD4*
cells repopulate substantially slower, reaching normal levels
after ~2-3 years and pretreatment levels only after ~5 years.**¢
As regulatory T cells repopulate more quickly, these cells
are relatively enriched in the peripheral blood which possibly
constitutes a mode of action of alemtuzumab. The dynamics
of the repopulation process and the relative reconstitution
from either precursor cells or escaped cells may be critical
for the treatment effect on the individual patient level.”

Clinical research program

The component was initially developed in the 1970s for the
treatment of chronic lymphatic leukemia. In the early 1990s,
alemtuzumab was first tested in patients with MS. These
initial studies showed complete suppression of relapses and
development of new brain lesions in patients with relapsing—
remitting MS (RRMS) and secondary progressive MS
(SPMS). However, SPMS patients continued to accumulate
disability and brain atrophy whereas RRMS patients showed
a substantial and sustained improvement of neurological
function.®® Although rather disappointing in terms of efficacy
in SPMS these initial clinical trial experiences set the stages
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for the now well-established theory that MS is a two-phase
disease in which inflammatory processes in the first phase
trigger neuroaxonal degeneration in the second phase. The
neurodegenerative process may then progress independently,
even when the inflammation is eventually controlled. The
obvious conclusion from this perception was that a conse-
quent suppression of inflammatory activity in the early dis-
ease phase may reduce neurodegeneration in the later phase,
thereby preventing an accumulation of permanent disability
and eventually improving the prognosis.® The lesson learned
from this was that powerful anti-inflammatory drugs like
alemtuzumab need to be placed early within the treatment
algorithms in MS; not necessarily as a first line treatment but
clearly as long as inflammation is the predominant pathophys-
iological feature, and definitely not as a last resort option in
late stage disease when all other disease-modifying strategies
have failed.® This concept was further corroborated by two
open label studies showing a beneficial effect of alemtuzumab
on relapses and disability in both treatment-naive patients and
nonresponders to interferon (IFN) beta.>!° Subsequently, the
focus was set on patients with ongoing relapses and/or activity
on magnetic resonance imaging (MRI). The clinical research
program comprises the phase II multicenter CAMMS223
trial which enrolled 334 treatment-naive RRMS patients,
the “Comparison of Alemtuzumab and Rebif Efficacy in
Multiple Sclerosis, Study I” (CARE-MS 1) which enrolled
581 treatment-naive RRMS patients, and CARE-MS 11
which enrolled 840 RRMS patients who had relapses while
on disease-modifying therapy with mainly IFN beta or glati-
ramer acetate for at least 6 months.!'!* By inclusion criteria,
patients in all studies had highly active disease defined by at
least two relapses in the previous 2 years. In CAMMS223 at
least one contrast enhancing lesion in 1 of 4 monthly baseline
MRIs was additionally required. The mean disease duration
from first onset to enrolment was ~1.5 years in CAMMS223
and CARE-MS I, and ~4 years in CARE-MS II without
significant differences in the respective treatment arms.
Baseline expanded disability status scale (EDSS) was 2.0 in
CAMMS223 and CARE-MS [, and 2.5 in CARE-MS II. The
treatment strategy reflects early aggressive treatment in highly
active disease. Of note, all three studies tested efficacy of
alemtuzumab against IFN beta-1a, 44 g three times a week.
Placebo-controlled trials have not been done. The coprimary
endpoints were relapse rate and time to sustained accumula-
tion of disability. Alemtuzumab was administered at a fixed
dose of 12 mg on 5 consecutive days followed by a second
course over 3 days 12 months later. The initially started evalu-
ation of a 24 mg dose was discontinued later. The follow-up

periods were 36 months in CAMMS223 and 24 months in
CARE-MS I and CARE-MS II. Patients completing one of
the three studies were eligible to participate in an open label
extension study. Retreatment with 12 mg over 3 consecutive
days was possible at least 12 months after the last course, if
necessary. According to long-term observations, about half
of'the patients require retreatment.'* For CAMMS223 5- and
10-year follow-up efficacy and safety data are available.'>!
The extension studies of the other two trials are still ongo-
ing. Interim data have recently been reported.'”'® A recent
Cochrane analysis rated the overall methodological quality
of the three studies as moderate to high."

Efficacy and safety

An extensive review of the study results is beyond the scope
of this article and has been published elsewhere.?*?' In
summary, relapse rates were substantially reduced in both
alemtuzumab and IFN beta treatment arms. Interestingly, the
relapse rate in the [FN beta arm of CARE-MS 11 also dropped
from 1.5 in the year before study participation to 0.5 in year 2
despite remaining on IFN beta or switching from glatiramer
acetate. Across the three studies, alemtuzumab significantly
reduced relapse rates relative to high dose IFN beta-1a by
69% and 55% in the first-line treated patients (CAMMS223
and CARE-MS-I) and 49% in the second-line treated patients
(CARE-MS-II). The proportion of relapse-free patients was
significantly higher in the alemtuzumab groups compared to
the IFN beta groups. It is important to realize that 20%-35%
of alemtuzumab-treated patients continued to have relapses.?
In a recently published multicenter long-term follow-up of
100 alemtuzumab-treated patients, 40% required at least
one additional treatment course.?? In both CAMMS223 and
CARE-MS II the proportion of patients with sustained accu-
mulation of disability was significantly lower in the alemtu-
zumab arms (CAMMS223: alemtuzumab 9%; IFN beta 26%;
P<0.001; 71% risk reduction; CARE-MS II: alemtuzumab
9%; IFN beta 22%; P=0.0002; 59% risk reduction). In fact,
in both studies patients treated with alemtuzumab slightly
improved on the EDSS while IFN beta-treated patients dete-
riorated. CARE-MS I, however, failed to detect a superiority
of alemtuzumab in preventing sustained accumulation of
disability (alemtuzumab 8%; IFN beta 11%, P=0.2) which
is probably due to the unexpected low disability progression
in the IFN group. In fact, both arms showed a slight EDSS
improvement.?’ In the 5-year extension and the 10-year
follow-up of CAMMS223 relapse rates remained low, and
EDSS remained stable or slightly improved in the vast major-
ity of patients, although mean EDSS slightly increased.!>'¢
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Improvement upon alemtuzumab treatment was, however,
not corroborated in another cohort with a mean follow-up
of 6.1 years.?

The effect of alemtuzumab on MRI endpoints has mainly
been addressed in the CARE-MS studies. Compared to IFN
beta, alemtuzumab significantly reduced the proportion
of patients with contrast enhancing T1 lesions by 53% in
CARE-MS I and 61% in CARE-MS II. Less impressive
but still statistically significant was the reduction of the
proportion of patients with new or enlarging T2 hyperin-
tense lesions (48% vs 58% in CARE-MS I; 46% vs 68% in
CARE-MS II). The post hoc determination of the compound
measure “no evidence of disease activity” (NEDA), which
integrates freedom of relapses, freedom of disability progres-
sion, and freedom of new or enlarging MRI lesions revealed
a significantly increased proportion of the NEDA status in
the alemtuzumab arms (CARE-MS I alemtuzumab 39%,
IFN 27%; P=0.006; CARE-MS II: alemtuzumab 32%, IFN
14%; P<<0.0001).%

The sustained low relapse rates and the stability or
even improvement of neurological function in the 5-year
CAMMS223 extension study and the 10-year follow-up
indicate a long-term effect of alemtuzumab and support the
concept of early aggressive treatment.'>!¢ Furthermore, in the
long-term follow-up of CARE-MS I over 60% of patients
with NEDA status in year 2 who received no further treat-
ment following the initial two courses maintained NEDA
through year 5.'7 But, about up to one-third of patients show
an insufficient response to treatment, and over the longer
run a third treatment course is necessary in ~40% and a 4th
or 5th course in ~10% of patients.'>%?> Postauthorization
data are necessary to evaluate the long-term effect in a real
world setting.

The obvious flip side of the impressive efficacy in the
majority of patients is the occurrence of potentially hazard-
ous side effects, although the proportion of serious adverse
events in CAMMS223, CARE-MS 1, and CARE-MS 1I did
not differ significantly in the treatment arms.'""!* Across all
studies, infusion-associated reactions, believed to derive from
cytokine release upon cell lysis, were the most common side
effects with an overall incidence of >90%. Infusion-asso-
ciated reactions mainly comprise headaches, rash, pyrexia,
nausea, urticaria, and fatigue, are usually mild to moderate,
considered serious in ~3%, and can be controlled by gluco-
corticoid infusions as part of the treatment protocol.”> As can
be expected from the profound depletion of lymphocytes,
infections particularly of the respiratory and urinary tracts
may occur. The risk of infection peaks during the first year

of treatment and declines thereafter.'>!¢ Infections are mostly
mild to moderate and can be handled with standard care.
Nonetheless, several reports of opportunistic infections such
as listeria meningitis and cerebral nocardiosis highlight the
importance of an increased awareness.'*?* After an increase
of herpesvirus infections was observed in the pivotal studies,
prophylactic treatment with aciclovir was implemented in the
study protocols and is now part of the risk management plan.
Although several cases of progressive multifocal leukoen-
cephalopathy (PML) have been reported in patients receiving
alemtuzumab for other conditions and in the context of prior
immunosuppression,?>?* PML has not been reported in MS
patients treated with alemtuzumab.

The most disconcerting risk attributable to alemtuzumab-
treatment is autoimmunity, which is thought to arise from
the dynamics and the clonal diversity of T cell repopulation.
After depletion, T cells repopulate either from new genera-
tion in the thymus or from proliferation of mature T cells that
have escaped depletion. The proportion of newly generated
T cells and T cells proliferating from “old” surviving T cells
seem to be predictive for the development of secondary auto-
immune disorders, as alemtuzumab-treated patients with a
higher proportion of newly generated T cells tend to have a
lower risk of autoimmunity, probably because of the higher
clonal diversity of the resulting T cell pool.?” Secondary
autoimmune disorders may develop after alemtuzumab treat-
ment, probably irrespective of the number of administered
alemtuzumab courses.'* According to long-term data of the
initial studies, almost half of the patients developed second-
ary autoimmunity over a follow-up of up to 10 years.!* ¢
Consistent to the course of T cell repopulation, the period
with the highest risk of secondary autoimmunity is within
6—60 months after the first course with an incidence peak
in the 3rd year and a decline in the years thereafter.'>?® The
most relevant secondary autoimmune disorders affect the thy-
roid and include de novo development of hyperthyroidism,
hypothyroidism, and thyroiditis. In the 5-year follow-up of
CAMMS223, 39% of alemtuzumab-treated patients devel-
oped autoimmune thyroid disease.!>?* Similar incidences of
thyroid disorders have been observed in the 4-year follow-up
of the CARE-MS studies.?!

With an incidence of 2% across the clinical development
program, idiopathic thrombocytopenic purpura (ITP) is a
less common but potentially lethal autoimmune complica-
tion of alemtuzumab. In CAMMS223 one patient died from
intracranial hemorrhage due to ITP, which prompted the
implementation of monthly full blood counts in the risk man-
agement plan. ITP occurred 1-48 months after the last dose
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with a mean onset at 16 months and was usually responsive
to first-line treatment with corticosteroids, intravenous
immunoglobulins, and platelet transfusion.?!*

Even less common are autoimmune nephropathies.
Across roughly 1,500 patients treated in the Phases II and
III studies, four alemtuzumab-treated MS patients developed
glomerulonephritis 4-39 months after the last dose.!!"!>13

The high frequency, the delayed occurrence, and the
potentially severe course of secondary autoimmune diseases
together with the usually good response to standard treatment
upon early diagnosis require awareness and a close long-term
monitoring of alemtuzumab-treated patients. Biomarkers
that would allow the identification of patients at risk for the
development of secondary autoimmune diseases are not yet
available. Increased pretreatment serum levels of interleukin
(IL)-21 have been suggested to predict the development of
autoimmune disorders months to years after alemtuzumab
treatment; however, currently available detection assays for
IL-21 have been shown to have only limited utility.>**! Thus,
strict adherence to the mandatory risk management plan
comprising monthly laboratory tests and quarterly clinical
evaluations is crucial for the risk reduction of alemtuzumab
treatment and makes great demands on the compliance of
both patients and physicians.

Ongoing clinical/translational trials on the mechanisms
of action, clinical outcomes, and identification of distinct
immunological changes upon treatment with alemtuzumab
(eg, NCT02419378, NCT01395316, and NCT02623946)
may provide more information on predictive biomarkers in
the near future.

Identifying treatment candidates

Five simple questions help to decide whether or not a MS

patient is a candidate for alemtuzumab treatment (Figure 1).

1. Does the patient comply with the local formal approval
of alemtuzumab, for example, with respect to age, disease
course, and previous treatments?

2. Does the patient have a high a priori probability to benefit
from alemtuzumab?

3. Does the patient have any particular risk factors for
reduced tolerability or safety?

4. Do disease activity and prognosis in the patient justify a
potentially hazardous treatment?

5. Is the patient reliable enough to adhere to the prolonged
risk management program?

Approval of alemtuzumab for treatment
of MS

Alemtuzumab is currently licensed for the treatment of MS
in >30 countries, but the local legal practice may vary. The
European Medical Agency approved alemtuzumab in 2013
for the treatment of adult RRMS patients with active disease,
whereupon “activity” is poorly defined. In contrast, the US
Food and Drug Administration initially denied approval
because of concerns about the design of the pivotal studies.
In 2014, the US Food and Drug Administration eventually
approved alemtuzumab in patients with RRMS who had had
an inadequate response to at least two disease-modifying
drugs. In Canada, alemtuzumab is approved for the manage-
ment of adult RRMS patients with active disease defined by
clinical and imaging features, and an inadequate response to

Treatment possible

f

Formal approval High probability of Presence of
according to local treatment response presumed risk Expedient benefit
authorities (high inflammatory factors (low BMI to risk ratio Ensured adherence
(eg, first line, m disease activity; m [?]; previous m (eg, prognosis, m to RMP
second line, <10 years disease hematological alternative treatment
third line) duration) complications [?]) options)
Treatment not Reconsider Reconsider Reconsider Reconsider
possible treatment treatment treatment treatment
Figure | Algorithm for selection of patients eligible for alemtuzumab treatment.
Notes: The decision tree may help to decide whether a patient is a candidate for treatment with alemtuzumab. “?”” Highlights the hypothetical character of these risk factors.

Abbreviations: BMI, body mass index; RMP, risk management plan.
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IFN beta or other disease-modifying therapies. This means
that in contrast to North America failure of previous disease-
modifying treatment is not required in European countries,
and alemtuzumab can either be used as second-line option
for treatment escalation and first-line option for induction of
treatment. On the other hand, on-label treatment in the USA
includes patients with SPMS who still have relapses whereas
in Europe and Canada treatment is restricted to patients with
relapsing-remitting disease. Pediatric use is approved in
neither country.

Probability of treatment response and
risk of safety/tolerability problems

As long as valid biomarkers for the prediction of treatment
response before initiation of treatment are not available the
probability to benefit from treatment remains to be deducted
from the clinical trial data. The association of treatment
response and extent of cerebral inflammation in the pre-
treatment phase suggests that treatment response critically
depends on the presence of active inflammation.® Thus,
either or both continued relapses and radiographical activity
are prerequisites in patients considered for alemtuzumab.
For clinical routine, the definition of active disease in the
CARE-MS studies (=1 relapse in the year before treatment
and =2 relapses in the past 2 years) and the definition of
MRI activity in CAMMS223 (=1 contrast-enhancing lesion
in 1 of 4 monthly baseline MRIs) may be used. In light of
the rather short mean disease duration and low baseline
EDSS in the study populations (1.3 years and EDSS 2.0 in
CAMMS223 and 3.8 years and EDSS 2.5 in CARE-MS 1I)
the decision for alemtuzumab should not be postponed to
late stage disease. In conclusion, young patients with active
disease and rather short disease duration have the highest
probability of treatment response. Patients with secondary
progressive disease are unlikely to benefit and should not
be treated with alemtuzumab. Unfortunately, information on
patients with longstanding disease are lacking since patients
with disease duration >10 years have been excluded from
the studies. The observation of comparable effects when
alemtuzumab was used either in induction (CAMMS223
and CARE-MS 1) or escalation (CARE-MS II) treatment
paradigms indicates that alemtuzumab does not necessarily
need to be given as a first line drug and in combination with
the safety data rather argues for its use as an early escala-
tion option.

The development of secondary autoimmunity is prob-
ably the most relevant risk associated with alemtuzumab,
and a predictive marker to identify patients at risk for the

development of autoimmune disorders would be a great
step forward in the risk management of alemtuzumab. High
serum levels of IL-21 might prove to be a predictor of auto-
immune disease but measurement is still experimental and
not yet recommended for clinical routine.***! An important
yet unanswered question is whether the risk of secondary
autoimmunity is increased in patients with additional preex-
isting autoimmune disease. Clinical experience suggests no
exacerbation of autoimmune thyroid disease upon alemtu-
zumab treatment, but as long as systematic data are lacking
a careful benefit-risk evaluation is necessary in patients with
preexisting autoimmune conditions.

Several case reports suggest additional risk factors
which obviously require further evaluation. According to
a recent report of early onset ITP in two patients who both
terminated previous fingolimod therapy because of severe
lymphocytopenia, the development of lymphocytopenia
under disease-modifying MS treatment may be a risk factor
for the development of autoimmune thrombocytopenia under
alemtuzumab.??> Another recent report of an opportunistic
central nervous system nocardiosis infection in an anorectic
patient (body mass index 14) 5 months after initiation of
alemtuzumab treatment with prolonged lymphopenia raised
the question of a general association between body mass
index and safety of alemtuzumab.* As long as this aspect
has not been systematically evaluated, alemtuzumab should
be used with caution in severely anorectic patients.

Benefit-to-risk considerations

Based on the concept of a window of opportunity for modula-
tion of the long-term outcome via rigorous disease-modifying
drug treatment the benefit-to-risk relation is obviously highest
in patients who did not yet accumulate substantial permanent
disability but are at high-risk to do so0.** The main challenge
is now to identify these patients in the absence of markers
that would allow a reliable prognosis on the level of the indi-
vidual patient. Obviously, a patient with ongoing clinical and/
or MRI-supported inflammatory activity despite escalation
therapy with natalizumab or fingolimod is a clear candidate
for alemtuzumab. But would alemtuzumab also be justified
without prior use of natalizumab or fingolimod? Several
studies aimed to identify risk factors of a poor prognosis.
On the group level, relapse frequency in the early disease
phase, time to accumulation of moderate disability, age at
disease onset, presence of oligoclonal cerebrospinal fluid
bands, number of MRI lesions on the initial scan, and treat-
ment effects on active MRI lesions all serve as surrogates
for disability progression and thus poorer prognosis.’*
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As a rule of thumb that might be used to select patients
for alemtuzumab, the more risk factors for poor outcome
accumulate in a patient the more justifiable is an aggressive
and potentially hazardous treatment.

Another situation that may argue for early alemtuzumab
therapy is latent John Cunningham (JC) virus infection,
indicated by a positive JC virus antibody test. In a JC virus
antibody positive patient with active disease despite first-line
therapy in which fingolimod is not a treatment option the risk
of developing natalizumab-associated PML has to be balanced
against the alemtuzumab-associated risks. In such a patient,
early initiation of alemtuzumab treatment might be a superior
option than natalizumab treatment for a very limited period.

Family planning might be another factor to consider in
the benefit-risk evaluation. In a woman with active disease
who wishes to become pregnant suppression of disease activ-
ity by a temporally defined alemtuzumab therapy might be
a more acceptable option than continuous treatment with
natalizumab or fingolimod, particularly since the latter needs
to be suspended at least 3 months prior to conception.

Adherence to the risk management
program

The prolonged risk management program of alemtuzumab,
which comprises monthly whole blood counts and quarterly
thyroid function tests over a period of 48 months after the
last course is unique in MS therapy and challenging for both
patients and physicians. It accommodates the observation of
delayed development of secondary autoimmunity and was
introduced after a fatal case of ITP in CAMMS223."% The
fact that complications may occur at any time reinforces
the necessity of strict adherence to this program.'*** The
feasibility and expedience of the monitoring program have
been demonstrated both in the clinical trial program and in
clinical routine.? In the progress of shared decision making
the background and importance of the program should be
explained to the patient who, in turn, must commit him- or
herself'to strictly adhere to the program. Alemtuzumab treat-
ment should not be initiated in the case of serious doubts on
the reliability of the patient.

Conclusion

Alemtuzumab is an important augmentation to the armamen-
tarium of disease-modifying drugs for the treatment of MS.
Efficacy is strongest in patients with highly active relapsing
forms of the disease with predominantly inflammatory activ-
ity. In the escalation treatment concept the optimal position
of alemtuzumab, irrespective of country-specific regulatory

aspects, is early treatment escalation. Although data are
sparse, it may also be used for induction therapy. Because of
some severe but usually manageable safety and tolerability
issues accurate patient selection is crucial. Since predictive
efficacy and safety markers are not yet available, five simple
questions have been suggested and elucidated here that may
help in the clinical routine setting to identify eligible patients.
Obviously, with each new drug licensed for MS therapy, the
roles of alemtuzumab and all other disease-modifying drugs
need to be reevaluated.
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