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Abstract Immunotherapy for
multiple sclerosis (MS) has devel-
oped extremely successfully during
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Recent clinical trials and future therapies

the past decade and a number of
new strategies were developed for
the treatment of the disease.
Examples include therapeutic
strategies targeting leukocyte
differentiation molecules, costimu-
latory molecules, anti-adhesion
molecules, chemotaxis, novel im-
munomodulators, autologous stem
cell transplantation, anti-infectious
therapies and strategies for neuro-

protection, neurorepair and remy-
elination. Here we describe exam-
ples of monoclonal antibodies, a
novel immunosuppressant and
interesting neuroprotective strate-
gies.
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Introduction

The possibilities to treat multiple sclerosis (MS) have
clearly improved over the past decade: the availability of
immunosuppressants (azathioprine, mitoxantrone, cy-
clophosphamide), the advent of disease modifying drugs
(beta-interferons (IFNf), glatiramer acetate (GA)) in the
1990s and the recent approval of the monoclonal anti-
body natalizumab have broadened the therapeutic rep-
ertoire. However, all substances are only partially effec-
tive, some of them are associated with considerable
long-term toxicity or the risk-benefit ratio is not entirely
clear. There is tremendous activity in the search for new
drugs and strategies for MS therapy [15,17]; the sense of
excitement in the field of MS therapeutics is reflected by
the soaring number of publications.

Some interesting substances include further mono-
clonal antibodies (e.g.,daclizumab, alemtuzumab, ritux-
imab), oral agents (e.g., fingolimod, FTY720) or novel
immunosuppressants (e.g., cladribine) are currently be-
ing investigated in clinical trials. Concerning neuropro-
tective strategies, preclinical research created good sci-
entific rationale and partially prepared strategies or
agents, but none of these efforts has yet been realized in
clinical practice.

Daclizumab

The interaction of IL-2 and its receptor CD25 mediates
a pivotal signal for T cell activation and proliferation. In
general, anti-CD25 treatment aims to limit T cell prolif-
eration by blocking IL-2 signaling via its high affinity re-
ceptor. The IL-2 receptor(R) antagonist daclizumab is a
humanized mAD that interferes with the alpha chain of
the IL-2R. Three open-label studies in MS showed that
daclizumab is well tolerated and leads to a significant re-
duction in MRI activity and improvement in several
clinical outcome measures [5, 21, 22]. The positive re-
sults of the CHOICE study (phase II) have recently been
presented. On first glance, these results seem surprising
or even paradoxical because CD25 is expressed not only
on activated (pathogenic) T cells, but also on suppressor
T cells [23]. However, the network of putative regulatory
cells is complex and probably includes other subtypes of
inhibitory cells [4]. A phase IIb study is currently re-
cruiting patients to test the safety and efficacy of dacli-
zumab in a placebo-controlled, double-blind manner

[4].
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Alemtuzumab

Alemtuzumab (Campath-1) represents a very good ex-
ample of an agent with putatively high therapeutic effi-
cacy but a considerable risk of adverse effects. In partic-
ular, the phase II trial in the active RRMS population
demonstrated an impressively high therapeutic efficacy
with a clear reduction of immune activity (tested against
a high-dose interferon). Therefore the substance can be
viewed as a mild but long lasting form of selective im-
mune ablation. Campath-1 treatment triggers increased
antibody-mediated CNS damage by augmenting B cell
activity. For unknown reasons, about one third of Cam-
path-1 treated patients develop antibodies against the
thyrotropin receptor and subsequent carbimazole-re-
sponsive autoimmune hyperthyroidism (Grave’s dis-
ease) [9,10]. A phase II clinical trial designed to compare
the safety and efficacy of alemtuzumab with IFNf-1a in
RRMS showed highly impressive effects on relapse rates
and disease progression [8]. The trial was suspended but
relaunched because there was evidence of severe toxic-
ity (idiopathic thrombocytopenic purpura, ITP) includ-
ing one case of death. Currently, two phase III trials
(CARE-MS1, CARE-MS2) have been launched to evalu-
ate clinical efficacy and long-term safety for potential
approval.

Rituximab

Rituximab (mabthera) is a genetically engineered chi-
meric murine/human mAb against CD20, a differentia-
tion antigen that is found on normal and malignant pre-
B and mature B lymphocytes but which is absent on
hematopoietic stem cells, activated B cells (plasma cells)
and in normal tissues. CD20 is vital for the regulation of
cell cycle initiation and differentiation. Two trials inves-
tigated the potential use of rituximab in MS: the ritux-
imab in primary progressive (PP)MS trial (OLYMPUS),
which is a phase II/III trial, and a phase II study involv-
ing RRMS patients, the results of which were recently
published [14]: As compared with placebo, patients who
received rituximab had significantly reduced activity on
MRI (primary endpoint; newly occurring gadolinium-
enhancing lesions) as well as reduced relapses for about
a year. This is in line with a phase I open study using
rituximab, which also showed beneficial effects in re-
ducing MRI and clinical activity [1]. It is interesting to
note that the onset of clinical benefit was faster than it
could be expected just by depletion or reduction of pu-
tatively pathogenic antibodies. This clearly points to-
wards effects of anti-CD20 therapy other than reduction
of antibody production, e.g., the antigen-presenting
function of B cells [18].

FTY720

The compound FTY720 is derived from the fungus Isaria
sinclairii and exhibits profound and unique immuno-
regulatory effects [6, 7]. The therapeutic potency of this
agent has already been demonstrated in various EAE
models [13, 27]. In an international, double-blind, pla-
cebo-controlled phase II study of oral FTY720 involving
subjects with active RRMS [16], the total number of en-
hancing MS lesions on monthly MRI scans (primary
outcome) was significantly reduced and volumes of en-
hancing lesions and new T2-weighted lesions were sig-
nificantly diminished. In addition, a significantly higher
proportion of patients under FTY720 remained relapse-
free. The relapse rate under FTY720 treatment was re-
duced between 53 % and 55 %. Two large phase III stud-
ies of FTY720 in MS are currently launched. One study
is testing the safety and efficacy of two doses against pla-
cebo, the other is assessing the efficacy of FTY720 in a
head-to-head design against IFNf3-1a as an active com-
parator.

Phase IIT studies will demonstrate whether FTY720 is
able to document long-term efficacy and - even more
important - safety in larger numbers of patients. It is un-
predictable at the moment how chronic interference
with lymphocyte homing and migration might affect
immune surveillance of parenchymal organs including
the CNS during long-term application.

Cladribine

Cladribine is an adenosine deaminase-resistant nucleo-
side analogue with selective lymphotoxic specificity [2,
24]. Tts long-lasting lymphocytotoxic activity suggests
that it could be useful in modulating conditions involv-
ing lymphocyte abnormalities. Thus, cladribine has
been tested for the treatment of lymphoid neoplasms
and autoimmune disorders, especially MS. Evidence on
the efficacy of cladribine in delaying disease progres-
sion mainly results from smaller placebo-controlled tri-
als in chronic progressive MS [3,26] and RRMS patients
[20, 25]. The clinical observations were underlined by
remarkable MRI effects, e.g. nearly complete elimina-
tion of gadolinium-enhanced T1 lesions and stabiliza-
tion of T2 lesion volume [25]. Albeit phase I and II stud-
ies raised high expectations, a multicenter, double-blind,
placebo-controlled study of cladribine in patients with
SPMS and PPMS failed to show significant clinical ben-
efit after one year [19]. In addition, no effects on whole
brain volume and T1 “black holes” were observed [11,
12]. Since cladribine reduced the number and volume of
gadolinium-enhanced T1-weighted brain lesions and
overall T2 lesion load, there is a discrepancy between
those MRI endpoints and the observed clinical effects
[19]. Evaluation of the MRI data led to the conclusion



that cladribine triggers strong and prolonged antiin-
flammatory effects by MRI criteria but may not influ-
ence the mechanisms of continuous tissue destruction
and neurodegeneration [11, 12]. The substance is mean-
while available as an oral formulation and a random-
ized, double-blind, placebo-controlled phase III study in
active inflammatory RR-MS has been conducted (CLAR-
ITY). Results are expected in 2009.

Neuroprotection

In general, strategies aimed at neuroprotection are chal-
lenging because assessment of neuroprotective effects in
clinical studies is complicated. Another level of com-
plexity is obtained by the question of patient selection
(RRMS, SPMS, PPMS). The ideal time window for thera-
peutic intervention is undefined so far and different ob-
servation periods throughout the clinical trials hamper
their comparability. Furthermore, in MS the situation is
even more complex due to the dissemination of destruc-
tive and reparative processes within the CNS, as com-
pared to other CNS disorders with a clearly defined on-
set and a single causality (e.g., stroke). Taken together,
the transfer from bench to bedside has been disappoint-
ing thus far, although a number of agents showed neuro-
protective potentials in vitro and in animal models of
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MS. Reasons may lie in the study design and patient se-
lection, but also in the complex nature of MS lesion de-
velopment (including the lack of knowledge regarding
the “window of opportunity” for applying neuroprotec-
tive strategies) and difficulties in neuroprotection read-
out under clinical conditions. It is assumed that the
availability of true direct neuroprotective strategies or
agents for MS patients cannot be expected within the
next 5 years.

Taken together we conclude that some of these agents
will fulfill the key requirements in the treatment of a
non-fatal disorder, which is convenience of drug admin-
istration and long-term efficacy plus safety.It is to be ex-
pected that within the next few years, novel oral immu-
nomodulatory as well as further “biologicals” (e.g.,
monoclonal antibodies) or immunosuppressive agents
will be available for the treatment of MS patients which
will complement the currently available armamentar-
ium of disease modifying drugs.
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