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Abstract: Recent progress in the treatment of multiple sclerosis (MS) is significant, and the
potential of monoclonal antibodies (mAbs) for the treatment of MS has been highlighted.
Natalizumab demonstrated a high level of efficacy for MS and is the first mAb to be approved
for treatment of MS. Clinical trials of several types of mAbs for treatment of MS are in progress,
and mAbs are expected to become the new choice of treatment for MS. Alemtuzumab is one
of the most promising mAbs for treatment for MS, despite some side effects to be considered
such as autoimmune hyperthyroidism, Goodpasture’s syndrome, and autoimmune idiopathic
thrombocytopenic purpura. Any therapeutic agents for MS may carry risks of short- or long-term
side effects; however, information regarding the long-term side effects of these new agents is
lacking. Long-term adverse effects can often be recognized after the approval of agents. Here,
recent progress on mAbs for the treatment of MS is reviewed, with a focus on alemtuzumab.
Keywords: multiple sclerosis, monoclonal antibody, alemtuzumab, therapy, experimental
autoimmune encephalomyelitis

Introduction
Multiple sclerosis (MS) is an inflammatory and demyelinating disease of the central
nervous system. Current data strongly suggest that MS is an immune-mediated
disease and inflammation is the driving force for neurodegeneration. However, the
inflammatory response is much more complex compared with that seen in experimental
models of autoimmune encephalomyelitis.! Furthermore, MS is not a homogeneous
disease, and the formation of MS lesions is complex, involving cytokines, chemokines,
and immunoglobulins. In view of the disease heterogeneity of MS and limited access
to ex vivo specimens, different approaches must be undertaken to better understand
new therapeutic challenges.>

Since the early 1990s, interferon beta (IFNP) and glatiramer acetate have been
first-line disease-modifying therapies (DMTs) to reduce the rate of clinical relapse.
However, the clinical efficacy of these DMTs is suboptimal and approximately
two-thirds of patients with relapsing remitting MS (RRMS) continue to experience
relapses while taking these therapies for more than 2 years.> ® Most DMTs have limited
effects, and have little or no impact on the long-term progression of MS. Further agents
are required, which have improved efficacy with acceptable safety, and extensive
approaches are progressing in regards to treatment for MS.” Experimental autoimmune
encephalomyelitis (EAE), which is an animal model of MS, is used for developing
new agents for MS treatment; however, there are some differences between EAE
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and MS. It seems naive to believe that the whole spectrum of
MS can be covered by a single or even several different EAE
models, and there are obvious limitations of EAE as a model
of MS.? Monoclonal antibodies (mAbs) are considered to be
promising agents for treatment of many diseases, and various
types of mAbs have been evaluated for treatment of EAE
and MS, especially for reducing relapse rates. Natalizumab
was approved as the first mAb treatment for relapsing MS
in November 2004 by the United States Food and Drug
Administration (FDA). However, soon after approval,
progressive multifocal leukoencephalopathy (PML) was
reported in patients treated with natalizamab, which led to
market suspension of this mAb in February 2005. In 2006,
natalizumab was relaunched in the United States, and since
then, natalizumab has been used as second-line monotherapy
for active relapsing MS. Clinical trials on other selected
mAbs for MS such as rituximab and daclizumab are in prog-
ress and some will be options for treatment of MS. Another
mAb, alemtuzumab (also known as Campath-1H), can be
considered an option for treatment of MS based on previous
clinical trials. Recent clinical trial data demonstrated that
alemtuzumab had superior and sustained effects in terms of
relapse rate, magnetic resonance imaging (MRI) findings,
and disability, compared to subcutaneous IFNB-1a.® Here,
mAbs as new therapeutic agents for MS is reviewed, focus-
ing on alemtuzumab which is suggested to be a promising
new therapy for MS from clinical trial data.

Monoclonal antibodies
The subtype of most therapeutic mAbs is immunoglobu-
lin (Ig) G, which is a Y-shaped protein composed of four
polypeptide chains (two light and two heavy). Human IgG
includes four subclasses, IgG1 to IgG4. mAbs also con-
sist of fragment crystallizable (F ) domains and fragment
antigen-binding (F ) domains. The F_ domains modulate
an appropriate immune response by binding to a specific
class of F_ receptors and to other immune molecules such
as complement proteins. The F, regions determine how the
antibody will bind to the epitope of its target molecule as
well as the degree of affinity.’

mAbs block specific molecules relevant to the patho-
genesis of various diseases, and the therapeutic effects
of mAbs are determined by their target molecule and its
function. mAbs are already licensed for the treatment of
several diseases, such as cancers and autoimmune diseases.
Recently, the potential of mAbs for the treatment of MS has
been highlighted. Initially, murine mAbs were developed
but showed a high incidence of allergic reactions in humans

caused by strong anti-mouse antibody responses.'® Next,
chimeric antibodies, which consist of the variable region
of a murine mAb linked to a human constant region, were
developed. Chimeric mAbs typically consist of about 33%
murine and 67% human components.'' Chimeric antibodies
such as rituximab (including “xi” in the name) were expected
to lead to better tolerance although reactions related to infu-
sion were still common. In addition, humanized antibodies
such as natalizumab and alemtuzumab (including “zu” in
the name) were found to produce fewer allergic reactions.
Humanized mAbs, which are grafted into the variable region
of only those residues that determine antigen specificity on
a human mAb framework, are limited to 3%—10% murine
and at least 90% human components.'®!! Fully human mAbs
such as ofatumumab and adalimumab (including “mu” in
their name) have a 100% human structure.

An mAb targets a specific cell type, and can either
block or mask the target structure, and thereby inhibit a
specific function or directly induce intracellular signaling,
respectively.!? Currently, several mechanisms of action of
mADbs are considered: antagonism of receptors and ligands,
signaling by direct binding to receptors, complement-
dependent cytolysis (CDC) (the classical pathway <IgGl,
IgG2, and IgG3> or the alternative pathway <IgG4>) in
which the F_ receptor activates the complement system,
and antibody-dependent cellular cytolysis (ADCC), in
which the mAb binds to F_ receptors on the surface of
cytotoxic cells such as macrophages and natural killer
(NK) cells.'? However, in spite of their high specificity for
a target ligand, the in vivo effects of mAb cannot always
be accurately predicted.

mAbs as a treatment for MS
Many types of recombinant mAbs have been developed in
the past few decades and mAbs have been used for treatment
of neoplastic disorders for more than 20 years. In MS, the
T cell was the main target for treatment, and mAbs against
T cells such as anti-CD2, anti-CD3, and anti-CD4 were found
to be effective treatment for EAE."*'® However, treatment
with anti-CD3 or anti-CD4 mAbs was not effective for MS."”
In the 1990s, selective molecular approaches to MS therapy
also comprised strategies to neutralize tumor necrosis fac-
tor alpha (TNFa); however, clinical trials of these agents
were not successful.’® A number of mAbs that are currently
approved or in clinical trials are considered among the most
promising new therapies for MS (Table 1).

Natalizumab is a humanized monoclonal IgG4 antibody
that selectively inhibits the o4-subunit (CD49d), which
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Table | Four therapeutic monoclonal antibodies for multiple sclerosis

mAb Target molecule Antibody type IgG subclass Mechanisms of action

Natalizumab CD49d (alpha4-integrin) Humanized 1gG4 Antagonism of CD49d

Rituximab CD20 Chimeric IgG| + murine components CDC, ADCC, apoptosis of B cells
Daclizumab CD25 Humanized IgGl Antagonism of CD25

Alemtuzumab CD52 Humanized 1gGl CDC, ADCC, apoptosis of the target cell

without complement or immune effector cells

Abbreviations: ADCC, antibody-dependent cellular cytolysis; CDC, complement-dependent cytolysis; IgG, immunoglobulin G; mAb, monoclonal antibody.

constitutes very late antigen (VLA)-4 with B1-integrin
(CD29), as well as 04B7 integrin. Antibody—integrin bind-
ing prevents the adhesion and migration of immune cells,
such as T and B cells, and monocytes across the blood—brain
barrier. Natalizumab significantly, albeit partially, dimin-
ished VLA-4 expression on circulating immune cells," and
natalizumab is currently the only mAb approved to treat MS.
It was shown that natalizumab treatment results in alteration
of the CD4:CDS ratio in the cerebrospinal fluid.?® In the
Natalizumab Safety and Efficacy in Relapsing Remitting
Multiple Sclerosis (AFFIRM) trial with 942 RRMS patients
who received either 300 mg natalizumab or placebo every
4 weeks for 2 years, the relapse rate dropped by 68%, and
the development of new or enlarging lesions on T2-weight
and gadolinium-enhancing MRI was reduced by 83% and
92%, respectively.?! Because of these results and the data
from other clinical trials, natalizumab was approved at a
dose of 300 mg monthly for relapsing MS in November 2004
by the FDA. However, soon after approval, three cases of
PML were reported (two with MS in the Safety and Efficacy
of Natalizumab in Combination with Interferon Beta-1a in
Patients with Relapsing—Remitting Multiple Sclerosis [SEN-
TINEL] study and one with Crohn’s disease),??2* which led
to the market suspension of natalizumab in February 2005,
and two PML patients with MS had received combination
therapy with natalizumab and intramuscular IFNf3-1a. Taken
together, natalizumab has been restricted to use as a second-
line monotherapy for active relapsing MS after natalizumab
was relaunched in the United States and approved by the
European Medicines Agency in 2006. However, it is cur-
rently known that PML can occur even with natalizumab
monotherapy. Identification of patients at lower or higher
risk for developing PML may allow more appropriate use of
natalizumab, and the recent two-step assay for antibodies for
John Cunningham virus in serum and plasma may provide
a tool for stratification of patients into groups at higher risk
for PML and those at lower risk.?

Rituximab is a chimeric murine/human IgGlx mAb
that targets and selectively depletes CD20, which is a dif-
ferentiation antigen found on normal and malignant pre B

and mature B lymphocytes. Rituximab has been approved
for treatment of rheumatoid arthritis and B cell lymphomas.
The Phase II Helping to Evaluate Rituxan® in Relapsing
Remitting Multiple Sclerosis (HERMES) trial in RRMS
patients demonstrated that patients who received rituximab
for 48 weeks had reduced counts of total new gadolinium-
enhancing lesions at weeks 12, 16, 20, and 24 (P < 0.001),
and these results were sustained for 48 weeks (P < 0.001),

compared with patients who received placebo.*

The propor-
tion of patients with relapses in the rituximab group (n=69)
was significantly reduced at weeks 24 (P = 0.02) and 48
(P = 0.04) compared with patients in the placebo group
(n = 35).% In this clinical trial, over 90% of MS patients
treated with rituximab experienced infusion-associated
adverse events, most of which were mild to moderate in
severity.?® The incidence of any infection was similar in
the placebo group and the rituximab group.?® A recent
Phase II/III study of rituximab in primary progressive MS
(PPMS) was less promising and did not meet its primary
endpoint of delaying sustained progression of disability
although the results suggested that B cell depletion may
be effective in younger patients with PPMS and inflam-
matory MRI-detected disease activity.?’ In this study,
serious infections occurred higher in the rituximab-treated
group (4.5%) compared to the placebo group (<1.0%).”
Regarding adverse effects of rituximab in patients with
systemic lupus erythematosus or malignancies, some cases
of PML have been reported during treatment.?* ! Rituximab
can also cause fatal infusion reactions and severe mucocuta-
neous reactions.* Two newer generation anti-CD20 mAbs,
ocrelizumab?®® (a humanized mAb) and ofatumumab®* (a
fully human mAbD) are currently in clinical trials, aiming
to further develop the promising therapeutic concept of B
cell depletion in MS patients.

Daclizumab is a humanized IgG1 mAb raised against
CD25 [a-chain of the interleukin (IL)-2 high-affinity
receptor], which is specifically expressed on activated T and
B cells, NK cells, monocytes as well as regulatory T and NK
cells. IL-2 induces secretion of proinflammatory cytokines
and is able to sustain the growth of T, B, and NK cells.*
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Daclizumab reduces the proliferation and activation of these
cells by blocking IL-2 signaling via its high-affinity receptor,
and increases the number of CD56% NK cells, which help
to regulate the immune cells.*® Daclizumab was approved
for the prevention of allotransplant rejection and adult T
cell leukemia. In three small open-label studies in MS, in
two of which patients with RRMS with incomplete clinical
and MRI responses to IFNf received add-on therapy with
daclizumab, daclizumab reduced MRI activity significantly
and improved clinical outcome measures.’’** The question
of synergy between IFNf and daclizumab was addressed,;
daclizumab monotherapy was effective in most patients
who experienced persistent MS disease activity with IFNf
therapy.* IFNB—daclizumab combination therapy or higher
dosages of daclizumab may be necessary to achieve optimal
therapeutic response in all patients.** A Phase II trial dem-
onstrated that daclizumab 1 or 2 mg/kg administered subcu-
taneously every 2 weeks in combination with IFNf therapy
for 24 weeks resulted in 72% reduction in the number of new
or enlarged MS lesions when compared with IFN[ therapy
alone in patients with active MS.*' The new Phase III trial
(Daclizumab HYP Efficacy Compared to Interferon Beta
1-a Study for Multiple Sclerosis [DECIDE]), comparing a
subcutaneous injection of daclizumab 150 mg once every
4 weeks with weekly injections of IFNP1a, is ongoing.*
Daclizumab treatment was generally tolerated well*? and has
not been reported to be associated with PML.

Ustekinumab is a subcutaneously or intravenously admin-
istered fully human monoclonal IgGlx antibody directed
against the common p40 subunit of IL-12 and IL-23, which
appear to play a key role in the pathogenesis of MS. Usteki-
numab has demonstrated efficacy in the treatment of plaque
psoriasis.* Neutralizing these cytokines via an mAb resulted
in significant suppression of the development and the severity
of EAE.* In a randomized, double-blind, placebo-controlled,
multi center Phase II study, 249 RRMS patients were assigned
randomly to one of five groups receiving placebo or four dif-
ferent doses of ustekinumab, and observed for change in the
number of new gadolinium-enhancing T1 lesions at week 23.
There was no significant change in the cumulative number of
new gadolinium-enhancing lesions for any dosage groups vs
placebo while ustekinumab was generally well tolerated.*

As mentioned above, cases of PML associated with treat-
ment with some mAbs have been reported. PML, caused
by the John Cunningham virus, is a severe, progressive,
rare, and usually fatal opportunistic demyelinating disease
of the brain, and generally occurs in immunocompromised

patients. There are several possible mechanisms of induction
of PML by mAbs, such as loss of immune surveillance by
a reduction of immune cells in the perivascular spaces and
cerebrospinal fluid, suppression of the cellular immune
system, and upregulation of transcription factor genes that
might increase viral synthesis;* however, the exact mecha-
nism remains unclear. There are currently no approved or
proven therapies for PML; however, there are several possible
treatment interventions such as antiviral agents, immuno-
modulatory therapies, hematopoietic growth factors, plasma
exchange, intravenous immunoglobulins, leukapheresis, and
autotransfusion of leukocytes.

Alemtuzumab

A recent study demonstrated that alemtuzumab has clinical
superiority to a current standard first line therapy, subcutane-
ous IFN-1a,® which suggests that alemtuzumab is a promis-
ing new therapy for MS. Alemtuzumab (or Campath-1H) is
a recombinant humanized IgG1x mAb directed against the
CD52 antigen. The name Campath derives from Cambridge
Pathology.*” The CD52 antigen, which is a glycosylated
protein linked to the cell membrane by a glycosylphos-
phatidylinositol anchor, is not internalized or modulated
upon crosslinking and is a consistent target. This antigen
is highly expressed on the cell surface of normal lympho-
cytes, monocytes, and macrophages as well as on chronic
lymphocytic leukemia cells. Normal hematopoietic stem
cells, erythrocytes, and platelets lack CD52 surface expres-
sion; however, neutrophils express low levels of CD52.
The physiologic role of CD52 is unknown, but ligation and
crosslinking of T cell CD52 by alemtuzumab demonstrates
that the molecule can induce signal transduction via T cell
receptors.*’ It has also been suggested that CD52 may have
a role in the activation of regulatory T cells.* It is consid-
ered that binding of alemtuzumab to CD52 on lymphocytes
induces CDC and ADCC (Figure 1).°! The results of a recent
study with a transgenic mouse expressing human CD52 sug-
gested that lymphocyte depletion and cytokine induction by
alemtuzumab were primarily independent of complement,
which means that ADCC but not CDC is important.>? It has
also been suggested that alemtuzumab may enhance lym-
phocyte apoptosis without complement or immune effector
cells (Figure 1).%

The early Campath antibodies were created from rat
hybridomas. Initially, IgM antibodies were more efficient in
lysing lymphocytes with human complement than the IgG
forms and one of these rat IgM reagents, Campath-1M, was
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Figure | Schematic representation of the putative mechanisms mediating the activity of alemtuzumab. In antibody-dependent cellular cytolysis (ADCC), F_ gamma receptors
on the surface of immune effector cells, such as natural killer cells, macrophages, monocytes, and eosinophils, bind the F_region of alemtuzumab which is bound to a target
cell, causing the destruction of the target cell. In complement-dependent cytolysis (CDC), the Clq binds the antibody and this binding triggers the complement cascade which
leads to the formation of the membrane attack complex (MAC) at the surface of the target cell, as a result of the classical pathway of complement activation. Alemtuzumab
may also enhance apoptosis of the target cell without complement or immune effector cells.

used for the first clinical pilot study.”’ Then, from basic stud-
ies, it was found that the rat IgG2b isotype was by far the
most effective isotype in harnessing the cell-mediated lytic
mechanisms, and a rat IgG2b antibody, Campath-1G, was
manufactured.*’” Although Campath-1G was clearly active
in humans, antiglobulin responses to rodent antibodies were
suggested to be a key problem in the use of Campath-1G,
and therefore humanized IgG1 mAb (Campath-1H; alemtu-
zumab) was manufactured to clinical grade for therapeutic
use.*” Initially, alemtuzumab was generated for the treatment
of non-Hodgkin’s lymphoma,* and also used in the treat-
ment of theumatoid arthritis®® and vasculitis.’* Alemtuzumab
received accelerated approval in the United States and Europe
in 2001 for patients with chronic lymphocytic leukemia who
had been treated with alkylating agents and in whom fludara-
bine therapy had failed. Then, alemtuzumab received full
approval and an expanded indication in September 2007 in
the United States and in January 2008 in Europe.’!

A preliminary study involving seven patients with MS
showed that a single pulse of alemtuzumab suppressed
MRI-assessed disease activity for at least 6 months.’’ In
a small clinical trial with 14 secondary progressive MS
(SPMS) or PPMS patients, the doses of and durations of

treatment with alemtuzumab, and combination therapies
with alemtuzumab (eg, methylprednisolone and anti-
CD4 mAbs) were different among patients.’® The study
results showed that twelve patients experienced transient
worsening of existing symptoms, or recurrence of previous
clinical manifestations, coinciding with the first infusion
of alemtuzumab, which correlated with increased levels of
circulating cytokines.* By contrast, two patients who were
immediately pretreated with methylprednisolone had no
clinical or laboratory effects.*®

In an open-label clinical trial, relapses and radiologic
markers (contrast-enhancing MRI lesions) of cerebral inflam-
mation were effectively suppressed for 18 months after a
single pulse of alemtuzumab in SPMS patients. However,
about half the patients continued to experience progressive
disability with increasing brain atrophy on MRI. On the other
hand, in the relapsing group, nine of 15 patients observed
1 year later showed a sustained improvement in the Expanded
Disability Status Scale (EDSS), giving a mean change in
disability of —1.2 EDSS points at 2 years when compared
with baseline.””** ¢! These results and the difference of effects
on disability between patients with SPMS and RRMS may
suggest that in chronic MS, ongoing disease progression
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is not caused by active inflammation but mediated by an
independent neurodegenerative process.®® Furthermore,
when administered to patients with early-stage MS with little
accumulated disability but a high level of clinical activity,
alemtuzumab therapy stabilized disease progression.®® From
the data of clinical trials, alemtuzumab appears to be active
in the early, more inflammatory stage of MS.

A Phase II, randomized, controlled, rater-blinded clini-
cal trial was designed to compare the safety and efficacy
of two doses (12 and 24 mg per day) of alemtuzumab with
subcutaneous IFNB-1a (44 pg three times per week) in 334
patients with early RRMS who had EDSS scores of three or
less and onset of symptoms within the previous 36 months
at the time of screening. Patients treated with alemtuzumab
were given intravenous infusions on five consecutive days
during the first month and on three consecutive days at
months 12 and 24. The results of the study demonstrated
a significant reduction by alemtuzumab of the annualized
relapse rates (by 74% compared with IFNB-1a).® Further
analysis revealed that the rate of free clinical disease
activity defined as no relapses and no sustained accumula-
tion of disability at 36 months was significantly better in the
alemtuzumab-treated group (Kaplan—Meier estimate 71.8%)
compared to the IFNB-1a-treated group (Kaplan—Meier
estimate 42.6%). Lesion burden, and brain volumes on
MRI were also positively affected at 36 months.® Moreover,
EDSS disability scores were improved in the group treated
with alemtuzumab by 0.39 points, whereas scores worsened
in the group treated with IFN[-1a by 0.38 points.® A further
study demonstrated that immune cells regenerating after
alemtuzumab treatment produce significantly greater brain-
derived neurotrophic factor, ciliary neurotrophic factor,
platelet-derived growth factor, and fibroblast growth factor,
and that secretion of brain-derived neurotrophic factor, ciliary
neurotrophic factor, and platelet-derived growth factor occurs
specifically in response to the myelin antigen, myelin basic
protein.® The increased lymphocytic secretion of neurotro-
phins after treatment with alemtuzumab may be capable of
promoting neuronal survival, axon growth, and the survival
and maturation of oligodendrocytes following the sustained
improvement in disability with early active RRMS treated
with alemtuzuamb.®

Treatment with alemtuzumab produces a rapid and pro-
found lymphopenia, followed by lymphocyte regeneration.
However, the recovery speed varies among cell types and the
lymphocyte repertoire is modulated. In fact, monocytes recover
quickly with the pretreatment level reached within 3 months,
whereas CD4" lymphocyte depletion is prolonged. CD4*

T cells are particularly slow to recover and total CD4* T cell
numbers were reported to remain below 50% of pretreatment
levels at 12 months.**** Alemtuzumab infusion altered the
immune repertoire with increased CD4*CD25"FoxP3* regula-
tory T cells and increased CD45RO* memory T cells.®

The level of B cells rapidly returns to baseline by
3 months after exposure to alemtuzumab, and to higher lev-
els by 12 months.%¢46> One month after treatment, the most
abundant B cell subtype is immature transitional 1B cells
(CD19*/CD27-/CD23") and alemtuzumab induces prolonged
depletion of memory B cells.® At the same time, there is an
increase in serum levels of B cell activating factor, which is
sustained for at least 12 months.® Memory and naive human
B cells express distinct profiles of effector cytokines, thus
IL-10 is produced almost exclusively by naive B cells whereas
the proinflammatory cytokines lymphotoxin and TNFa are
largely produced by memory B cells.®® Reconstitution of B
cell subsets following the change in profile of the effector
cytokines may be associated with the effects of alemtuzumab
in MS.

mAb therapy may induce antiglobulin responses following
impairment of efficacy. In a clinical trial of alemtuzumab vs
INFB-1a in early MS, one of 208 (0.5%) and 51 of 194
patients (26.3%) had significant alemtuzumab-binding anti-
bodies at months 12 and 24, respectively (assay detection
threshold: 2000 U/mL).* Although the antibodies had no
effect on the efficacy of alemtuzumab in this clinical trial,
another study examined whether high doses of a monomeric,
nonbinding mAb, SM3, which reduces its binding capacity to
CD52, could minimize immunogenicity to subsequent expo-
sure of alemtuzumab.?’ In this latter study, the lower assay
detection threshold (444 U/mL) was used, and at follow-up
after 13 months, 1 month after the second alemtuzumab
infusion, four of 19 (21%) patients had detectable serum anti-
alemtuzumab antibodies compared with 145 of 197 (74%)
patients who received two cycles of alemtuzumab without
SM3 in the Phase I CAMMS223 trial (P < 0.001).” The
efficacy and safety profile of alemtuzumab was unaffected by
SM3 pretreatment although more infections were observed
in the SM3 pretreatment group.®’ These data suggested that
monomeric, nonbinding mAbs may reduce the immunogenic-
ity of biologic agents although larger studies are necessary
to confirm the efficacy and safety of this approach.

The first and earliest adverse effect of alemtuzumab
infusion was an acute cytokine-release syndrome consist-
ing of pyrexia, headache, malaise, and urticarial rash. This
is typically accompanied by a transient exacerbation of
neurologic symptoms.>”*® These symptoms associated with
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cytokine-release syndrome are substantially ameliorated
by pretreatment with steroids.” In a comparison between
intravenous and subcutaneous administration of alemtuzumab,
intravenous administration has been correlated with a higher
rate of first-dose side effects (eg, flu-like symptoms, chills,
rigor, hypotension, nausea, vomiting, rash, urticaria, and
bronchospasm) compared to subcutaneous application.*®

There are three important safety concerns regarding
treatment with alemtuzumab with respect to infection, malig-
nancy, and autoimmune disease.® With respect to infection,
herpes viruses have been reported in between 1.8% and
18.0% of patients undergoing transplant premedication with
alemtuzumab.” However, in MS patients treated with alem-
tuzumab to date, the incidence of any serious opportunistic
infections has been low.® On the other hand, some serious
autoimmune diseases associated with treatment with alemtu-
zumab have been reported, including autoimmune hyperthy-
roidism (Grave’s disease), renal failure due to Goodpasture’s
syndrome, and autoimmune idiopathic thrombocytopenic
purpura.®® One patient with idiopathic thrombocytopenic
purpura died following treatment with alemtuzumab, and
after the report of two further cases, the data and safety moni-
toring board suspended the administration of alemtuzumab
between September 2005 and May 2007.% Furthermore, an
additional 5.5% of patients developed sustained nonthyroid
autoantibodies without clinical disease.®® In view of the
occurrence of these autoimmune diseases, it is conceivable
that alemtuzumab-mediated lymphocyte depletion may result
in disturbed regulatory function.”’ Recently, it was demon-
strated that autoimmunity arises in patients who developed
lymphopenia-associated autoimmunity after alemtuzumab
treatment of MS and who had greater levels of T cell apopto-
sisand T cell cycling driven by genetically determined higher
levels (twofold) of IL-21 than patients who did not develop
autoimmunity.” These data suggested that, by driving cycles
of T cell expansion and death to excess, IL-21 increases the
probability of generating self-reactive T cells and, hence,
autoimmunity.”

No cases of PML have been reported among MS patients
treated with alemtuzumab; however, a lung transplant recipi-
ent who received treatment for episodes of acute rejection
with steroids, antithymocyte globulin, and alemtuzumab, in
addition to maintenance immunosuppression was diagnosed
with PML."

There are two multinational, randomized, rater-blinded,
Phase III studies, the Comparison of Alemtuzumab and
Rebif® Efficacy in Multiple Sclerosis (CARE-MS) I and II.
CARE-MS I enrolled patients who have not previously

received treatment to suppress MS, except steroids, and
CARE-MS 1I enrolled patients who previously received an
adequate trial of DMTs but continued to relapse while being
treated. CARE-MS I and II were designed to investigate the
efficacy and safety of two different doses of alemtuzumab
as treatment for RRMS, in comparison with subcutaneous
IFNB-1a.7*™ CARE-MS I has been completed and CARE-MS
11 is currently closed to new enrollment. The data from these
studies will provide more information on the efficacy and
safety of alemtuzumab in the near future.

Conclusion
First-line DMTs such as IFN[} and glatiramer acetate have
long been used to treat MS and have well-established safety
and tolerability profiles. However, these first-line DMTs can
only reduce the frequency of new relapses by 30%—-40% and
there is a group of patients with high disease activity despite
treatment with IFNJ or glatiramer acetate. Furthermore, their
effects on disease progression have remained controversial.
Natalizumab, the first approved mAb for treatment of MS, is
a critical choice for patients who suffer from relapses even
though they have used adequate first-line DMTs. Recently,
fingolimod was approved for treatment of RRMS by the
FDA and the European Medicines Agency’s Committee for
Medicinal Products for Human Use, with the latter recom-
mending that fingolimod is used as a single DMT in “highly
active” RRMS patients. In the near future, new agents for MS
will be developed that may have more significant potential for
effective treatment. Almost 20 years have passed since IFN3
and glatiramer acetate were first used for RRMS and most
side effects are well known. On the other hand, the long-term
safety of most new agents is not yet well defined; therefore
attention should be paid when new agents are used.

Current therapies for MS have focused on reducing
relapsing rates and new MS lesions. There is still a shortage
of agents that inhibit progress of the disease and, furthermore,
there have been no treatments to improve disability. mAbs
have significant potential in the field of MS. Alemtuzumab
appears to have remarkable effects to decrease the rate of
relapse and possibly to reduce disease severity, especially, in
patients with early RRMS. Furthermore, in chronic lympho-
cytic leukemia, some small clinical trials of the combination
of alemtuzumab plus rituximab have been tried,’® and the
combination therapy of mAbs may be one option for treat-
ment of MS.

It was previously considered that because mAbs interfere
with specific mechanisms, the maximum effectiveness may
be gained with minimal adverse effects. However, this is not
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the case. Natalizumab is recommended for use in patients
whose clinical benefit clearly outweighs the risks, and
severe side effects may also make alemtuzumab suitable for
second-line therapy for MS. The risk:benefit ratios of new
DMTs should be taken into account. Further safety data
regarding opportunistic infections and malignancies as well
as idiopathic thrombocytopenic purpura and autoimmune
thyroid disease with large populations and other ethnicities
is needed to determine whether alemtuzumab can be used
as therapy for MS. Furthermore, from a socioeconomic
viewpoint, alemtuzumab will probably be marked as an
expensive option for treatment of MS and only in selected
cases, based on proper documentation of failure of other
less expensive immunomodulatory agents.”’ Even though
mAbD treatment for MS offers insight into the challenges
of developing neurotherapeutics in MS, we still need to
understand more about MS disease pathophysiology and
function of mAbs in MS.
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