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Multiple sclerosis (MS) is a chronic and debilitating disease affecting approximately 
2.5 million people worldwide, and safe and effective treatment options are sorely lacking. 
While there are several currently approved drugs that have shown some efficacy at 
reducing the relapse rate in patients with the relapsing–remitting form of the disease, the 
impact of this outcome relative to long-term disease progression is unknown. Effective 
treatment for those with primary or secondary progressive MS is practically nonexistent. 
Dirucotide (MBP8298) is a synthetic peptide that has shown promise at increasing time to 
progression with little or no associated toxicity in Phase II studies. The drug is specifically 
designed to induce tolerance in patients with HLA types DR2 and/or DR4, although 
patients with other HLA subtypes may also benefit. Dirucotide is now being evaluated in 
two large Phase III secondary progressive MS trials, as well as a smaller Phase II 
relapsing–remitting MS trial. 
Multiple sclerosis (MS) is a chronic disease of
the CNS characterized by increasingly debilitat-
ing effects on a wide range of human functions,
and enormous prognostic uncertainty. Some
estimates indicate that up to 2.5 million people
worldwide [101], including approximately
400,000 in the USA [101], 75,000 in Canada
[102] and 350,000 in Europe [1], are affected by
the disease. The prevalence is highest in loca-
tions of extreme latitudes, such as northern
Europe and southern Australia, and the middle
of North America, although the reason for this
variability is not well understood. The onset of
the disease is usually in early adult life, with
prevalence peaking during the most economi-
cally productive middle adult years [2]. In terms
of assessing susceptibility to the disease, it is
likely that both environmental and genetic
factors play a role.

There are four primary categories of MS:
relapsing–remitting (RRMS), secondary progres-
sive (SPMS), primary progressive (PPMS) and
progressive relapsing (PRMS). Approximately
85% of patients with MS begin their disease
course with a diagnosis of RRMS [2], which is
characterized by relapses and subsequent sponta-
neous remissions. RRMS typically evolves to
SPMS with a rate of conversion of 2–3% per
annum, and a median time to conversion of
10 years from diagnosis of MS [3,4]. A diagnosis
of SPMS indicates a progressive, neurological
deterioration with or without clinical relapses
superimposed [5]. Most estimates indicate that
the number of patients with SPMS is 30–40%,

compared with 45–60% with RRMS [103–105],
but the numbers may be closer to equal, as
patients whose disease is in transition and has
features of both forms may sometimes be classi-
fied as RRMS in order to continue to use drugs
approved for the treatment of RRMS. PPMS is
characterized by progressive disease from the
onset, with occasional plateaus and temporary
improvements, and occurs in approximately
10% of the MS population. The least common
form of MS is PRMS. This is a progressive dis-
ease from the onset, with acute relapses, with or
without full recovery, with periods between
relapses of continued progression [6].

MS is believed to consist of two primary clini-
cal phenomena: acute, focal inflammation, and
diffuse, chronic and progressive axonal loss.
Relapses, associated with focal inflammation,
appear to define the clinical picture early in the
disease, yet it is still unclear how these relapses
might influence the rate of progression of irrevers-
ible disability and diffuse neurodegeneration [7,8].
Once the disease reaches the onset of progression,
a relatively uniform course is followed [8]. Some
data suggest that progression is largely age
dependent, and that early in the disease course,
neurodegeneration is clinically invisible, but later,
the diffuse neurodegeneration dominates and this
is expressed as irreversible and progressive disabil-
ity [7–9]. In this context, treatment aimed at
reducing the number of relapses may be beneficial
in terms of reducing the frequency of acute symp-
toms, but effects on the underlying disease
progression remain unclear [10].
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Table 1. Current app

On the market App
ind

Interferon β-1a 
(Avonex®), 
interferon β-1a 
(Rebif®), 
glatiramer 
acetate 
(Copaxone®)

RRM

Interferon β-1b 
(Betaseron®/
Betaferon®)

RRM
SPM

Natalizumab 
(Tysabri®)

RRM

Mitoxantrone 
(Novantrone®)

SPM

*Restricted to SPMS with re
iv.: Intravenous; PML: Prog
multiple sclerosis.
Current approved treatment options
Corticosteroids have been used for many years to
reduce inflammatory activity in MS. These med-
ications can reduce the duration and severity of
relapses in some patients; however, there does
not appear to be any long-term impact on the
disease process [9,11]. 

Some immunosuppressive agents have also
been evaluated, but have shown only modest
effect and have associated toxicities. These
include cyclophosphamide, azathioprine,
cyclosporine, methotrexate and cladribine [11].

More recently, several therapies have been
introduced that do improve patient outcomes
(Table 1). β-interferon therapy (interferon β-1b,
Betaseron/Betaferon® [Bayer Healthcare Pharma-
ceuticals, NJ, USA], interferon β-1a, Rebif®

[EMD-Serono, MA, USA] and interferon β-1a,
Avonex® [Biogen Idec, MA, USA]), a synthetic
polypeptide (glatiramer acetate, Copaxone® [Teva
Neuroscience, MO, USA]), and an antineoplastic
agent (mitoxantrone, Novantrone® [EMD-
Serono]) are currently approved for treatment of
RRMS [9–11]. All these products have been shown
to reduce the relapse rate in patients with RRMS
(for Novantrone, only in ‘aggressive transitional’
patients) [10]. However, all have significant side
effects, and their effectiveness in delaying disabil-
ity is modest, as are their benefits in patients with
other categories of MS, such as SPMS [10,12].

Betaseron was approved in Europe and Can-
ada for use in SPMS [13], but in a US trial it
failed to slow progression over 3 years compared

with placebo [14], and the US FDA limited its
extended approval to SPMS patients who con-
tinue to experience relapses. A combined analysis
of these two trials indicated that baseline differ-
ences and differences in disease activity in the
two study populations contributed the most to
the disparity [15]. Novantrone has been approved
in the USA for use in SPMS, but cardiotoxicity
limits its use to 2–3 years. 

Natalizumab (Tysabri®, Elan, Biogen Idec, MA,
USA) a monoclonal antibody for intravenous
administration, has been approved by the FDA for
the treatment of MS, but was withdrawn from the
market in February 2005 to allow assessment of
the risk of progressive multifocal leuko-
encephalopathy (PML). On 5 June, 2006, the
FDA approved an application for resumed market-
ing of Tysabri with a special restricted distribution
program for patients with relapsing forms of MS.
Tysabri is indicated for use as monotherapy for
patients who have not responded adequately to, or
cannot tolerate, other treatments for MS. The risk
of PML associated with natalizumab is estimated
to be 1 out of 1000 over a mean treatment period
of approximately 18 months [16].

There are no currently approved therapies for
PPMS or PRMS (Table 1).

Current clinical trials
The National MS Society website [101] and the US
NIH website [106] list over 130 and 350 trials,
respectively, with only a small percentage of these
being Phase III. The vast majority of ongoing

roved disease-modifying treatments for RRMS and SPMS.

roved 
ication

Product characteristics Efficacy Side effects Administration/dosing

S • β-interferon, slows
   inflammation
• Polypeptide, myelin decoy

Relapses 
reduced 
29–37%

Flu-like 
symptoms, 
redness at site, 
depression

Intramuscular or 
subcutaneous daily, several 
times per week or weekly

S and 
S*

• β-interferon, slows
   inflammation

Relapses 
reduced 31%

Flu-like 
symptoms, 
depression

Subcutaneous every 
other day

S • Monoclonal antibody Relapses 
reduced 66%

PML has been 
reported

iv. infusion every 4 weeks

S • Cytotoxic drug,
   immunosuppressant

Slows 
progression

Cardiotoxicity, 
hair loss

iv. once very 3 months 
(maximum use 2–3 years)

lapses.
ressive multifocal leukoencephalopathy; RRMS: Relapsing–remitting multiple sclerosis; SPMS: Secondary progressive 
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clinical studies in MS are being conducted in
patients with relapsing–remitting disease, with
some of these including SPMS patients who
continue to have relapses. 

For patients with RRMS, 12 Phase III trials are
listed as enrolling subjects, or having recently com-
pleted enrollment. Some of the more novel trial
designs include the evaluation of laquinimod
(Teva Neuroscience), glatiramer acetate (Copax-
one) plus estriol, FTY720 (fingolimod, Novartis
[Basel, Switzerland]), cladribine (EMD Serono),
omega-3 fatty acids, and interferon β-1a (Avonex)
plus simvastatin (Zocor®) (Merck & Co., NJ,
USA) in an effort to decrease the rate of relapse. 

Only two Phase III clinical trials are currently
enrolling patients with SPMS with an end point
of reducing the rate of disease progression, both
with a randomized, double-blind design. Cyclo-
phosphamide is being evaluated versus methyl-
prednisolone in a 360 patient study, and
dirucotide (MBP8298 [BioMS Medical, Alberta,
Canada]) is being evaluated versus placebo in a
510 patient study. A double-blind, placebo-con-
trolled Phase II–III study with dirucotide in
Canadian and European patients with SPMS
recently completed enrollment of 611 patients.
Additionally, a study with mitoxantrone in
336 patients in a randomized, double-blind,
three-dose study recently ended.

Unfortunately, both mitoxantrone and cyclo-
phosphamide are unlikely to have a significant
impact for the average SPMS patient. While
mitoxantrone is already approved for the treat-
ment of MS, its use is limited by toxicity. Simi-
larly, the use of cyclophosphamide is limited by
its depletion of lymphocytes. 

Primary progressive MS has even fewer late-
stage trials than SPMS, with only one
Phase II–III trial listed. This double-blind, pla-
cebo-controlled study in 439 patients was
designed to evaluate time to progression during a
96-week treatment period. Patients were rand-
omized 2:1 to rituximab (Genentech [CA, USA]
and Biogen Idec) or placebo. Results of the study
were recently released and indicated that the
primary end point was not met. 

Dirucotide (MBP8298) overview
Dirucotide is an antigen-based therapy. Antigen-
based approaches for the treatment of auto-
immune diseases are particularly attractive because
modifications of essential immunological activities
unrelated to the disease can be avoided. Dirucotide
is an investigational drug that has been specifically
designed to selectively suppress autoimmune cells

that target the region of myelin basic protein
(MBP) comprising amino acids 82–98, which rep-
resents a dominant molecular site of inappropriate
immune attack by B cells in the spinal fluid of MS
patients [17]. It is also the target of T cells in MS
patients with HLA haplotype DR2 [18], who make
up the largest fraction of all MS patients [19]. HLA
type genetically determines the range of molecular
sites that may be attacked in any individual, and it
is known that a number of HLA-DR haplotypes,
in addition to DR2, can enable immune attack at
this same site [20]. These include HLA-DR4,
which makes up the second largest contingent of
MS patients, and several less common HLA haplo-
types. The frequency of HLA-DR2 plus HLA-
DR4 in MS populations is in the range of two-
thirds to three-quarters, depending on the ethnic
makeup of the study group. 

It has been known for decades that high-dose
intravenous injection of a soluble foreign protein
induces antigen-specific tolerance in animals [21].
Although molecular and cellular mechanisms have
not been elucidated, a rapid effect of soluble pro-
tein or peptide on effector T cells in the spleen has
recently been visualized in vivo, in an animal
model of MS [22]. Movement of T cells with specif-
icity for the administered antigen was arrested and
the cells formed clusters, became nonresponsive to
antigen and seemed to undergo antigen-related cell
death. Disease symptoms were ameliorated by the
treatment, as had been reported previously in a
number of other animal disease models of MS
[23–27].

Dirucotide is an exact synthetic copy of an
amino acid sequence found in endogenously
expressed human MBP, and it is administered
according to the ‘classic’ method of high dose tol-
erance induction by the intravenous route. This is
distinct from the altered peptide ligand approach,
which has not been successful in clinical trials
[28,29]. The altered peptide ligand is a strategically
modified MBP sequence, and it is therefore immu-
nologically ‘foreign’ in humans. It was adminis-
tered by an immunogenic route (subcutaneously)
at a dose (relatively low) that was expected to elicit
a potentially beneficial novel immune response.
Novel immune responses were detectable, but did
not prove to be beneficial in clinical trials. 

In Phase I studies, intravenous injections of
dirucotide 500 mg in a single dose or as repeat
injections induced long-lasting immunological
tolerance to MBP in a significant fraction of
patients with progressive MS, as indicated by sup-
pression of anti-MBP antibody in the cerebro-
spinal fluid (CSF) to low or undetectable levels for
607www.futuremedicine.com
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periods of 6–18 months after dosing [30,31].
Patients with progressive, rather than relapsing dis-
ease, were chosen because CSF autoantibody levels
were elevated and stable, and could therefore serve
as a surrogate indicator of drug effect.

A double-blind, placebo-controlled Phase II
study in 32 progressive MS patients showed a sta-
tistically significant (p = 0.01) effect of dirucotide
treatment on disease progression versus placebo in
a subset of 20 patients with HLA haplotypes HLA-
DR2 or HLA-DR4 [32]. The effect in the group of
32 patients overall was not significant (p = 0.31).
Long-term follow-up treatment showed an
unprecedented 5-year delay (from 18 months for
patients receiving placebo to 78 months for
patients receiving dirucotide) in the median time
to disease progression in the identified subset of
patients (p = 0.004; Figure 1) [32]. 

The observation that clinical response to treat-
ment with dirucotide was related to HLA-DR
haplotype in the Phase II study implies that T-cell
activity must be addressed to achieve the clinical
effect. This can be implied because T cells only
recognize peptides when they are presented by
HLA molecules on the surface of other cells,
whereas B cell or antibody interactions with anti-
gen do not involve HLA molecules. Autoantibody
levels in the CSF of most of the dirucotide-treated
patients were suppressed in this study, as had been
reported previously [31], and this effect may be
necessary, but it was not sufficient to ensure a clin-
ical response. Possible effects of the treatment on
T cells, T-cell subsets or the production of
cytokines were not assessed in this study, but are
being evaluated in ongoing studies.

While examining the Phase I, Phase II and
compassionate use follow-on study data with
dirucotide, carried out over a period of more than
12 years, none of the observed disease exacerba-
tions were deemed to be peptide induced. A total
of 19 out of 32 patients from the Phase II study
(including some originally assigned to placebo)
who derived clinical benefit from dirucotide treat-
ment have been dosed with dirucotide 500 mg
intravenous every 6 months for more than 7 years.
Most of these patients have HLA haplotypes DR2
or DR4, both of which enable presentation of the
dirucotide peptide to T cells. Thus, no peptide-
induced disease exacerbation has been seen to date
in what should be the most susceptible subgroup
of MS patients (HLA-DR2 and/or HLA-DR4),
nor in patients with other randomly occurring
HLA-DR haplotypes. No safety issues have been
identified in any of these studies.

Anecdotal evidence from these studies suggests
that the dirucotide epitope may sometimes be
dominant in the less frequent HLA haplotypes
DR5, DR6, DR7 and DR8, but the sample size
has been too small to justify conclusions. The
Phase II study results also suggest that the diru-
cotide epitope is active, but subdominant, in some
patients with other HLA-DR haplotypes, and the
peptide may therefore provide some clinical benefit
in a wider population.

Based on the encouraging results obtained in
the early clinical studies, the decision was made
to move on to a pivotal Phase III program target-
ing patients with SPMS. Additionally, a Phase II
RRMS trial is also ongoing to explore the poten-
tial of dirucotide in this patient population.
Table 2 outlines the current status of the ongoing
clinical trials with dirucotide.

The results of the HLA distribution of all
screened patients (n = 788) in MAESTRO-01
were shown in a poster presentation at the 23rd
Congress of the European Committee for the
Treatment and Research in Multiple Sclerosis
(ECTRIMS) [33]. Overall, 70.38% of the screened
patients were DR2 and/or DR4 positive (52.26%
were DR2 positive, 21.69% were DR4 positive
and 7.56% were both DR2 and DR4 positive).
More female than male patients were DR2 and/or
DR4 positive (71.72 vs 67.92%, respectively). 
As of April 2008, safety data from the ongoing
MAESTRO-01 clinical trial have been subject to
multiple consecutive reviews by an independent
data safety monitoring board (DSMB). No
safety issues have been identified, and at each
meeting, the DSMB has recommended that the
trial continue. 

t confirmed disease progression in a subset 
f 32) with HLA haplotypes DR2 or DR4.

sents ten patients. Data from 0 to 24 months are from 
nical trial, and data from 24 to 84 months are from the 
atment of the patients from the original dirucotide 
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Executive summary

Mechanism of action 

• Dirucotide (MBP8298
• Dirucotide induces pe
• A, HLA Class II-define

identified (HLA-DR2 a

Clinical efficacy of dir

• Phase I: dirucotide (M
suppression of anti-M

• Phase II: dirucotide-tre
placebo-treated patie

• Two double-blind, pla
(RRMS) trial are ongo

• An unblinded interim
in 2009.

• Final analysis results fo
• Final analysis for the M

Safety & tolerability o

• Dirucotide is administ
• Occasional mild inject
• No anaphylactic react
• Frequent safety review
Blinded safety data from all randomized patients
in MAESTRO-01 were also presented in poster
format at ECTRIMS [34], and included an evalu-
ation of MRI results of the first 100 patients
who completed 1 year on the study. By protocol
design, this cohort underwent more frequent vis-
its to the study sites, and had more MRIs than
the remaining study population. No changes in
the median count of lesions were observed.
Overall, self-limiting injection-site reactions
were seen in a small percentage of patients. A
total of 66 serious adverse events were reported,
12 of which were considered to be possibly
related to the study drug by the investigator (the
study blind was not broken for any of these
events). No anaphylactic reactions were
reported. In the summer of 2008, an unblinded
review will be conducted by the DSMB as a
formal interim analysis. 

Periodic DSMB reviews of data from both
MAESTRO-03 and MINDSET-01 have con-
sistently resulted in recommendations for study
continuation, with no safety concerns. 

To date, and including data from all studies,
dirucotide is associated with a relatively benign
safety profile. Assuming a dose regimen interval
of 6 months equates to ‘exposure’, the accumu-
lated exposure to intravenous dirucotide is over
1000 patient-years through April 2008. No
safety concerns have been identified.

Conclusion
MS is a serious disease of enormous prognostic
uncertainty. Approved treatment that will safely
increase the time to progression for patients
with MS, whether it be relapsing–remitting or
progressive MS, remains lacking.

Based on clinical results to date, dirucotide
may represent a first-in-class drug to delay the
progression of MS over a relatively long period
of time, without showing treatment-limiting
adverse side effects. It has a favorable adminis-
tration schedule and safety profile, induces pep-
tide-specific immunologic tolerance and has
induced significantly delayed disease progres-
sion in an HLA Class II-defined cohort of MS
patients. An HLA Class II-defined responder
group making up approximately 70% of the
MS population has been identified (HLA-DR2
and/or -DR4), and further studies to evaluate
clinical benefit in patients with other HLA-DR
haplotypes are ongoing. 

Future perspective
Dirucotide holds great potential for patients suf-
fering from MS, a disease with few effective treat-
ment options. The drug is particularly
convenient, in that it is administered only once
every 6 months, and to date it has shown a
remarkably benign side-effect profile. In Phase II,
the drug showed a 5-year delay in median time to

of dirucotide (MBP8298)

) is a first-in-class, antigen-based therapy.
ptide-specific immunologic tolerance.
d responder group, making up approximately 70% of the multiple sclerosis (MS) population, has been 
nd/or -DR4).

ucotide

BP8298) induced long-lasting immunological tolerance to myelin basic protein (MBP), as indicated by 
BP antibody in the cerebrospinal fluid to low or undetectable levels in patients with progressive MS.
ated patients experienced a statistically significant 5-year delay in disease progression compared with 

nts.
cebo-controlled Phase III secondary progressive MS (SPMS) trials and one Phase II relapsing–remitting MS 
ing.
 analysis for the MAESTRO-01 SPMS Phase II–III study is to take place in summer 2008 with final analysis 

r primary end point in the MINDSET-01 RRMS study are expected to be available in the first quarter of 2009.
AESTRO-03 study is due in early 2011.

f dirucotide

ered by intravenous injection over 3–5 min, once every 6 months.
ion-site reactions have been observed.
ions have been reported to date.
s by independent data safety monitoring boards indicate no safety concerns.
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progression, relative to placebo, in patients with
progressive MS who were HLA-DR2 and/or
-DR4 positive. It is currently being evaluated in
two large, pivotal trials designed to determine
whether or not this outcome can be replicated.
The future of dirucotide is, of course, dependent
on the results of these trials. If the findings in
Phase III can demonstrate similar results to that
seen in Phase II, MS sufferers may have a new
therapeutic option with a favorable side-effect
profile that might halt or significantly slow the
progression of their disease. For many, the unpre-
dictability inherent with a diagnosis of MS is the
most difficult aspect of the disease. So, while the
dream continues for the day when treatment will
be available to reverse the damage caused by MS, a
drug that can safely halt progression would be a

huge step forward. Final analysis for the first of
the two pivotal trials will take place in 2009, and
for the second trial, in early 2011.
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