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Several processes are presumed to sequentially or

simultaneously contribute to the pathophysiology of
multiple sclerosis (MS). Biomarkers indicative of these

processes would hold great potential for (1) MS diag-
nostics and identification of disease stages and subcat-

egories; (2) prediction of onset and disease course; (3)
treatment selection and improved prognosis of treat-

ment success; and (4) the evaluation of novel therapeu-
tics. Though it is unlikely that any one marker could

function as a true surrogate or stand alone, biomarker
combinations or patterns could provide insight into the

mechanism of action of a drug and could suffice for the
pre-screening of prospective therapeutics. To examine

the potential of biomarkers in the context of MS, the
National Institute of Neurological Disorders and Stroke

(NINDS), NIH, organized a workshop “Biomarkers in
Multiple Sclerosis”, held from April 14–16, 2004. Or-

ganized by the authors, an international group of partic-
ipants including basic and clinical researchers, industry

and FDA representatives and NIH staff explored the
current state of biomarker research for MS, barriers to

progress, possible solutions and priorities. The group

explored biomarkers relevant to disease processes such
as inflammation, axonal damage, demyelination, ox-

idative stress, and remyelination and evaluated indi-
vidual biomarkers and biomarker approaches on their
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usefulness for the advancement of categories 1 to 4

listed above. This special edition of the Journal Disease

Markers contains articles selected from presentations

given at the meeting and provides a general overview

and conclusions of the workshop.

Multiple sclerosis (MS) is a life-long disease, which

initially takes a fluctuating course with unpredictable
exacerbations, usually followed by complete or par-

tial recovery (relapsing-remitting phase). After several

years, the course becomes for most patients relentlessly

progressive (secondary progressive phase). In a mi-

nority of patients, the disease presents with progress-

ing neurological deficits without relapses from the be-

ginning (primary progressive form of MS). The many

features of MS complicate an assessment of actual ac-

tivity of disease. Clinical symptoms of MS can be

highly subjective, making it difficult to objectify, let

alone quantify them. To exemplify, serial magnetic res-

onance imaging (MRI) studies demonstrated that active

inflammatory lesions don’t necessarily translate into
clinical signs or symptoms.

A number of immunomodulatory and – suppressive

treatments, including three preparations of interferon-

β, glatiramer acetate, and mitoxantrone, are currently

available for MS therapy. These therapies work only

long-term, and seem to require life-long application.

Although these medications dampen disease activity

and ameliorate its clinical course to a certain extent,

they do not cure disease. The unpredictable and chronic

nature of MS and the difficulty to objectify its clinical

course, pose substantial problems in assessing whether
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any immunomodulatory treatment is effective in indi-

vidual patients. Usually a year of continuous treatment

is required before the treatment effect can be judged.

Matters are further complicated by an increasing

evidence for MS being a heterogeneous disease. At

least four histopathological subtypes of acute demyeli-

nation have been described [5], and additional sub-

types, such as optico-spinal MS (Neuromyelitis optica

(NMO)), were distinguished using clinical and/or labo-

ratory features. Besides the pathophysiological mech-

anisms that cause acute demyelination, susceptibility

to central nervous system (CNS) damage and repair

impairment are factors that contribute to the severity of

immune-mediated insult and are likely to influence the

development of disability.

For these reasons, para-clinical markers are needed

to assess disease activity, distinguish disease subtypes,

provide prognostic information, and distinguish clin-

ical responders from non-responders to immunomod-

ulatory treatment. The term “biomarker” has been

defined as “a characteristic that is objectively mea-

sured and evaluated as an indicator of normal biologic

processes, pathogenic processes, or pharmacologic re-

sponses to a therapeutic intervention” [3,4]. In con-

trast, “surrogate endpoint” defines a biomarker that is

intended to serve as a substitute for a clinically mean-

ingful endpoint and is expected to predict the effect of

a therapeutic intervention or the evolution of disease.

The use of the term “surrogate marker” is discour-

aged [1]. “Clinical endpoint” defines a meaningful

measure which captures how a patient feels, functions

or survives. Clinical endpoints may be further classi-

fied as a) “intermediate endpoint”, which represents a

clinical endpoint that is not the ultimate outcome but

is nonetheless of real clinical usefulness (e.g. exacer-

bation rate in relapsing-remitting MS); and b) “ulti-

mate clinical outcome”, which is a clinical endpoint

reflective of accumulation of irreversible morbidity and

survival (e.g. accumulation of disability in MS) [2]).

For MS, the most useful biomarkers to date are those

related to magnetic resonance imaging (MRI) of the

CNS which allows the identification and quantification

of MS lesions in an objective and increasingly sophisti-

cated manner. Tremendous progress has been made in

the field of MS imaging, and MRI measurements have

long become an essential component of MS diagnos-

tic and therapeutic trials. Nevertheless, MR imaging

still has many limitations, including its relatively low

sensitivity and a lack in understanding which imaging

measures reflect what types of pathogenetic events such

as immunopathological processes. Together with the

complexity of the disease this explains the rather poor

correlations between currently available MRI measures

and the progression of clinical disability in MS.

This unsatisfactory situation led to an intense and

ongoing search for new biologic markers that are inde-

pendent and distinct from imaging markers. These ef-

forts are greatly aided by the enormous power of novel

technologies developed as “toolboxes” for the study of

molecular immunology and genetics, including the fa-

mous “omics” (genomics, proteomics, metabolomics).

The availability of these effective instruments cre-

ates novel opportunities for the emerging field of MS

biomarkers. The NINDS workshop on “Biomarkers

in multiple sclerosis” provided a forum for basic and

clinical researchers in MS and related fields, and for

industry and FDA representatives to explore the cur-

rent state of biomarker research in MS, the barriers

to progress, and possible solutions and priorities. Al-

though biomarkers can encompass parameters other

than biological molecules such as susceptibility genes,

imaging measures and e.g. neurocognitive test results,

the organizers saw a particular need to focus on gene

expression and disease-correlated fluctuations of bio-

logical molecules including but not limited to proteins,

peptides, antibodies, radicals, and lipids. Biomarkers

relevant to inflammation, axonal damage, demyelina-

tion, oxidative stress, and remyelination were discussed

as were technologies for their identification and quan-

tification and the applicability of biomarker discovery

to a variety of clinical aims. The workshop began with

an introduction into MS disease pathogenesis by Rein-

hard Hohlfeld and a statement of the workshop goals by

Roland Martin. These presentations were followed by

a discussion of biomarker versus surrogate endpoint by

Art Atkinson which defined the latter as a substitute for

a clinically meaningful endpoint that would accurately

predict the effect of a therapeutic intervention. Talks

on the role of biomarkers in therapeutic development

programs in general (Marc Walton) and for MS specif-

ically (Bibiana Bielekova) introduced presentations on

MS biomarker categories. The discussed examples in-

cluded neuroimaging(Douglas Arnold), biomarkers in-

dicative of peripheral activation (Richard Ransohoff,

Thomas Berger and Samia Khoury), of blood brain

barrier disruption (Emmanuelle Waubant), and of le-

sion formation and repair (Gavin Giovannoni and Pe-

ter Werner). Day 2 concluded with presentations on

biomarker discovery for cancer ((Sudhir Srivastava)

and amyotrophic lateral sclerosis (Robert Bowser) and

technologies for biomarker discovery such as antigen

and DNA microarrays, proteomics and SNP analysis
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(Larry Steinman, Dietrich Stephan, Aaron Kantor, and

David Hafler). The last day was dedicated to discus-

sion in three break-out groups: 1) Diagnosis (MS cat-

egorization and disease course prediction); 2) Treat-

ment (Drug screening and treatment outcome predic-

tion); and 3) Making it Happen (sample types, collec-

tion methods and storage, data collection, assay stan-

dardization and validation).

The meeting concluded with the following observa-

tions and recommendations.

The meeting participants agreed that validated

biomarkers would be invaluable for many aspects of

MS and could aid in (1) MS diagnostics and identi-

fication of disease stages and subcategories; (2) pre-

diction of onset and disease course; (3) treatment se-

lection and improved prognosis of treatment success;

and (4) the evaluation of novel therapeutics. Though

it will be unlikely that any one marker could function

as a stand alone, biomarker combinations or patterns

could serve in achieving some of these aims. In an

age of approved therapies for MS, placebo-controlled

trials become ethically questionable. Trials of novel

therapeutics conducted as add-on studies are expected

to produce smaller treatment effects and will require

larger samples sizes and/or a longer trial duration, both

leading to cost increases for already costly trials. The

panel felt that biomarkers will gain increasing impor-

tance in the pre-screening of prospective therapeutics,

but acknowledged that currently there is no biomarker

that could serve this purpose with the potential excep-

tion of neuroimaging. Biomarkers that predict therapy

responses or identify disease subtypes might be most in

reach and would serve important purposes such as the

reduction of treatment failures and increase of statisti-

cal power for clinical trials via educated patient strati-

fication. Biomarkers that help with de novo MS diag-

nostic rather than the identification of MS subtypes or

of misdiagnosed patients might be harder to come by

as will biomarkers that would predict disease progres-

sion. True surrogate endpoints that could replace clini-

cal outcome measures as primary endpoints for clinical

trials will not be available for years to come if ever.

Also, due to the complexity of the disease process and

disease heterogeneity in MS, it is unlikely that a single

biomarker will be able to serve as marker for any of the

above clinical aims.

The group saw a need for both hypothesis- and

discovery-driven approaches to biomarker discovery.

Some of the presented technologies and their potentials

raised enthusiasm about discovery-driven approaches

which by some were seen as less hampered by pre-

conceived notions about disease pathology. Unex-

pected “hits” could lead to innovative therapeutic ap-

proaches targeting novel disease pathways.

To achieve economies of scale, the participants sug-

gested that biomarker data would best be gathered in

conjunction with a clinical trial. Biomarker discovery

requires comparable phenotypic characterizations, lo-

gistics and statistical analyses. It was even suggested

that every treatment trial include a biomarker compo-

nent and the panel warned that not collecting samples

would signify missed opportunities. Sample reposito-

ries and data banks will be needed as will be a vali-

dation of assay systems. The NIAID Immune Toler-

ance Network and the NCI Early Detection Research

Network were discussed in this context. Such sample

and data repositories should reflect national and inter-

national collaborations and should provide free access.

Intellectual property issues for biomarker data gathered

in conjunction with industry-sponsored trials will need

to be resolved. Finally, an appeal was made for fund-

ing agencies to provide mechanisms that would accom-

modate the requirements of biomarker proposals. A

shortening of the review cycle to allow piggybacking

with a parent clinical trial was discussed as were spe-

cial study sections with expertise and appreciation for

biomarker studies. Currently, proposals to collect sam-

ples and data during a natural history study or a treat-

ment trial are often criticized and rejected as lacking a

clear hypothesis.

The meeting closed on the optimistic notion that

great progress is to be expected in the near term future

and that the development and improvement of new tech-

nologies will greatly aid in the search for biomarkers

for MS.
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