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Abstract

Multiple sclerosis (MS) is a chronic inflammatory disease of central nervous system (CNS) resulting in various disabilities
including weakness and imbalance, visual abnormalities, changes in cognition, as well as bladder and sexual dysfunction. The
majority of patients begin with a relapsing–remitting course of the disease until eventually there is a progressive decline in
disability. With FDA-approved disease modifying therapy now given to the majority of MS patients early in the course of the
disease, the advent of MRI imaging, as well as advances in immunology and genetics, the study of MS has entered into an
exciting era. Natural history studies of untreated patients have provided a guide for disease prognosis based on the clinical
features of the disease but have limited utility in this new era of MS. Major questions are unanswered, including how does
treatment affect the long-term clinical course of the disease and are there major subcategories of the disease with different
implications for treatment and outcome. Advances in our ability to clinically measure and monitor the disease through MRI
imaging technology, immunology, and genetic analysis provide the opportunity to address these critical questions.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Multiple sclerosis (MS), similar to other chronic
autoimmune diseases, has a heterogeneous disease
course. The intersection of biological and clinical vari-
ables in MS has yet to be fully understood and presents a
significant challenge in the daily management of MS
patients. We propose a comprehensive longitudinal
study of MS integrating both clinical and biological
variables, which may potentially provide a model to be
applied to similar autoimmune diseases.

2. Predicting the clinical course of MS

There have been several reports based on the
longitudinal follow-up of 1099 patients seen between
1972 and 1984 in London, Ontario and continued
follow-up of these patients has now extended beyond
25 years. Weinshenker et al., [1] found that male gender,
older age at onset, cerebellar involvement at onset,
higher number of attacks in the first two years, shorter
first interattack interval, and a shorter time to reach a
Disability Status Score (DSS) [2] of 3 were predictors of
a higher disability. Confavreux et al. further established
that early clinical variables, similar to previous studies,
significantly influenced the time from the onset of MS to
an Expanded DSS [3] of 4, indicating a significant
limitation in ambulation, but interestingly these factors
did not influence subsequent disability [4].

Recently published studies from Iceland andOmstead
County, indicate there may be populations of MS
patients with a fairly benign course of the disease [5–
7] although patients may not always remain with a
benign course as demonstrated by Hawkins and
McDonnell [8]. These studies demonstrate the hetero-
geneity of disease progression and the potential for
subgroups of MS patients.

All of these studies have provided a tremendous
insight into the clinical progression of MS and the
clinical prognostic features of the disease that served to
guide physicians caring for MS patients. However, these
studies were completed prior to the era of treatment and
lack MRI imaging, measurements of cognitive function
as well as immunological or genetic markers, therefore
they have a limited application to the current and future
care of MS patients.
3. The current era of treatment in MS

The study of multiple sclerosis entered a new era with
the FDA approval of beta interferon in 1993. Currently,
FDA approved disease-modifying therapy for relapsing–
remitting patients includes interferon beta-1b, interferon
beta-1a and glatiramer acetate. All of these therapies have
been widely accepted and are most commonly initiated at
the time of diagnosis, although the long-term effective-
ness of therapeutic interventions for MS remains largely
unknown. Patients refractory to disease-modifying ther-
apy may be treated with oral or intravenous (IV)
immunosuppressant therapy. The most common IV
therapies used are mitoxantrone and cyclophosphamide,
both have been demonstrated to be effective at stabilizing
active relapsing–remitting and early secondary progres-
sive disease [9]. Thus, the MS paradigm has radically
changed with the current treatment options available for
MS that mandate the redefinition of the disease course in
the current era of treatment.

4. Magnetic resonance imaging and MS

MRI-derivedmeasures of lesion accrual and tissue loss
have acquired a central role in the understanding of MS
disease evolution, pathogenesis of symptoms, and
prediction of clinical outcome. Characteristic lesions
shown by conventional MRI as hyperintensities on T2-
weighted images can detect multiple aspects of MS
pathology such as edema, demyelination, remyelination,
axonal loss, and gliosis but is not able to distinguish
between them with a high rate of specificity [10].
Gadolinium (Gd+) enhancement is a marker of blood–
brain barrier impairment that has been found to be
associated with new lesions and is considered to be a
marker of active inflammation [11]. Recent pathological
studies have emphasized that axonal loss is a prominent
feature in demyelinating lesions and is the potential cause
for irreversible neurological damage and subsequent
disability [12]. Providing evidence that axonal loss may
correlate with progressive disability, studies of cerebral
[13] and spinal cord atrophy [14] as well as magnetic
resonance spectroscopy (MRS), measuring decreases in
N-acetylaspartate (NAA) as a marker of axonal damage,
[15] have all been found to correlate with disability inMS.
Additionally, longitudinal MRI studies are now emerging
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demonstrating the significance ofMRI markers of disease
activity and long-term disability [13,16].

Thus, the continued study of the use of MRI as a
biological marker of disease activity in MS and the
longitudinal changes associated with these various MRI
markers is imperative for the fundamental understand-
ing of disease progression and to begin to identify
subgroups of MS patients.

5. Immunology and genetic studies in MS

MS is a chronic inflammatory disease of CNS myelin
postulated to be a Th1 type cell-mediated autoimmune
disease [17]. ATh1-type immunologic milieu exists in the
disease and becomes more pronounced as the disease
changes from the relapsing–remitting to the progressive
stages; this milieu involves both T cells and non-T cells.
Defects of regulation contribute to the disease process and
involve cytokines such as IL-4, IL-10 and TGF-β and
regulatory T cells. A great deal of progress has been
made in understanding immune abnormalities in MS, in
the past decade immune modulating therapies have been
approved for MS and have become in more widespread
use. Important unanswered questions central to under-
standing the immunology of MS not only include basic
immunologic questions which seek a more precise
definition of the nature of immune dysregulation that
occurs in the disease, but clinically related immunologic
questions that seek to define how immune abnormalities
are related to disease stage, progression, MRI changes
and current immunomodulatory therapy.

Numerous studies have been performed to find genes
associated with multiple sclerosis [18,19]. Although there
are reports of several genes that may be linked to MS, the
locus that most consistently has been shown in virtually
all studies to be associated with MS is the histocompat-
ibility locus and HLA-DR2 [18,20,21]. In addition, there
is evidence that the presence of the APOE-e4 allele is
associated with a more severe course of MS and a recent
paper reported the accelerated evolution of brain atrophy
and “black holes” in MS patients with APOE-e4 [22].
With recent advances in genetics, an international
consortium is currently planning to use haplotype maps
to screen the entire genome to identify candidate MS
genes, thus representing a rapidly expanding field which
we expect will be a critical advancement to the
understanding of MS disease progression [23–25].

6. Cognitive dysfunction in MS

Cognitive deficits including poor attention, de-
creased memory, and reduced speed of information
processing occur in approximately 40% of patients with
MS [26,27]. Recent evidence suggests that cognitive
dysfunction in MS may begin early in the disease
process. Feinstein et al., [28] demonstrated deficits in
attention and working memory in 42 patients with acute
optic neuritis. Patients with abnormalities on MRI were
more likely to display impairments in cognitive
function. In a study of 67 patients with new onset
neurological symptoms and the diagnosis of probable
MS, Achiron and Barak [29] reported cognitive
impairment in 54% of patients. There were no cor-
relations between cognitive impairment and MRI mea-
sures of disease burden.

Long-term studies of cognitive dysfunction in MS
are limited, however Amato et al., [30] found that after
ten years of follow-up cognitive dysfunction had
emerged and progressed in a sizable proportion of pa-
tients compared to baseline and at four years. Additional
long-term cognitive studies are required to more fully
understand the precise course of cognitive dysfunction
in MS.

7. CLIMB: Comprehensive Longitudinal
Investigation of Multiple sclerosis at the Brigham
and Women's Hospital, Partners MS Center

We have initiated a study that will monitor annual
clinical and laboratory examinations on a cohort of 1000
MS patients enrolled within 3 years of diagnosis and
collect data from neurological examinations, MRI
imaging, immunologic, genetic, neuropsychological,
and quality of life studies over the next twenty years.
We currently have 515 patients enrolled in CLIMB.

7.1. Study methods

All patients ≥18 years of age with a definitive
diagnosis of MS within the last three years will be
eligible to participate. Patients may be untreated or
receiving any of the standard or investigational therapies
for MS.

Patients will undergo semi-annual comprehensive
neurological examinations, annual psychosocial and
annual cognitive evaluations. Patients will have an
annual MRI scheduled within four weeks of the annual
neurological examination. Patients will be imaged on a
1.5 T whole-body MRI system (GE Medical Systems).
The following quantitative brain and spinal cord MRI
measures will be derived: 1) T2-hyperintense lesion
volume; 2) brain parenchymal fraction; 3) number of
new gadolinium-enhancing lesions; and 4) total number
of gadolinium-enhancing lesions.
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At enrollment, patients will be tissue typed since
tissue type may modify the immune response. Intracy-
toplasmic staining will be used to characterize the cells
that preferentially express a particular cytokine. In-
tracytoplasmic staining will be performed for T cells
(IL-4, IL-5, TGF-β, TNF-α, and IFN-γ) and monocytes
(IL-10, IL-12, IL-23, TNF, and TGF-β). Surface stain-
ing will be used to measure the surface expression of
activation molecules on CD4+ T cells and monocytes.
CD25, CD26, Class II MHC expression on T cells, and
CD40, CD80 and CD86 expression on monocytes will
be examined. CD40, CD80 and CD86 expression on
monocytes will be studied to establish the role of
expression of costimulatory molecules and the CD40–
CD40L pathway. A serum sample will be collected from
each patient. Serum levels of IL-12, IFN-γ, ICAM, and
TNF-α will be measured by ELISA. RNA will be
extracted and gene product expression for IL-23, IL-12,
IFN-γ, TNF, IL-10 and TGF-β will be measured.
Testing for APOE-e4 allele will be completed based on
its reported association with accelerated evolution of
brain atrophy [22].

7.2. Statistical methods

Mixed effects regression models will be used to
assess the cross-sectional associations between clinical,
psychosocial and immunologic variables, within and
between visit times, while controlling for possible con-
founders (e.g., time since diagnosis, age at diagnosis,
gender, HLA). Specifically, EDSS will be our clinical
outcome and we will calculate its association with MRI
metrics and immunologic variables. We will adjust for
repeated observations of subjects through the use of
random effects in the models [31]. Multivariate survival
models will be used to determine predictors of disease
course.

In addition to long-term progression, we will
determine the factors associated with short-term pro-
gression by fitting Markov transitional models to our
data. These models offer a novel analytic tool for MS
progression that exploits the ordinal nature of the EDSS.
They regress the transitions of patients from one level of
EDSS to another in subsequent visits on selected
covariates [31,32]. We will include random effects in
our model to account for unmeasured covariates. Once
the model is fitted, a transition probability matrix can be
generated for each subject (according to his/her
covariates), and a probability of progression over time
can be calculated and drawn. This provides formal as
well as informal graphical tools to compare group of
subjects.
8. Conclusions

There are many applications of the CLIMB study;
most importantly we will attempt to define the outcome
of the disease given its early presentation, which will
enable clinicians to counsel patients about likely prog-
nosis. It is clear that MS is a heterogeneous disease, but
subcategories are not well understood or defined. The
identification of MS subgroups may demonstrate
immunologic, pathologic, and genetic differences, as
well as differences in their response to drug treatment
and will contribute significantly to the understanding of
the disease pathogenesis. We expect the knowledge
gained through the CLIMB study will enable clinicians
to provide better clinical care to MS patients and to
contribute to the advancement of MS research. In con-
clusion, the study of all chronic autoimmune diseases is
inherently complicated, however as the advancement of
biological markers continues, the CLIMB study may
provide a model for the investigation of autoimmune
diseases similar to MS.

Take-home messages
• Advancements in treatment, MRI imaging, immu-
nology and genetics has created a platform for the
comprehensive study of MS.

• A longitudinal study of multiple sclerosis incorpo-
rating both clinical and biological markers may serve
as a paradigm for the investigation of other chronic
autoimmune diseases.
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