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New Frontiers in the Treatment of Multiple Sclerosis:
An Evidence-Based Approach

I

nnovative research on the pathogenesis of multiple sclerosis (MS) has revealed that this disease is more complex
than previously understood. For example, instead of a
single disease, research now identifies at least four different
pathologies of the disease. In addition, magnetic resonance
imaging (MRI) studies demonstrate that damage to the
brain is accumulating even between clinical attacks. This
progressive accrual of damage leads to irreversible disability.
These findings, along with several other new discoveries
about the pathogenesis of MS, are leading to a new rationale for treatment—treat early and aggressively.
Multiple sclerosis is a prevalent and costly disease, affecting between 350,000 and 400,000 people in the United
States. The cost to individual patients in terms of morbidity and decreased quality of life is substantial, as are the costs
of treatment and the long-term societal costs of caring for
patients with MS. A 2003 fact sheet from The National
Multiple Sclerosis Society estimated the annual cost of MS
to be $13 billion per year. Recent data suggests a more
accurate estimate of $18 to $20 billion per year.
Disease-modifying drug therapies to treat MS, such as
interferon beta and glatiramer acetate, may offer considerable clinical benefit in reducing the frequency of relapse and
delaying disease progression and subsequent disability. A
review of the available evidence on these drugs shows that
they may be appropriate for patients with relapsing/remitting MS. Less convincing data are available on the available
MS drugs’ efficacy in reducing the severity of MS. These
drugs are also costly, and the need to weigh the efficacy of
these drugs against the high cost to the individual and society is an area that requires more examination on the part of
both the patient and the healthcare provider.
In this issue of Managed Care Consultant™, experts in the
field of MS discuss major concerns about treating patients
with MS, including the new discoveries in the epidemiol-
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ogy and pathogenesis of the disease, an analysis of the best
trial data, and the need to evaluate the cost effectiveness
of available therapies. The proceedings of this issue reflect
the content of a recent CD-ROM and web cast program.

MS Overview: Past Versus Present
Jack S. Burks, MD, provides a brief overview of the epidemiology and pathogenesis of the disease, followed by a
more comprehensive discussion of the changing view of
MS that has lead to a new rationale for treatment. In addition, Dr. Burks summarizes the current therapies available
for MS, including dosing and adverse effects.

Evidence-Based Assessments
in Multiple Sclerosis
Douglas S. Goodin, MD, describes an approach to clinical
decision making that is currently emphasized in many clinical settings. Called evidence-based medicine, the approach
is based on reviewing the medical literature for the best,
most current published data to assist in clinical decisionmaking. Dr. Goodin applies this approach to the current
evidence on disease-modifying drug therapies used in the
treatment of MS. Recommendations on the use of these
therapies are then provided based on the analysis of the current evidence regarding drug therapies used in treating MS.

Economic Overview of
Multiple Sclerosis Treatments
Lawrence D. Goldberg, MD, MBA, discusses the need for
cost-effective analyses of MS treatment in lieu of the substantial financial burden of MS on patients and society. Dr.
Goldberg presents the main data from several European trials, all of which demonstrate the need to extrapolate cost
of care beyond the short-term trial data to more accurately
estimate the true cost effectiveness of current MS therapies.
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Past Versus Present

Presenter
Jack S. Burks, MD
University of Nevada School of Medicine
Reno, Nevada

Past definitions identify multiple sclerosis
(MS) as a relapsing/remitting disease of myelin
that generally spares cognition. Current data,
however, demonstrate a supplemental, more
complex pathogenesis of this disease. First,
recent data indicate that MS is a multifaceted
disease, with four main courses, and that MS
may be causing irreversible damage in the brain
even when the disease is clinically silent. An
additional challenge to the customary definition of MS is that it is not simply a disease of
myelin. Current data exhibit that MS also damages axons and neurons, causing more axonal
damage in the brain than previously thought.
Recent research also indicates that more than
50% of MS patients have cognitive dysfunction, even in early stages of the disease. MS is
additionally defined as an inflammatory disease, but newer data indicate that degeneration
occurs, potentially attributed to early inflammations in the brain. The final challenge to the
standing definition of MS is that it is not simply a disease, but rather has four pathologies,
and may be more aptly classified as a syndrome.
Interferon beta and glatiramer acetate have
demonstrated efficacy as treatment options for
MS. (MCConsultant 2005:4[1]:5–8)
Multiple sclerosis (MS) is a prevalent and
highly expensive disease. It affects approximately 350,000 to 400,000 people in the
United States and is the most common cause of
neurologic disability in young adults aged 20 to
40. The age of onset of MS is usually between
15 and 50 years of age, although it can develop

MARCH 2005

in younger children as well as the elderly. The
prevalence of MS is higher in Caucasians than
other racial groups, and in women, who are
three times more likely to develop MS than
men.1 Treating patients with MS is also costly.
A 2003 fact sheet from The National Multiple
Sclerosis Society estimated the annual cost to
be between $13 billion per year. Recent data
suggests a more accurate estimate of $18 to $20
billion per year.1
Although the pathogenesis of MS is not fully
understood, the higher prevalence in women
suggests the possible role of hormonal influences,
and the higher prevalence in Caucasians suggests
a genetic role. Although MS is not a hereditary
disease, there may be a genetic predisposition in
families. Other data suggest that environmental
factors, such as exposure to a virus, may be implicated in the pathogenesis of MS.2
In the past, MS has been defined as a relapsing/remitting disease of myelin secondary to
inflammation that generally spares cognition.
Recent emerging data has changed the fundamental understanding of MS. This research
indicates a more multifaceted pathogenesis of
MS, which challenges the way MS is defined
and, ultimately, the way it is treated. This article describes a new, more complex understanding of MS, and the new rationale for
treatment.

Is MS Primarily a Relapsing/
Remitting Disease?
As stated previously, MS, in the past, has been
identified as a relapsing/remitting disease. The
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first challenge to this definition is the recognition that MS is
not just a relapsing/remitting disease. A 1996 study by Lubin
and colleagues challenged this dated definition by describing
four main disease courses of MS that more completely define
all the presentations of MS seen in patients.3 For approximately 85% of patients with MS, the first course of the disease
begins with relapsing/remitting disease. Although the majority of patients begin with relapsing/remitting disease, most
patients (approximately 90%) will convert to the second
course of the disease—secondary-progressive MS—after 20
years. In the early phases of this second course, exacerbations
and numerous lesions seen with magnetic resonance imaging
(MRI) persist, but there are fewer attacks and fewer new
gadolinium-enhanced lesions as the disease progresses. In later
stages of this second course, MS is best characterized by a slow,
increasing disability without attacks or new MRI gadoliniumenhanced lesions. The third course of the disease, called primary-progressive MS, is a late-onset course of the disease that
usually involves the spinal cord. In primary-progressive MS,
patients begin experiencing increasing lower extremity symptoms that slowly progress each year without definitive exacer-

Recent emerging data has changed the
fundamental understanding of MS.
This research indicates a more multifaceted
pathogenesis of MS, which challenges the way
MS is defined and, ultimately, the way it is treated.

bations. Brain MRI may show a paucity of lesions with little
evidence of inflammation. In the fourth course of the disease
called progressive-relapsing MS—which is unusual—patients
have predominantly progressive disease from the onset but
they may also have interspersed exacerbations.
A further challenge to the older definition of MS as a
relapsing/remitting disease comes from research on the natural history of the disease.4 Previously, it was believed that
the disease was only active during attacks, since patients
were clinically stable between attacks. However, numerous
MRI lesions can be detected in patients who are clinically
stable. The old concept that there is an attack, the disease is
dormant, and then there is another attack, is not supported
by the MRI data. In fact, it is estimated that two new MRI
lesions occur in the brain between every clinical attack.
Although clinically silent, brain damage is accumulating
and causing irreversible changes in the brain. Once the
damage occurs, reversal is unlikely.

6

Is MS a Disease of Myelin?
Another challenge to the standard definition of MS is the
focus on MS as a disease of myelin. Current data show that,
along with damage to the myelin, MS also does early, irreversible damage to axons and neurons.4 As axonal damage
increases, the severity of neurological disability increases. Although Doinikow described the effect of axonal damage on
neurological disability more than 90 years ago,5 it was a 1998
study by Trapp and colleagues that described the effect of
axonal damage in more detail.6 These study results showed that
enormous numbers of transected axons are present in active
MS plaques, even in patients with chronic active disease.
These results also found that normal-appearing white matter
also contains transected axons. These results demonstrate that
there is more ongoing axonal damage in the brain, even in
normal-appearing white matter, than previously believed.

Does MS Spare Cognition?
With the recent recognition of the prevalence of axonal and
neuronal damage in MS, a further challenge is made to the
standard definition of MS—namely, that it spares cognition.
For many years, cognitive problems were not perceived as part
of the disease course of MS. However, research now indicates
that more than 50% of patients with MS have cognitive dysfunction that can occur early in the course of the disease and
is not linked to motor impairment.7 Unlike the cognitive dysfunction of persons with Alzheimer's disease that is characterized as gray-matter dementia, cognitive dysfunction in MS
patients is characterized as subcortical dementia and is linked
to impairments in executive function and working memory.
Impairment of executive function refers to the loss of ability
to integrate higher cortical function, which leads to a number
of difficulties in daily living, such as the ability to understand
consequences, to get organized, to get things started, to know
when to stop, and to follow through on a project. Impairment
in working memory is the loss of ability to work on one project, switch to another project, and then return to the original
project without losing one's place.

Is MS Caused by Inflammation Only?
Defining MS as an inflammatory disease led to a focus on
anti-inflammatory treatments. However, recent data show
that degeneration (apoptosis or timed cell death) is also
occurring in the brain, but may not be directly related to
inflammation.8 Rather, degeneration appears to be a separate process of damage. Although it is now suspected that
degeneration is a major cause of disease progression, the
cause of degeneration is not fully understood. One theory
suggests that early inflammation may predispose cells to
degeneration. This theory is based on the idea that when
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inflammation occurs in early MS, cells in the
area of inflammation frequently are damaged
but not killed. Although these partially-damaged cells may fully recover and lead to
improved functioning and reduced neurologic
deficits in patients, these cells may be programmed to die earlier because of their previous
damage and create an ongoing progressive disability when they die. Current anti-inflammatory MS medications have little or no effect on
preventing the death of those cells once the
initial damage from inflammation occurs.
Therefore, early treatment is imperative to prevent or stop this cell damage. Early treatment
may also reduce the number and severity of
attacks, as well as decrease progression later in
the disease.

Table 1—New Criteria for Diagnosis of MS Lesions in
Time and Space11
Clinical
presentation

Space
(MRI)

Time
(Months)

2 attacks; 2 locations

No

No

2 attacks; 1 location
on exam

MRI abnormal
or 2 MRI lesions
+ CSF

No

1 attack; 2 locations

No

MRI ≥3 months
or second attack

1 attack; 1 location
(CIS)

MRI abnormal
or 2 MRI lesions
+ CSF

MRI ≥3 months
or second attack

MRI = magnetic resonance imaging; MS = multiple sclerosis; CSF = Cerebral spinal fluid.
Reprinted with permission.

Is MS Really a Disease?
The final challenge to the standard definition of MS is its
emphasis on being a disease. Recent research on the neuropathology of MS shows that there are four separate
pathologies of MS. Type I pathology is a T cell-mediated disease involving macrophages and cytokines, and is what is
believed to be the typical MS pathology. Type II pathology
is actually type I pathology plus antibodies. For years, the
role of antibodies has been downplayed in the pathogenesis
of multiple sclerosis. As it turns out, type II pathology is the
most common pathology identified by researchers. This is a
problem, since the current drugs are focused on T cells only
and not on antibodies. The third type of pathology in MS
differs dramatically from type I and II. In type III, the damage is very diffuse and appears to be viral or toxic or even diffuse ischemia. Type III does not present discreet lesions, just
a general damage to the nervous system. Type IV pathology
is even more challenging than the other pathologies because
it does not appear to be inflammatory, and it is not even primarily a disease of myelin.9 It appears to be a degenerative
disease of oligodendroglial cells, the cells that make myelin.
An intrinsic metabolic problem that leads to oligodendroglial cell degeneration is potentially present in this
pathology. These four differing pathologies suggest that MS
may be more accurately defined as a syndrome, and indicates
that a singular treatment will not help all patients.

Treatment of MS: Changing Rationale
Based on the recent evidence regarding the pathogenesis
and disease course of MS, the new rationale of treatment is
to treat early and aggressively instead of delaying treatments
until deficits in physical and cognitive function accumulate.
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Data suggest, based on MRI evidence of ongoing damage
after a first episode (or clinically-isolated syndrome), that
patients may benefit by being treated before the second clinical episode. The predictive value of a clinically-isolated
syndrome on the potential development of clinically-definite MS was described in a study by Filippi and colleagues,
in which 90% of patients with a T2 lesion load of greater
than 1.23 cc would develop clinically-definite MS in 5
years, but only 55% would develop clinically-definite MS in
5 years with a lesion load of less than 1.23 cc. Only 6% in
patients with a normal MRI might develop clinically-definite MS in 5 years.10
In the past, the diagnosis of MS relied on two attacks in
two locations. With new information about the ongoing
brain damage that occurs between attacks, new diagnostic
criteria are needed for earlier diagnosis and treatment.
Table 1 provides new criteria based on diagnosing lesions
both in time and space.11 In the past, the diagnosis of MS
relied on two attacks in two locations. With the new information regarding the ongoing brain damage that occurs
between attacks, new diagnostic criteria are needed for earlier diagnosis and treatment. Because of the “silent symptoms” that are associated with MS, diagnosis of MS can be
challenging. It is clear that even when the patients are not
experiencing the physiological symptoms of MS there is
still ongoing dynamic MRI evidence of disease. Furthermore, it is known that not only is myelin being damaged,
but also axons and neurons are being damaged, even in the
lack of clinical evidence of a new attack. Lastly, the time
between the first and second attack of MS may be a few
years, while the underlying damage is ongoing. While the
need to treat early is recognized, if healthcare providers
cannot make the diagnosis of MS without a second attack,
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treatment is not an option despite that the damage is accumulating. Therefore, a diagnosis needs to be assigned and
the treatment regimen needs to begin earlier before the
onset of a second attack.
In addition to the change in treatment rationale, we also
have a better understanding of the efficacy of treatment. In
the past it was thought that all available MS therapies were
approximately 30% effective in reducing relapse rates in
patients with relapsing/remitting MS, and that all drugs
were equally effective in other areas. Current MRI data now
suggest that some medications may be up to 90% effective
when considering the overall reduction in gadoliniumenhanced lesions, and may decrease severe relapses by 50%
or more. Also important is the widely recognized view that
response to treatment is highly variable among patients,
which may be attributed to genetics, the varying disease
pathologies of MS, or treatment compliance.
Current immunomodulating therapies for relapsing/remitting disease include three categories of drugs: high-dose interferons delivered subcutaneously and frequently, including
interferon beta-1a given three times a week and interferon
beta-1b given every other day; low-dose interferon beta-1a,
given intramuscularly once weekly; and non-interferon therapy, or glatiramer acetate, delivered subcutaneously daily. All
these therapies are effective, yet differ in their side effect profile. The most common side effects associated with interferon are flu-like symptoms, injection-site reactions, and blood
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Medical literature, in addition to practical clinical experience, plays an important role in
treatment decisions regardless of the disease
state. Evidence-based medicine (EBM) provides a structured, thorough methodology to
evaluate medical literature. In EBM, a question is formulated; published studies are then
classified based on the EBM classification system; and recommendations are then crafted
based on the provided evidence. The EBM
approach is particularly useful when applied to
current data on treatment for multiple sclerosis (MS) with interferon beta and glatiramer
acetate. A comprehensive review of class I evidence is vital to the development of treatment
strategies for MS.
(MCConsultant 2005:4[1]:9–12)
Evidence-based medicine (EBM) involves
critically evaluating medical literature to determine the best data on which to base clinical
decision-making. Although physician judgement and other approaches remain critical
guides to clinical care, EBM is a useful and beneficial tool for clinical decision-making,
because of the organized and rigorous guide it
provides to assess the quality of medical literature. A thorough review of the class I evidence
is key in treatment decision making.
EBM begins with defining a problem or formulating a specific clinical question that can be
answered by the data, such as “what is the effect
of drug X on outcome Y?” Once the question is
formulated, published studies addressing the
question are reviewed and classified according
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to their quality (inclusion/exclusion). Several
classification systems have been developed to
determine the quality of the data, with most
systems assigning the highest quality to large,
randomized clinical trials. After assessing all
relevant articles and assigning quality, recommendations are then developed based on this
best evidence.
This article discusses an EBM approach to
evaluate current data on treatment for multiple
sclerosis (MS). In particular, the article discusses the current use of interferon beta and glatiramer acetate as examples of disease-modifying
therapies in MS.

Application of EBM to MS:
Objective and Methods
To assess the current use of interferon beta and
glatiramer acetate in the treatment of MS, the
literature was evaluated with these two questions in mind: Does treatment reduce the disease activity of MS; and, does treatment reduce
the severity of MS? A review of the current literature was limited to the analysis of evidence
from large (greater than 150 patients), controlled trials of relapsing/remitting MS. A total
of nine trials were found that met this criteria:
three interferon beta trials, four glatiramer
acetate trials, and two head-to-head interferon
beta trials.
Outcome measures for both disease activity
and disease severity were based on clinical and
magnetic resonance imaging (MRI) assessment.
For disease activity, clinical assessment included a measure of disease activity such as the
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Table 1—A Classification of Study Evidence
Class of
Study
II III IV

Study
Characteristics

I

Control group

❍

❍

❍

●

Representative population

❍

❍

❍

●

Assessment independent of

❍

❍

❍

●

Rx blinded outcome

❍

❍

●

●

Assessment Prospective Design

❍

❍

●

●

Randomized*

❍

●

●

●

❍ Yes

● No

* Also meets standards of:
• Primary outcomes defined;
• Exclusion/inclusion criteria defined;
• Dropout rate low and accounted for;
• Baseline characteristics detailed and substantially equivalent.

attack rate, time to first relapse, and attack-free status. The
MRI measure of disease activity was the number of new T2
lesions, the number of gadolinium-enhancing lesions, or a
combination of these two outcomes. For disease severity, the
clinical measure was confirmed disability progression on the
expanded disability status scale (EDSS), and the MRI measure was the total volume of disease seen on the T2-weighted MRI scans. (Please reference the sidebar on page 15 for
further information on EDSS scores.)
Classification of the evidence was based on the system
used by the American Academy of Neurology, which is a
four-tiered system with the best data listed as class I and the
worst data listed as class IV (Table 1). The recommendations demonstrate that all class IV evidence is effectively
discarded by this process. For example, if there is no control
group, the study would be classified as a class IV study. If a
control group is present, the study may be deemed as class I,
II, or III. If the population of patients being studied is not
representative, the study would be deemed class IV. If the
patient population is representative, the study would be classified as class I, II, or III. If the assessment of outcome is
independent of treatment, the study could be considered
class I, II, or III, but, if the outcome is not independent, the
study would be class IV. This does not mean blinded outcome assessment, but simply means that the surgeon is not
reporting their own success rate. If the outcome is blindly
assessed, it would be a class I or II study. If the study is a
prospective design, it would be considered either class I or II,
but all retrospective designs would be either class III or IV.
If the study is randomized it can be a class I study provided that it meets the following design features; that is, that the
primary outcomes are clearly defined, the inclusion and
exclusion criteria for patients in the study are laid out, the
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drop out rate is low, and the dropouts are accounted for. As a
rule, the dropout rate should not exceed approximately 20%.
Finally, to be deemed a class I study, the baseline characteristics for the groups are substantially equivalent or there is an
a priori statistical plan to take care of baseline covariates.
The classified evidence was then given a level of recommendation, an A recommendation establishing that it may
be effective, ineffective, or harmful (Table 2). Once the evidence is classified, it is then translated into recommendations. More than one convincing class I study could lead to
an A recommendation, A being established as effective,
ineffective, or harmful. If there were two or more class II
studies, that could also lead to an A recommendation. If
there was only a single class II study present, the evidence
may get a B recommendation and more than three class III
studies may also lead to a B recommendation. In contrast,
lesser amounts of class III evidence would lead to a C, C
being possibly effective, ineffective, or harmful. If the data is
inadequate or conflicting, the level of recommendation
would be a U.

Multiple Sclerosis Trials
All the trials selected from the literature as representing the
best evidence on current use of interferon beta and glatiramer acetate were trials examining the efficacy and safety
of treatment in relapsing/remitting MS patients. The format
of these trials are detailed below; their outcomes will be discussed later in this article.
Interferon Beta Trials. Three interferon beta trials were
reviewed, all of which were prospective, blinded, controlled,
randomized trials, thus these trials were identified as class
I.1,2,3 The Interferon Beta Multiple Sclerosis Study Group
included 372 MS patients randomized to placebo, 1.6 million international units (MIU) of interferon beta-1b, or 8
MIU of interferon beta-1b.1 Median time on the study was
46, 45, and 48 months for the placebo, 1.6 MIU, and 8 MIU
groups, respectively.
The Multiple Sclerosis Collaborative Research Group
study evaluated whether interferon beta-1a delivered intramuscularly once weekly would slow progressive, irreversible
neurological disability in 301 relapsing MS patients.2 Patients
were randomized to placebo or interferon beta-1a (30 micrograms) delivered intramuscularly once weekly. The Prevention of Relapses and Disability by Interferon Beta-1a Subcutaneously in Multiple Sclerosis Study Group evaluated the
effects of subcutaneous interferon beta-1a on 560 patients
with relapsing/remitting MS.3 All patients had EDSS scores
of 0 to 5 and were enrolled from 22 centers in nine countries.
Patients were randomized to subcutaneous recombinant
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interferon beta-1a (22 micrograms), interferon beta-1a (44
micrograms), or placebo three times a week for 2 years.
Glatiramer Acetate Trials. Of the four glatiramer acetate
trials included, two were identified as class I4,5 (ie, they were
prospective, blinded, controlled, randomized trials) and two
were identified as class III6,7 (ie, they were prospective, controlled trials, but not blinded or randomized). The two class
I trials included a 1995 study by the Copolymer 1 Multiple
Sclerosis Study Group on the efficacy of glatiramer acetate
in 251 MS patients, which formed the basis of the US Food
and Drug Administration's approval of glatiramer acetate in
the treatment of relapsing/remitting MS patients.4 Patients
were randomized to receive subcutaneous glatiramer acetate
(20 mg daily) or placebo for 2 years. Conducted by the
European/Canadian Glatiramer Acetate Study Group, the
second class I trial was fielded because the previous trial did
not include MRI outcomes.5 Subcutaneous glatiramer
acetate (20 mg) or placebo were administered daily on a randomized basis to 239 patients. These patients underwent
monthly MRI scans and clinical assessments over 9 months
to evaluate the effect, onset, and durability of effect of glatiramer acetate on disease activity.
The first of the two class III trials included an extended
open-label study by the Copolymer 1 Multiple Sclerosis
Study Group. This study evaluated the effect of glatiramer
acetate on the relapse rate and its ability in slowing the
accumulation of disability in MS patients.6 Of the 251
patients originally randomized to placebo or glatiramer
acetate, 208 patients participated in this open-label extension study and were evaluated at 6-month intervals and during suspected relapse. The second class III trial compared
the efficacy of interferon beta-1a, interferon beta-1b, and
glatiramer acetate on relapse rate in 156 MS patients.7 In
this prospective, nonrandomized, open-label treatment trial,
patients with clinically-definite relapsing/remitting disease
and an EDSS score of 4 or less received no treatment, interferon beta-1b, or glatiramer acetate. Patients were monitored for 12 months. All of these trials were substantially
smaller than the interferon trials, with the largest of the
glatiramer acetate studies having less patients than the
smallest interferon trial.
Interferon Beta Head-to-Head Trials. Of the two interferon beta comparative trials included, one was identified
as class I and the other as class I/III.8,9 The class I study, the
Evidence for Interferon Dose-Effect: European-North
American Comparative Efficacy Study (EVIDENCE),
compared the efficacy and safety of high-dose, high-frequency (44 mg, three times weekly) interferon beta-1a sub-
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Table 2—Translating Evidence into
Recommendations

Level of Evidence

Level of
Recommendation
A
B
C

≥1 Convincing Class I Study

●

≥2 Convincing Class II Study

●

≥1 Convincing Class II Study

●

≥3 Convincing Class III Study

●

≥2 Convincing Class III Study

●

A = Established as effective, ineffective, or harmful;
B = Probably effective, ineffective, or harmful;
C = Possibly effective, ineffective, or harmful;
U = Data inadequate or conflicting.

cutaneously versus lower dose, less frequent (30 mg, once
weekly) interferon beta-1a intramuscularly in 677
patients.8 This randomized, controlled, multicenter trial
led to the approval of subcutaneous interferon beta-1a in
the US. The Independent Comparison of Interferon
(INCOMIN) study compared the efficacy of on-alternateday interferon beta-1b (250 micrograms) with once-weekly interferon beta-1a (30 micrograms) in 188 MS patients.9
This class I/III study met all the class I criteria except that
the clinical outcomes were not blinded (although outcome
assessment was), therefore INCOMIN provides a mixture
of class I and class III data.

Analysis of the Evidence
Interferon Beta Trials. In all three of the interferon beta trials, therapy significantly reduced the number of clinical
attacks. Similarly, all three trials found a significant reduction
in the amount of MRI activity measured, providing convincing evidence that interferon favorably impacts the clinical
and MRI aspects of disease activity. The evidence on confirmed progression was not as convincing as the evidence on
disease activity, within this study. Two of the three trials found
a clinical benefit,2,3 with the third1 showing a trend toward a
clinical benefit. Similarly, two of the three trials found a significant effect in terms of MRI severity,1,3 whereas a third trial
did not show a significant benefit on this outcome.2
Glatiramer Acetate Trials. All four trials of glatiramer
acetate showed a reduction in clinical attacks,4,5,6,7 although
significance could not be evaluated in one of the studies
because there was no concurrent control group.6 In the only
study that examined MRI activity,5 a significant benefit to
glatiramer acetate therapy was found.
Glatiramer acetate therapy was not found to benefit con-
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firmed progression in either of the two class I trials.4,5 In the
other two class III trials, significance of this outcome could
not be evaluated because of no concurrent control group6 or
because the study did not report this outcome.7 Glatiramer
acetate therapy was found to significantly benefit MRI
severity in the one study that evaluated this outcome.5
Interferon Beta Head-to-Head Trials. Both of the headto-head trials showed a benefit to high-dose, more frequently administered interferon beta on clinical attacks and MRI
severity.8,9 This provides convincing evidence that high-dose
or more frequently administered interferon was superior at
least over 1 to 2 years, in comparison to low-dose, onceweekly interferon. No significant difference in confirmed
progression was found in the EVIDENCE trial which could
be attributed to the short duration of the trial (12 months).8
A significant benefit in confirmed progression with highdose, more frequently administered interferon was found in
the INCOMIN trial, which could be due to the extended
length of the trial (24 months).9 The INCOMIN trial also
demonstrated that MRI severity lessened with high-dose,
more frequently administered interferon; no data on this
outcome were reported in the EVIDENCE trial.

Answers to Clinical Questions:
What the Evidence Indicates
In answering the first question on whether treatment reduces
disease activity of MS, the evidence from these trials indicates that both interferon and glatiramer acetate may reduce
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disease activity. Based on the high quality of the evidence,
these therapies are granted a type A recommendation.
In response to the second question as to whether interferon treatment reduces the severity of MS, the evidence from
these trials was less convincing than it was for disease activity. Therefore, interferon is given a type B recommendation.
The evidence was even less convincing for the effect of
glatiramer acetate on disease severity; for that reason, glatiramer acetate is given a type C recommendation.
For patients who have relapsing/remitting MS and who
continue to experience relapses, it is appropriate to consider interferon beta for treatment. A dose-response curve
associated with the use of interferon beta for the treatment
of MS is probable—that is, higher doses or more frequent
administration of interferon was more effective than lowdose, once-weekly interferon. For any MS patient with
relapsing/remitting MS, glatiramer acetate is also an appropriate treatment.

Conclusion
EBM provides an important and rigorous guide for accessing
the quality of the medical literature. A thorough review of
class I data is critical to the development of decisions about
the efficacy of the various disease-modifying therapies used to
treat MS. An important caveat to the use of EBM is that some
clinical questions pertinent to the care of individual patients
may never have answers based on high-quality evidence, and
treatment decisions will continue to rely on the clinical experience and judgement of the practicing clinician. ■
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Multiple sclerosis (MS) is a prevalent disease,
with a high clinical and economic burden. The
relapsing/remitting nature of MS is associated
with rapidly decreasing quality of life and
increasing costs, especially as the disease progresses to later stages. Data from several
European cost-effectiveness trials suggest that
disease-modifying drugs for MS offer substantial economic advantages to patients and society. These data also suggest economical quality-adjusted life year costs with the application
of such drugs in a treatment regimen. Lastly,
an unmet need exists for detailed studies and
economic models calculating US-based costs
for MS treatment. From these US studies, a
better understanding of the cost-effectiveness
of MS treatments in the US healthcare delivery system may be gained.
(MCConsultant 2005:4[1]:13-16)
Relapsing forms of multiple sclerosis (MS)
are associated with exacerbations that vary in
number and severity, greatly affecting the use of
healthcare resources. Most patients with relapsing forms of MS will eventually develop secondary-progressive MS, which is associated
with increasingly severe episodes of disability
and significant costs for the patient. As the MS
patient’s level of disability increases, the costs
quickly increase.1
In translating direct and indirect cost data to
the perspective of managed care, it is important
to examine what drives cost. Simply, MS
patients’ encounters with the healthcare system
drive expenses; the more severe and frequent

MARCH 2005

these encounters, the greater the costs. An
accurate understanding of these direct costs is
needed when weighing the benefits and costs of
the currently available immunomodulatory
therapies. Figure 1 illustrates how relapses
drive the direct medical costs of MS by highlighting the progression from diagnosis of
demyelination as evidenced by T2 changes on
the MRI, to clinical relapses and the incremental accumulation of direct medical costs. Direct
medical costs include emergency department
visits, hospitalizations, intravenous steroid use,
physician visits, and use of expensive ancillary
services. Parallel to relapses is further progression of disease and disability, which also affects
direct medical costs.
Along with the direct costs of MS, the indirect costs of the disease have a major impact on
the quality-of-life of the patient and his or her
family. Somatic symptoms may affect family
life, economic status, and social interactions.2
Cognitive dysfunction, which affects 50% or
more of patients, may result in decreased professional activity, increased dependence, and
increased sexual dysfunction.3 The cost to society of caring for MS patients is substantial and
is critical to include in cost-effective analyses of
treatment.
This article discusses the overall cost of MS to
society and to individual patients. Although few
published studies describe economic models used
to evaluate this cost, the considerable cost of MS
makes it imperative that healthcare providers,
particularly managed care, evaluate the effectiveness of disease-modifying therapies in chang-
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significant improvement over the long
term in quality of life. This long-term
improvement, in turn, would potentially
postpone increased disability and demonstrate the cost effectiveness of therapy.
In this study, the authors compared the
estimated mean disease progression in
patients with MS treated with subcutaneous interferon beta-1a with patients
who received only placebo.4 The economic model used suggested that significant
cost savings would be realized after
approximately 12 years of treatment with
subcutaneous interferon beta-1a. The
authors then applied QALY scores to facilitate estimates of cost effectiveness and
found that the cost attributed to QALY
ranged from $40,000 USD after 2 years of treatment to about
$55,000 USD after 20 years of treatment.
In the Swedish studies, a Markov model was used to examine the cost effectiveness of interferon beta-1b in patients
with remitting/relapsing or secondary-progressive MS.5,6,7 The
model is designed to estimate the effect of early treatment on
long-term outcome by using data from clinical trials to measure effectiveness. Effectiveness is calculated as the number of
QALYs gained from reducing disease progression. To calculate
the effect of treatment beyond the clinical trial period, the
model extrapolated the long-term cost-effectiveness of treatment from complementary, epidemiological data. In specific,
the model uses states based on disability expressed by expanded disability status scale (EDSS) scores, and transition probabilities were calculated from 3-year clinical trial data and then
extrapolated to 10 years. (See the EDSS sidebar on next page
for further information on EDSS scores.) Using a populationbased, cross-section study from Sweden, mean costs and utilities for each Markov state were then calculated.
The first Swedish study, published in 2000, estimated the
cost-effectiveness of interferon beta-1b to treat patients with
secondary-progressive MS.5 Based on 3-year clinical data and
10-year extrapolated data, the study investigators found the
cost of interferon beta-1b per QALY gained to be approximately $40,000 USD. When adding indirect costs, the costs
per QALY gained rose to about $60,000 USD. These estimated costs fall around the mean threshold value of $50,000
USD, and therefore, are considered cost-effective.
In the 2001 follow-up study, a Markov model was used to
estimate the cost-effectiveness of interferon beta-1b as treatment for patients with relapsing/remitting MS and secondary-progressive MS.6 Similar to the 2000 study, the goal was
to assess the impact of both direct and indirect costs of treat-

Figure 1—Relapses Drive the Direct Medical Costs of MS

ing the course of long-term outcomes of patients with MS and
in lowering the costs associated with the disease.

Evaluating the Cost Effectiveness of Therapy
for MS
Most of the current economic models applied to the cost of
MS come from cost-effectiveness studies conducted in
Europe. These studies include a study from the United
Kingdom published in 2000,4 a study from Sweden published
in 2000 with follow-up studies published in 2001 and
2002,5,6,7 and a French study published in 2003.8
Overall, these data show that treating MS with diseasemodifying drug therapies is economical, with data showing a
clear benefit of treatment on reducing the frequency of
relapses as well as the benefit on disability-related medical
costs. These trials include little analysis of direct and indirect medical costs; however, reflecting the emphasis
European healthcare providers place on indirect costs (ie,
burden of cost incurred by caring for a patient with MS), the
economic models used in the studies describe cost in terms
of quality-adjusted life-year (QALY) gained. A cost of
$50,000 USD is normally the mean threshold amount that
is considered a “good value” in terms of treatment costs.
In the study from the United Kingdom, Kendrick and colleagues used a cost-effective model to evaluate the effect on
healthcare services and cost to society of delaying disease
progression by treating MS.4 Although previous studies have
shown the high cost of treatment associated with its clinical
benefit to reducing relapses and delaying disease progression,
few data are available on the long-term cost to society of caring for a patient with MS. This study was conducted based on
the hypothesis that delaying disease progression through
treatment would confer both short-term clinical benefits and
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ing MS from a societal perspective. This study included new
In the French study published in 2003, LePen and coldata that allowed for updating the original Markov model, in
leagues evaluated the cost effectiveness of treating patients
order to be able to estimate the effect of early treatment on
with relapsing/remitting MS with subcutaneous interferon
beta-1a (44 micrograms) three times weekly. Four-year data
the long-term outcome. In the study, data from two large
from the Prevention of Relapses and Disability by Interferon
clinical trials were combined—one that included patients
Beta-1a Subcutaneously in Multiple Sclerosis trial, which
with relapsing/remitting MS and another that included
randomized patients to receive interferon beta-1a (22 or 44
patients with secondary-progressive MS. The rationale for
combining data from these two clinical trials
arose from the fact that no difference was found
between the number of relapses at given levels
WHAT IS THE EDSS SCALE?
of disability between patients in these two difThe expanded disability status scale (EDSS) is a disability status scale in which eight
functional systems (FS) are evaluated in patients with multiple sclerosis (MS). These sysferent disease courses. Further support of comtems include visual, cerebellar, brain stem, pyramidal, sensory, visual, cerebral, and
bining these patient groups came from observabowel and bladder symptoms. Scores of 1 to 4.5 represent FS problems without distional studies that show no difference in costs
turbances in ambulation.
and quality of life at given EDSS levels between
EDSS
patients experiencing these two different disSCORE IMPAIRMENT
ease courses. Similar to the 2000 study, transi0.0
Normal neurological examination
tion probabilities between the Markov states
1.0
No disability, minimal signs in one FS
1.5
No disability, minimal signs in more than one FS
were estimated from clinical trial data and
2.0
Minimal disability in one FS
extrapolated from a large epidemiological data2.5
Mild disability in one FS or minimal disability in two FS
base on the natural history of MS. The results of
3.0
Moderate disability in one FS, or mild disability in three or four FS. Fully
this updated analysis showed that the cost of
ambulatory
3.5
Fully ambulatory but with moderate disability in one FS and more than
interferon beta-1b was from approximately
minimal disability in several others
$45,000 USD to $70,000 USD per QALY
4.0
Fully ambulatory without aid, self-sufficient, up and about some 12 hours
gained. In 80% of patients who initiated treata day despite relatively severe disability; able to walk without aid or rest for
about 500 meters
ment when their disability EDSS scores meas4.5
Fully
ambulatory without aid, up and about much of the day, able to work
ured between 4 and 5.5 (or in states 3 and 4),
a full day, may otherwise have some limitation of full activity or require mintreatment was considered cost effective.
imal assistance; characterized by relatively severe disability; able to walk
In the 2002 study, the authors again used the
without aid or rest for about 300 meters
5.0
Ambulatory without aid or rest for about 200 meters; disability severe enough
Markov model to estimate the cost effectiveness
to impair full daily activities (work a full day without special provisions)
of interferon beta-1b in patients with secondary5.5
Ambulatory without aid or rest for about 100 meters; disability severe
progressive MS. However, unlike the 2000 study,
enough to preclude full daily activities
this analysis estimated the cost effectiveness of
Intermittent or unilateral constant assistance (cane, crutch, brace) required
6.0
to walk about 100 meters with or without resting
therapy based on the continuation of disease
Constant bilateral assistance (canes, crutches, braces) required to walk
6.5
progression, rather than on the cessation of disabout 20 meters without resting
7
ease progression. The authors hypothesized that
7.0
Unable to walk beyond approximately five meters even with aid, essentialpatients with secondary-progressive MS treated
ly restricted to wheelchair; wheels self in standard wheelchair and transfers
alone; up and about in wheelchair for about 12 hours a day
with interferon beta-1b would improve even
7.5
Unable to take more than a few steps; restricted to wheelchair; may need
after 3 years. The study found that the clinical
aid in transfer; wheels self but cannot carry on in standard wheelchair a full
trial data appeared to underestimate the progresday; May require motorized wheelchair
8.0
Essentially restricted to bed or chair or perambulated in wheelchair, but
sion of long-term disability and thus, the potenmay be out of bed itself much of the day; retains many self-care functions;
tial benefit of treatment. In addition the incregenerally has effective use of arms
mental cost per QALY gained—including direct
8.5
Essentially restricted to bed much of day; has some effective use of arms;
and indirect costs—was approximately $25,000
retains some self care functions
9.0
Confined to bed; can still communicate and eat
USD. Compared to the $40,000 USD estimated
9.5
Totally helpless bed patient; unable to communicate effectively or eat/swallow
in the 2000 study, this lower cost-effective ratio
Death due to MS
10.0
was found to be largely due to greater QALY
The Kurtzke Expanded Disability Status Scale. http://www.mult-sclerosis.org/
gained with treatment. This study highlights the
expandeddisabilitystatusscale.html. Accessed: May 11, 2004.
need to evaluate the long-term cost-effectiveReprinted with permission.
ness of treatment beyond clinical trial results.
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micrograms) subcutaneously three times a week or placebo,
was used to assess the efficacy of interferon beta-1a in delaying progression of relapsing/remitting MS. Using the MSspecific EDSS score, progression of disability was clinically
measured every 3 to 6 months and by MRI annually.
Increases in the EDSS score indicated increased disability.
To evaluate the cost effectiveness of treatment based on the
EDSS score, an econometric model was used that measured
disability as an area under the EDSS score-time curve and
effectiveness of therapy expressed as EDSS-months of disability prevented.8 Cost-effectiveness of therapy was estimated comparing patients who received interferon beta-1a
treatment to those who received placebo for up to 4 years.
Using a time regression model, results were projected to 10
and 20 years.
Based on this long-term model, the costs associated with
delaying disease progression by interferon beta-1a decreased
over time. Treatment prevented 121 disability months over
10 years at a cost of 732 euros ($950 USD) per year. Over 20
years, this treatment prevented 321 months at a cost of 359
euros ($466 USD) per year. This study shows that interferon beta-1a is cost-effective in patients with relapsing/remitting MS and is increasingly cost effective over time.

Limitations of Economic Models
Although the European trials show a clinical benefit of disease-modifying drug therapy on reducing the frequency of
relapses and slowing disease progression, as well as the economic value of managing disability-related medical costs,
the data from these trials are limited and caution is warranted with regard to interpretation. These limitations largely
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rely on the fact that data from clinical trials (ie, in a research
setting) may not accurately reflect the cost of treating MS in
individual patients. In the clinical setting, patients with MS
have variable courses, and therefore the evolution of costs in
practice is variable, not fixed as estimated in clinical trials.
In addition, as no US studies on total direct costs have been
performed, US-based data are needed to further evaluate the
economic value of MS treatment with disease-modifying
drugs. Furthermore, the disability scale to assess the level of
disease burden associated with a patient may depend on an
observer. In particular, the use of the EDSS scale to establish
disability levels may have large inter-rater variability outside
the research setting. Lastly, improvements in clinical status
may occur over time in the clinical setting, whereas in the
research setting the patient is assumed to be stable or have
progressively worsening disease.

Conclusion
MS is a devastating disease that can occur early in life, progresses to rapid disability, and decreases quality of life.
Although the costs of treatment are high, the costs to society of caring for a patient disabled by MS are greater.
According to European data, disease-modifying drugs offer
significant economic benefits by reducing the frequency of
relapses and slowing disease progression. European economic data also suggest reasonable costs per QALY of approximately $40,000 USD to $60,000 USD. As more robust and
detailed economic models are developed based on US direct
costs, a better understanding will emerge on the cost effectiveness of MS treatment in the context of the US healthcare delivery system. ■
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1. The past definition of multiple sclerosis is:
a) A relapsing/remitting disease of myelin secondary to
inflammation that generally spares cognition
b) A progressive-relapsing disease of myelin secondary to
inflammation that generally spares cognition
c) A cognitive disease of myelin secondary to inflammation
that generally spares disability
d) A relapsing/remitting disease of myelin secondary to
inflammation that generally depletes cognition
2. What percent of multiple sclerosis patients develop secondaryprogressive multiple sclerosis after 20 years?
a) 25%
b) 80%
c) 60%
d) 90%
3. Which of the following is NOT true regarding axonal and
neuronal damage in multiple sclerosis?
a) As axonal damage increases, the severity of neurological
disability also increases
b) As axonal damage decreases, the severity of neurological
disability increases
c) Early damage to axons and neurons contributes greatly
to the increase in disability
d) None of the above
4. Which of the following is an adverse event of interferon beta?
a) Flu-like symptoms
b) Injection-site reactions
c) Blood chemistry changes
d) All of the above
5. The purpose of evidence-based medicine is to:
a) Critically evaluate the medical literature in order to
better understand the true value of different therapeutic
interventions
b) To aid in medical decision making
c) To be the sole guide to physician behavior
d) Both a and b
6. Which of the following is an aspect of the structure of
evidence-based medicine?
a) Classifying and interpreting the evidence
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b) Assembling the evidence
c) Defining the problem
d) All of the above
7. An “A” recommendation refers to what level of study data?
a) Probably effective, ineffective, or harmful
b) Established as effective, ineffective, or harmful
c) Possibly effective, ineffective, or harmful
d) Data inadequate or conflicting
8. Based on the data presented, which of the following
statements may be accurate regarding the use of
interferon beta and glatiramer acetate?
a) It is considered probable that there is a dose-response curve
associated with the use of interferon beta for the treatment
of multiple sclerosis.
b) It is appropriate to consider interferon beta for treatment in
any patient who already has relapsing/remitting multiple
sclerosis and is still experiencing relapses.
c) It is appropriate to consider glatiramer acetate for treatment
in any patient who has relapsing/remitting multiple sclerosis.
d) All of the above
9. In the first Swedish study published in 2000 secondaryprogressive multiple sclerosis study, excluding indirect costs,
the cost per quality-adjusted life-year was approximately:
a) $40,000 US
b) $60,000 US
c) $65,000 US
d) $70,000 US
10. Which of the following is NOT a limitation of current economic
models for multiple sclerosis?
a) There are no published cost-effectiveness models reflecting
total direct costs for multiple sclerosis in the United States.
b) Data from clinical trials may not accurately reflect the
evolution of costs in the general population.
c) Future models based on US direct medical costs will provide
a better understanding of the cost effectiveness of multiple
sclerosis treatment in the context of the US healthcare
system.
d) The data demonstrate the economic value of treatment in
the avoidance of relapses and disability-related medical costs.
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