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Before 1993, even the most optimistic physi-
cians thought they had little to offer their mul-
tiple sclerosis (MS) patients. While a far cry
from the 1300s—when what we now know
as an autoimmune disease was considered reli-
gious in nature with remissions the results
of miracles—standard treatment 12 years
ago revolved around steroids and cytotoxic
drugs. No proven long-term treatment options
existed.

Then in 1993, as Stephen Reingold, vice
president of research programs with the
National Multiple Sclerosis Society
(NMSS) puts it, the floodgates opened with
a succession of interferon-beta-based drug
approvals. “After many, many years of
applied research and clinical studies,
Betaseron was found successful in reduc-
ing relapse rates. It was the first time in
history that a disease-modifying agent
was successful and tolerable to use in MS.”

Schering AG sells the drug as Betaferon
in most regions of the world, except in the
United States and Canada, where its
Berlex affiliate markets it as Betaseron.
Two other interferon drugs soon followed the
successful Betaseron launch, offering more
treatment options, especially for the 80% of
MS patients who begin with the relapsing-
remitting form of MS (RRMS). “But what
made the first approval different was a con-
ceptual framework that the disease was treat-
able, and there was a product to treat it,”
Reingold says.

Current understanding
Despite the breakthrough the interferon
drugs ushered in, current treatments are
only partially effective in reducing relapse
rates and modestly slowing the progression
of disability. In addition, the injectable drugs
are high-priced, exceeding $10,000 per patient
annually, and are plagued with compliance and

tolerability issues. Another growing concern
is the development of neutralizing antibodies
(NAbs) in some patients that prevent the inter-
feron from effectively binding to or activat-
ing its receptor. A Danish study published in
June showed that these NAbs are not usually
observed until after 18 months of treatment,
and they can lead to higher relapse rates and
more disease activity.

Other challenges include how to develop
novel agents that are based on a better under-

standing of the disease process. Most MS
research has focused on the loss of myelin,
the insulation of the nerve cells or axons that
deteriorates in MS. Normally, myelin allows
impulses to flow at 225 mph along the axons,
but as the myelin is damaged or destroyed
and forms lesions, the nerve signals slow
down, short-circuit, or stop entirely.

Today the focus is more on how these MS
lesions can be repaired. According to Mayo
Clinic MS researcher Claudia Luchinetti,
“What’s not completely understood is how MS
lesions are initiated, how they change over
time and correlate to clinical symptoms, and
how they’re impacted by therapies.”

Recent research shows that the axons
themselves become damaged, which
Luchinetti says “happens early and occurs

throughout the disease.”
“Therapy has to take into account how to

decrease the demyelination and how to pro-
tect the axons,” she explains. “The challenge
is there isn’t a simple approach; these
processes are all integrated and are all parallel
to each other. We need strategies to make a
more optimal environment for remyelination,
most likely with a combination of therapies.”

Using brain biopsies and autopsies,
Luchinetti and her group are exploring why
MS varies so much between patients. They’ve
identified four different lesion subtypes in MS
patients that differ in immune system activ-
ity and ability to self-repair. However,
researchers argue whether these represent
different disease stages or patient subtypes.

Another challenge is conducting clinical tri-
als with a limited patient pool; also, many

patients are already on disease-modifying
drug (DMD) treatments. As NMSS’s
Reingold says, “Some physicians con-
sider it unethical, not just impractical, to
do placebo-controlled trials for forms of
the disease where treatment options cur-
rently exist.”

Drug treatments
Aided by heavy marketing, a lively battle
for market share continues to rage among
four of the five FDA-approved drugs, all
considered DMDs. The three interferon-
beta drugs—Betaseron, Avonex, and

Rebif—are engineered proteins that mimic
the body’s proteins in response to foreign sub-
stances. They continue to dominate the mar-
ket, with each boasting advantages.

Biogen Idec’s Avonex offers less frequent
administration, while the Berlex/Schering
form is perceived to be slightly more effica-
cious. In an effort to push up the launch of
its drug Rebif several years ago, Serono and
partner Pfizer did a rare thing: They spon-
sored the EVIDENCE Trial that compared
Rebif with Avonex. Rebif showed greater
effectiveness and fewer side effects than
Avonex, and the company overturned orphan
product protections and won FDA approval
within months. Rebif has since jumped to the
market-leading position outside the United
States, although its sales trail the other two
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Multiple sclerosis
Although interferon-based drugs were a breakthrough, 
a better understanding of the disease process is leading 
to new therapies.
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interferons in the United States.
Another surprise has been the fourth DMD,

Teva Pharmaceutical Industries’ Copaxone
(glatiramer acetate), a polypeptide consisting
of four amino acids. Teva comarkets the drug
with Aventis. Because of Copaxone’s different
mechanism of action and a lack of flulike side
effects common with the interferons, it has
nabbed significant market share.

While the U.S. market appears to be reach-

ing saturation with these medications, cost
issues and a differing opinion on how early
DMDs should be started have hampered
the European market. On average, DMDs are
prescribed after two MS exacerbations, with
treatment in the United States beginning
earlier than in other parts of the world. This
can be seen in usage statistics, which show
that 50% of U.S. MS patients take DMDs, while
only 12% do in the United Kingdom.

DMDs are more efficacious in patients with
relapsing forms of MS (either RRMS or pro-
gressive disease secondary to a course of
relapsing-remitting disease and where
relapses are still occurring). For patients
with secondary progressive disease without
relapses, or those who begin progressive
disease from the onset, symptomatic treat-
ments are often used. These include steroids
to reduce inflammation, antispastic agents to
increase mobility and help prevent jerky
movement, and a spectrum of symptomatic
therapies to treat bladder and bowel symp-
toms, fatigue, and other problems that come
with the disease.

The fifth FDA-approved MS drug, Serono’s
immunosuppressant Novantrone (mito-
xantrone), used primarily in cancer treatment,
is usually reserved for patients with “worsening
MS” and those who fail other therapies.

New frontiers
About 70 drugs and therapies are being
investigated worldwide, and the bulk of them
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“Both GGF2 and the

remyelinating antibodies

will be in classes of their

own, improving the

function of the nervous

system by improving the

rate it repairs itself.”

Multiple sclerosis at a glance

Definition An autoimmune attack on the central nervous system, damaging myelin
and axons, which disrupts nerve signals.

Prevalence Estimated 1–2 million people worldwide and 400,000 in the United States.
Higher occurrence in women and people of northern European ances-
try, with most diagnosed between ages 15 and 50.

Symptoms Varying symptoms that usually occur in a relapsing and remitting or pro-
gressive pattern, and include vision loss, weakness, numbness, and
bladder control problems.

Cause Not fully understood, but many suspect immune-mediated damage, per-
haps triggered by an infectious agent in genetically susceptible people.

Detection Diagnosis is not straightforward, with MS often mistaken for other disor-
ders. Typically, evidence of two lesions from separate exacerbations in
a clinical exam and with magnetic resonance imaging (MRI) is required
for formal diagnosis.

Treatment Many practitioners prefer early treatment with disease-modifying drugs
after diagnosis for remission and fewer lasting problems. Treatment
options are more limited for patients with more progressive MS.

Source: National Multiple Sclerosis Society, Multiple Sclerosis Association of America



are in Phase I and Phase II trials. However,
three Phase III MS trials are taking place.

Two of these involve Biogen Idec and Elan’s
Antegren (natalizumab), considered the most
exciting of the pipeline drugs and the first in
a new class of compounds known as selective
adhesion molecule inhibitors. Antegren appears
to inhibit immune cell migration across the
blood–brain barrier that leads to inflammation
or destruction of the myelin sheath and even-
tual nerve cell death. One trial tests Antegren
against a placebo; the other tests Antegren in
combination with Biogen Idec’s interferon
product, Avonex.

According to Al Sandrock, Biogen Idec’s
vice president of medical research, the first
“aha” moment with Antegren occurred when
Phase II results showed up to a 93% reduc-
tion in lesions and a 50% reduction in relapse
rates after six months, both higher rates
than seen with the current DMDs.

“It wasn’t a sure thing that [Antegren]
would affect relapses to a similar degree that
it affected lesions,” he says. “When we saw
the results we got very excited. Then we went
down to the FDA, and they broke their prior
Phase III trial precedent of requiring two years
of data, allowing us to file with one year of
data—that was an exciting moment.” More
good news came in May, when Antegren
received priority review, meaning a possible
launch in the first half of 2005. The compound
is also in Phase III trials for Crohn’s disease.

The third Phase III trial under way is an NIH-
sponsored double-blind, placebo-controlled
combination study involving 1000 patients
that compares Avonex and Copaxone as
monotherapies and in combination. Combi-
nation treatments are under active research
since the current drugs are only partially
effective, particularly where the combined
drugs might target different aspects of MS.

The statins, including Zocor and Lipitor, are
promising pipeline hopefuls, currently in
Phase I/II trials. A Zocor study, for example,
has shown positive magnetic resonance imag-
ing (MRI) outcomes and tolerability. However,
NMSS’s Reingold cautions, “A big unknown
is that the doses of statins for autoimmune
disease trials are very much higher than the
statin doses used in hypercholesterolemia; so,
with the toxicity concerns in statins, this
may be a problem.”

Acorda Therapeutics’ Fampridine-SR is
another drug to watch: Now in Phase IIb

development, it has shown improvements in
walking speed and leg muscle strength. The
drug is an oral, sustained-release formulation
of fampridine. On a molecular level,
Fampridine-SR blocks potassium channels in
the axons, allowing nerve signal transfer-
ence where myelin has been damaged.

More NDA hopes
According to Andrew Blight, Acorda’s chief
scientific officer, 40% of patients appear to
respond to Fampridine-SR. “It’s not depend-
ent on the types of categories, such as relaps-
ing-remitting or secondary-progressive, but
it’s unclear whether it’s a matter of what
stage [of MS] the patient is in or some other
individual differences.” If trials proceed suc-
cessfully, Acorda hopes for an NDA (New
Drug Application) filing in 2007.

And, after promising animal studies, two
other Acorda drugs are scheduled to enter
Phase I: a neuregulin, glial growth factor 2
(GGF2), and remyelinating antibodies. “Both

GGF2 and the remyelinating antibodies will
be in classes of their own, improving the func-
tion of the nervous system by improving the
rate it repairs itself,” Blight says.

Other candidates under investigation are
biologically different from those available
today. These include immunomodulatory
treatments and target-specific immunother-
apies that alter immune responses much
like a vaccine. Oral drugs in development
could potentially revolutionize the MS mar-
ket toward the end of the decade.

According to Reingold, major strides should
be made during the next two decades. He pre-
dicts that today’s MS agents will be minimally
used or will be used much differently, and
there’s a high likelihood that future medica-
tions will prevent the progression of MS.
Agents will also be able to repair damaged tis-
sue. The roads to get to that place in MS treat-
ment are being steadily built.

Linda Richards is a freelance writer based in
Alpine, CA. o
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