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OVERVIEW

Multiple sclerosis (MS) is a complex disease of the central nervous
system (CNS) with the potential to cause significant physical and emo-
tional disability. Approximately 350,000 Americansare currently diag-
nosed with MS, and the direct and indirect costs associated with the

disease are about $14 billion per year.’ MS is the most common non-
traumatic cause of neurologic disability in early to middle adulthood.
There is an inherentvariability from patient to patient with regard to
disease course and severity. Some patients experience frequent exacer-
bations with escalating disability while others have a relatively benign
course. Most commonly the disease begins with episodic relapses that
are separated byperiods of remission. [n the later stages of the disease,
many patients will develop slowly progressive neurologic disability.
Most evidence points to an immune-mediated pathophysiology involv-
ing B and T lymphocytes, macrophages, and microglia. According to
this hypothesis, an autoimmuneresponse against CNS myelin is initi-
ated, leading to demyelination and axonal injury. To date, the most
effective therapies have been immunosuppressant and immunomodu-
latory drugs. While none of the approaches can be described as cura-
tive, the presently approved drugs haveled to significant reductionsin
relapse rates and disability.

INTRODUCTION

Epidemiology
Thetypical age of onset for MS is between 20 and 40, The disease is
unusual before adolescence, but onset has been described as young as
age 2 and as old as age 74. The ratio of affected women to menis
between 1,7; 1 and 2.5: 1, although the ratio is more even at older ages
of onset. Several important epidemiologic observations have been
made about the geographic distribution of MS. In both the northern
and southern hemispheres, the prevalenceofthe disease increases with
increasing distance from the equator. There is also a difference in risk
for different ethnic groups, independent oflatitude. For example,
England and Japanare at the samelatitude, but the prevalence of MS
differs significantly in the two countries (85 per 100,000 for England
versus 1.4 per 100,000 in Japan). Caucasians tend to have the highest
risk, while lower risk is seen in people of African or Asian descent. The
highest prevalence is seen in the northern United States, southern
Canada, northern Europe, and southern Australia. The southern
United States and southern Europe have a moderate prevalence. The

Immunomodulators 689

Immunosuppressants 691
Therapeutic Approach 692

Treatment with DMT: Patient
Selection and Initiation 692

First-Line Treatment for RRMS 693

Treatments Helpful in SPMS 694
Treatments Helpful in PPMS 695
Definition of Treatment Failure 695

Management of Breakthrough
Disease Activity 695

 
Management of Acute

Relapses 695
Treatments Helpful for Common

MS-Related Symptoms 696
Treatment Considerations Related

to Pregnancy 697
Treating the Pediatric MS

Patient 697

Emerging Targets and
Therapeutics 698

lowest prevalence is seen in Japan, China, Latin America, and equato-
rial Africa. Migration studies have also added to our understanding of
the relationship between geography and risk of MS. Children born to
parents who migrated from a low- to a high-risk area had an increase
in their risk of developing MS, andvice versa.’ By analyzing the ages
of migrants, it was suggested that one’s environmentalrisk was deter-
mined by about age 15.° This has led to hypotheses that the risk of MS
is partly determined byviral exposures during childhood. Recent data
suggest that the incidence of MS may be increasing, especially in
women, although issues regarding ascertainment and diagnosis make
these studies challenging.

Genetics

In addition to environmental factors, genetics influences the risk of
developing MS. Family clusters are known to occur. Twin studies have
found that the monozygotic twin of an MS patient has about a 30%
chance of developing MS. Dizygotic twinshavea risk thatis similar to
that of any sibling of an MS patient, about 2% to 5%. The risk in
children of MS patientsis slightly lower than for siblings. Second- and
third-degree relatives of an MS patient also carry some elevated risk.
Genetic studies have found the strongest association with the major
histocompatibility complex (MHC),particularly the HLA-DRB] locus,
More recently, two additional genes were identified in genome-wide
scans, the interleukin-2 receptor alpha gene and the interleukin-7
receptor alpha gene. Thefact thatall three genes are part of the immune
system serves as an important confirmation of the autoimmunenature
of this disease.

Clinical Features

MS has classically been separated into four different subtypes: relaps-
ing-remitting, secondary progressive, primary progressive, and pro-
gressive relapsing MS (Fig. 46-1). Relapsing-remitting MS (RRMS)is
the most commonclinical subtype, representing about 85% of patients
at diagnosis.It is marked by intermittent exacerbations that may partly
or completely resolve over weeks to months. These relapses are sepa-
rated by periods ofclinical stability. However, patients may continue
to experience symptoms from prior relapses that healed incompletely.
After a variable period of time, a majority of RRMSpatients will enter
a secondary progressive phase of the disease (SPMS). SPMS patients
experience a slowly progressive worsening ofdisability that may or may
not have superimposed relapses. About 10% to 15% of patients will
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686 Section 10 Neuropharmacologic Therapeutics

have a primaryprogressive course (PPMS), marked byslowly progres-
sive worsening from the outset without relapses. A small number of
patients are labeled as having progressive relapsing MS. These patients
begin with a progressive course but develop one or more relapses.
Patients who have had a single demyelinating event, but do notyet
meet criteria for MS, are referred to as having a clinically isolated
syndrome.

MS can present with a large number of symptomspossiblyreferable
to the CNS. The symptoms maybe transient and often difficult to
describe. Classic MS symptomsinclude unilateral blurred vision with
browpain onlateral eye movement, weakness, numbness, paresthesias,
pain, imbalance, double vision, bladder and bowel dysfunction,
impaired coordination, fatigue, depression, cognitive impairment, heat
intolerance, and sexual dysfunction. On exam, commonsigns include
visual impairment, brainstem dysfunction, nystagmus, dysarthria,
spasticity, hyperreflexia, weakness, sensoryloss, and ataxia. Several
paroxysmal phenomena can be associated with MS, including tonic

D

FIGURE 46-1 © A diagrammatic representation of disability by time for
different subtypes of MS, A, Relapsing-remitting MS. B, Secondary
progressive MS. C, Primary progressive MS. D, Progressive relapsing MS.

Clinical Presentation

2 or more attacks; objective clinical evidence of 2 or * None
morelesions

2 or more attacks; objective clinical evidence of 1
lesion —MRI

or

spasms, trigeminal neuralgia, and myokymia. Newclinical symptoms
are thought to result from new areasofinflammation and demyelin-
ation, while the acquisition of long-term disability is more related to
axonal damage.**

Diagnosis

The diagnosis of MS can be challenging as there is no single test with
adequate sensitivity or specificity and there are several potential
mimics. MS wasclassically diagnosed by the identification of lesions
attributable to the CNS white matter that were separated in time and
space with objective findings on neurologic exam and nobetter expla-
nation.” However, the advent of magnetic resonance imaging (MRI)
has significantly changed howthe diagnosis is made. Currently, the
most widely used diagnostic criteria are the McDonald criteria, which
werelast revised in 2005 (Table 46-1).’ These criteria endorsed the use

of MRI as a surrogate marker for defining separation in time and
space,

Brain MRI in MS classically showslesions that are hyperintense on
2-weighted sequences(Fig. 46-2). Lesions are frequentlyin the peri-

ventricular white matter, often extending perpendicular to the ven-
tricle. Lesionsof the corpuscallosum are common in MS,as are lesions
in the subcortical white matter, cerebellum, brainstem,and spinal cord.
Newer imaging techniquesare also identifying an increased number of
lesionsin the cortex. Acute lesions will often enhance with gadolinium,
indicating active inflammation with blood-brain barrier (BBB) break-
down. Areas of hypointensity on Tl sequences are also seen. T1
hypointensityis observed transiently in acute lesions. However, when
it is present chronically, it likely represents an area ofsignificant axonal
damage.Disability correlates more strongly with the T] hypointensity
volume than the volume of T2 hyperintensities. With time, the accu-
mulating axonal damage will often manifest as global cerebral atrophy.
Only about 5% to 10%oflesions seen on MRIare associated with
clinical symptoms. Gray matter lesions are also common in MS, but
are not well seen on conventional MRI.

Additional Data Needed for MS Diagnosis

Dissemination in space, demonstrated by:

—2 or more MRi-detected lesions consistent with MS plus positive CSFor

—Await further clinical attack implicating a different site
1 attack; objective clinical evidence of 2 or more

lesions —MRI
or

Dissemination in time, demonstrated by:

Second clinical attack

Dissemination in space, demonstrated by:

—2 or more MRI-detected lesions consistent with MS plus positive CSF

1 attack; objective clinical evidence of 1 lesion .
(monosymptomatic presentation; clinically isolated —MRI
syndrome) or

and.

—MRI
or
Dissemination in time, demonstrated by:

Second clinical attack

Insidious neurologic progression suggestive of MS
andOneyear of disease progression (retrospectively or prospectively determined)

Twoout of three of the following:
a. Positive brain MRI (9 T2 lesions or 4 or more T2 lesions with positive visual

evoked potentials)
b. Positive spinal cord MRI (2 or more focal T2 lesions)
c. Positive CSF

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; MS, multiple sclerosis.
From Polman CH, Reingold SC, Edan G, et al, Diagnostic criteria for multiple sclerosis: 2005 revisions to the “McDonald Criteria.” Ann Neural 2005;58;840-846.
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FIGURE 46-2 * Brain MRI of a patient with MS. A, Axial fluid-attenuated inversion recovery (FLAIR) image showing multiple hyperintensities. B, Axial T1-
weighted image at the samelevel. Some of the areas of FLAIR hyperintensity are also hypointense on T1-weighted images. C, Sagittal FLAIR image showing
periventricular hyperintensities

In the past, a cerebrospinal fluid (CSF) exam was a commonpart of
the MS diagnosis. The presence of an elevated protein, oligoclonal
bands, or an elevated immunoglobulin G index is supportive of the
diagnosis. Although CSF analysis is still important in some cases to
rule out other diagnoses such as infections, it is often unnecessaryin
routine cases. Evoked potentials ofthe visual, auditory, or somatosen-
sory pathways canbe helpful in somecases to detect subclinical lesions
that cannot be seen on MRI.

PATHOPHYSIOLOGY

Classically, MS has been described as an immune-mediated demyelin-
ating disease affecting the brain, spinal cord, and optic nerves.” Recent
research has reemphasized the concomitant presence of both gray
matter pathologyand extensive axonal damage inthebrains ofpatients
diagnosed with MS."'" The exact cause(s) of MS have not been deter-
mined, but a combination of genetic and environmental factors
coalesces in somepeople to lead to demyelination and axonal damage.
One theoryis that certain viruses may share sequence homologywith
myelin proteins and, through molecular mimicry, mediate aberrant
activation ofcross-reactive T cells. Viruses mayalso cause bystander
activation throughrelease of cytokines orstimulation of antigen-pre-
senting cells. It is possible that MS is actually a syndrome ofvarious
related diseases that cause episodic demyelination and neuronal
damage. Four pathologic subtypes of MS have been described, as dis-
cussedlater, confirminga variety of immunopathogenetic mechanisms
involved in different types of MS. While most of these types have an
immune-mediated component, there are some aspects of MS that may
be independentof the immunesystem. For example, the degeneration
of chronically demyelinated axons that occurs in the secondarypro-
gressive phase ofthe disease appears to be noninflammatory. To date,
the only successful treatment strategies for MS have involved immu-
nomodulatory or immunosuppressive approaches, supporting the role
that the immunesystemplays. Moreover, these therapies generally are
effective only during the relapsing-remitting phase, the most inflam-
matoryphase ofthe disease.

Pathologic examination of the CNS in patients with MS typically
identifies an inflammatory response involving cellular and humoral
immunesystems. Whether or not the immunesystem begins by rec-
ognizing a foreign antigen and thenstrays against self or begins by
recognizing self-antigens is unknown. Fundamental to the classic
description of MS pathogenesis is the inappropriate disruption of the
BBB. Normally, the BBB is composed ofspecialized endothelial cells
with an intricate network of tight junctions. Functionally, the BBB

significantly restricts the diffusion of molecules from the periphery
into the CNS. Disruption of the BBB by immunecells in MS is respon-
sible for gadolinium-enhancing lesions on MRI and“attacks” in MS
patients. Lymphocytes are able to migrate across the BBBvia a series
of adhesion molecule interactions. Critical to this process is a connec-
tion between verylate antigen-4 (VLA-4) on lymphocytes and mono-
cytes andits ligands vascular cell adhesion molecule-1 (VCAM-1) on
endothelial cells and fibronectin in the basement membrane." Pre-

sumably, once effector cells from the immune system have gained
access to the CNS, theysecrete a cascade of cytokines that lead to
demyelination and ultimately axonal damage (Fig. 46-3).

Numerous studies have analyzed the relative role that CD4* and
CD8&" Tcells play in disease pathogenesis. Epidemiologic studies and
mouse models have linked MS to MHC class II genes, which present
antigens to CD4* Tcells.'** Thus, CD4* T cells have been ofinterest
for years. The production of tumor necrosis factor (TNF) from CD4*
T cells correlates with the number of T2-hyperintense lesions on
MRI.” While autoreactive T cells have been identified in patients with
MS andin healthyvolunteers, the CD4° T cells are functionallydiffer-
ent in patients with MS. Specifically, they tend to be more differenti-
ated and havea higher level of T helper cell type 1 (Th1) phenotypes
in patients with MS compared to controls."* Yet, therapy directed
against CD4° T cells made only a small difference in patients treated
in clinicaltrials." Therapythat depleted both CD4" and CD8* Tcells,
however, led to a reductionin disease activity.'"?' The role of T helper
type 17 (Th17) cells in MS is less clear. This newly described subset of
Tcells has been implicated in an animal model of MS, experimental
autoimmune encephalomyelitis, and interleukin (IL)-17 expression
can be seen in MS brain-infiltrating cells.

Several studies have identified the potential role of CD8* T cells in
MS. Genetic studies have implicated various MHC class I genes as
being associated with increased risk of MS while some MHCclass |
genes are protective.’ Persistence of autoreactive CD8* T cells in the
CSFofpatients with MS has beendescribed.” In mouse studies, CD8"
T cells have been shown to potentiate immune-mediated demyeli-
nating disease.” Yet, there are also data that suggest a possible
neuroprotective role for self-reactive CD8° Tcells.“ While CD4° T
cell production of TNF-a has correlated with the number of T2-
hyperintense lesions on MRI, certain CD8* T cell populations have
beennegatively correlated with T1-hypointense lesions.'*~”

In onestudy, a systematic review ofbiopsies and autopsy specimens
from MS patients identified fourdistinct pathologic patterns.” Two
patterns were noteworthy for T-cell infiltrates and preservation of
oligodendrocytes, with one pattern additionally having deposition of
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antibodies and complement. A third pattern was notable for a T-cell
infiltrate without antibodydeposition, but there was a loss of myelin-
associated glycoprotein in tissues and oligodendrocyte apoptosis with
preserved myelin around veins and venules. Finally, the fourth pattern
was notable for T-cell inflammation, but also oligodendrocyte cell
death, This research identified heterogeneous pathology between
patients with MS, but the findings within each individual patient were
homogeneous. Presumably, these patterns represent various forms of
MS,but only one form is occurring in anygiven patient at one time.
However, the selection bias that is inherent in this study (patients
presenting for biopsy or autopsy) could accountfor someof the homo-
geneity, and other groups have not confirmed these patterns in their
MSbraintissue examinations.

Clinically, patients may experience new symptomsin the setting of
new inflammation and demyelination affecting clinically eloquent
parts of the CNS. Often the inflammation resolves partly, and there
can be partial remyelination with varying degrees ofgliotic scarring
and axonal damage. Muchofthe disease accumulatesin a silent manner
and is not evident until compensatory mechanisms begin to break
down, years into the disease process. Thus, progression of disability
occurs slowly with time but becomes most noticeable after years
of accumulated axonal damage.’ Therapeutic possibilities include
immunomodulatory, immunosuppressive, neuroprotective, and neu-
roreparative strategies.

THERAPEUTICS AND CLINICAL

PHARMACOLOGY

Goals of Therapy
There are two types of therapies for MS: disease-modifying therapies
(DMTs) and symptomatic treatments. All of the DMTs currently
approved bythe U.S. Food and Drug Administration (FDA) for MS act
by immunomodulation or immunosuppression. These treatments are
effective at reducing the frequencyofdisease relapses and decreasing
the numberofnewlesions seen on MRI in RRMS. Somehavealso been

shown to delay the accumulation ofdisability. While these immuno-
modulatory treatments are beneficial in relapsing-remitting patients,
they have not been proven effective in SPMS or PPMS. Immuno-
modulation is probably ineffective in progressive MS because the nerve
damage in these groups is less dependent on inflammation. Conse-
quently, there is a major need for treatments for progressive MS
patients.

While the DMTs decrease the incidence of newrelapses, they are not
helpful in repairing damage that has already occurred. Prior relapses
often leave patients with residual symptoms. A number of medications
are available to help these MS-related symptoms. Alleviating pain,
spasticity, bladder dysfunction, depression, and anxiety makes up a
significant portion of the care offered to patients with MS.

Therapeutics by Class
Immunomodulators

Interferons. Thefirst drug specifically approved foruse in relapsing
MS wasinterferon beta-1b (Betaseron in North America/Betaferon in

Europe), Subsequent to that, two different preparations ofinterferon
beta-1a were released (Avonex and Rebif). While the interferon beta-la

preparations are identical to human interferon-f in terms of amino
acid sequence and glycosylation, interferon beta-1b is produced in
bacterial cells, has a few amino acid changes, andis not glycosylated.
All of the interferons are FDA approved for RRMS andare therefore
not recommended for PPMS or SPMS withoutrelapses.

Mechanism ofAction. A variety of mechanismsof action have been
proposed for beta interferons. First, immunologically, there is a down-
regulation of CD80" B cells in patients treated with interferon beta.”
This protein is responsible for co-stimulation of T cells and leads to
Th1-type cytokinesecretion. Interferon beta also suppresses the expres-
sion of interferon-y-induced MHC class II antigens on antigen-
presentingcells."’”' Several studies have demonstrated a direct effect
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on Tcells, including suppression of matrix metalloproteinases (MMPs)
and promotionofthe production of anti-inflammatorycytokines such
as IL-4 and IL-10.*“* These processes complementeachother andlead
to an overall shift in T-cell cytokine profiles, favoring a T helper cell
type 2 (Th2) response over Th1.”°

A complementary immunomodulatoryeffect of interferon beta is
thatit alters the permeability of the BBB, making it more difficult for
autoreactive T cells to enter the parenchyma.***Clinically, patients on
interferon beta have markedlyfewer gadolinium-enhancinglesions.“
Reducing the ability ofreactive immunecells to enter the CNS would
lower the number of new demyelinating lesions and axonal damage.
The mechanisms underlying this effect likely relate both to direct
immuneeffects on T cells (decreased MMP production and T-cell
activation) and direct effects on endothelial cells. This includes shed-

ding of VCAM-1 into a soluble circulating form that may saturate
T-cell ligands and decrease cell migration across the BBB.*'

Interferon beta also has potential neuroprotective qualities. T cells
from patients treated with interferon beta stimulate human brain
endothelial cells to secrete nerve growth factor, This protein mayplay
a role in protecting axons from inflammation-mediated damage."

Dosing. The three preparations of interferon beta vary in their dose
and route of administration. Interferon beta-1b (Betaseron/Betaferon)
is administered every other day via a subcutaneous injection at a dose
of 250 meg. One version of interferon beta-la (Avonex) is adminis-
tered intramuscularly once a week at a dose of 30 mcg. The other
version of interferon beta-la (Rebif) is administered subcutaneously
three times a week at a dose ofeither 22 or 44 meg perinjection. Dose
titration is recommended for the subcutaneous formulations to

decrease the chance ofside effects at the onset of therapy. There have
been a series of large-scale, double-blind, placebo-controlled trials of
these medications in RRMS.

The specific biologic activity is not readily comparable between the
different interferon beta preparations. A variety of bioassays are used
to quantify interferon beta activity.” One strategy utilizes a series of
biomarkers that quantify the antiviral effects of interferon beta.
Markers such as MXA protein, neopterin,and 2’,5’-oligoadenylate syn-
thetase can be measured in vitro and in vivo and used to compare the
relative biologic activity of the three interferons.

Clinical Efficacy. Pivotal studies have found that interferon beta
reduces relapse rates by approximately a third and the appearance of
newlesions on MRI by approximately 50% to 70%.""*" Two head-
to-headtrials have compared low-dose (Avonex) and high-dose (Beta-
seron/Betaferon or Rebif) interferons to determine whether or not
there is a dose-dependenteffect. Thesetrials identified a more robust
effect of higher dose interferon,especiallyearly on in therapy.’ There
is evidence to indicate that interferon can loseits clinical efficacy if a
patient develops persistently high titers of neutralizing antibodies.""~
This may explain why the higher efficacy of high-dose interferons
wanes over time when compared to low-dose interferon.

Adverse Effects. Clinically, patients taking interferon injections may
experience a variety of potential side effects. The most common are
flulike symptoms including fever, chills, muscle aches, and fatigue.
These symptomsare usuallyself-limited and diminish with successive
doses. They can be managed with the use of prophylactic acetamino-
phen and/or ibuprofen or naproxen taken | hour before an injection
and are a rare cause of discontinuing medication. Taking the medicine
at bedtime can also be useful so that the patient is asleep during the
peak period ofside effects. Patients utilizing a subcutaneous route of
administration have an increased potential for developing site reac-
tions in the skin when comparedto the intramuscular injection route.
Injection site necrosis can be seen in patients using subcutaneous
interferon beta®' but is rare now with properinjection technique. Some
data have linked the use of interferon to an increased rate of depres-
sion.*** Drops in peripheral blood counts in all cell lines have been
seen, and interferons have rarely caused severe hepatic injury. Conse-
quently, it is advised that patients have their complete blood count with
differential, platelet count, blood chemistries, and liver function tests
checked periodically. Patients taking Rebif or Betaseron are advised to
have these tests at 1, 3, and 6 monthsafter initiation of therapy and
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periodically thereafter. Avonex patients are advised to have monitoring
at least every 6 months. Thyroid function should also be monitored
every 6 months, and a pregnancytest should be sent before starting
therapy in women of childbearing age. Other rare adverse effects
observed with interferon beta are seizures, cardiomyopathy, men-
strual irregularities, and autoimmune disorders (especially thyroid
dysfunction).

Glatiramer Acetate. Glatiramer acetate (Copaxone) is a collection
ofpeptides randomly formed from four aminoacids(alanine, gluta-
mate,lysine, and tyrosine) combined ina molarratio of4.2: 1.4:3.4: 1.0.
The peptides have lengths ranging between 40 and 100 residues. This
compoundhas sequence homology with myelin basic protein and was
originally tested as an agent for inducing demyelination in mice.
Instead, the compound offered protection for mice with experimental
autoimmune encephalitis. Glatiramer acetate is FDA approved for
reducing the frequency ofrelapses in RRMS.

Mechanism of Action. After injection, glatiramer acetate binds
MHCclass IT molecules and is presented to T lymphocytes. Glatiramer
acetate biases T cells toward a Th2 CD4* T-cell profile.In mice
these glatiramer acetate—reactive T cells can be isolated from the CNS
and mayboth ameliorate inflammation and promote neuroprotection
and repair via the release of growth factors such as brain-derived neu-
rotrophic factor (BDNF).-~** Further evidence implicates a shift in
peripheral immune system—derived T cells, including upregulation of
CCR7* T central memory CD4* cells and of CD8* T cells in response
to glatiramer acetate therapy” (Fig. 46-4).

Beyondeffects on T cells, there is in vitro and in vivo evidence that
glatirameracetate exerts an effect on antigen-presenting cells. Mono-
cytes alter their cytokine expression in response to glatirameracetate,
increasing IL-10 levels and decreasing IL-12 levels.”’ Thus, glatiramer
acetate-treated monocytes promote a Th2 type T-cell response. Fur-
thermore,there is evidence to indicate the monocyteactivityis inhib-
ited by glatiramer acetate, as evidenced by diminished CD25, CD69,
and TNF-@ expression.” These effects may play a direct role in the
drug’s clinical activity.

Finally, more recent evidence supports a possible role for glatiramer
acetate in promoting neuroprotection. The T cells generated by treat-
ment produce BDNF, which promotes neuronal survival.”While
this feature is not unique to glatiramer acetate-treated T cells, animal
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FIGURE 46-4 * The differentiation of CD4° T lymphocytes. (Adapted from
Weaver CT, Harrington LE, Mangan PR, et al. Th17: an effector CD4 T cell lineage
with regulatory T cell ties. Immunity 2006;24:677-688.)

models suggest that these T cells are uniquely primed to migrate to
sites of injury within the CNS and promoterepair.”

Dosing. Glatirameracetate is administered as a daily subcutaneous
injection of 20 mg. Dose titration is not needed. The available data on
pharmacokinetics are very limited.

Clinical Efficacy. The clinical benefit of glatiramer acetate was
proven in a double-blind, placebo-controlled trial where the outcomes
wererelapse rate and disability progression.” Further studies also iden-
tified a benefit as measured by MRI parameters (a reduction in the
number of enhancing lesions and T2-hyperintense lesions). Cur-
rently, the combination of interferon and glatiramer acetate is being
studied to determine whether the efficacy of each would be additive.”
There have been no convincing data indicating that the development
of antibodies against glatiramer acetate are clinically relevant.”

Adverse Events. Tolerability of daily glatiramer acetate injectionsis
quite good. Unlike interferon, there are no flulike side effects, but,
because of the subcutaneous nature of the injection, site reactions
are common. Patients may experience lipoatrophy at injection sites,
causing dimpling of skin.”' About 10% of patients experience an idio-
syncratic reaction shortly after injection of the drug, characterized by
chest tightness, shortness of breath, palpitations, and flushing.It is a
self-limited event that does not require intervention.” It does not
represent an allergic reaction, and patients are able to take their next
dose withlittle risk of recurrence. Some study patients experienced this
once while others had several episodes. Occasional transient chest pain
without the other associated symptomshasalso been observed, butit
does not appear to have any important clinical sequelae. Routine blood
monitoring is not needed, but, as with all of the DMTs, women
of childbearing age should have a pregnancytest before beginning
therapy.

Natalizumab. Natalizumab (Tysabri) is a humanized monoclonal
antibody that was FDA approved for use in MS in November 2004.”
Subsequentto its release, two patients who had been enrolled in the
combination natalizumab and interferon beta-1a (Avonex) trial devel-

oped progressive multifocal leukoencephalopathy (PML), a serious
viral brain infection, and one died. Subsequently, a third patient with
PMLwas discovered postmortem. That patient had been exposed to
four doses of natalizumab and several other chronic immunosuppres-
sive medications for Crohn's disease. This prompted the voluntary
withdrawal of natalizumab from the market while a safety analysis
could be completed, Natalizumab was re-released for use as mono-
therapyin the summerof 2006 under a monitoring program designed
to identify potential PML cases early. The FDA has approved natali-
zumabfor use in relapsing forms of MSto delay the accumulation of
physical disability and reduce the frequency of clinical exacerbations.
It is recommendedfor patients who have had an inadequate response
to, or are unable to tolerate, alternate MS therapies.

Mechanism of Action. Natalizumab is a humanized monoclonal
antibody that binds to the a4 chain of the VLA-4 integrin dimer on
the cell surface of all leukocytes except neutrophils. Normally, VLA-4
bindsto targets such as VCAM-1 on the surface of activated vascular
endothelium, Natalizumabinterferes with this interaction and thereby
prevents migration of leukocytes across the BBBtosites of inflamma-
tion. This is believed to lead to decreased CNS inflammation and

demyelination.
Dosing. Natalizumab is administered as a 300-mg intravenous (IV)

infusion every 4 weeks, Steady state levels are reached approximately
24 weeks after monthly dosing, and the mean half-life of the drug
is 11 days. Dosing in renal or hepatic insufficiency has not been
studied.

Clinical Efficacy. Two large, randomized, double-blind, placebo-
controlled studies of natalizamab have been published.”’”* One was a
study of natalizumab monotherapy (AFFIRM) and the other was a
study of natalizumab in combinationwith interferon beta- 1a (SENTI-
NEL). The AFFIRM trial found a 42% reduction in the risk of sus-

tained disability progression after 2 years in the natalizumab group
compared to placebo.” In the natalizumab group, the annualized
relapse rate was reduced by 68% and the number of neworenlarging
T2 hyperintensities was reduced by 83%,’ The mean number of



gadolinium-enhancing lesions was also reduced significantly with
natalizumab (92% reduction).

Adverse Events. The greatest concern about the use of natalizumab
is the risk of developing PML.In the Phase III studies, the risk was
found to be approximately | in 1000 patients. However, the three
patients that developed PML wereall treated with other immuno-
modulating drugs, so the risk of PML in monotherapy maybe lower.
The two MSpatients who were diagnosed with PML developedit after
2 years of treatment. The patient with Crohn’s disease who developed
PML received 8 months of treatment. It is not known whether early
detection of PML and discontinuationofthe medication will help new
cases. Unfortunately, the mortality rate for PML is high and there are
no effective treatments, The real rate of PML with natalizumab in

clinical practice will not be known forseveral years, As required by the
FDA-mandated safety program, patients receiving natalizumab who
develop new neurologic symptomsor signs need to be evaluated by a
neurologist and have a brain MRI performed to help rule out PML.

Complications of natalizumab therapy go beyond possible PML.
Patients can have immediate infusion-related reactions (2%), which
are commonto almostall therapeutic monoclonal antibodies. These
include chest tightness, shortness of breath, urticaria, and rarely ana-
phylaxis. Patients on natalizumab had a higher rate of headaches and
urinarytract infections when comparedto placebo,” Persistent anti-
bodies to natalizumab were seen in 6%of patients treated in trials and
were associated with decreased efficacy of the drug.” Periodic moni-
toring of liver function is recommended with this treatment. Natali-
zumab remainsa very potent and well-tolerated therapeutic option for
MS. However, due to a still unknownrisk of PML,it is prudent to limit
natalizumab use to patients with more aggressive forms of relapsing
MS who do not respondtofirst-line treatments.

Immunosuppressants

Mitoxantrone. Mitoxantrone (Novantrone) is a synthetic interca-
lating chemotherapeutic agent that is used in the treatment of MS.
It has shown efficacy in RRMS and subsets of SPMS.”” It is FDA
approved for reducing neurologic disability and/or frequency ofclini-
cal relapses in SPMS, progressive relapsing, and worsening RRMS. Of
note, it is the only FDA-approved treatment for SPMS. Mitoxantrone
is also approved for use in the treatment of acute nonlymphocytic
leukemia and for pain related to advanced hormone-refractorypros-
tate cancer. This drug has significant potential toxicities, including
cardiotoxicity, myelosuppression, and risk of leukemia. Consequently,
it is reserved for use in patients with aggressive disease.

Mechanism of Action. Mitoxantrone readily crosses the BBB and
inhibits DNA replication and RNA synthesis in leukocytes.“’ It also
inhibits topoisomerase II, interfering with DNA repair."' The effect in
MS,beyond a global immunosuppressiveeffect, might be related to its
demonstrated specificity for antigen-specific T cells. Mitoxantrone
may also have effects on monocytes, inhibiting their ability to migrate
across the BBB.” Finally, there are also data indicating that mitoxan-
trone interferes with antigen-presentingcell function.“

Dosing. The FDA-approved dose for mitoxantrone is 12 mg/m? IV
every 3 months. However, oneclinical trial also used a mitoxantrone
dose of 20 mg IV monthly combined with a monthly dose of methyl-
prednisolone.” Thedrugis eliminated in a three-compartment model
with half-lives of 6 to 12 minutes, 1.1 to 3.1 hours, and an elimination

half-life of 23 to 215 hours.”It is 78% bound to plasma proteins and
is excreted in urine and feces either as unchanged drug oras inactive
metabolites. Mitoxantrone should not be used in MS patients with
hepatic impairment because its clearance is significantly reduced
in these patients, It is also contraindicated in patients with a left
ventricular ejection fraction (LVEF) less than 50% or patients whose
cumulativelifetime dose is greater than 140 mg/m’.

Clinical Effects. In a pivotal study, mitoxantrone was tested on
patients who had a measurable worseningof disability in the prior 18
months, This was either a stepwise worsening in RRMSpatients or a
gradual progression of disability in patients with SPMS (with or
without superimposed relapses). When dosed at 12 mg/m* every 3
monthsfor 24 months, mitoxantrone decreased the numberofrelapses
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and decreased the chance of having disability progression compared
to placebo.” A secondtrial gave mitoxantrone 20 mg IV and methyl-
prednisolone |g [V monthly or methylprednisolone alone for 6
months to patients with very active disease based on clinical and MRI
criteria.” The group receiving monthly mitoxantrone and methylpred-
nisolone had fewer new enhancing lesions on MRI compared to the
methylprednisolone-alone group. Relapse rate and mean disability
scores also improved in the mitoxantrone group.

Adverse Effects. There are two major potential complications of
mitoxantrone therapy: cardiomyopathy and leukemia. Congestive
heart failure (CHF) can occur during therapy or monthsto yearsafter
discontinuation of mitoxantrone. In cancer patients receiving up to
140 mg/m’, the risk of CHF was estimated at 2.6%." The risk of an
asymptomatic decrease in LVEFis likely higher. It is recommendedthat
all MS patients receiving mitoxantrone have evaluation of their ejec-
tion fraction by echocardiogram or multigated radionuclide angiogra-
phy at baseline and before each dose of mitoxantrone, MS patients with
a clinicallysignificant drop in LVEF or an LVEF below 50%should not
receive mitoxantrone. Contraindications to use include prior history
ofcardiovascular disease, history of mediastinal radiotherapy, previous
use of anthracyclines or anthracenediones, and concomitant use of
cardiotoxic drugs. The cardiac toxicity is dose related, prompting the
mandatedlifetime maximum dose of 140 mg/m’.

The other major concern is a risk of secondary acute myelogenous
leukemia, which has been seen in 0.25% of MS patients treated with
mitoxantrone.” Myelosuppressionis seen withthis treatment, typically
beginning 8 to 14 days after a single large dose and persisting for 4 to
10 days. Other potential side effects include nausea, alopecia, changes
in menstrual cycle, amenorrhea, urinary tract infections, and transa-
minitis. Prior to each dose, a complete blood count, platelet count, and
liver function tests should be checked. The medication should not

be administered to patients with an absolute neutrophil count less
than 1500 cells/mm’ ora platelet count less than 100,000/mm’. Due
to potential teratogenic effects of mitoxantrone, women ofchildbear-
ing age should have a pregnancytest prior to each dose of mitoxan-
trone. The potential complications and relatively limited clinical
benefit have diminished the use of mitoxantrone under this protocol.
Yet, there are several ongoing studies examining the usefulness of mito-
xantrone as an inducing agent in regimens for RRMS.” These studies
are determining whethera lower dose of mitoxantronepriorto starting
an injectable DMT will improve clinical outcomes.

Corticosteroids. Corticosteroids dampen the inflammatorycellular
response and cytokine cascade through a variety of mechanismsthat
are incompletely understood. Cytokines are proteins released by
inflammatory cells that can amplify the immune response as well as
mediate direct damage to the nervous system.”’”' Corticosteroids sup-
press gene expression and secretion of many of the proinflammatory
cytokines implicated in MS.**”Second, corticosteroidsstop T cells and
B cells from activating by interfering with cell signaling.” Third, cor-
ticosteroids decrease the extravasation of immunecells into the CNS

by suppressing MMPs and adhesion molecules.” Finally, corticoste-
roids actually have proapoptotic effects on activated immunecells.”
The effects of corticosteroids are not limited to peripheral immune
cells. Corticosteroids may decrease BBB permeability by suppressing
adhesion molecule expression on endothelial cells, and suppressing
effector functionsofglial cells in the CNS. Both pro- and antiapoptotic
effects of corticosteroids on neurons have been reported.”

Clinical indications for using corticosteroids in MS are contro-
versial. There is compelling evidence from large trials that a pulse
of high-dose IV corticosteroids can accelerate the recovery from a
relapse.” The mostwidelycited study of corticosteroids in demyelinat-
ing disease is the Optic Neuritis Treatment Trial.” This study was a
double-blind, placebo-controlled trial that enrolled patients with a first
episodeof isolated optic neuritis. The three groups were (i) IV corti-
costeroids (methylprednisolone 250 mg IV every 6 hours for 3 days)
followed by an oral prednisonetaper,(ii) an oral prednisone taper in
isolation, and (iii) oral placebo. Over 450 patients were followed pro-
spectively to track visual recovery and risk of other episodes of demy-
elination. While the long-term outcomes for all three groups were
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similar, patients receiving IV corticosteroids had a faster recovery.
Another observation from this study was that patients who received
onlyoral corticosteroids had the highest rate of recurrent optic neuri-
tis. Thus, when relapses of demyelinating disease occur, the usual
course of treatment involves a pulse dose of IV corticosteroids with or
without an oral taper. Only small clinical studies have been performed
analyzing the potential role of corticosteroids in long-term disease
management.’ While some data have supported the use of quarterly
pulses of corticosteroids, longer term, controlled studies will be
required to validate these findings. Potential adverse effects of acute
treatment with corticosteroids include elevated blood pressure, hyper-
glycemia, insomnia, mania or psychosis, and weight gain. Additional
adverse effects of long-term treatment include risk of peptic ulcers,
infections, and osteoporosis.

Cyclophosphamide. Cyclophosphamide (Cytoxan) is an alkylating
agentthatis used to treat malignancies and some autoimmunecondi-
tions. Cyclophosphamide hasalso been used to treat MS, although it
is not FDA approved for this indication. A 1983 study randomized
patients with severe, progressive MS to IV cyclophosphamide plus
adrenocorticotrophic hormone (ACTH), ACTH alone, or plasma
exchange with ACTH and oral cyclophosphamide.'"' The study was
neither blinded nor placebo controlled. It found that 80% of patients
treated with IV cyclophosphamide plus ACTH hadstabilized at 1 year
compared to 20%in the group treated with ACTH alone. Other studies
of cyclophosphamidein progressive MS have been negative.'"*""" Sub-
group analyses determined that younger patients with a shorter dura-
tion of progressive disease and an inflammatory component to their
disease as evidenced by MRIorclinical activity may be morelikely to
respond to cyclophosphamide.’ Several small, open-label studies have
also used monthly pulses of cyclophosphamide in RRMSpatients with
continued disease activity while on interferon beta or glatiramer
acetate.""*'* At doses varying from 500 to 1500 mg/m* IV monthly,
these studies have shown benefits on both MRIand clinical outcomes.

Possible adverse effects seen with cyclophosphamide include infer-
tility, amenorrhea, alopecia, cardiotoxicity, infections, and secondary
malignancies. Hemorrhagic cystitis is more commonlyassociated with
long-term oral cyclophosphamide treatment; however, patients receiv-
ing cyclophosphamide should be adequately hydrated. A complete
blood count and urinalysis should be performed periodically to
monitor the white blood cell count and to rule out hematuria. A preg-
nancytest should be sent prior to initiation of therapy.

Azathioprine. Azathioprine (Imuran) is a purine analoguethat is
used for posttransplantation immunosuppression, rheumatoid arthri-
tis, and other autoimmuneconditions.It is not FDA approved for MS,
but it is used commonlyin Europe in MS patients, partly because it is
relatively inexpensive. An evidence-based review concluded that aza-
thioprine was helpful in patients who experience frequentrelapses.”
An open-label clinical trial studied the effect of adding azathioprine to
interferon beta-1b in patients experiencing an exacerbation ordisease
progression while on interferon beta.'"’ Patients were maintained on
interferon beta-lb and titrated up to a goal dose of 3 mg/kg ofaza-
thioprine as tolerated. However, only | of the 15 patients was able to
tolerate the full dose of azathioprine. MRI scans on the combination
therapy had 65%fewer gadolinium-enhancinglesions when compared
to baseline scans in the same patients when they were on interferon
beta monotherapy. The authors found that a total white blood count
less than 4800 was the best predictor of MRI response.

Possible adverse effects with azathioprine include myelosuppression,
gastrointestinal side effects, infections, elevated transaminases, and
secondary malignancies. At the onset of therapy, patients should have
a complete blood count and pregnancytest. The blood count should
then be monitored weekly for the first month, twice monthlyfor the
second and third months, and then monthly. About 0.3% of the popu-
lation is homozygous for a nonfunctional form of the TPMT enzyme,
which metabolizes azathioprine.’ '' These patients are at risk forlife-
threatening myelosuppression if given azathioprine. Heterozygotes
mayalso be at an elevated risk of myelosuppression. These patients can
be identified by genotyping or bytesting enzymeactivity levels prior
to the initiation of azathioprine treatment.

Methotrexate. Methotrexateis a folate analogue used to treat some
malignancies, rheumatoid arthritis, and other autoimmune condi-
tions. It has been used for a numberof years in MS, but it is not FDA
approved for this diagnosis. The Avonex Combination Trial random-
ized patients with continued disease activity on Avonex to receive
Avonex plus either methotrexate, pulse dose corticosteroids, or meth-
otrexate and pulse dose corticosteroids. Although trends favored the
combination group, there was nota statistically significant difference
among the treatment groups.'* Thefull results of this trial have not
yet been published. In an open-label studyof 15 patients, weekly oral
methotrexate (20 mg) and interferon beta-la were given to patients
whohad breakthrough disease on interferon beta.''’ MRI scans onthe
combination therapy showed 44% fewer gadolinium-enhancinglesions
when comparedto baseline scans in the same patients when they were
oninterferon beta monotherapy.

Adverse events associated with methotrexate include gastrointestinal
toxicity, myelosuppression, hepatotoxicity, secondary lymphomas,
infections, fetal death or congenital anomalies, lung disease, skin reac-
tions, and encephalopathy. At baseline, patients should be screened
with a complete blood count including platelet count, liver function
tests, renal function tests, chest radiograph, and pregnancy test, as
applicable. Hematologic monitoring is recommendedatleast monthly,
and renalandliver function should be checked every 1 to 2 months.
Patients should be counseled that pregnancy should be avoided if
either partner is receiving methotrexate.

Mycophenolate Mofetil. Mycophenolate mofetil (Cellcept) blocks
purine metabolism and is used for posttransplantation immunosup-
pression. Although not FDA approved for MS, several uncontrolled
studies have reported benefits using this treatment.'*''? Further
studies are needed to better establish the utility of this treatment in
MS.Potential adverse effects include infections, leukopenia, gastroin-
testinal bleeding, diarrhea, and secondary malignancies. Complete
blood counts are needed weekly during the first month, twice monthly
for the second and third months, and monthly through the first year.
Womenof childbearing age should betested for pregnancy and advised
that the use of mycophenolate during pregnancyincreases the risk of
fetal loss and congenital malformations.

Intravenous Immune Globulin. |ntravenous immune globulin
(IVIG) is used to treat a number of autoimmune neurologic diseases
such as myasthenia gravis andacute inflammatory demyelinating poly-
neuropathy, Several trials have tested I'VIG in MS. A randomizedtrial
of monthly 0.15- to 0.2-g/kg IVIG or placebo found a 59% reduction
of the annualrelapse rate in the IVIG grouprelative to placebo.'” A
more recent placebo-controlled trial of two doses of IVIG did not find
a difference in its primary outcome of the proportionof relapse-free
patients, although the full results have not yet been published.''* The
role of IVIG in MS remains unclear. One interesting use of IVIG has
been to reduce the risk of relapses in the postpartum period, but its
role in this situation is unclear (see “Treatment Considerations Related

to Pregnancy”section later). IVIG can cause allergic reactions, head-
ache, fluid overload, aseptic meningitis, encephalopathy, renal failure,
and thrombosis/hyperviscosity syndromes.

Therapeutic Approach

Several important issues regarding treatment of patients with MS
remain unresolved, In some instances, high-quality evidence is avail-
able to guide our decisions, but in many instances these dataare lacking
and treatment decisions must be based on uncontrolled trials, expert
opinion, or personal experience. Several key treatment issues and the
available evidence are reviewed in this section.

Treatment with DMT; Patient Selection
and Initiation

The initial trials of the first DMTs, interferon beta and glatiramer
acetate, were on patients with clinically definite RRMS with relatively
high relapse rates. All these agents were shown to reduce relapse rate
in RRMS.Forinterferons, the rate of relapse reductions ranged from
18%to 32% depending on the study.''*’ The reduction in relapse



rate was 29% in the pivotal studyofglatirameracetate.'*' All interferon
formulations and glatiramer have also shown a beneficial effect on
MRImeasures of disease activity. Based upon these data, the FDA has
approved glatirameracetate and three formulations of interferon beta
for use in relapsing forms of MS. Demonstrationof an effect on dis-
ability was more variable in these trials.

After interferon beta was proven to benefit RRMS patients, ques-
tions arose about whether it might also help patients who have had
a single clinical episode of CNS inflammation and are deemed to
be at high risk of developing MS. Diagnostic criteria for MS require
two episodes of CNS inflammation that are disseminated in time
and space. Patients who have had a single attack are referred to as
having a “clinically isolated syndrome”(CIS). Criteria for MS can be
fulfilled by waiting for a second attack or, in some cases, by using
paraclinical evidence of MS such as the development of newlesions
on an MRI. When evaluating patients with CIS, it is important to
consider their risk of having further events that would qualify them
for the diagnosis of MS. The best tool to stratify risk of developing MS
is brain MRI. The Optic Neuritis Treatment Trial enrolled patients with
new optic neuritis and followed them prospectively. It found that
patients with one or morelesions typical of MS on brain MRI had a
56%chance of developing MS (defined as a secondclinical attack) after
10 years versus a 22%risk for those with a normal brain MRI.'”
Therefore, a study was undertaken in which patients with an initial
clinical demyelinating event and subclinical demyelination on MRI
were randomized to weekly intramuscular interferon beta-la or
placebo.'* Patients receiving interferon beta-la had a 44% lower
chance of progressing to clinically definite MS during the follow-up
period, and there were fewer newlesions on MRI. Similar findings were
seen in studies using the other formulations of interferon beta.'?*'~
A trial using glatiramer acetate in CIS showed that this drug reduced
the risk of developing MS and delayed the development of MS in
individuals with CIS.'*

The American Academy of Neurology (AAN) published guidelines
on the treatment of MS in 2002 (reaffirmed in 2003).'" The guidelines
concluded that, on the basis of several class 1 studies (see Table 46-2

for a summaryoflevels of evidence), interferon beta and glatiramer
acetate have been demonstrated to reduce the attack rate in patients
with MS (level A recommendation). Interferon beta also reduces the

Rating of Recommendation

Translation of Evidence to
Recommendations
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attack rate in patients with CIS whoare at high risk for developing
MS (level A). Consequently, the guidelines concluded thatit is appro-
priate to consider interferon beta treatment for any patient whois
at high risk for developing MS or who already has RRMS or SPMS
andis still experiencing relapses (level A). Glatirameracetate is appro-
priate to consider for treatmentof anypatient with RRMS(level A). It
was concluded that there were insufficient data to recommendinter-

feron beta or glatiramer for SPMS without relapses (level U recom-
mendation). They also thought that there was insufficient evidence
to determine whether certain populations of MS patients (e.g., those
with more attacks or at earlier disease stages) are better candidates
for therapy than others (level U recommendation), Most MS experts
believe that early treatment of MS with a DMT offers patients the
best chance of minimizing relapses and preventing or delaying
disability.

First-Line Treatment for RRMS

Opinionsdiffer regarding whatis the optimalfirst-line RRMS therapy.
Since the three interferon beta formulations and glatiramer acetateall
have similar efficacy in reducing relapse rates, the choice of therapyis
often best guided by the characteristics and preferences of the indi-
vidual patient. These treatments do differ in the type ofinjection,
frequencyofinjection, side effects, and frequency and significance of
neutralizing antibodyformation.

The three formulations of interferon beta have several differences.

Betaseron (or Betaferon in Europe) is subcutaneousinterferon beta-1b
250 meg every other day, Avonex is intramuscular interferon beta-la
30 meg weekly, and Rebif is subcutaneous interferon beta-la 44 mcg
three times per week, Avonex is considered to be a “low-dose”
interferon, while Rebif and Betaseron are considered “high-dose.”
The AAN treatment guidelines note that evidence indicates that it
is “probable that there is a dose-response curve associated with the
use of interferon beta” (level B recommendation); that is, a higher
dose or higher frequency of administration probably improves
efficacy.'?”

Avonexhas the lowest frequency of shots (once per week), while the
others are about three times per week and glatirameracetate is daily.
This makes Avonex advantageous for patients who are particularly
averse to injections. However, Avonex requires a deeper, intramuscular

Rating of Therapeutic Articles
A = Established as effective,

ineffective, or harmful for the
given condition in the specified
population

B = Probably effective, ineffective,
or harmful for the given
condition in the specified
population

C = Possibly effective, ineffective,
or harmful in the specified
population

U = Data inadequate or conflicting.
Given current knowledge,
treatment is unproven.

Level A rating requires at least one
convincingclass | study or at
least two consistent convincing
class II studies

Level B rating requires at least one
convincing class Il study or at
least three consistent class III
studies

Level C rating requires at least two
convincing and consistentclassIII
studies

Class I: Prospective, randomized, controlled clinical trial
with masked outcome assessment, in a representative
population. The following are required:
a) primary outcome(s) is/are clearly defined
b) exclusion/inclusion criteria are clearly defined
¢) adequate accounting for dropouts and crossovers

with numbers sufficiently low to have minimal
potential for bias

d) relevant baseline characteristics are presented and
substantially equivalent among treatment groups or
there is appropriatestatistical adjustment for
differences

Class II: Prospective matched group cohort study in a
representative population with masked outcome
assessment that meets a~d above or an RCT in a
representative population that lacks one of criteria a-d

Class Ill; All other controlled trials (including well-
defined natural history controls or patients serving as
own controls) in a representative population, where
outcomeassessmentis independent of patienttreatment

Class IV: Evidence from uncontrolled studies, case series,
case reports, or expert opinion
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injection with a needle that is larger than what is used for the subcu-
taneous injections for the other medications.

The interferon beta preparations also differ in their frequency of
inducing neutralizing antibodies (NAbs). NAbs are antibodies that
bind to the interferon molecule and potentially can decreaseits clinical
efficacy. Estimates of the frequency of NAbs have differed significantly
depending on the type of study and the definition of NAb positivity.
Betaseron is associated with the highest rate of NAb formation, which
was 38% in the Phase III study. For Rebif, NAb positivity was seen in
14%ofpatients in the Phase II] study.'*’ The manufacturers of Rebif
are testing a new formulation that may decrease the development of
NAbs.The Phase III trial of Avonex had a 22%rate of NAb positivity'”;
however, using a newly formulated product, most studies have found
NAb formation to be less than 7%.'** Therefore, Avonex appears to
have the lowest rate of NAb formation, while Betaseron has the highest,
The clinical significance of NAbs has been debated. To address this
question, the AAN published a practice guideline on NAbs in 2007.'*”
The authors concluded that “it is probable that the presence of NAbs,
especially in persistently hightiters, is associated with a reduction in
the radiographic and clinical effectiveness of interferon beta treatment
(level B recommendation).”'* They also concluded that the rate of
NAb formation is probably less with interferon beta-1a compared to
interferon beta-1b (level B) and the rate of NAb formation probably
depends on the formulation, dose, route of administration, or fre-
quency of administration (level B). NAbs to glatiramer acetate have
not been found.'”

The side effect profile differs significantly between interferon beta
and glatirameracetate. Interferon beta causesflulike symptoms,includ-
ing fever, myalgia, headache, and fatigue, in up to 75%ofpatients at
initiation of therapy.’Interferon beta can cause a transient worsening
of preexisting MS symptoms, especially spasticity.’ This often
accompanies flulike symptoms in the first 12 weeks. These effects
resemble the worsening seen in MS patients withstress, heat, or inflam-
mation. Interferon beta treatment requires blood monitoring for leu-
kopenia or elevated transaminases; glatiramer acetate does not require
any blood monitoring. Depression is a common comorbidity in MS.
Data have been conflicting on the role of interferon beta in exacerbat-
ing depression; however, it appears that this treatment can induce or
exacerbate depression in somepatients. Otherside effects of interferon
beta include menstrual disorders and exacerbation of migraine head-
aches. Glatiramer acetate is associated with a rare immediate post-
injection reaction. This reaction is benign but can be frightening for
the patient. The reaction occurs within minutes of the injection and
can include flushing, chest tightness or pain, dyspnea,palpitations, and
anxiety that can last from seconds up to 30 minutes. This reaction is
considered benign and not associated with cardiac dysfunction.It is
relatively uncommon, occurring from one to seven times during the
30-month Phase III trial in 15%of patients.'"' Anaphylaxis has been
reported as a rare event with both glatiramer and interferon beta.'**'*

Somedirect comparisons have been made between different inter-
feron beta formulations. The EVIDENCEtrial randomized patients
with RRMStoreceive either Rebif or Avonex.'* Dueto different routes

and frequencies of administration, the patients and treating physicians
werenot blinded,but relapses and disability were evaluated by a second
physician who wasblinded. The study found a 17% reduction in annu-
alized relapse rate in the Rebif group compared to the Avonex group.
The numberofpatients needed to treat with Rebif compared to Avonex
for one additionalpatient to remain relapse-free is 12. The INCOMIN
study randomized patients with RRMS to Betaseron or Avonex and
followed them for 2 years.’ Patients and physicians were unblinded
in this study, but the MRI assessments were blinded. They found a 31%
relative risk reduction of annualized relapse rate in the Betaseron
group relative to the Avonex group. The Betaseron group also had a
higher proportion ofpatients remaining relapse-free, and MRI mea-
sures favored Betaseron. However, interpretation of the results must
take into account the lack ofblinding regarding clinical outcomes.

Randomizedtrials comparing interferon beta and glatirameracetate
have also been performed. The REGARD trial randomized patients
with RRMStoRebifor glatiramer acetate.'"’ There was nosignificant

difference in the primary end point of time to first relapse. In a pre-
specified subgroup analysis, the subgroup of patients with lower base-
line disability had a greater time to first relapse in the Rebif group
relative to the glatiramer group. The authors notedthatpatients in this
trial had much lower relapse rates than had been predicted based on
prior studies. The BECOMEtrial is an MRI study that randomized
patients to glatirameror Betaseron and followed them forupto 2 years
with monthly MRI scans.‘* The primary outcome of the number of
new MRIlesions was notsignificantly different in the two treatment
groups. Taken together, these two studies support the conclusion that
the efficacy of glatiramer and high-doseinterferon are similar.

Based on the data discussed here, a few suggestions can be made
regarding initial choice of therapy in RRMS.Glatirameracetate has the
best side effect profile and is a good choice for patients who want to
avoid flulike symptomsand do not minddailyinjections. Patients who
are very averse to injections mayprefer the weekly injection of Avonex.
For patients with particularly active disease, the additional efficacy of
high-dose interferon (Rebif or Betaseron) may be preferred over a
low-dose interferon. The lower risk of NAb formation with Avonex

may be an advantage over high-dose formulations for some patients.
Also, between high-dose formulations, the lower frequency of NAb
formation in Rebif may make it preferable to Betaseron. The presence
of a history of depression or migraine headache favors use of glat-
iramer over interferon beta.

Treatments Helpful in SPMS
Theresults of treatment trials in SPMS have been mixed,and this stage
of the disease is more difficult to treat than RRMS. Mitoxantroneis

the only FDA-approved treatmentfor SPMS.Asdiscussed earlier, mito-
xantrone was given to patients with worsening RRMS or SPMS who
had experienced an increase in disability over the prior 18 months.”
The effective dose used in this double-blind, randomized, placebo-
controlled study was 12 mg/m IV every 3 monthsfor 2 years. Relapse
rate and disability measures were better in the group receiving
mitoxantrone.

Use of mitoxantroneis a reasonable strategy in patients with very
active RRMS or rapidly progressive SPMS. For SPMS patients, it is
probably most useful in patients whostill have a significant inflamma-
tory component to their disease, such as patients in a transitional phase
between RRMS and SPMS.Patients with later stages of SPMS areless
likely to benefit. The majorlimitation ofthis treatment strategy is the
adverse effect profile of mitoxantrone. As discussed previously, mito-
xantrone is associated with cardiomyopathy, myelosuppression, sec-
ondaryleukemias, and othersideeffects. The AAN published guidelines
on the use of mitoxantrone in MSin 2003.'" The authors concluded
that “it appears that mitoxantrone may have a beneficial effect on
disease progression in patients with MS whose clinical condition is
deteriorating” (level B recommendation). However, they cautioned
that “this agentis of limited use and ofpotentially great toxicity. There-
fore, it should be reserved for patients with rapidly advancing disease
who havefailed other therapies.”

Although it is not FDA approved for this indication, several trials
have shownpositive results with cyclophosphamide in SPMS. A 1983
study randomized patients with severe, progressive MS to IV cyclo-
phosphamide plus ACTH, ACTH alone, or plasma exchange with
ACTHandoral cyclophosphamide.'"’ Although the study was neither
blinded nor placebo controlled,it found that 80% of patients treated
with cyclophosphamide had stabilized at 1 year compared to 20% in
the group treated with ACTH alone. Other studies of cyclophospha-
mide in progressive MS have been negative.'"’""’ Post-hoc analyses of
these studies haveidentified subgroups that are mostlikely to respond
to cyclophosphamide—specifically, younger patients with a shorter
duration of progressive disease with an inflammatory component to
their disease as evidenced by MRIorclinical activity." Based on this
evidence, the AAN treatment guidelines concluded that pulse cyclo-
phosphamide treatment does not seem to alter the course of progres-
sive MS(level B recommendation), but thatit is possible that younger
patients with progressive MS might derive some benefit from pulse
plus booster cyclophosphamidetreatment(level U recommendation).'””



Theutility of interferons in SPMS has been an area of controversy.
A European study randomized SPMSpatients to subcutaneous inter-
feron beta-1b or placebo.'*' SPMS wasdefined as a period of deterio-
ration independent of relapses sustained for 6 months, and patients
needed to have a history of two or more relapses or an increase in
disability in the prior 2 years. This study was terminated early due to
a benefit in the interferon beta-1b group for the primary outcome of
time to confirmed disability progression. Based on these data, the
European Union approved interferon beta-1b for use in SPMS. In
contrast, a North American studyofinterferon beta-1b in SPMS had
completelydifferent results.'"! This study enrolled patients with MS for
at least 2 years who had had at least one relapse and a progressive
course for at least 6 months. Patients also had to have an increase in

disability in the preceding 2 years. This study found no benefit of
interferon beta for the primary outcomeof time to progression.In fact,
the study was stopped early duetofutility. However, the interferon beta
groupdid show benefit on some secondary outcome measures,includ-
ing a reduction in relapse rate and number of new MRIlesions. A
post-hoc combined analysis of the two trials was performed.’ The
patients in the European study were more likely to be at an earlier
phase of SPMS and had more inflammatoryactivity as evidenced by
relapse rate and MRI activity. The authors concluded that SPMS
patients with pronounced disability progression and continuing relapse
activity are morelikely to respondto interferon beta, AAN treatment
guidelines state that it is appropriate to consider interferon beta for
treatment of SPMS patients who arestill experiencing relapses (level
A recommendation); however, the effectiveness of interferon beta in

patients with SPMS without relapses is uncertain (level U recommen-
dation),'””

Treatments Helpful in PPMS

Unlike RRMS,attemptsto find treatments for PPMS have been disap-
pointing. There are currently no FDA-approved treatments for PPMS;
this is a major unmet medical need. With the exception of natalizumab,
the approved therapies for RRMS have been tested in PPMS. The
PROMisetrial randomized PPMSpatients to receive glatiramer acetate
or placebo and followed themfor 3 years.” The primary end point was
time to sustained progression ofdisability, The study found nosig-
nificant treatment effect. Interferon beta-1b has been tested in a ran-

domized, placebo-controlled trial of patients with PPMS ortransitional
MS,defined as progressive disease with a history of a single relapse
priorto, at the onsetof, or during the progressive phase.'* Preliminary
results were reported, but the full results have not yet been published.
There was no difference in the groups with respect to the outcome of
confirmed 6-month progression. However, the interferon group had
better Multiple Sclerosis Functional Composite scores and better
results on some MRI measures. A double-blind, placebo-controlled
trial of mitoxantrone in PPMS has been completed. The preliminary
analysis indicated that there was no benefit on clinical outcomes, but
the results have not yet been published.'” A trial of rituximab in PPMS
was reported to be negative in a companypressrelease.

Definition of Treatment Failure

Manyphysicians struggle with howto define treatmentfailure in MS.
Although no universal definition of treatment failure exists, most
people would agree that more than tworelapses per year, an evolving
MRI, or development of newdisability should prompt consideration
of a changein therapy. However, we know from clinical trials thatfirst-
line therapies such as interferon beta and glatiramer acetate only
decrease the relapse rate by about one third. Consequently, it may be
unrealistic to expect complete quiescence with these medications.If
one knowsthe pretreatmentrelapse rate or the frequency at which new
MRIlesion developed, then this can be used as a comparison. Unfor-
tunately, decisions must usually be made without these data.

The most challenging situation is the patient with aboutone relapse
per yearor norelapses but continued development of new MRIlesions.
The managementof this patient often depends on several questions:
Are they true relapses (as opposed to heat- or infection-related “pseu-
dorelapses”)? How severe are they? How well does the patient recover?
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Are there prognostic factors that portend a worse disease course? Does
the patient want to change treatments? What other treatments are
available, and whatare their risk: benefit ratios? An important consid-
eration when faced with breakthroughdisease activity is the patient's
compliance. As with any disease, a treatment only works if a patient
takes it. Another consideration in patients on interferon beta is the
possible presence of NAbs. Although the clinical importance of NAbs
remains controversial, an AAN guideline concluded thatit is probable
that the presence of NAbs, especiallyin persistently high titers, is asso-
ciated with a reduction in the radiographic and clinical effectiveness
of interferon beta treatment (level B recommendation).The pres-
ence of high-titer NAbs in the context of breakthrough diseaseactivity
should prompt consideration of changing to a non-interferon treat-
ment. Antibodies to natalizumab have also been observed.” Persistent

antibodies were seen in 6% oftrial patients and were associated with
decreased efficacy of the drug. Testing for antibodies to interferon beta
and natalizumab is commerciallyavailable. The presence of other non-
MS pathologies should also be a consideration in breakthroughdisease
(e.g., PML in a patient receiving natalizumab).

Managementof Breakthrough
Disease Activity
Breakthrough disease activity remains a common problem with our
current armamentarium oftreatments. As discussed previously, assess-
ment of treatment compliance and consideration of the presence of
NAbsto interferon beta or natalizumab should be considered.If it

is decided that the degree of disease activity is not acceptable, then
several strategies are available, Opinions on how to manage ongoing
disease activity differ significantly, and there are limited data to guide
decision making. Someclinicians will change a patient from a low-dose
to high-dose interferon, although there are no data to support this.
Switching from interferon beta to glatiramer acetate or vice versa is
another strategy. The combination of interferon beta and glatiramer
was found to besafe in a pilot trial,'** and a large National Institutes
of Health-sponsoredtrial is underwayto test the effectiveness ofthis
regimen.”

Another approach for managing breakthrough disease activityis to
switch to a more potent agent. Two FDA-approved treatments that can
be used in this circumstance are natalizumab and mitoxantrone. Clin-

ical trials with natalizumab showed robusteffects on relapse rate and
MRI measures in relapsing MS. However, due to the risk of PML, a
potentially fatal viral infection of the brain, natalizumab should only
be used as monotherapyin patients with relapsing forms of MS who
have had an inadequateresponseto alternate MS therapies. As described
earlier, mitoxantroneis indicated for treatment of SPMS or worsening
RRMS. Although not FDA approved for this indication, IV cyclophos-
phamidehas often been used for MSpatients with relatively aggressive
disease. Onetrial randomized RRMSpatients who continued to have
very active disease on interferon beta to receive 6 months of pulse
corticosteroids or pulse corticosteroids plus IV cyclophosphamide
(800 mg/m*) in addition to interferon beta.'” In the 18-month
follow-up, there were a lower relapse rate and fewer new gadolinium-
enhancing lesions in the group receiving IV cyclophosphamide,pulse
corticosteroids, and interferon beta.

Other non-FDA-approved therapies are commonly used in break-
through MS. Some clinicians will add pulse dose corticosteroids,
azathioprine, methotrexate, mycophenolate mofetil, cladribine, cyclo-
sporine, or IVIG to the patient's regimen. The data for use of these
agents are often limited. The AAN treatment guidelines concluded that
regular pulse corticosteroids maybe useful in the long-term manage-
ment of RRMS(level C recommendation),'*’ azathioprine may reduce
relapse rate in MS (level C), cladribine does not appear to favorably
affect the disease course (level C), cyclosporine may possibly have some
benefit in MS (level C), and TVIG could possibly affect relapse rate
(level C).

ManagementofAcute Relapses
The treatment of an acute MSrelapse largely depends on its severity.
Early in the disease, most relapses are followed by significant recovery
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even in the absence of treatment. Studies have shown that high-dose
IVcorticosteroids can speed up the recovery from a relapse (level A
recommendation).'” However, there does not appearto be any Jong-
term benefit to a brief use of corticosteroids in an acute relapse (level
B recommendation). Therefore, manyclinicians will use high-dose IV
steroids for anyrelapse that causes functional impairment(e.g., weak-
ness, notable visual impairment). For milder symptoms not causing
functional impairment (e.g., a mild sensory disturbance), corticoste-
roids are often withheld. A typical regimen is methylprednisolone
1000 mg IV dailyfor 3 to 7 days. Someclinicians will follow this with
a 10- to 14-day oral prednisone taper, although many do not. The
Optic Neuritis Treatment Trial found that optic neuritis patients
treated with a moderate dose oforal corticosteroids (prednisone | mg/
kg) had a higher risk of developing a newoptic neuritis than the groups
treated with placebo or high-dose IV methylprednisolone.” Therefore,
moderate-dose oral corticosteroids are not recommended. High-dose
oral and IV corticosteroid regimens have been compared in small
randomized trials.'“"'” They have found no differencein efficacy, sug-
gesting that high-dose oral regimens may be a more convenient and
less expensive option to IV methylprednisolone. The AAN treatment
guidelines found that there is no compelling evidence to indicate that
the route, type, or dosage of corticosteroid affects the clinical benefit
that is observed,at least at the dosages that have been studied (level C
recommendation).

For patients with a severe relapse that does not respond to high-dose
corticosteroids, one option is plasma exchange. In onetrial patients
with severe deficits that did not respond to high-dose corticosteroids
were randomized to seven courses of plasma exchange or sham treat-
ment. ** The group receiving plasma exchange was significantly more
likely to experience at least moderate neurologic recovery. This treat-
ment was given a level C recommendation in the AAN treatment
guidelines.’

Treatments Helpful for Common
MS-Related Symptoms
Besides disease-modifying agents, physicians will often need to pre-
scribe medication for symptomatic therapy. Patients with MS suffer
from a variety of secondary symptomsincluding spasticity, inconti-
nence, fatigue, pain, and depression. Successful management of those
symptomsis a significant part of improving patients’ quality of life.
Table 46-3 lists various therapeutic options for common secondary
symptomsand their potential side effects. At times,a side effect profile
can be used to the patient's advantage. For example,if a patient pres-
ents with insomnia, depression, neuropathic pain, and incontinence,
he or she may not need four prescriptions. Using amitriptyline as an
antidepressant maytreatall four symptomsbasedonits anticholiner-
gic properties (causing drowsiness in the evenings and decreased uri-
nation) as wellasits ability to treat neuropathic pain.’ It is critical
to determine the root cause of various symptoms before prescribing a
medication. An MS patient with fatigue may be suffering from sleep
apnea rather than MS-related fatigue. Successful treatment of these sym-
ptomswill only occurif all potential causes have been considered.

Spasticityis a velocity-dependent increase in muscle tone that results
fromlesions of the descending corticospinal tract. Commonly, patients
will complain of stiffness of gait, loss of dexterity, or painful muscle
spasms. Physical therapy can be helpful in improving spasticity and
preventing contractures. Baclofen (Lioresal) is a y-aminobutyric acid
B receptor agonistthat is used totreat spasticity. Patients should begin
at a dose of 5 mg three times per day and be titrated upas tolerated.
The dose-limiting side effect is usually sedation. In addition, decreased
muscle tone can sometimes make it more difficult for patients to walk,
Patients should be cautioned notto stop the medicine abruptly due to
risk of withdrawalseizures. Tizanidine (Zanaflex) is another centrally
acting antispasmodic agent.It is an agonist of G,-adrenergic receptors.
Sedationis the most commonsideeffect encountered with tizanidine.

Botulinum toxin injections can be used to relieve localized adductor
spasms. However, these large muscles often require a high dose to be
effective. Other treatments used to relieve spasticity include benzodi-
azepines, dantrolene, dronabinol, and an intrathecal baclofen pump.

 
SPASTICITY

Baclofen Drowsiness, headache, insomnia, nausea,
confusion, seizures

Dantrolene Drowsiness, dizziness, diarrhea, constipation,
headache, palpitations, hepatotoxicity

Diazepam Drowsiness, dizziness, fatigue, constipation,
headache, blurred vision, confusion, ataxia

Dronabinol Dizziness, insomnia, mood changes, ataxia,
anxiety, paranoia, unusual thoughts,
increased appetite

Tizanidine Drowsiness, fatigue, dry mouth, dizziness
NEUROPATHIC PAIN

Amitriptyline Drowsiness, dizziness, dry mouth, headache,
urinary retention, weight gain

Carbamazepine Ataxia, clumsiness, dizziness, drowsiness,nausea

Gabapentin Drowsiness, dizziness, fatigue, irregular eyemovements

Lamotrigine Rash, headache, fatigue, dizziness, blurred
vision, ataxia

Paroxetine Drowsiness, nausea, diarrhea, insomnia, dry
mouth, tremor, decreased libido, sexual
dysfunction

Topiramate Paresthesias, weight loss, dizziness, cognitive
difficulties, ataxia, somnolence

Tramadol Nausea, constipation, dizziness, lowered
seizure threshold

FATIGUE

Amantadine Nausea, drowsiness, headache, constipation,
rash

Modafinil Headache, anxiety, insomnia

Bladder dysfunction is a very common complaint among M5
patients. Furthermore, bladder and kidneystones, renal dysfunction,
and urosepsis can be major sources of morbidity in MS. When patients
present with a new urinary complaint, it is important to perform a
urine culture to evaluate for an infection. There are three general types
of urinary problems in MS. It is often difficult to distinguish them
based on history, and urodynamicstudies can be helpful in somecases.
First is the atonic bladder, which presents with difficulty voiding and
overflow incontinence. Urinary tract infections are common. Cholin-
ergic medications such as bethanecol can sometimesassist with bladder
emptying. However, many patients will need to perform clean inter-
mittent bladder catheterization. Patients with frequent urinary tract
infections maybenefit from the use of urine acidifiers such as cran-
berryjuice or vitamin C. The second type of bladder problem is the
spastic bladder. Patients are unable to store urine well, resulting in
urinary urgency and incontinence. Anticholinergics such as oxybu-
tynin (Ditropan) and tolterodine (Detrol) can alleviate some of these
symptoms, The third bladder problem is detrusor-sphincter dyssyner-
gia. This occurs when the detrusor muscle and external urinary sphine-
ter contract simultaneously, leading to high pressures in the bladder.
This is also best treated with clean intermittent catheterization, but

o-blockers such as terazosin (Hytrin) can be helpful. Constipation can
be treated with dietary changes and stool softeners. Bowel incontinence
is less common, but moredistressing. Use of a bulk fiber agent such as
psyllium (Metamucil) can be suggested.

Fatigue is the most commonly reported symptom of MS, with
an estimated frequency between 76% and 92%.,'~ The first step in



managingfatigue is to evaluate for a cause other than MS. Hypothy-
roidism, anemia, depression,sleep apnea, or medication effects all can
contribute to fatigue. The patient’s sleep habits should be explored,
including the frequency of awakenings due to nocturia. Regular exer-
cise can improve endurance and should be recommended.If this is
insufficient, several pharmacologic interventions can be tried. About
30%of patients will respond well to amantadine (Symmetrel) 100 mg
in the morning and 100 mgin the early afternoon. Patients may expe-
rience livedo reticularis or anticholinergic effects with this treatment.
Modafinil (Provigil) is a medication that promotes wakefulness andis
used in narcolepsy. The evidence forits utility in MS fatigue is mixed.
Although benefits were seen in an open-label study of MS fatigue, a
randomized, double-blind, placebo-controlled trial failed to show a
benefit.""* Nonetheless, many experts believe that a subset ofpatients
will respond favorably to Modafinil. CNS stimulants such as methyl-
phenidate (Ritalin) are an option for patients with severe fatigue that
has not responded to other treatments. One double-blind, placebo-
controlled, crossover study of aspirin 1300 mg daily showed a benefit
on fatigue scores in MS,'" Although not FDA approvedin the United
States, 4-aminopyridine has been used for manyyears for management
of MS symptoms. It is thought that it may improve conduction in
demyelinated nerves through blocking currents in the K,1.4 potassium
channels on axons.Its use has been limited by an increased seizurerisk,
but a longer acting formulation (fampridine) is being tested in clinical
trials.

MS patients can experience both musculoskeletal pain and centrally
mediated dysesthesias. For neuropathic pain, commonly used treat-
ments include gabapentin (Neurontin), tricyclic antidepressants
such as amitriptyline or nortriptyline, tramadol (Ultram), pregabalin
(Lyrica), duloxetine (Cymbalta), topiramate (Topamax), baclofen
(Lioresal), carbamazepine (Tegretol), and lamotrigine (Lamictal). In
MS,trigeminal neuralgia can result from a demvelinating plaqueat the
dorsal root entry zone ofthe trigeminal nerve. Carbamazepine, gaba-
pentin, and phenytoin (Dilantin) are frequently used for this condi-
tion, although some patients may require gamma knife or
neurosurgical intervention. Musculoskeletal pain can be treated with
nonsteroidal anti-inflammatory medications.

Several other symptoms are commonly encountered in MS patients.
Patients can experience cognitive dysfunction, particularly with regard
to sustained attention, working memory, and speed of information
processing. It is hoped that use of DMTs will decrease the development
of cognitive impairment. Studiesof acetylcholinesterase inhibitors for
cognitive impairment in MS have generally been negative, although
subsets of patients may benefit from this approach." Cognitive reha-
bilitation can be tried. Depression and bipolar disorder are seen at a
higher frequency in MS patients. Treatment of these conditionsis the
sameas for non-MSpatients with these conditions. Sexual dysfunction
is also identified commonly in MS patients. Since many patients will
not spontaneously report this problem, it is often useful to question
patients aboutit. As with other symptoms, a contribution of depres-
sion, other medical conditions, or medication effects should be ruled
out. Men mayexperience erectile dysfunction, which can be treated
with phosphodiesterase-5 inhibitors suchas sildenafil (Viagra). Women
may report decreased libido, decreased vaginal lubrication, or decreased
perineal sensation. Water-soluble lubricants can assist with vaginal
dryness, but pharmacologic optionsare not available for other causes
of sexual dysfunction.

Treatment Considerations Related

to Pregnancy
Given that MS is most commonly diagnosed in women between 20
and 40, clinicians are frequently faced with questionsrelating to preg-
nancy. Many women with MS have successful deliveries, and thereis
no evidence that MS has anyadverse effects on the health of the baby.
Epidemiologic studies of pregnant patients have found that the MS
relapse rate is lower during pregnancy, especially during the third
trimester.'** However,the risk of relapses is increased in the 3-month
period following delivery. After that 3-month period, the relapse rate
returns to the prepregnancy level, indicating that pregnancy does not
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accelerate the disease process. Taken together, the relapse rate for the
l-year period including the pregnancy is the sameas therate in non-
pregnant patients. In addition, neither epidural analgesia nor breast-
feeding is associated with an increased relapse rate or disease
progression.’

None of the DMTs has been proven to be safe in pregnancy or
breast-feeding. Glatiramer acetate is in FDA Pregnancy Category B
(animal reproduction studies have not demonstrateda fetal risk, but
there are no controlled studies in pregnant women,or animal repro-
duction studies have shown an adverseeffect | other than a decrease in
fertility] that was not confirmed in controlled studies in women in the
first trimester [and there is no evidenceofa risk in later trimesters] ).
Interferon beta and natalizumab are Category C (either studies in
animals have revealed adverse effects on the fetus and there are no
controlled studies in women,or studies in women and animals are not

available). Mitoxantrone is Category D (there is positive evidence of
humanfetal risk, but the benefits from its use in pregnant women may
be acceptable despite the risk). For women who want to get pregnant,
the first step is to discuss what is known about pregnancyand MS. For
women on interferon, it should be discontinued 1 to 2 months before

the woman wantsto start trying to get pregnant because of the known
abortifacient potential ofthis class. As for any woman, the use of pre-
natal vitamins and folic acid supplementation is recommended prior
to and during pregnancy.If a pregnancyis discovered while the woman
ison a DMT,the treatment should be stopped immediately. The poten-
tial effects of using these therapies while breast-feeding are unknown.
Consequently, it should be recommended that they not be used while
breast-feeding.

Management ofthe postpartum patient can be challenging. However,
72% of women will not have a relapse in the 3 months after preg-
nancy.’”In the Pregnancy in Multiple Sclerosis study, the best predic-
tors of which patients were most likely to experience a postpartum
relapse were the prepregnancyrelapse rate, relapse rate during preg-
nancy, and a higherdisability score.'” In other words,those with active
disease before and during pregnancy were mostlikely to have a post-
partum relapse. The decision about whether to forego breast-feeding
in order to resume a DMTafter delivery should depend on theclini-
cian’s estimate of the likelihood of a postpartum relapse, the severity
of prior relapses, and the patient's preferences.

Onestrategy that has been employed to try to decrease postpartum
relapses is the use of IVIG. In a retrospective analysis of patients treated
with different IVIG regimens during and/or after pregnancy, one group
found a lowerrelapse rate compared to untreated patients.'* A pro-
spective randomizedtrial of postpartum [VIG was performed for the
purposeofidentifying an optimal dose.'” Thefirst group received one
dose of 150 mg/kg IVIG and the second group received 450, 300, and
150 mg/kg on days 1, 2, and 3 after delivery, respectively. Both groups
then received 150 mg/kg of IVIG every 4 weeksfor five treatments. The
treatment regimens did not differ with respect to the outcomeofthe
numberofpatients remaining relapse-free in the first 3 months post-
partum. The postpartum relapse rate was notsignificantly higher than
the relapse rate before pregnancy, leading the authors to conclude that
IVIG appears to decrease the postpartum relapserate.

Treating the Pediatric MS Patient
Although MS classicallyhasits onset in early adulthood, approximately
3%to 10%ofcases will have onset before age 18.'"In someinstances
it can initially be difficult to differentiate pediatric MS from conditions
such as acute disseminated encephalomyelitis (ADEM). To assist with
this, Kruppet al. have published proposed diagnostic criteria for pedi-
atric MS and related conditions.'"’ None of the therapies used in MS
are FDA approved for use in children, However, based on the same
rationale for use in adults, glatiramer acetate and all three forms of
interferon beta have been assessed in clinicaltrials in children.'"’ These

studies have generally found that the side effect profile in children is
similar to that of adults,’ although children under 10 may be more
likely to develop abnormalliver functiontests with interferon beta."
Although these smaller studies were not generally designed to look for
treatment effects, most studies have found a lower relapse rate in
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the treated group.'* Data on long-term safety and efficacy are not
available.

A recent review by the International Pediatric MS Study Group
recommended that immunomodulatory therapy should be started in
children with active relapsing-remitting disease. '*- The authors defined
this as more than one exacerbation in a period of 1 to 2 years and new
T2-hyperintense lesions or gadolinium-enhancing lesions on repeat
brain MRI scans over the same time frame. They cautioned that, in
patients whose initial episode includes encephalopathy, the use of
DMTs should be delayed until a second or third attack with more
typical MS features has occurred to avoid giving inappropriate treat-
menttoa child with ADEM. Interferon beta or glatiramer acetate is an
appropriate first-line therapy. The choice should be made based on a
discussion with the child and parents. IVIG can be considered as an
alternative, especially for children under 6 years, in whom thereis
limited knowledge aboutthe tolerability of these medications.’ Aza-
thioprine is an option for patients who cannottolerate injections.'”
Dose adjustment for interferon beta may be necessary for children
younger than 10 years or those with a low bodyweight, especially at
the initiation oftherapy.'**

Emerging Targets and Therapeutics

As the pathogenesis of MS has been further elucidated, a variety of
novel therapeutic targets have been identified. There are currently over
a dozen clinical trials of new therapies and new combinationsof ther-
apies for MS. Sometreatments aim to modify or suppress the immune
system. Other drugs are being tested as putative neuroprotectants.
These agents are meantto protect neurons from damageregardless of
inflammation-mediated demyelination. Beyond the mechanisms of
action, the other area of change is in the route of administration—the
newer agents include a numberof oral and infusible drugs.

FTY720 (fingolimod) is an agonist to sphingosine-1 phosphate
(SIP) receptors on the surface of lymphocytes (specifically the $1P1]
receptor). Binding ofthis receptor results in its internalization, which
then prevents normal lymphocyte egress from the secondary lymph
organs. This reduces the numberof circulating lymphocytes available
to mount an autoimmuneattack in the CNS. This agent, derived from
the fungus Jsaria sinclairii, has been studied in MS and kidneytrans-
plantation patients.'""'* A Phase II double-blind, placebo-controlled
trial randomized 281 patients with RRMS to 1.25 mg or 5 mg of
FTY720 or placebo. Patients were followed for 6 months, after which
most patients participated in an extension study.’ There wasasig-
nificant reduction in relapses and new MRI lesions. Side effects
included an increasedrisk of nasopharyngitis, influenza, headache, and
diarrhea. Two PhaseII] trials are underway.

BG-12 is an oral fumaratethatis currently in PhaseIII clinical trials
for RRMS. While the exact mechanism of action is unknown, there
is some evidence for an anti-inflammatory effect that ameliorates
immune-mediated CNS damage.'” A promising PhaseI] trial analyzed
three doses of BG-12 (120, 360, and 720 mg) versus placebo and
reported a reduction in relapse rate and MRI benefits. The most
commonadverse events wereflushing, gastrointestinal disorders, head-
ache, and nasopharyngitis.

Laquinimodis a synthetic compound with excellent oral bioavail-
ability that is structurally related to linomide. In Phase II and III
studies, linomide was effective at preventing new lesions on MRI, but
was discontinued due to side effects including myocardial infarction
and serositis."" A Phase II double-blind, placebo-controlled trial of
laquinimod (0.1 and 0.3 mg/day) versus placebo reported a reduction
in the appearance of new MRIlesions.’ PhaseIII trials will be con-
ducted in order to confirm these results and further evaluate the safety
profile in a larger cohort of patients.

Teriflunomideis another oral immunomodulatoryagent that inhib-
its pyrimidine synthesis in T cells,'”""”' After showing promisingresults
in animal models of MS, Phase | and II studies were conducted.'™ A

36-week, double-blind, placebo-controlled trial compared two doses
of teriflunomide (7 and 14 mg/day) to placebo. Patients receiving
the higher dose of teriflunomide had fewer relapses, fewer new MRI

 

lesions, and less accrual ofdisability (albeit over a short period).'” A
PhaseII] trial is currently underway.

Cladribine (Leustatin) is an immunosuppressantthat is cytotoxic
for resting andproliferating lymphocytes. T lymphocytes are preferen-
tially depleted comparedtoBcells.’” Injectable versions of this drug
have shown efficacy in RRMS.'*'* Studies attempting to identify a
beneficial effect on progressive forms of MS failed to achieveclinically
significant outcomes.'*'” The majortoxicity of this agent has been
myelosuppression.'* Currently, a Phase III trial of oral cladribine in
RRMSis underway.

In addition to oral agents, a variety of monoclonal antibodies have
shownsignificant potential in MS, Rituximab (Rituxan) is a chimeric
monoclonal antibody that binds to CD20, a molecule on the surface
ofall B cells except plasmacells. Originally used to treat B-cell lym-
phoma,this agent has become anattractive therapy for several autoim-
munedisorders. Indeed, rituximab has been FDA approved for use in
certain regimens for rheumatoid arthritis.” This treatment causes
death of B cells via complement-mediated cytotoxicity, antibody-
dependentcell-mediated cytotoxicity, and apoptosis.'"' Given that B
cells are a source of IL-6 and TNF-a, depleting the B-cell population
with rituximab would also reduce these proinflammatory cytokines.
Whenpatients with MS were treated with rituximab, CSF analysis
revealed a decrease in the number of B and T cells.'*' Small Phase I

andII trials have found a reduction in relapses and new MRIlesion
formation,'**'*’ Whetherthis clinical outcome implicates antibodies in
the pathogenesis of MS or indicates the importance of B cells as
antigen-presentingcells is unclear.

Daclizumab (Zenapax) is a humanized monoclonal antibodythat
recognizes CD25, the alpha subunit of the IL-2 receptoronTcells. This
antibody interferes with IL-2 signaling pathways in T cells, but does
not cause apoptosis or cell death.'* While T-cell function is altered
with daclizumab, the number of CD56* natural killer cells increases.

Theeffect of this cell population on the pathogenesis ofMS is unknown,
but they may have protective capabilities." Two small open-label
studies of daclizumab for patients with RRMShaveindicated that the
drug is well tolerated and there is a significant improvement in both
MRIandclinical end points.'**'*”

Alemtuzumab (Campath) is a monoclonal antibody that recognizes
CD52, a molecule found on mature lymphocytes. While the mecha-
nism of action has not been elucidated in vivo, some studies have
shown that alemtuzumab can induce apoptosis in lymphocytes,'**'’
It has been approved by the FDA for treatment-refractory chronic
lymphocytic leukemia.'”’ Multiple open-label studies of alemtuzumab
in RRMS and SPMS have shown promisingclinical results.'’*'"'*' While
larger studies are currently underway, some concerningside effects
have been identified. Specifically, many patients develop autoimmune
hyperthyroidism and infusion reactions.'”*"”’ Also, there is an increased
risk of opportunistic infections with agents such as cytomegalovirus.
In data presented at the 59th AAN meeting, the CAMMS223 study
comparing alemtuzumab to interferon beta showed a significant
reduction in relapses and progression to disability. Adverse events
included a significant increase in autoimmune thyroid disease and
several unexpected cases of idiopathic thrombocytopenic purpura
(ITP).' Unfortunately, one case of ITP resulted in a fatal intrace-
rebral hemorrhage. The side effect profile may significantly limit this
drug’s clinical utility,

Various drugs thatare currently indicated for the treatment ofother
conditions have shown promise in MS. In animal studies and small
human trials, drugs such as minocycline, statins, and estriol have
shown promise as MS therapies.'***”’ Experimental data suggest that
minocycline could function as an MMPinhibitor, thereby reducing the
migration of lymphocytes into the parenchyma.””Statins are thought
to have both neuroprotective effects and a capability to alter the perme-
ability of the BBB.”’’*The sex hormoneestriol has been shown to
alter chemokine expression and T-cell migration.*”*"” Thus, each of
these drugs, as well as many others, is being investigated in clinical
trials.

While the majority of therapeutics studied to date suppress or
modulate the immune system, more recent strategies have targeted



neuroprotection. Multiple studies have identified axonal loss early in
the course of MS, and axonal loss is predictive of the development of
disability.’-""*"" Moreover, in progressive forms of MS, axonal damage
appears to beat least partly independent of inflammation, and immu-
nosuppression is usually ineffective. Therapeutically, it would be
advantageous to have neuroprotective therapies that could lessen or
prevent axonal damage and disability accrual. Several agents have
shown promise in early clinicaltrials. One theory of the cause of neu-
ronal damageis glutamate-mediated excitotoxicity. Riluzole (Rilutek),
a glutamate/N-methyl-p-aspartate pathway blocker, was tested in a
small group of patients with PPMS. Results suggested a slowing of
neuronal loss.“''*" Use of erythropoietin (Epogen, Procrit) is another
potential neuroprotective strategy, When examined in preclinical
studies, results suggested that erythropoietin may help maintain neu-
ronal integrity despite intense inflammation.*'’ A third neuroprotec-
tive strategy is based on the observationthat certain sodium channels
are implicated in axonal damage.*'* Agents that block sodium channels
have shown a benefit in animal models of MS andare progressing to
clinical trials.“'**'’ These are just a few of the potential strategies that
are being investigated from a neuroprotection perspective.

Both immunomodulatory and neuroprotective strategies, however,
achieve clinical efficacy by preventing future damagein patients with
MS.There are no approvedtherapies that are targeted at promoting or
inducing repair of the damaged nervoussystem. Restorative therapies
currently under investigation include drugsthat will promote remye-
lination and cell-based therapies (e.g., stem cells) that are meant to
re-create normal CNScircuitry. There are natural inhibitors of axonal
regeneration, such as the Nogo pathway, The Nogo receptorutilizes a
series of proteins, such as LINGO-1, to transduceits signal.*’* Strate-
gies that interfere with this signaling pathway may promote regenera-
tion within the CNS after inflammation. Likewise, a multitude of

researchersare pursuingcell-based therapies as a way to induce repair
within a damaged CNS.Glial-restricted precursor cells have the poten-
tial to repair CNS damage from inflammatory processes.*'’ These
approaches require significant preclinical data before humantrials willcommence,
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