
Multiple
Sclerosis

A COMPREHENSIVE TEXT

Edited by

CEDRIC S. RAINE

HENRY F. McFARLAND

REINHARD HOHLFELD

ae yeee=ee

Merck 2012

TWi v Merck

». “IPR2023-00050
-

 



TL

Attiate)te
Sclerosis

A COMPSERENSEYV.E I EXT

SBN 978-0-7020-2811-3

www.elsevierhealth.com

, . ae * t y a :
Pf Y i ~ F = ae iea : ¢ ‘ Y a5 aad a 7a , i *

ee wired ¥€. " AP's site Te *
as A’ = M&M areg a

. pe . .

ee Pe is +,
4 ) é ‘ jd ‘. vr at i- ry Yi Py , rs

SAUNDERS < ye, 7 a es (0 pal 9 ;
meseulae , At gael SPT

£ . NE Bae - .
e “¢ - * a

x 2 » a 4 « 5 oY
’ « ’

 



Multiple Sclerosis:
A Comprehensive Text

WL.
360

Edited by 4aneq56

Cedric S. Rainepaoose rcpath
Professor, Departments of Pathology (Neuropathology),
Neurology and Neuroscience,
Albert Einstein College of Medicine,
New York, USA

Henry F. McFarland mo
Chief, Neuroimmunology Branch, and Clinical Director,
National Institute of Neurological Disorders and Stroke,
National Institutes of Health, Bethesda,

Maryland, USA

Reinhard Hohlfeld mo
Professor and Director of the Institute for Clinical Neuroimmunology,
Ludwig-Maximilians University, Klinikum Grosshadern,
Institute for Clinical Neuroimmunology,
Munich, Germany

SAUNDERS

 
EDINBURGH LONDON NEW YORK OXFORD PHILADELPHIA ST LOUIS. SYDNEY TORONTO 2008



SAUNDERS
ELSEVIER

An imprint of Elsevier Limited

© 2008, Elsevier Limited, All rights reserved.

No part of this publication may be reproduced,stored in a retrieval system,or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording or otherwise, without the prior permission of
the Publishers. Permissions may be sought directly from Elsevier's Health Sciences Rights Department,
1600 John F. Kennedy Boulevard, Suite 1800, Philadelphia, PA 19103-2899, USA: phone: (+1) 215 239
3804; fax: (+1) 215 239 3805; or, e-mail: healthpermissions@elsevier.com. You may also complete your
request on-line via the Elsevier homepage (http://www.elsevier.com), by selecting ‘Support and contact’ and
then ‘Copyright and Permission’.

ISBN 378-0-7020-2811-3

British Library Cataloguing in Publication Data
A catalogue record for this bookis available from the British Library

Library of Congress Cataloging in Publication Data
A catalogue record for this bookis available from the Library of Congress

Note

Knowledge and bestpracticein this field are constantly changing. As new research and experience broaden
our knowledge, changesin practice, treatment and drug therapy may become necessary or appropriate.
Readers are advised to check the most current information provided(i) on proceduresfeatured or(ii) by the
manufacturer of each product to be administered, to verify the recommended doseor formula, the method
and duration of administration, and contraindications.It is the responsibility of the practitioner, relying on
their own experience and knowledgeof the patient, to make diagnoses, to determine dosages and the best
treatment for each individual patient, and to take all appropriate safety precautions. To thefullest extent of
the law, neither the Publisher nor the Editors assume anyliability for any injury and/or damageto persons or
property arising out of or related to any use of the material containedin this book.

The Publisher

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER BOOKAID Sabre FoundationUa 
your source for books, The

ASAAese journals and multimedia publisher's
in the health sciences policy is to use

www.elsevierhealth.com paper manufacturedfrom sustainable forests

Printed in China



Preface

Why another book on multiple sclerosis? To us, the reason
was obvious — the terrain of multiple sclerosis (MS) is vast
and ever-changing. So much is happening that concepts forged
just 2 years ago are already passé. Whether viewed from the
platform of the health professional responsible for the day-to-
day care of the patient or the scientist working to unravel what
makes this a unique disease, MS hasoverthe last decade evolved
into a condition necessitating multidisciplinary approaches to
both its management and understanding. One needs only to
peruse the profiles of the personnel associated with an MScare
center (particularly one located in an academicsetting} to appre-
ciate the enormousarray of skills and treatments now available
to the patient. For the scientific investigator, the rapidity of
developments in recent years has been quite intimidating as
genetics, immunology and molecular biology have assumed
center stage, a fact reflected daily in our language, tools and
techniques. In short, MS is a moving target and, as a conse-
quence, we need to kccp adjusting our sights. This book is the
latest adjustment.

Why a ‘comprehensive’ textbook? In the past, authors of
texts on MShave shied away frombroad-fronted coverage, with
the preface of one renowned 1985 tome announcing ‘it is no
longer possible even to attempt a comprehensive work on mul-

  
Cedric S. Raine,
New York City, NY, USA

Henry F. McFarland,
Washington, DC, USA

tiple sclerosis’. If that were the case 20-plus years ago when
the number of treatments for the MS patient was virtually
zero and the diagnostic tools and research options were limited
(to say the least), imagine the scope of the endeavor today! We
have for certain come a long way since the 1980s — just look
how muchis out there now for the patient! With more than
balf-a-dozen approved andeffective drugs specifically designed
for MS, and dozens in advancedstagesof clinical trials and/or
awaiting approval, there is a wealth of new information to
report. Thus, because the horizonis brighter than ever before
for those affected with or involved in the condition, we think
the timeis ripe for a fresh look at the status of MSasa clinical
problem,for the latest coverage on expanding prospects for the
patient, and for a state-of-the-art re-evaluation of changes occur-
ring within the nervous system. Since any approach to MS,
scientific or care-related, is almost guaranteed to embrace the
combined skills of several disciplines, for an individual to
embark single-handed upon the preparation of a text on the
subject might understandably be deemed over-ambitious. There-
fore, fully cognizantof the challenge and somewhatintimidated
by recently published excellent works on the subject, the present
Anglo-American-Germaneditorial alliance was assembled, each
editor having one foot firmly planted in MS and the otherin a
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PREFACE

field different from the other two. Our principal task was to
compile a comprehensive Table of Contents replete with out-
standing contributors, with long track records in both basic and
clinical research. We have invested heavily in the project and
are highly satisfied with the result, which is not a dogmatic,
subjective treatise reflecting personal viewpoints but rather a
series of succinct and interlocking contributions {actually 31
chapters) from a unique team of clinicians and investigators
never before assembled whosecollective skills traverse the entire
landscape of MS.

Whatwill the book achieve? Considering that MScanstill
be difficult to define both clinically and pathologically, and
that not too long ago (to someof us, at least), diagnosis was
regarded as proven only after autopsy or biopsy (McDonald &
Halliday 1977), we feel that the present coverage more than
does justice to the field since it portrays MS as a definable
entity and sets what we hope is a new gold-standard for its
characterization. Parenthetically, after a long dormancy, it
took a lay person (Sylvia Lawry}, not a neurologist or a scien-
tist, to bring MS into the limelight and to give it the promi-
nence it deserves. Sylvia was seeking guidance in 1945 to help
her brother afflicted with MS when she ran a short announce-
ment in the New York Times asking people with MSto contact
her, a venture that culminated with the recognition of this as
an important disease and the establishment of Multiple
Sclerosis Societies around the world. Her efforts were also
pivotal in the formation in the USA of what is now known as

the National Institute of Neurological Diseases and Stroke.It
is largely as a result of her energy and insight that we are
where we are today and for this we owe her a debt of gratitude.
Thanks in part to work supported by agencies like those
Sylvia created, we no longer doubt that the quality of life for
the MS patient can be improved, that the clinical course can
be beneficially modified, that the immunological assault on
the nervous system can be assuaged, that axonal damage
can be reduced, and that myelin repair is feasible - the
challenge is to correct these anomalies simultaneously in the
MSpatient. True, many issues still need to be resolved (like
whether MSis a single disease or a collection of variants}, and
we recognize that no book on MS will ever be really complete
since, like the canvas of the master painter, details can always
be added.

For helping us bring the most recent advances in MS together
in one volume, we thank the contributors, each of whomhas
striven to provide a didactic narrative that is both comprehen-
sive and current. Wefeel that any reader entering into a dialogue
with this book will emerge refreshed, fulfilled and brimming
with anticipation about issues such as what the next clinical
trial will bring, what triggers this devastating disease and
whether more able symptomatic treatments will be uncovered.
Weare not unaware thatthis will not be the last word on MS
and that it will be the latest for a brief-window of time only,
but we are confident that it will remain a major source of
knowledge for many years to come.
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INTRODUCTION Controversy exists over whether inflammation or neurodegen- 

Based on the conviction that multiple sclerosis (MS) is an auto-
immunedisease, primarily cell-mediated, nonspecific immuno-
suppressants have long been used in an attemptto halt or slow
disease progression. Because current disease-modifying agents
are only moderately successful at preventing further exacerba-
tions and persistent neurological deterioration, neurologists
continue to resort to the use of nonspecific immunosuppres-
sants while seeking newer more effective agents. Currently,
class I evidence of benefit exists only for interferon (IFN}B,'*
glatiramer acetate,’ natalizumab, and mitoxantrone.*® Although
some other agents, particularly the nonspecific immunosup-
pressants, have been the subject of extensive research, none has
been clearly determined to provide benefit in double-blinded,
randomized, placebo-controlled trials. The newer agents still
require study for safety as well as efficacy, a concern intensified
after the occurrenceof progressive multifocal leukoencephalopa-
thy associated with natalizumab.° This chapter will review a
variety of drugs or procedures that have been studied for the
treatment of MS and suggest a context for their use. Before the
agents are discussed individually, however, one must consider
the circumstances that would prompttheir use.

TREATMENTFAILURE

Multiple sclerosis is a chronic inflammatory disease of the
central nervous system (CNS) in which immune-mediated
events result in demyelination and also probably lead to axon
damage, ultimately causing neurological disability. Inflamma-
tory events are recognized more frequently in the early stages
both as clinical attacks and MRI disease activity. Often, over
time, inflammatory events diminish in frequency. Progressive
neurological disability may also result from neurodegeneration.

 

eration is the primary pathological process in MS’ but most
investigators agree that inflammation plays an important role
in the eventual developmentof neurological disability. Trapp et
al found that axon destruction occurs in active lesions.’ IFNB
treatment has decreased clinical disease activity and, more
strikingly, lesions that are evident on magnetic resonance
imaging (MRI}.17°'* Hence, reduction of inflammation may
potentially limit subsequent disability, as has been demon-
strated, for example, in someof the trials of IFN6.!°

The clinical trials of various immunomodulatory drugs for
the treatment of MS have demonstrated a modest reduction in

the relapse rate and limited effects on disability. Relatively few
patients were completely free of disease activity in each study
ranging in duration from 24 weeks to 6 years. Thus, for most
patients the treatment was only partially effective in controlling
the clinical expressions of disease.

Establishingprecise definitions of treatmentfailureis difficult.
Rio et al!* examined different criteria for treatmentfailure in a

cohort of relapsing-remitting MS (RRMS|} patients treated with
IFNB. They noted that determinations of progression that rely
on a certain degree of deterioration on clinical rating scales sus-
tained for 3 or 6 months mayincludea significant proportion of
erroneously categorized treatment failures because of delayed
improvementafter exacerbations. In an extension of their work,
Rio et al’* concluded, after applying various criteria for nonre-
sponsiveness after 2 years of IFN treatment, that the develop-
mentof disability (confirmed after 6 months) was more sensitive,
specific and accurate in predicting progression to
considerable disability (median Expanded Disability Status Scale
(EDSS} 6.5) after 6 years than measuresthatrelied totally or in
part on relapses.'‘ The Multiple Sclerosis Therapy
Consensus Group determined that no recommendations
regarding the optimal total duration of treatment with any 333



 

334
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immunomodulatory regimen in MScan be consideredto be evi-
dence-based.'> Patients should be evaluated every 3-6 months
using the EDSS and the Multiple Sclerosis Functional Composite
score (MSFC}. If worsening is apparent on clinical examination,
as determined by the EDSS and MSFC, the patient should
undergo an MRI of the brain with gadolinium.If clinical worsen-
ing is present, escalation of treatment with either a different
disease-modifying agent or a nonspecific immunosuppressantfor
the managementof disease may be consideredat this stage.

Clearly, clinical relapses often produce a sustained effect on
disability. Lublin et al found residual deficit months after the
first in-study relapse among placebo-treated patients who par-
ticipated in the trials of the disease-modifying agents.'° Also,
evidence suggests that inflammation contributes to cumulative
neurological impairment,!”!® e.g. the observation by Weinshen-
ker et al that patients who have an increased frequency of
relapses in the first years of MS have a higherrisk of later dis-
ability.'? In the CHAMPStrial of patients who had a positive
MRI at the time of their initial neurological event, the best
predictors of the developmentofclinically definite MS over a
short interval were the presence of gadolinium-enhancing
lesions and satisfaction of the Barkhof MRI criteria!® for dis-

semination in space.”
Recent functional MRI studies have suggested that relapse

recovery involves adaptive recruitment of networks of additional
brain regions to restore function.”!*’ Therefore, multiple attacks
may gradually erode the reserve available for recruitment and,
consequently, some might consider that any attack is an indica-
tion of suboptimal treatment response. Most neurologists would
agree that patients who are still having frequent attacks on
disease-moditying therapy are suboptimal responders, especially
if serial examinations demonstrate progression of neurological
impairment. Insidious progression also indicates a suboptimal
treatment response but, in the absenceof signsofactive inflam-
mation, has negative implications for a response to any immu-
nosuppressive agent. An important issue is whether to use MRI
findings alone to determine suboptimal response. New enhanc-
ing lesions are associated with increased relapse rates and
increased T2 lesion burden, and maybe associated with progres-
sion of disability in the short term in patients with RRMS.**8
Since the disease-modifying agents, particularly the IFNs, reduce
the number of new T2 lesions, an increasing T2 lesion burden
in a patient on therapy might be considered indicative of a
suboptimal response.***° However, because existing US Food
and Drug Administration (FDA]-approved disease-modifying
therapies are only moderately effective in reducing MRI activity
and because the correlation of T2 disease burden on brain MRI

with clinical activity is weak, using change in MRI alone as a
basis for changing treatment is problematic.

A task force of MS specialists convened by the National
Multiple Sclerosis Society of the USA recently recommended
criteria for determining suboptimal response to therapy and
changing treatment. Thetaskforce advised that patients remain
on a medication for at least a year before a judgment of subop-
timal response is made.*! Suboptimal responders would then be
patients who had experienced more than one attack per year or
had failed to show a reduction from the pretreatment relapse
rate. The patient can also be considered a suboptimal responder
if there has been an increase in the EDSS of 1 point from a
baseline score of 3.0-5.5 or a 0.5 point increase from a baseline
score of 6.0 or greater. The task force cautioned, however, about
basing a decision to change treatmenton deterioration in EDSS
score that was associated with an acute exacerbation, because
of the potential for recovery.

Although new activity on the MRIis a cause for concern, the
task force opposed switching therapy on the basis of changes on
regularly scheduled or periodic MRIs alone, in the absence of
clinical activity. However, ongoing MRIactivity after an attack

has occurred could supporta decision to change treatment. While
a significant increase of T2 disease burdenis a cause for concern
the extent of changethatis considered significant was notestab.
lished. While current agents do not completely suppress new
lesion activity, Cohen et al stated that brainstem andspinal cord
lesions are more worrisomeandthat the presence of newlesions
in those regions is sufficient reason to alter therapy.”

The frequency at which the physician should obtain MRIs
also remains controversial. The Multiple Sclerosis Treatment
Consensus Group advises obtaining MRIscansonly if thereis
any change in EDSS or MSFC.'* Cohen etal suggest that MRIs
should be obtained when treatment is changed, in order to
provide an updated baseline to determinethe effectiveness of
the new therapy. If surveillance scans are to be done, the
studies are helpful only in the first few years of disease and not
after 5 years if there is little change clinically.” According to
the NMSStaskforce, all patients should have a baseline brain
MRI, and spinal cord MRI if the patient has myelopathic symp-
toms.*’ The patients should report any suspected relapse, which
would then require prompt neurological examination.*! MRI
scans should be obtained in suspected suboptimal responders
to support decisions to change therapy and should be obtained
to establish a new baseline if change of therapy occurs.*! If
patients are developing progressive impairment, with subtle
relapse activity, a follow-up MRIis needed.

Subtle symptomsaffecting activities of daily living, even in
the absence of a change on examination, can also be indicative
of a suboptimal responseto treatment if the symptom accumu-
lation is stepwise.*” However, potential effects of medications,
sedation, increased spasticity, sleep disturbances and comorbid
medical conditions must be excluded before attributing changes
to a suboptimal response. Cohen et al® also suggested that
patients developing multifocal disease affecting multiple neuro-
logical systems while on therapy could be considered subopti-
mal responders. A patient who experiences progressive motor
or cognitive impairment sufficient to disrupt daily activities
could be regarded as a suboptimal responder.

Rio and his group re-examined in 2006 the question of sub-
optimal response to IFNB.** They followed 393 patients with
RRMSwhowere treated with IFNB. Variouscriteria were exam-
ined in an attempt to define nonresponse to IFNB, including
numberof relapses, disability progression or both. They found
that the mostclinically relevant criterion of response to IFNBis
disability progression. Disability progression was defined as an
increase in the EDSS of 1.5 points for patients with a baseline
EDSSof 0; an increase of 1 point for scores from 1.0-5.0, and
an increase of 0.5 points for scores equal to or higher than 5.5.

Natalizumab, which is discussed in Chapter 21, was re-
introduced to the market in July 2005 with a risk management
program, known as TOUCH®, to minimize the potential of
harm from the development of PML. Twocases of that oppor-
tunistic viral infection of the brain had occurred in patients who
had received a combination of natalizamab and weekly inter-
feron B-la for more than 2, years.**°5 Now, natalizumab, which
reduced relapse rate by 68% and slowed EDSS progression in
the monotherapy AFFIRM trial,°* is a reasonable option for
patients who are having an inadequate response to interferon
or glatiramer and are willing to accept the uncertain level of risk
associated with the use of that monoclonal antibody against the
adhesion molecule, «481 integrin (VLA-4).

Irrespective of the specific criteria applied, the physician who
decidesa patientis failing currently approved disease-modifying
therapy faces a bewildering number of agents that might be
potentially beneficial. The rest of this chapter will focus on the
individual drugs and procedures that are currently available.
These drugs can beclassified in a variety of ways, including their
route of administration (Table 22.1}, whether they are used alone
or in combination (Table 22.2), or by their class (Table 22.3).
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TABLE 22.1 Drugs for the management of multiple sclerosis, by route of administration

Drugs taken orally Drugs taken byinjection _ Nonpharmacological
approaches

Azathioprine Mitoxantrone

Cyclophosphamide Cyclophosphamide

Mycophenolate mofetil Steroids

Methotrexate

Cladribine

Intravenous immunoglobulin

Alemtuzumab

Tacrolimus Rituximab

Ciclosporin Daclizumab

Sulfasalazine

  TABLE 22.2 Therapies for the managementof multiple
sclerosis, by method of use 

  Therapies used in
combination with

interferon-B

Azathioprine

Therapies used by themselves

  
 Azathioprine  
 Ciclosporin Ciclosporin  
 Mitoxantrone Methotrexate  
 Methotrexate  Mycophenolate mofetil

  Alemtuzumab  
 

Mycophenolate mofetil

Daclizumab  
 

Intravenous immunoglobulin

 
 

Plasma exchange

 
 

Tacrolimus

 
 

Ciclosporin

 
 

Sulfasalazine

 
 

Alemtuzumab

 
 

Rituximab

Daclizumab 
  Bone marrow transplantation

MITOXANTRONE

Mitoxantrone (Novantrone} wasthe first drug approved by the
FDA for treatment of patients with secondary progressive MS
(SPMS) or with a worsening relapsing disease course.*” This
approval was based on theresults of a multicenter, randomized,
placebo-controlled phaseIII trial.° Like Adriamycin and dauno-
rubicin, mitoxantrone is an anthracenedione, which is used as
an antineoplastic agent alone or in combination therapyfor the
treatment of prostate cancer, non-Hodgkin’s lymphoma and
acute nonlymphocytic leukemia.**“°

Mitoxantrone intercalates into DNA through hydrogen
bonding, causing crosslinks and strand breaks.** It also inter-
feres with DNA topoisomerase II.3* When DNAisreplicated or
transcribed, the topological formation of DNAisaltered, result-
ing in a DNA molecule that is not in the correct formation,
making it impossible to undergo further transcription or replica-
tion." DNA topoisomerase II is an enzyme that helps in the
separation of two intertwined daughter DNA molecules after
DNAreplication by the transient formation of double-strand
breaks.” The transient breaks allow the DNA molecules to

separate and then rewindinto the correct topological formation
prior to ligation. Mitoxantrone affects replication by inhibiting

 

 Plasma exchange

Bone marrow transplantation

 TABLE 22.3 Classes of drug studied in the management of
multiple sclerosis  

 
 

 

  Antineoplastic agents Immunosuppressants

Mitoxantrone Cyclophosphamide

Methotrexate Azathioprine

Rituximab Steroids  
topoisomerase II in dividing and nondividing cells. Most phar-
macokinetic data in humans were generated throughits use in
cancer patients receiving daily doses of this drug.****

Mitoxantrone is 80% plasma-protein-bound andits half-life
is approximately 1-3 hours. The drugis extensively distributed
in various tissues and metabolized primarily in theliver. In MS,
someofits beneficial clinical effects are believed to be attribut-

able to the suppression of replication of autoreactive T cells, B
cells and macrophages.** In vitro studies demonstrated that
mitoxantrone impairs antigen presentation and the secretion of
inflammatory cytokines, including IFNy, tumor necrosis factor
{TNF]o, and interleukin (IL}-2.45"°

Mitoxantrone can cause cardiotoxicity, which may manifest
as tachycardia and arrhythmia, asymptomatic decrease in mea-
sures of left ventricular ejection fraction, or symptomatic con-
gestive heart failure.*” An increasedrisk of cardiotoxicity is also
associated with higher cumulative doses of mitoxantrone, prior
treatment with anthracyclines, prior mediastinal radiotherapy
and pre-existing cardiovascular disease. It is therefore manda-
tory that patients undergo evaluation of their cardiac output
before initiation of therapy, if they develop signs and symptoms
of congestive heart failure, and before each dose when the drug
is administered every 3 months, as currently recommended.
MSpatients with a left ventricular ejection fraction of less than
50% or signs of congestive heart failure should not be treated
with this drug.’” Patients should also be asked if they have ever
been treated with mitoxantrone or one of the anthracyclines.
Factors resulting in mitoxantrone-inducedcardiotoxicity are not
entirely understood but may include formation of reactive
oxygen intermediates that lead to damage of myocardialtissue.
Another explanation for cardiotoxicity is that the impairment

  

 

335



 

336

TREATMENT AND PROSPECTS
——-.-—Xhvav

of DNArepair by mitoxantrone’s inhibition of topoisomerase II
may exert a cytocidal effect on myocardial cells by chelating
with iron and forming complexes. The myocardial damageis
due to intracellular generation of reactive oxygen intermediates
via iron- or enzyme-mediated oxidation—reduction reactions.*”
Myocytes appear to beselectively susceptible to the formation
of reactive oxygen intermediates because of their relative lack
of defense mechanisms such as catalase and superoxide dis-
mutase.”” Dexrazoxane is an iron chelator that can prevent
iron-mitoxantrone complex formation, potentially inhibiting
the generation of reactive oxygen intermediates.*° It may be a
potential cardioprotectant, but more investigation is neces-
sary.°! A study analyzing the long-term safety and tolerability
of mitoxantrone in MSpatients is expected to be completed in
2007.”

Leukemia, albeit rare, is another serious adverse effect
of mitoxantrone.*? Topoisomerase II inhibitors are associated
with characteristic toxic acute myelogenous leukemias (AMLs]
that differ from those reported with alkylating agents.*? Topoi-
somerase-II-related AMLs exhibit shorter latency {median 2
years), absence of a myelodysplastic phase and characteristic
chromosomalaberrations.” Anincreased risk for leukemia has

been observed in breast cancer patients when mitoxantrone was
used in combination with other alkylating agents and radio-
therapy.” In a series of breast cancer patients, the prognosisfor
toxic AML was poorer than for those with de novo cases of
AML,°°? At least seven cases of toxic AML and two cases of
promyelocytic leukemia have been reported in association with
mitoxantrone therapy for MS.**® In contrast to the experience
with breast cancer patients, most of the MS cases had a favor-
able response to therapy for leukemia.*! Previous exposure to
alkylating agents may increase the risk for mitoxantrone-associ-
ated leukemia and may account for some of the difference in
the two populations. The cancer patients may also havereceived
higher doses. Mitoxantrone should be used with caution in
patients who have received previous cytotoxic therapy (e.g.
cyclophosphamide}. Because the total number of MS patients
treated with mitoxantrone is unknown,it is difficult to deter-
mine an accurate incidence rate.Ongoing registries will help
to further determine the frequencyof toxic leukemias in associa-
tion with mitoxantrone monotherapy for MS. An estimate of
0.07% has been reported based on a review of three series com-
prising over 1300 patients.”

Patients treated with mitoxantrone usually develop transitory
leukopenia and neutropenia, with the nadir typically occurring
10-14 days postinfusion.’? Mitoxantrone should not be used in
patients who are otherwise immunosuppressed.** Treatment
with mitoxantrone can cause uremia and may lead to acute
attacks of gout.*°? Thrombocytopenia may also occur.”
Other less serious adverse effects include reversible alopecia,
temporary discoloration of sclera and urine, sinus congestion,
constipation, diarrhea, nausea, vomiting, headaches, dysmenor-
rhea and cervical lymphadenopathy.”

Mitoxantrone may causebirth defects if either the female or
the male partner was being treated at the time of conception or
during pregnancy.” Sterility, sometimes permanent, has been
reported when the drug was used alone or in combination with
other antineoplastic agents. Permanent amenorrhea occurs in
about 14% of women over the age of 35.*” Female patients
should not breast-feed.

The FDAhas approved the use of mitoxantrone in SPMS and
worsening relapsing MS when administered at 12.mg/m? once
every 3 months until the lifetime cumulative dose of 140 mg/m?
is met, based on the phaseII safety trial®*> and the phaseIII
randomized, placebo-controlled, double blindtrial (MIMStrial}.5
The phase II trial included 42 MS patients with very active
disease by clinical and MRI criteria who were randomized to

receive monthly intravenous pulse doses of either 20mg mito-
xantroneplus | g methylprednisoloneor 1 g methylprednisolone
alone for 6 months. In the methylprednisolone alonegroup,five
patients dropped out because of severe clinical exacerbations.
Blinded analysis of MRI data showedsignificantly fewer new
enhancinglesions in the mitoxantrone group.® Unblindedclini-
cal assessments showedasignificant improvementin clinical]
disability and a significant reduction in the numberof relapses
at months 2-6 in the mitoxantrone-treated group.

The MIMStrial included 194 patients who had relapsing—
progressive MS |{i.e. relapsing disease with incomplete recovery
betweenrelapses) or SPMS.° Patients were randomized to receive
either placebo, low-dose intravenous mitoxantrone (5 mg/m’),
or high-dose mitoxantrone {12mg/m*} every 3 months for 24
months. Thetotal follow-up time was 36 months. The primary
efficacy outcome consisted of five clinical measures tested in
one composite of stochastic ordered alternatives: change from
baseline EDSS at 24 months, change from baseline ambulation
index at 24 months, numberof relapses treated with corticoste-
roids, time to first treated relapse, and change from baseline
standardized neurological status at 24 months.* Secondary end-
points included the proportion of patients with deterioration of
at least 1 EDSS point, proportion of patients with such EDSS
deterioration confirmed after 3 months and 6 months, time to
first sustained EDSSdeterioration, timeto first relapse, number
and annual rate of relapses, proportion of patients without
relapse, number of days in hospital, use of wheelchair
assistance, and quality of life assessed by the Stanford
Health Assessment Questionnaire.* The high-dose (12mg/m’)
mitoxantrone-treated group showed a 64% reduction in sus-
tained disease progression and a 69% reduction in the number
of treated relapses compared with the placebo control group.5
Blinded evaluations of brain MRI scans from a subgroup of
patients showed a decrease of gadolinium-enhancing lesions
and T2-weighted lesion load in the high-dose mitoxantrone-
treated group compared with the placebo treatment group.° The
correlation of improvement in the clinical outcome measures
with diminished CNS inflammation as measured by brain MRI
suggests that broad-spectrum immunosuppression is of some
benefit in patients with progressive MS.°

Gonsette noted that an induction phase with 3-monthly
administrations of 12mg/m? of mitoxantrone followed by a
maintenance phase every 3 months seemsto be a good com-
promise, allowing treatmentfor at least 2 years with an accept-
able lifetime dose. An induction phase may be helpful in the
control of rapidly progressive disease, but then a rapid switch
to maintenance therapy would allow a longer period of treat-
ment for a chronic disease.** Mitoxantrone has been shown to

be effective in patients with active inflammatory disease in a
randomized, double blindtrial comparing it to methylpredniso-
lone.*’ Despite Gonsette’s suggestion, opinion differs about the
dose regimen and whether to use mitoxantrone alone or with
methylprednisolone. However, practice recommendations for
the use of mitoxantrone state that the medication should be

used in patients with rapidly advancing disease who havefailed
other therapies, and that patients can receive a dose every 3
months. Cardiac, liver and kidney function should be regularly
monitored in patients taking mitoxantrone.™

SUMMARY

Mitoxantrone is the only medication approved by the FDA for
severe relapsing disease (both RRMS and SPMS}. Sideeffects,
particularly cardiotoxicity, limit the lifetime dosage of the medi-
cation, thereby limiting the length of time during which a
patient can be treated with it. Issues such as optimal dosage
and frequency of administration still need to be resolved.
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AZATHIOPRINE

Azathioprine is cleaved to 6-mercaptopurine, which in turn is
converted to additional metabolites that inhibit de novo purine
synthesis.’° The metabolite is incorporated into DNA and
gene translation is inhibited.®*’! Azathioprine may reducelevels
of TNFa and increase suppressor—inducer lymphocytes.” The
side effects include bone marrow suppression with leukopenia,
thrombocytopenia and/or anemia.” An increased susceptibility
to infections, hepatotoxicity, alopecia, gastrointestinal toxicity,
pancreatitis and increased risk of neoplasia may occur.” Patients
who take azathioprine may also develop an idiosyncratic hyper-
sensitivity reaction.”* This reaction has been reported in about
2% of patients with inflammatory bowel disease’® and ranges in
occurrence from 11-15% in rheumatoid arthritis’ and myas-
thenia gravis.’” In one report of azathioprine intolerance in MS,
many patients had nausea, myalgia and arthralgia, which mani-
fests early in the course of therapy, with mostof the patients
withdrawing from therapy within 2 months of initiation,”
Patients could also have vomiting, diarrhea, rash, purpura,
fever, dermatitis and malaise.’* The symptoms disappear upon
withdrawal of the drug and re-emerge when the patient is
rechallenged.”*

In a British and Dutch prospective, double-blind, placebo-
controlled, randomizedtrial, patients with RRMS and SPMS”
were treated for 3 years with either azathioprine 2.5 mg/kg/d
or placebo. No difference between the treatment and placebo
groups was seen in thefirst 3 years after the start of the trial,
so follow-up was continued upto 4.5 years. After thefirst year,
the EDSS score had worsened slightly more in the azathioprine
group compared to placebo but the ambulation index wasbetter
in the azathioprine group. In subsequentyears, the patients in
the azathioprine group deteriorated slightly less than the patients
taking placebo. The only statistically significant difference was
a reduction in the deterioration of the ambulation index of the
patients taking azathioprine compared to those taking placebo
after 3 years of study.

At the last follow-up, in July 2002, of the 149 patients who
had received active drug, 34 had died and 12 had diagnosed
cancers.*° In the placebo group, 40 had died and seven had
diagnosed cancers. The increase in cancer and deathsin patients
with a diagnosis of cancer in those taking azathioprine was not
statistically significant.*° However, another study examining
the risk of cancer in patients treated with azathioprine showed
an increased risk of cancer after 10 years of continuous
therapy.®

Another prospective, double-blind, placebo-controlled trial
randomized 59 patients who had experienced at least two exac-
erbations in the 18 monthsprior to the beginningof the study
to receive either 3mg/kg/day of azathioprine or placebo for 2
years.’ Results suggested that azathioprine may reducerates of
relapse in patients with relapsing forms of MS. However, side
effects are common,particularly gastrointestinal disorders and
hematological disorders, which may affect drug adherence.*®?

A meta-analysis of published blinded, placebo-controlled
trials showed that azathioprine significantly increases thelikeli-
hood of remaining relapse-free and marginally decreases pro-
gression of disability after 2-3 years of treatment, but not after
the first year.**** However, whether the slight clinical benefits
of azathioprine outweigh therisks is debatable.

 

COMBINATION WITH INTERFERON

The combination of azathioprine with IFNB-1b was evaluated
in an open-label pilot study of six RRMSpatients with continu-
ing disease activity despite IFNB-1b treatment.®* The addition
of azathioprine to IFNB-1b decreased the numberof contrast-

enhancinglesions by 69% after a period of 15 months compared
to the IFNB-1b only group. Azathioprine with IFNB-la was
evaluated in another open-label study in RRMSpatients who
were not responsive to either IFNB-1a or azathioprine as mono-
therapy, or who had never been previously treated.*°

The dose of azathioprine was adjusted to reduce lymphocyte
count to 1000/1 in association with IFNB-1a at a dose of 6 MIU
every other day. The number of new lesions was decreased on
MRI and the numberof relapses and change in EDSS wasless
on the combined therapy when compared to the observations
in the same patients prior to combined therapy.

SUMMARY

In the blinded, placebo-controlledtrials for the treatment of MS
with azathioprine, one trial showeda possible benefit of azathio-
prine in the reduction of relapses in MS while the othertrial
showed nobenefit for the treatment of MS. These studies, as well
as published meta-analysis, suggest that azathioprine as mono-
therapy has, at best, marginal benefit in MS. The combination
of azathioprine with IFNB has only been evaluated in open-label
studies, which showed somebenefit, but until the combination
is studied in rigorous, double-blindedtrials, the results are not
very helpful. Consideration of the use of azathioprine should be
further temperedby its adverse effect profile, including a probable
increased risk of cancer with long-term use.

CYCLOPHOSPHAMIDE

Cyclophosphamide is an alkylating agent that is chemically
related to the nitrogen mustards. The drug undergoes metabolic
activation {hydroxylation} by the cytochrome P450 system, with
transport of the activated intermediateto sites of action,®” where
it formscovalent linkages by alkylation of various nucleophilic
moieties. The cytotoxic effects are directly related to the
alkylation of DNA. Cyclophosphamideis used for the treatment
of many autoimmune disorders, including Wegener's gra-
nulomatosis, polyarteritis nodosa, polymyositis, peripheral
neuropathies® and lupus nephritis.**° Toxicity includes myelo-
suppression with platelet sparing, alopecia, nausea, vomiting,
mucosal ulcerations, interstitial pulmonary fibrosis, sterile
hemorrhagic cystitis (reduced by MESNA™), the syndrome of
inappropriate antidiuresis, amenorrhea and gonadalfailure.”!

IMMUNOLOGIC EFFECTS OF
CYCLOPHOSPHAMIDE

Cyclophosphamide suppresses experimental autoimmune
encephalomyelitis (EAE).°? In humans, it enters the CNS and
reduces cerebrospinal fluid (CSF) myelin basic protein (MBP)
and IgG.**°° The drug causes lymphopenia involving T and B
cells, with a more pronounced effect on CD4* cells,°”°? which
usually resolves 4 monthsafter treatment is stopped. It increases
the anti-inflammatory cytokines IL-4, IL-5, IL-10 and trans-
forming growth factor (TGF)B and is associated with eosino-
philia.'°°"Cyclophosphamidealso decreases IL-12, which has
been linked to its therapeutic response.’ The levels of IL-12
pretreatment may have predictive value, as patients who have
higher levels of IL-12 pretreatment do not respond as well.!
Cyclophosphamidepreferentially induces antigen Th2. responses
to myelin autoantigens!”and shifts immune responses from T
helper (Th)1 towards Th2.!%

USE IN MULTIPLE SCLEROSIS

Cyclophosphamide has been used for the treatment of MS
since 1966.°° Open-labelstudies of short duration demonstrated
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positive effects in small populations of both RRMSandprogres-
sive patients.!°’ Hommes’studied a group of 32. progressive
patients who were treated in an uncontrolled open-labeltrial
with 100 mgoral cyclophosphamide four times daily and 50 mg
prednisone twice daily.’° The patients received a total of 8¢
cyclophosphamide over 20 days. The authors reported stabiliza-
tion in 69% of patients over a period of 1-5 years. Hommes!”
studied 39 patients with chronic progressive disease in another
open-label, uncontrolled trial, which also showed stabilization
in 69% of the patients over a period of 1—5 years.!°° Factors that
predicted a good response to therapy included disease onset
before 28 years of age, short duration of disease prior to treat-
ment, rapid progression of disease, low initial disability and
HLA-DRwz2positivity."°? Hommes!® also reported six patients
with chronic progressive MS who had been treated with oral
cyclophosphamide plus prednisone in order to induce leukope-
nia below 2000/mm‘?.!!° The authors found that CSF and serum

levels of cyclophosphamide were in the same range, indicating
that cyclophosphamide crosses the blood-brain barrier and,
perhaps, is effective in the CNS.

In a retrospective study, Theys and colleagues, on the other
hand, reported that patients with moderately advanced MS
experienced no benefit from treatment with 6-8 g of cyclophos-
phamide given over 3-4 weeks compared to patients with
similar disability scores who were not treated with cyclophos-
phamide.''' Gonsette and colleagues reported on 110 patients
in an open-label study, with follow up for 2-6 years.'!? Patients
were treated with 1-2. intravenous cyclophosphamide without
corticosteroids over a 1-2-week period, with dosage adjusted to
maintain a leukopenia of 2000 and lymphopenia of 1000 for
2-3 weeks. The annual relapse rate decreased by 75% compared
to the relapse rate 1-2 years prior to treatment in 70% of
patients. The most pronouncedeffects occurred in those patients
with the shortest duration of disease. Patients who were already
severely handicapped experienced no benefit. Some 30% of
patients failed to respond to cyclophosphamide.

Open-label studies with cyclophosphamide have shown posi-
tive results in patients refractory to currently approved disease-
modifying therapies.'!*!!* Weinstock-Guttman reported 75%
improved or stable at 12 months following induction therapy
with intravenous cyclophosphamide followed by maintenance
therapy with cyclophosphamide and either methotrexate, meth-
ylprednisolone or IFNB-1b in an open-label study involving 17
patients.'!° Of these, 13 either improved or were stable at 12
months, and nineof the 13 remained stable at 24 months. Khan
reported clinical improvementorstability in an open-label study
of 14 consecutive patients with clinically definite MS who had
severe clinical deterioration during the 12 monthspriorto treat-
ment with cyclophosphamide.''® The patients received monthly
cyclophosphamide pulses for 6 months with doses adjusted to
achieve a leukocyte nadir of 2000-2200 cells/mm? followed by
resumption of one of the approved disease-modifying therapies.
All patients were followed for at least 18 monthsafter the first
dose of cyclophosphamide.

Gobbini and colleagues treated five patients with RRMS not
responsive to immunomodulatory therapies with monthly
pulses of cyclophosphamide (1000mg/m?), in an open-label
study.'’* Patients were followed with monthly MRI andclinical
evaluation for a mean of 28 months. All patients showedarapid
reduction in contrast-enhancing lesion frequency and three
patients experienced a decrease in T2 lesion load within 5
monthsof starting therapy.

A randomized double-blind placebo-controlled trial evaluated
14 RRMSpatients, six of whom were treated with monthly
pulses of 750 mg/m’intravenous cyclophosphamidefor1 year.'!”
Although fewer relapses occurred in the treated patients than
in the placebo patients after 1 year of treatment, the results were

notstatistically significant. A Canadian study evaluating cyclo-
phosphamide and plasma exchange in 168 patients with pro-
gressive disease in a randomized, double-blind, placebo-controlled
study found nodifference between the treatment andthe placebo
groups.''® Patients with progressive MS received either active
drug treatment consisting of 1g of cyclophosphamideonalter-
nate days until the leukocyte countfell below 4.5 or until 9¢
had been administered plus 40 mg prednisoneorally for 10 days,
placebo, or plasma exchange. Of the cyclophosphamide-treated
patients, 60% were classified as chronic—progressive whereas
40% were relapsing-progressive. Although a positive trend early
in the study favored the cyclophosphamide-treated patients,
subsequently the cyclophosphamide group fared worse than the
placebo group. Notably, though, the Canadian study reported
stable disease in two-thirds of their placebo patients. The study
results suggest that cyclophosphamideis noteffective in later
stages of progressive MS, when inflammationis probably playing
a lesser role in the disease process.'”

In a randomized, single-blind, placebo-controlled study in 22
progressive patients, Likosky and colleagues found no difference
between cyclophosphamide-treated patients and the placebo
group over a 24-month treatmentperiod.!!”

In a multicenter study of 489 patients, Zephir and colleagues
found that, after 12 monthsof pulse cyclophosphamide, 78.6%
of the SPMS and 73.5% of the primary progressive MS (PPMS}
patients had stabilized or had an improved EDSS.!”° In this
study, for patients with an EDSS scoreof 5 or less, improvement
or worsening was defined as at least a 1 point variation on
EDSS. For patients with an EDSS score of 5.5, improvement
wasdefined asat least a one point improvement, and worsening
wasat least 0.5 point worsening. For patients with an EDSSof
6 or over, improvement or worsening corresponded to at least
a 0.5 point variation. There was no difference in treatment
response among the groups. The apparent beneficial response
to cyclophosphamide in SPMS patients was linked to the pres-
ence of superimposed relapses during the year prior to treat-
ment, supporting the hypothesis that cyclophosphamide is
most effective when there is an inflammatory componentto the
disease. Perini and colleagues reported developmentof fewer T2
lesions and gadolinium-enhancing lesions on MRI in 26 sec-
ondary progressive patients given monthly intravenous cyclo-
phosphamide at 800-1250 mg/m? for 1 year and then every 8
weeks the second year,'”!

Thesafety andtolerability of cyclophosphamide pulse therapy
was further evaluated by Portaccio et al in primary progressive
or SPMSpatients who had experienced deterioration of at least
0.5 points on the EDSSin the year prior to treatment and in
RRMSpatients who had a high relapse rate with incomplete
remission.'”” A total of 112, patients received monthly pulses of
700 mg/m’ of cyclophosphamide for 12 months followed by a
bimonthly administration at the same dosage for an additional
12, months.Side effects included urinary tract infections (56.3%),
nausea and vomiting (38.4%), amenorrhea (33.3%), lymphope-
nia (15%], increase of hepatic enzymes (10.8%), hypogamma-
globulinemia 6.3%, respiratory tract infections (6%), alopecia,
hemorrhagic cystitis, macroscopic hematuria, microscopic
hematuria, hypersensitivity reaction and leukopenia. Four
patients (3.6%) had developed malignancies but three of these
had previously been treated with azathioprine.

TREATMENT REGIMENS

A variety of regimensfor intravenous cyclophosphamidefor the
treatment of MS have been suggested (Table 22.4).'°* In one
8-day induction protocol, G00 mg/m? of cyclophosphamide is
given on days 1, 2, 4, 6 and 8 along with daily methylpred-
nisolone. In another protocol, 1g of methylprednisolone is
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TABLE 22.4 Regimensfor intravenous cyclophosphamidefor the treatment of multiple sclerosis

Protocol Administration route Dosage Frequency Duration Adjuvant therapy

Intravenous 600 mg/m? Day 1, 2, 4, 6, 8 8d i.v. methylprednisolone

Intravenous 800 mg/m” q.4weeks 12 cycles i.v. methylprednisolonet

Intravenous 800 mg/m* q.6 weeks 12 cycles i.v. methylprednisolonet

Intravenous 800 mg/m*" q.8 weeks 12 cycles i.v. methylprednisolonet

Intravenous 800-1000 mg/m? q.4-8 weeks 12-24 months None

*Variable dosage to maintain a leucopenia of 2000/mm*, maximum dosage 1600 mg/mrm",* Initially 5 days of 1g ofi.v. methyiprednisolone, then 1g ofi.v.
methylprednisolone administered at the same time as the cyclophosphamide.
Source: Adapted from reference 102.

administered daily for 5 days, followed by intravenous pulses
of cyclophosphamide with 1g of methylprednisolone. The
cyclophosphamide pulses begin at 800mg/m? and the dose is
escalated to produce a leukopenia of 2000/mm*. The cyclophos-
phamide and methylprednisolone can be given every 4 weeks
for 12 cycles, every 6 weeks for 12 cycles or every 2. monthsfor
12, cycles. The maximum cyclophosphamide dosefor this pro-
tocol is 1600.mg/m?.

If one does not wantto deal with variable doses of cyclophos-
phamide, one can give intravenous pulse therapy of cyclophos-
phamide, either with or without methylprednisolone,at a fixed
dose of 800-1000 mg/m? every 4-8 weeks for 12-24 months.If
patients are not responding well to IFNB or glatirameracetate,
some authors suggest the use of intravenous pulse cyclophos-
phamide therapy using one of the above protocols, in combina-
tion with an approved disease-modifying agent.

COMBINATION WITH INTERFERON

The addition of a cyclophosphamide regimen to IFNtreatment
has been reported to show benefit in small open-label studies
of patients with rapidly ‘transitional’ MS,!?*!"> a stage during
which a RRMS patient may be converting to a secondary
progressive course. In some, this transition is associated
with rapidly progressive deterioration unresponsive to steroid
therapy.!% In one open-label, unblinded trial of consecutive
patients with clinically definite MS that becamerapidly progres-
sive following an initial relapsing—remitting course, 10 patients
were treated with cyclophosphamide and methylprednisolone
followed by IFNB maintenance therapy.’** Two of the 10 patients
had become rapidly progressive while taking IFN therapy for
1 year or more. Treatment consisted of cyclophosphamide
500 mg/m* and 1000 mg daily methylprednisolone by intrave-
nous infusion for 5 days. Then 6 weeksafter cyclophosphamide/
methylprednisolone induction, patients were started on either
IFNB-1b or IFNB-1a. At 3 months, seven patients were improved
by 1.0 EDSS and three remained stable. At 12. months, five of
seven remained improved and two of seven were stable. No
serious complications of treatment occurred.

Patti and colleagues reported on the effectiveness of a com-
bination of cyclophosphamide and IFNBin patients with rapidly
progressive or ‘transitional’ MS characterized by frequent and
severe attacks plus worsening on the disability status scale.!*
A total of 10 patients underwent monthly pulses of intravenous
cyclophosphamideto obtain a lymphopenia of between 600 and
900/mm*for 12, consecutive months and then at 2-month inter-

vals for a further 6 months. The authors reported a significant
reduction of the numberof relapses, progression, disability and
T2 MRI burden of disease. Leukopenia and nausea were the
most frequent side effects.

Patti and colleagues reported 36-month clinical and MRI
follow-up on the patients reported in their 2001 study who had

 
received 18 months of combination therapy with IFNB and
cyclophosphamide.'”° The patients were found to have stable
relapse rates, EDSS, T2 MRI burden and lesion number. No
gadolinium-enhancing lesions had appeared.

Patti's group looked at another ten patients with rapidly
transitional MS (extremely active with very frequent and severe
attacks, which produced a dramatic increase on the EDSS}, who
were treated with IFNB without benefit (six on intramuscular
IFNB-1a, four on IFNB-1b).!** Monthly treatment with intrave-
nous cyclophosphamide from 500-1500mg/m?wastitrated to
produce a chronic lymphocytopenia. Patients experienced a
marked and significant reduction in the numberof relapses,
disability accumulated and T2 MRI lesion burden. The EDSS
wasstable in all patients 1 year after the treatment course and
relapses occurred with very low frequency. Side effects, includ-
ing leukopenia and nausea, were mild. One patient developed
a peripheral neuropathy. Weiner and colleagues analyzed the
data from multiple trials involving cyclophosphamide and con-
cluded that its use can be effective in MS during the active
inflammatory componentof the disease.!”

SUMMARY

Many, but not all, unblinded studies of cyclophosphamide
appear to show a benefit of the drug, used alone or in combina-
tion with IFN. Unfortunately, double-blind studies have gener-
ally failed to prove a benefit. Cyclophosphamide tends to show
an effect in patients who are earlier in their disease process,
with a recent history of multiple relapses and multiple gadolin-
tum enhancing lesions on MRI.!?”"? Once the disease enters
the later, progressive stages, with less accumulation of T2.
lesions, the drugis not effective.‘©”!?” The use of cyclophospha-
mide is worth considering for patients with very aggressive
disease or rapidly progressive disease with a high frequency of
relapses and a rapid accumulation ofdisability, particularly after
a suboptimal response to high dose IFNB therapy. Patients
should be informed of the absence of convincing blinded,
placebo-controlled data substantiating its benefit, and adequately
educated aboutits risks.

MYCOPHENOLATE MOFETIL

Mycophenolate mofetil is a prodrug rapidly hydrolyzed to the
active drug, mycophenolic acid, whichis a selective, uncompeti-
tive and reversible inhibitor of inosine monophosphate dehy-
drogenase, an important enzyme in the de novo pathway of
guanine nucleotide synthesis.!*° B or T lymphocytes are highly
dependent on the inosine monophosphate dehydrogenase
pathway for cell proliferation, whereas other cell types use
salvage pathways. Thus, mycophenolate mofetil inhibits lym-
phocyte proliferation and functions. The addition of guanosine
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or deoxyguanosineto the cells can reverse the effects of myco-
phenolic acid on lymphocytes. Side effects of mycophenolate
mofetil include leukopenia, diarrhea, vomiting and increased
incidence of some infections, especially cytomegalovirus. '*!!%”

IMMUNOLOGICAL EFFECTS OF
MYCOPHENOLATE MOFETIL

Mycophenolate mofetil almost completely inhibits antibody
formation and inhibits superantigen induction of IL-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-10, TNFa, TGFB and granulocyte-
macrophage colony-stimulating factor {GM-CSF} but not
mitogen induction.!*? Mycophenolate also impairs the synthesis
of adhesion molecules, which facilitate the attachmentof leu-
kocytes to endothelial cells and target cells.'** Its use in MSis
based on studies in experimental allergic encephalomyelitis,
where treatment with mycophenolate at the onset of clinical
symptoms resulted in a more rapid recovery than in control or
ciclosporin-treated mice.'** Oral treatment with mycophenolate
mofetil from the day of immunization for 2 weeks both signifi-
cantly delayed the developmentof active experimental allergic
encephalomyelitis in Lewis rats and reduced the antibody
response to MBP. Rats treated with mycophenolate mofetil had
less infiltration of T cells, B cells, macrophages and dendritic
cells into brainstems than either the control or ciclosporin-
treated rats. The brainstems of mycophenolate-motfetil-treated
rats also had lower levels of mRNA for Thl {IL-2, IL-12RB2,
IFNy), Th2 (IL-4, IL-10) cytokines and TNFa and TGFB than
ciclosporin-treated and control groups.

Frohman et al'*? reviewed their experience with the use of
mycophenolate mofetil in 79 patients (14 with RRMS,61 with
SPMS, four with PPMS} who were not responsive to currently
approved disease-modifying therapy.!*° Patients were started on
mycophenolate mofetil at 250 mgb.i.d. for 1 week, then 500mg
b.id. for 1 week, then 750mgb.id. for 1 week and 1000mg
b.id. thereafter. Of the patients, 15 used mycophenolate as
monotherapy while the rest took it as an adjunctive treatment
with glatiramer acetate or IFNB. A total of 70% of the patients
continued mycophenolate mofetil for an average of 12 months.
Eight patients discontinued therapy becauseofsideeffects, most
commonly diarrhea, one of which was secondary to cytomega-
lovirus. One stopped because of abnormalliver function studies
that resolved upon drug discontinuation. Seven patients discon-
tinued mycophenolate becauseof clinical deterioration. Subjec-
tive clinical improvement was experienced by 12 patients,
characterized by reduction or absenceofrelapse, stabilization or
improvementsin activities of daily living, marked reductions in
daily chronic fatigue, improved ambulation, less dependency on
assistive devices and greater exercise tolerance.

SUMMARY AND RECOMMENDATIONS

There are few data on the management of MS with mycophe-
nolate mofetil. Available data are unblinded and withoutplacebo
control. However, because of its substantial immunosuppres-
sant activity, its strong benefit in other clinical situations such
as organ transplantation, its oral route of administration and
its relatively good tolerability, mycophenolate mofetil seems
worth trying in MS patients who are failing conventional
disease-modifying therapy and may not be candidatesfor intra-
venous immunosuppressant agents such as mitoxantrone or
cyclophosphamide.

METHOTREXATE

Methotrexate, an inhibitor of dihydrofolate reductase, directly
interferes with the folate-dependent enzymes of de novo purine

and thymidylate synthesis, and inhibits cell mediated immune
reactions.*” Methotrexate affects all rapidly dividing cells, so
toxicity includes mucositis, myelosuppression and thrombocy-
topenia. Pneumonitis characterized by patchy inflammatory
infiltrates, which rapidly regresses upon discontinuation of the
drug, may occur, as well as hepatic fibrosis and cirrhosis.*’

Methotrexate was considered to be a potential treatmentfor
MSbecauseof its success in the treatment of rheumatoid arthri-

tis, a disorder that has some immunological similarities with
MS(e.g. reduced numberof suppressor—inducercells, increased
ratio of helper—inducer to suppressor—inducercells in blood}.'9”128
Additionally, methotrexate inhibits the development of experi-
mental allergic encephalomyelitis.°°

An early trial suggested a reduction in exacerbation rates for
RRMSpatients treated with methotrexate but not for chronic
progressive MS.\*° Goodkin et al treated clinically definite
chronic progressive patients with weekly, oral, low-dose (7.5 mg}
methotrexate for 2 years, followed by observation for an addi-
tional year, in a placebo controlled, randomized, double-blinded
clinical trial.'41 The improvement in the EDSSscale was not
statistically significant; however, the improvement in upper
extremity function as evaluated with the nine-hole peg test
(16.1% failing with methotrexate treatment vs 48% failing with
placebo: n=31) and the box and blocktest (12.9% failing with
methotrexate vs 34.5% failing with placebo: n=2,9} wasstatisti-
cally significant. Analysis of serial MRIs revealed a slight drop
in the numberof enlarging and active lesions in the methotrex-
ate-treated group compared to the placebo group.'** The change
in the lesion load was related significantly to sustained change
in the nine-hole peg test. Side effects, including upper respira-
tory tract infection, urinary tract infection, nausea, headache,
fever, mucocutaneousherpes, sore muscles, back ache, indiges-
tion and diarrhea), were similarly distributed between thetreat-
ment and placebo group. Only three of the 31 patients in the
study had to stop therapy.

COMBINATION WITH INTERFERONS

In an open-label pilot study, 21 patients who had continued to
experience exacerbations while taking weekly IFNB-1la were
treated with methotrexate in addition to IFN.'** The combina-

tion was safe and well tolerated, with nausea as the major side
effect (12 of 15 patients}. There was a 44% reduction in the
number of gadolinium-enhancinglesions (done withtriple-dose
gadolinium) in patients treated with methotrexate and IFN
compared to those noted during treatment with IFN alone.

In another open-label study, 15 patients with relapsing MS
who were worsening while on once-weekly IFN$-la therapy
were treated with high dose intravenous methotrexate at 2 g/m?
followed by leucovorin rescue.'** Treatment was administered
every 2. monthsfor a total of six treatments. Once-weekly IFNB-
la therapy was continued throughout the study. MSFC scores
and MRIs were determined at baseline and every 4 months.
Among the four patients who completed six treatments, three
had an improved MSFCscore and one was unchanged. Among
the four patients who completed three treatments,all had posi-
tive changes in MSFC. Nosignificant hematological, renal or
other toxicity occurred.

SUMMARY AND RECOMMENDATIONS

Thevery limited available studies on methotrexate providelittle
basis for enthusiasm abouttheuseof this medication for manage-
ment of MS.In particular, one double-blind, placebo-controlled
study in progressive MS showed only marginal benefit.'*' Use of
the drug should probably be reserved for circumstances in which
other alternatives have either failed or cannot be used.
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CLADRIBINE

Cladribine, an adenosine-deaminase-resistant purine analog, is
converted to cladribine triphosphate and incorporated into
DNA.It causes DNA strand breaks and NAD and ATPdeple-
tion, as well as apoptosis in somecell lines.'*'* Althoughits
mechanism of action is not entirely understood, the drug does
not require cell division to be cytotoxic.®” Cladribine’s toxicity
includes myelosuppression, thrombocytopenia, infections
including opportunistic infections associated with low CD4*cell
counts, nausea, high fever, headache, fatigue and skin rashes.

In one study, 51 patients with MS (mostly secondary progres-
sive] were randomizedto cladribine treatmentconsisting of four
monthly, 7-day infusions (0.1 mg/kg/d} or placebo.'*” During the
second year, blinding was maintained but patients who had
received placebo were given active drug at half the total dose
given the drug-treated patients in the first year. In the first year
of the study, the average EDSS scores and Scripps Neurologic
Rating Scale (Scripps NRS} scores of patients on cladribine
improved modestly while patients on placebo continued todete-
riorate. Differences at 1 year were significant using both the
EDSS scores and the Scripps NRS. Thescores were at their best
level about 18 months after beginning treatment. The patients
were able to maintain their improved EDSS and SNRSscores
for the 24 monthsof follow-up.

After 2, years, unblinded observations revealed a decline in
the average scores. This suggested a dose-response effect with
cladribine and a wearing off of improvement, with resumption
of progressive MS symptoms in some patients 2 years after
discontinuation of treatment. The numberof enhancinglesions
was muchless in the cladribine group. Toxicity observed in this
study included thrombocytopenia, leukopenia and mild derma-
tomal herpes zoster.

In a subsequent multicenter, double blind, placebo-controlled
trial done to evaluate the safety and efficacy of cladribine in
progressive MS,!** no significant treatment effects were found
for cladribine, using the Expanded Disability Status Scale scores.
In this study, 159 patients, with a median Expanded Disability
Status Scale of 6.0, were randomly assigned to receive either
cladribine or placebo. The patients whoreceived cladribine took
0.07 mg/kg/d for 5 consecutive days every 4 weeksfor either two
or six cycles (total dose 7mg/kg or 2.1 mg/kg], followed by
placebo for 8 weeks. Of these patients, 30% had PPMS while
70% had SPMS. The EDSS scores and the Scripps NRS scores
were assessed bimonthly. MRIs were performed every 6 months.
Even though no difference was achieved in the primary outcome
measure of disability change, fewer patients receiving cladribine
at either dose developed gadolinium-enhancinglesions. Patients
in the cladribine group had a reduction in the number and
volumeof gadolinium-enhancing T1 lesions when compared to
the placebo group, which wasstatistically significant at 6
months through month 18. The T2 burden of disease improved
in the cladribine-treated group and worsened in the placebo
group. Patients in the cladribine-treated group were morelikely
to have upper respiratory tract infections, muscle weakness,
purpura, injection site reactions, hypertonia, back pain, urinary
tract infections, depression, arthralgias, rhinitis, ataxia and
pharyngitis. None of the side effects were treatment-limiting.

 

SUMMARY AND RECOMMENDATIONS

Initial trials with cladribine showed promise in the treatment
of SPMS but these results were not seen in the subsequent
blinded, randomized, placebo-controlled trial. Furthermore,
studies of cladribine continue to show an enigmatic dissociation
between positive effects on MRI and unconvincing clinical
benefit. Another drawback to the use of cladribine is the pro-

found and very long-lasting lymphopenia induced by the drug.
This may preclude the use of other immunosuppressant agents
and administration of cladribine almost invariably disqualifies
a patient from consideration for other clinical trials. At this
point, it seems prudent to await the results of a prospective,
randomized, blinded trial of oral cladribine before recommend-
ing its use in patients with MS.

STEROIDS

Glucocorticoids affect the immune system by inhibiting or
increasing transcription of selected genes by acting through the
glucocorticoid receptor.'*? The binding of the hormoneto the
receptor causes it to activate and translocate to the nucleus.
Glucocorticoids increase the transcription of specific genes
either by stabilizing the transcription preinitiation complexes at
the TATA box of gene promoters or by distorting chromatin
structure and unmasking bindingsites for factors that facilitate
initiation of transcription. They also cause repression of genes
for certain inflammatory cytokines, including IL-1, IL-2-6, IL-8
and IFNy.'*° Glucocorticoids have also been shownto inhibit
mRNAtranslation of IL-1b.!*!

In MS,steroids decrease E selectin and ICAM-1 expression
in vitro.!5? They inhibit inflammatory edema by reducing
capillary permeability, resulting in a reduction of gadolin-
ium enhancement on MR imaging.’**'> They also inhibit
metalloproteases.1°

Steroids decrease the numberof circulating CD4* T cells and
B lymphocytes, but not CD8* cells, within 4 hoursby redistribu-
tion.'*” They decrease lymphocyte proliferation to lectins and
antigen, mixed lymphocyte responses and cytokine release,
including IFNy.'%* Steroids also upregulate expression of IL-10
and TGF8.'°”6 Glucocorticoid administration leads to apopto-
sis of T cells activated against MBP and protects oligodendro-
cytes from cytokine-induced death.'*!

The Optic Neuritis Treatment Trial studied the effects of
steroid treatment in monosymptomatic optic neuritis.'!®
Patients treated with intravenous methylprednisolone had
greater recovery of visual acuity, visual fields, contrast sensitiv-
ity and color vision by 2 weeks. The treatmenteffect on visual
acuity was no longer evident at 6 months, at which time
94% of the study subjects had recovered visual acuity to 20/40
or better. Surprisingly, patients who received oral prednisone at
a dose of 1mg/kg had a higher rate of recurrence of optic
neuritis.

Chronic use of corticosteroids has not been convincingly
demonstrated to slow progression of disability. However, rigor-
ously controlled phase III clinical trials have not addressed the
question.“ In a double blind, dose comparison phase II study
in SPMS, Goodkin et al gave intravenous methylprednisolone
every other month for up to 2. years to 109 patients.’® Patients
were randomly assigned to receive intravenous pulses of either
500mg or 10mg methylprednisolone in lieu of placebo, on 3
consecutive days, every 8 weeks for 2 years. Each bimonthly
pulse was followed by a tapering course of methylprednisolone
administered orally, starting on day 4 and concluding on day
14. The primary outcome measurefor the study was a compari-
son of the proportion of sustained treatment failures in each
treatment arm during the 2-year treatment phase.

Patients were considered to be at risk for sustained treatment

failure if any of the components of the primary composite
outcome were satisfied. The primary composite outcome
included worsening of the entry EDSS score by 1.0 or more
points for patients with an entry score of 4.0-5.0, or by 0.5 or
more points for patients with an entry score of 5.5-6.5, worsen-
ing of the entry ambulation index score by 1.0 or more points;
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worsening of 20% or more from the baseline value on the best
performance of two box and block tests or nine-hole peg tests
obtained with either hand; or two exacerbations treated with
unscheduled doses of methylprednisolone within 11 successive
months.

Patients who experienced worsening of any of the compo-
nents of the primary composite outcome and sustained the
worsening for 5 or more months or experienced three exacerba-
tions treated with unscheduled doses of methylprednisolone
during 12. successive months metcriteria for sustained treat-
mentfailure. Patients were evaluated within a 1-month window
of scheduled 6-month visits or upon report of clinical deteriora-
tion by an examining neurologist, who was blinded to treatment
assignment and treating neurologist.

No significant difference in efficacy was demonstrated
between groupsreceiving high- or low-dose intravenous meth-
ylprednisolone on sustained progression of disability at the end
of 2 years; however, patients who were treated with high doses
had a delay in the onset of sustained treatmentfailure.'®!%

In a randomized, controlled, single-blind phase II clinical
trial, 126 patients with clinically definite RRMS were randomly
assigned to receive either regular pulses of intravenous methyl-
prednisolone(1 g/d for 5d) with an oral prednisonetaper as well
as steroid treatmentfor relapses, or steroid treatmentfor relapses
only, using the same treatment regimen of1 g/d for 5d with an
oral prednisone taper.'*’ Treatment was administered every 4
months for 3 years and then every 6 months for the next 2
years. The primary outcome measure wasthe treatmenteffect
on quantitative MRI parameters (T2 and T1 lesion volume) and
brain parenchymal volume changes. There were no significant
differences in T2 lesion volume between the two treatment
arms at the 5-year follow up. Although both groups demon-
strated significant increases in T1 lesion volumes over the
course of the study, the increase in lesion volume wasless in
the pulsed methylprednisolone group. Patients in the pulsed
methylprednisolone arm did not develop brain atrophy during
the study, whereas patients in the control group had significant
brain atrophy by the end of the study. The patients treated with
the pulse steroids had lower disability scores compared to
patients receiving steroids only for relapses.

SUMMARY AND RECOMMENDATIONS

At this point, intravenous steroids have shown proven benefit
in the managementof acute exacerbations by achievingclinical
benefit faster than if the patient was left untreated. Administra-
tion of regularly scheduled intermittent doses of pulse steroids
has not been established aseffective therapy for the prevention
of clinical worsening in MS. Nonetheless, perhaps because the
regimen is inexpensive and generally well tolerated, the practice
continues to be fairly widespread amongclinicians dealing with
patients with worsening MS. Suggestion of possible benefit
comes from the 5-year study by Zivadinov and colleagues!” and
a hint of at least transient success in the earlier study by
Goodkin et al.'® Physicians who consider the use of inttermit-
tent pulse steroid regimens should recognize the fact that no
data support the use of monthly single-day high doses of intra-
venous methylprednisolone and should perhaps opt instead for
multiday regimens similar to those cited above.

INTRAVENOUS IMMUNOGLOBULIN

Although the mechanism ofaction of polyclonal immunoglobu-
lin is unknown,its beneficial effects in the treatment of neuro-
logical disease may include inhibition of complement binding
and prevention of membrane attack complex formation, neu-
tralization of certain pathogenic cytokines, downregulation of

 

antibody production and modulation of Fc-receptor-mediated
phagocytosis.‘ Additional actions include an effect on supe-
rantigens, modulation of T-cell function and antigen recogni-
tion, and enhancementof remyelination.

In experimental allergic encephalomyelitis, prophylactic
treatment with intravenous immunoglobulin (IVIg} is effective
if it is administered at the time of induction. When given in
this manner, immunoglobulin significantly reduces the symp-
toms of disease as well as the underlying CNS pathology.
Therapeutic IVIg treatment of established experimentalallergic
encephalomyelitis did not prove effective.

Fazekas et al conducted a randomized, double-blind, placebo-
controlled study in which 75 patients with RRMS received
lg/kg IVIg once a month for 2 years and were compared with
73 patients receiving placebo.'”? The IVIg group experienced
62 relapses compared to 116 in the placebo group. A total of
40 IVIg patients remained relapse-free during the 2-year study
compared to 26 in the placebo group. The annualrelapse rate
reduction was similar during year 1 and year 2 in the IVIg-
treated group, whereas in the placebo group some reduction was
noted only in year 2. The time from baselineto first relapse did
not differ significantly between the groups. However, the inter-
val between relapses during the study period was significantly
longer among patients in the IVIg group than among those in
the placebo group. The severity of relapses during the study, as
measured by the change in EDSS, did not differ significantly
between the groups. A slight improvementin clinical disability
occurred in the IVIg group, compared to no significant change
in clinical disability in the placebo group. Adverse events were
reported by three IVIg-treated patients and four patients in the
placebo group. Cutaneous reactions were reported by two IVIg-
treated patients; symptoms consisted of a short-lived rash,
which developed a few days after the infusion but was not seen
by the treating physician.

In the first year of an open-label trial with IVIg in a small
number of RRMSpatients, the exacerbation rate dropped post-
treatment when compared to pretreatment exacerbation rates
in the same patients.'’' In another small, open-label trial, IVIg
patients showeda greater drop in the mean annual exacerbation
rate after being on treatment both for 2 years and for 3 years,
compared to their exacerbation rates in the years prior to being
treated with immunoglobulin.‘”? The adverse eventrate inversely
correlated with duration of IVIg treatment. Also, the severity of
acute exacerbations was favorably influenced by treatment. The
majority of exacerbations in the IVIg group were mild to moder-
ate, while in untreated controls most of the acute exacerbations
were moderate to severe. The mean change in neurological dis-
ability was significantly different after 3 years.

In another study by Sorensen et al, 20 RRMS patients and
five SPMS patients were randomly assigned to receive either
infusions of IVIg at 1.0 g/kg/d for 2 consecutive days at intervals
of 4 weeks or placebo, for 2 years.'”? A total of 17 patients (11
treated, six placebo) completed the study. The relapse rate was
lower in the treated group than in the placebo grofip. Thetotal
number of acute exacerbations in the IVIg treatment group was
11 compared to 15 in the placebo group. Severe acute exacerba-
tions requiring treatment with intravenous methylprednisolone
occurred in four cases during IVIg treatment and in six cases
on placebo. However, neurological disability did not change
significantly from baseline in either group. Adverse effects
included eczema (most common), urticaria, headache, hepatitis
C (the most severe], fever and nausea. The urticaria and head-
aches were mild and subsided within hours or a few days. Two
patients withdrew because of severe eczema; one died from a
pulmonary embolism occurring 2, weeks after infusion.

A recent European study evaluated IVIg in SPMS (ESIMS).'”*
A total of 318 patients with clinically definite SPMS were
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randomly assignedto receive IVIg 1 g/kg per month or an equiv-
alent volumeof placebo for 2.7 months. Patients were assessed
clinically every 3 months and with MRI every 12. months. No
difference between the IVIg- and placebo-treated groups occurred
for the primary outcome of confirmed worsening of disability,
as defined by the timeto first confirmed progression on EDSS.
Similarly no significant differences occurred for the secondary
outcome measures of the annual relapse rate and change in
lesion load on T2-weighted MRI.!75

SUMMARY AND RECOMMENDATIONS

The ESIMSstudy has clearly demonstrated a lack of benefit in
SPMS!”and nojustification exists for use of this treatment in
such patients. While one might consider that ‘the jury isstill
out’ on the question oftheefficacy of IVIg in RRMS,the answer
may come whentheresults of a prospective, randomized clini-
cal trial sponsored by Bayer Pharmaceuticals are revealed.

PLASMA EXCHANGE

Plasma exchange has been used to treat many neuroimmuno-
logical diseases. In the process of removing a patient’s plasma
by continuous flow centrifugation and replacing it with saline
and albumin, antibodies are eliminated, presumably thereby
mitigating the immunological attack against the nervous
system.'’® Plasmapheresis has been used successfully in myas-
thenia gravis,'”’ Guillain-Barré syndrome!”* and chronic inflam-
matory demyelinating polyneuropathy.

Weinshenker et al treated 22 patients who had experienced
a severe inflammatory attack (not all patients had MS).*”8
Patients chosen for this study had either clinically definite or
laboratory-supported definite MS by the Posercriteria, or other
idiopathic inflammatory demyelinating diseases, which had
caused an acute severe neurological deficit affecting conscious-
ness, language, brainstem function or spinal cord function.!®°
Patients had previously been treated with high-dose intravenous
corticosteroids for a minimum of 5 days with minimal improve-
ment at most. The deficit must have been present for at least
21 days from onset of symptoms and 14 days from onset of
treatment with intravenous methylprednisolone. If the deficit
had continued to worsen after 5 days of intravenouscorticoste-
roid treatment, plasma exchange could beinitiated 12 daysafter
the onset of symptoms. Half the patientsinitially received active
exchange while half received sham exchange,for a total of seven
treatments. Then the groups were crossed over to the other
treatment. After the first cycle, five of the actively treated
patients improved to a marked or moderate degree compared to
only one whoreceived sham treatment. Whenthe patients were
crossed over to the other group, three whoreceived active treat-
ment in the second treatment period improved moderately to
markedly, compared with none whoreceived sham. Responders
tended to be male and younger. Nonresponders tended to have
a worse baseline deficit. However, neither the type of demyelin-
ating disease nor the interval from onset to enrollment was
significantly associated with outcome. Plasma exchange was
tolerated well, although anemia occurred in most patients.
Improvement during treatment was sustained during follow-up,
whereas moderate improvement occurred over the course of
follow-up in only two of 12 patients who were treatment
failures.

In a follow-up to the previous study, Keegan et al looked at
predictors of response to plasma exchange treatment for severe
attacks of CNS demyelination.'’”® Male sex, preserved reflexes
andearly initiation of treatment were associated with moderate
or marked improvement. Successfully treated patients improved
rapidly following plasma exchange and improvement was sus-

 

tained for at least 1 year post treatment. Even thoughearly ini-
tiation of treatment was associated with greater improvement,
some patients who were treated as long as 60 days after the
onset of symptoms also experienced a favorable response. The
authors suggest that such patients should not be excluded from
treatment if the onset of the neurological event was acute.

Keegan and colleagues studied treatment success and failure
with plasmapheresis, in the four immunopathological patterns
of demyelination.'*° Looking at 19 patients treated with thera-
peutic plasma exchange, only patients with pattern II MS
pathology, characterized by immunoglobulin deposition and
complement activation, responded. This selective response
caused the authors to theorize that the mechanism ofaction of

plasma exchange in the successful treatment of patients with
pattern II MS pathology is the removal of pathogenic humoral
and plasma factors. The authors also theorized that cellular
components probably do not account for the recorded differ-
ences in response to plasma exchange.

SUMMARY AND RECOMMENDATIONS

At the present time, plasmapheresis should be reserved for
patients with poor recovery from severe attacks. No evidence
currently exists to support the use of plasma exchangein chronic
treatment of MS.

TACROLIMUS

Tacrolimus, a macrolide antibiotic produced by Streptomyces
tsukubaensis,'*' inhibits T-cell activation by inhibiting calci-
neurin.’” The drug binds to an intracellular protein, FK506-
binding protein (FKBP)-12, an immunophilinstructurally related
to cyclophilin. A complex of tacrolimus-FKBP-12, calcium,
calmodulin and calcineurin then forms, and calcineurin phos-
phatase activity is inhibited, leading to inhibition of T-cell
activation.”

Tacrolimus has been tested in MS because it markedly pro-
tects against demyelination and axonal loss in an EAE animal
model.!*? Treatment failed to modify either acute or chronic
disease activity and its use was limited by the side effects of
nephrotoxicity, hypertension and hyperlipidemia.'**

 

SUMMARY AND RECOMMENDATION

Data do not support the use of tacrolimus for the treatment of
MSat this time, especially in view of the occurrence of poten-
tially serious adverse events.

CICLOSPORIN

Ciclosporin suppresses humoral immunity to some extent but
is more effective against T-cell-dependent immune mechanisms
such as those underlying transplant rejection and some forms
of autoimmunity.'** It preferentially inhibits antigen-triggered
signal transduction in T lymphocytes, blunting expression of
many lymphokines, including IL-2, as well as expression of
antiapoptotic proteins. Ciclosporin forms a complex with
cyclophilin, a cytoplasmic receptor protein present in target
cells. Calcineurin enzymaticactivity is inhibited following phys-
ical interaction with the ciclosporin/cyclophilin complex. This
results in the blockade of nuclear factor of activated T

cells({NFAT) dephosphorylation; thus, the cytoplasmic compo-
nent of NFAT does not enter the nucleus, gene transcriptionis
not activated and the T lymphocyte fails to respond to specific
antigenic stimulation.© Ciclosporin also increases expression of
TGFf, a potent inhibitor of IL-2-stimulated T-cell proliferation
and generation of cytotoxic T lymphocytes.!*
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The drug has been compared with azathioprine as a long-
term immunosuppressive treatment for patients with MS in a
randomized drug comparison study.!*’ A total of 31 patients
were randomized to complete 12 months’ treatmentwith either
ciclosporin (5 mg/kg/d)!’ or azathioprine (2 mg/kg/d}. Theciclo-
sporin treatment group improved in the mean EDSSscore and
remained moreorless stable for the remaining 9 months, while
no change could be observed in the azathioprine treatment
group. There was no significant difference between the treat-
ment groups in termsof the disability status score or Ambula-
tion Index, although the azathioprine group scored slightly
higher throughout the 12-month study on both scores.

The frequencies of concomitant corticosteroid treatment
were not significantly different between the two treatment
groups, The total frequency of clinical side effects was signifi-
cantly higher in the ciclosporin treatment group, mainly because
of hypertrichosis and headache. There was nosignificant differ-
ence for the CD4 inducer/CD8suppressor, cytotoxic meanratio.
This study suggested a trend for improvement in MSbyciclo-
sporin but the effect was by no means as dramatic as that in
reported studies in kidney transplant or type I diabetes. Because
of its narrow risk: therapeutic ratio, due to its dose-dependent
nephrotoxicity, long-term administration of larger doses of
ciclosporin would be unsafe.

A large randomized, double-blind, placebo-controlled trial
evaluated the use of ciclosporin in chronic progressive MS. A
total of 577 patients were randomizedto receive either ciclospo-
rin (273) or placebo (274).'8® Ciclosporin dosage was adjusted
for toxicity. The primary combined outcome measure included
time to become wheelchair-bound, time to sustained progres-
sion and effect on activities of daily living. Ciclosporin delayed
the time to becoming wheelchair-bound, but the effects seen in
the time to sustained progression andeffect on activities of daily
living were not statistically significant. A large number of
patients from the ciclosporin arm had to drop out of the study
because of nephrotoxicity or hypertension.

SUMMARY AND RECOMMENDATIONS

Given its success in the therapy of other autoimmunedisorders,
ciclosporin seemed a promising candidate for the treatment of
MS. However, a large prospective trial in chronic progressive
MS showedlittle, if any, benefit and certainly not enough to
warrant its use considering the significant risks of hypertension
or renal damage. Other studies have not emerged to justify
reconsideration of this verdict. At this point, ciclosporin should
not be considered part of the therapeutic armamentarium for
the treatment of MS.

SULFASALAZINE

Sulfasalazine, widely used in the treatment of inflammatory
bowel disease, is metabolized to its active components, sulfa-
pyridine and mesalamine, by bacteria in the colon.!®’ When
given as sulfasalazine, a larger quantity of sulfapyridine and
mesalamine reach the colon than when these agents are admin-
istered as single agents. Once sulfapyridine and mesalamine
reach the colon, the beneficial effects result primarily from
the anti-inflammatory properties of mesalamine. The anti-
inflammatory mechanism of mesalamineis believed to occur,
at least in part, through the inhibition of arachidonic acid
metabolism in the bowel mucosa by inhibition of cyclooxygen-
ase. This effectively diminishes the production of prostaglan-
dins, thereby reducing colonic inflammation. Production of
arachidonic metabolites appears to be increased in patients with
inflammatory bowel disease. Mesalamine also inhibits leukot-
riene synthesis, possibly through the inhibition of lipoxygenase.

 

This action has been suggested as a major component of the
drug’s anti-inflammatory effects. Inhibition of colonic mucosal
sulfidopeptide leukotriene synthesis and chemotactic stimuli
for polymorphonuclear leukocytes may also occur.!*?

Side effects of sulfasalazine are common.!® Several of these

are dependent on plasmalevels of sulfapyridine and are there-
fore related to both dose and acetylation status of the patient.
They include fever and malaise, nausea, vomiting, headaches,
epigastric discomfort and diarrhea and may bepartially over-
come by gradual increments of the dose. Megaloblastic anemia
and low sperm counts, believed to be due to impaired folic acid
absorption, can also occur, and some physicians advocate the
routine coadministration of folate supplements. Allergic reac-
tions (not related to plasma levels} can include arthralgias,
hemolysis, agranulocytosis, thrombocytopenia, red cell aplasia
and a variety of skin manifestations such as rash, urticaria and
a bluish discoloration. Most serious, but rare, are toxic epider-
mal necrolysis and Stevens-Johnson syndrome, pancreatitis,
eosinophilic pneumonia, bronchospasm, fibrosing alveolitis,
drug-induced lupus and neurotoxicity.

Noseworthy et al conducted a placebo-controlled, random-
ized, double-blind phase III trial of sulfasalazine in MS.'% A
total of 199 patients with RRMS(151) and progressive (48) MS
were evaluated at 3-month intervals for a minimum of3 years.
MRI studies were performed at 6-month intervals on a subset
of 89 patients.

By the end of the study, sulfasalazine had failed to slow or
prevent disability progression as measured on EDSS. However,
during the first 18 monthsof the trial, the annualized relapse
rate, proportion of relapse-free patients, rate of EDSS progres-
sion at 1 and 2 years in the progressive subgroup only, and
median time to EDSS progression were all better in the treat-
ment group comparedto placebo. The positive findings observed
in the first half of the trial were not sustained, however.

SUMMARY AND RECOMMENDATIONS

The major prospective trial of sulfasalazine emphasizes the
important point that short-term results can be misleading in
this chronic disease. At the present time, this drig should not
be considered a useful agent for the treatment of MS.

ALEMTUZUMAB

The monoclonal antibody alemtuzumab targets the CD52
antigen, present on T and B cells and macrophages.!*! It causes
a sustained depletion of T-cells.!°* Alemtuzumabwas first used
in patients with MS in 1991 with the hope that the T-cell rep-
ertoire regenerated after lymphocyte depletion by the antibody
would no longer exert the aberrant autoimmuneresponseschar-
acteristic of MS.'°? By 1999, 36 patients had been treated; all
had SPMS with an EDSS of 6.0 or less.!°? Enhancing lesions
were present on an MRI done 3 monthsprior to treatment in
all patients. Alemtuzumab was administered as an intravenous
infusion of 100mg over 5 consecutive days as a daily 20mg
infusion over 4h, every 12 months. Treated patients experi-
enced a systemic response accompanied by a transient, often
severe butreversible reactivation of neurological disease activity
that lasted for a few hours. This was thought to be due to the
release of mediators that impede conduction at previously
demyelinated sites. The reaction could be prevented by pre-
treatment with methylprednisolone. Radiological markers of
cerebral inflammation persisted for several weeks after treat-
ment butthereafter radiological markers of cerebral inflamma-
tion were suppressed for at least 18 months during which
patients remained asymptomatic. Some6 years after treatment
a subgroup of patients underwent MRI, which showed no
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appreciable increase in the T1-hypointense, or T2-lesion volume
in these patients. However, approximately half the patients
continued to experience progressive disability and increasing
brain atrophy, thought to be secondary to axonal degeneration,
which correlated with the extent of cerebral inflammation in
the pretreatment phase. Because of the observations in SPMS,
the emphasis was switched to studying patients with active
RRMS. Some 2.2, patients with active RRMS whose disease was
not controlled by currently approved DMAsor in whom a high
relapse rate was seen early in the disease were treated with
alemtuzumab. The patients who received the monoclonalanti-
body had a 94% reduction in relapse rate. However, accumula-
tion of disability continued despite suppression of inflammation.
There was a reduction in new lesion incidencerates.'** Use of

alemtuzumabis also characterized by a markedly increased risk
for autoimmunethyroiditis.1°4"

A recent trial of alemtuzumab in comparison to IFN B-la
{subcutaneous) intended for 3 years, showed a 75% relapse rate
reduction for the monoclonal antibody compared to IFNBat the
end of 2 years. However, six cases (one fatal) of idiopathic
thrombocytopenic purpura developed in the alemtuzumab
group, so thetrial was stopped prematurely.!”° A PhaseIII trial
will include a risk managementplan with very close surveillance
to reduce the risk of severe ITP.

SUMMARY AND RECOMMENDATIONS

Although alemtuzumabappears to be a drug of continuing inter-
est for MS, the occurrence of thrombocytopenic purpura requires
furtherclarification.

RITUXIMAB

Rituximab, the first monoclonal antibody approved by the
FDA,!”* is a genetically engineered, chimeric murine/human
monoclonal antibody containing IgG, heavy-chain and x light-
chain constant region sequences and murine variable region
sequences.!”” It binds specifically to the CD20 antigen, a 35kDa
transmembraneprotein that is involved incell cycle progression
and differentiation.!"*'°? The CD20 is expressed on normal B
lymphocytes, from pre-B cells to activated B cells, but not on
differentiated plasmacells, T cells, hematopoietic stem cells or
nonhematopoietic normal tissues.*° Rituximab causes rapid
depletion of CD20* B cells in the peripheral blood.**! However,
antibody production is still maintained by plasma cells, and
normal peripheral B cells are subsequently replenished by
hematopoietic stem cells in most patients 3-12 months
after therapy.2°° Mechanisms of action may include inhibition
of antibody-dependent cellular cytotoxicity, complement-
mediated cell lysis, induction of apoptosis, inhibition of cell
growth andsensitization to chemotherapy.!?7°?"™

Use of rituximab was initially reported in neuromyelitis
optica and rapidly worsening MS.Four patients with progres-
sive relapsing myelitis each received 4-weekly intravenous infu-
sionsof rituximab (375 mg/m”} and were followed for lymphocyte
subset counts, adverse events and neurological disability. B-cell
counts dropped to zero and remained undetectable 6 months
after the infusions ended. Twoof the four MS patients experi-
enced an improvement in ambulation and fatigue following
treatment. All four patients remained relapse-free for the dura-
tion of follow-up, which was an average of 6 months.Other
lymphocyte subsets were not affected, except for a transient
drop in CD4* T cells in somepatients.

A phaseII trial in relapsing-remitting MS was recently com-
pleted. The results showedstatistically significant benefit on
both new gadolinium-enhanced lesions and relapse rate. Phase
III trials in both RRMS and PPMSare planned.

Pender”proposed two different hypotheses to explain how
progression of neurological impairment in PPMScould occur.”
Thefirst hypothesis postulates that neurological impairmentis
due to a rapid and relentless immuneattack on CNS myelin
and axons by T cells and antibody. The alternative is by pro-
longed slow immuneattack on myelin and axons without CNS
repair. This is more likely to occur when antibodies constitute
the main mechanism of attack because of circulating antigen-
specific T cells. A failure of CNS repair could be due to immune
attack preventing remyelination or because of immune-
medicated destruction of axons, which cannot regenerate in the
human CNS. Antibodies are effective inhibitors of remyelin-
ation because of their persistence and ability to spread diffusely
through the CNS parenchyma. Progressive MS could be due to
a predominantly antibody-mediated immuneattack that causes
demyelination and inhibits remyelination or that causes axonal
destruction. Relapses, on the other hand, may be due to T-cell
immuneattack on the CNS. Because of the possibility of anti-
body-mediated attack on the CNS in PPMS, an agent such as
rituximab, which can cause depletion of B cells, might be ben-
eficial in this form of the disease.

For the mostpart, the side effects of rituximab are mild, such
as fever, chills and nausea, but hypersensitivity reactions can
occasionally be severe or even fatal. Patients who receive this
therapy must be monitored very carefully during infusion, par-
ticularly the second infusion.” Patients may need to be pre-
treated with diphenhydramine and steroids.2°’ The infusion
may need to run very slowly or even be stopped to prevent the
occurrence of the hypersensitivity reaction.

SUMMARY AND RECOMMENDATIONS

Rituximab is a monoclonal antibody that remains of significant
interest for its potential use in MS. It is currently undergoing
randomized, placebo-controlled trials in both RRMS and PPMS.
Pending results of these studies, very few data exist to support
its use in worsening MS, although uncontrolled studies suggest
a benefit in neuromyelitis optica. Since no controlled studies
exist for treatment of neuromyelitis optica, rituximab may be a
reasonable choice for this often devastating condition.

DACLIZUMAB

Daclizumab is a monoclonal antibody directed against the a
chain (CD25}, a componentof the high-affinity IL-2 receptor.
After demonstration that the drug inhibits experimental auto-
immune encephalomyelitis models," 10 patients with
RRMSor SPMS were treated with the combination of dacli-

zumab and IFNBafter suboptimalresponseto thelatter alone.”"!
The patients had experienced at least one exacerbation or pro-
gression ofdisability by at least 1 point on the EDSSduring the
preceding 18 months on therapy. Patients were treated with
intravenous daclizumab at 1 mg/kg/dose 2, weeks apart for the
first two doses and once every 4 weeks thereafter for a total of
seven infusions {6 months). Patients were followed with monthly
clinical and MRI examinations. Primary outcome measures
were new contrast-enhancing lesions and total numberof con-
trast-enhancing lesions on IFNB versus combination therapy of
IFNB and daclizumab. The 10 patients with relapsing forms of
MStreated with the combination of IFNB and daclizamab had
a 78% reduction in new contrast-enhancing lesions anda sig-
nificant improvement in the nine-hole peg test, Scripps NRS
and the exacerbation rate. There were also positive trends for
EDSS,the timed 2.5-foot walk, changes in T2 lesion volume and
black hole volume, and the ambulation index.

The reduction in contrast-enhancing lesions occurred
gradually over 1.5-2 months, unlike that seen with IFN?” or
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natalizumab.”'* The authors postulate that, instead of targeting
the blood-brain barrier, daclizumab induces a gradual immuno-
modulatory change that is responsible for the observed decrease
in brain inflammation.

In another open-label study, 19 patients with relapsing forms
of MS were treated.”'* Of these patients, 17 had not responded
well to conventional therapy. Most of the patients received
daclizumab as monotherapy but two received both IFN and
daclizumab and then were switched to daclizuamab monother-

apy. Clinical improvementoccurred in 10 patients and the other
nine hadstabilization of disease and reduction of MRI activity
during the mean treatmentperiod of 14 months. Patients expe-
rienced minimal adverse events. A recently completed Phase II
trial, in which daclizumab or placebo was added in patients
taking weekly intramuscular IFNB-la, showedastatistically
significant benefit for the monoclonal antibody on the primary
endpoint of new MRIactivity. A reduction in relapse rate did
not reach statistical significance.*"°

SUMMARY AND RECOMMENDATIONS

Daclizumab is another monoclonal antibody of substantial
interest as a potential treatment for MS. Additional randomized
clinical trials are planned or in progress, but, pending their
conclusion, use of this agentoff label (as it is approved for other
purposes} seems unwarranted because of the limited data on
efficacy and safety in MS, as well as its very high cost.

BONE MARROW TRANSPLANTATION

Autologous hematopoietic stem cell transplantation was intro-
duced as a treatmentfor patients with MS after animal studies
showed that the course of experimental allergic encephalomy-
elitis could be modified by high-dose immunosuppression
causing hematolymphatic ablation, and subsequent bone
marrow transplantation.”!*?! Further support for the idea
resulted from the observations that some patients who were
treated with hematopoietic stem cell transplantation for concur-
rent malignancies were found to have prolonged remissions of
their MS.220222

European studies of hematopoietic stem cell transplantation
have been conducted in all types of MS.”In the largest Euro-
pean study, seven of 85 treated patients died.?!* The patients
who died had high EDSSscores, were older and had received
intensely T-cell-purged grafts. Still, the authors reported 74%
progression-free survival for all patients after 3 years, 78% for
SPMS. Clinical improvement was noted in 21%.

Originally conducted as single-centertrials, the study of bone
marrow transplantation in MS expanded to multicenter safety
clinical trials. In one such trial the median EDSS was 4.5-

8.218224 All patients had failed a number of standard therapies
and had progressing disease, with a worsening EDSS over the
past year. Patients were treated with immunosuppression, and
peripheral blood stem cells were mobilized using cyclophospha-
mide and granulocyte colony-stimulating factor {G-CSF}. Tran-
sient neurological deterioration often occurred after patients had
received G-CSF.”** Progression-free survival was 81% for SP and
RRMSand 67% for PPMS. Pathological MRI activity was sup-
pressed but brain atrophy continued to occur.?”°

Wolinsky outlined the obstacles to the use of hematopoietic
stem cell therapy for patients with MS at a conference on the
subject in 2001.” Hefelt that this treatment modality would
need to effect a reduction in the level of morbidity and mortal-
ity, a drop in attack frequency of at least 70% and a drop in
sustained EDSSscore progression of 1.0 point to 8% of patients
at 2, years and 17% at 3 years after therapy in order to demon-
strate effectiveness comparable to that of mitoxantrone. Also,

hematopoietic stem cell therapy must have a durable response
lasting beyond 3 years in order to warrant its use instead of
mitoxantrone.

Stem cell transplantation can be used to treat MS in twodif-
ferent manners. Thefirst method is to suppress disease activity
with immunosuppressive agents without killing all immune
cells.?*® The stem cells would then act as a rescue to overcome

immunodeficiency. The other way is to cause total immune
ablation, with the infusion of stem cells intended to completely
renew the immune system. Hintzen noted that unsatisfactory
results with the use of conventional immunosuppressants in
autoimmune disease could be secondary to the incomplete
removal of autoreactive lymphocytes.”* However, he also
acknowledged that increasing the intensity of immunosuppres-
sion will lead to higher morbidity.

Manyobstacles must be overcome to develop a randomized
clinical trial with bone marrow transplantation, and so far none
have been done. Multiple variables are involved in the imple-
mentation of hematopoietic stem cell therapy, including the
choices of tissue source of the graft, donor source of the graft
and mobilization procedures, as well as different graft manipula-
tions and the different methods of myeloablation. Patients
selected for the procedure should have rapidly progressive
disease without diffuse irreversible white matter disease. There

must be a standardized protocolin order to conducta controlled
trial. Issues with the selection of an appropriate placebo therapy
and with the establishmentof effective blinding are also impor-
tant. It would also be difficult to match the patients in both
arms of the study. Nonetheless, Hintzen suggested that these
obstacles could all be overcome, allowing the conduct of a
blinded, placebo-controlled, randomizedclinicaltrial.

SUMMARY AND RECOMMENDATIONS

Hematopoietic stem cell transplantation continues to garner
much attention and patients frequently ask their clinicians
about it. The treatment remains an interesting but very risky
procedure theefficacy of which has not been clearly established.
Patients who seek this treatment are generally unaware of the
numberof deaths, as well as other serious morbidity, that have
been reported with the treatment. Thebarriers to the successful
design of a properly controlled clinical trial have so far been
formidable and have prevented such a much-needed study. In
the interim, performance of this procedure should berestricted
to centers with a high degree of experience, where investigators
using well defined research protocols enroll only those patients
who have failed more conventional therapy and fully under-
stand the significant risks and lack of established benefit.

WHATTO DO IF THE PATIENT DOES NOT
RESPOND TO STANDARD THERAPY:A
SYSTEMATIC APPROACH

Currently approved immunomodulatory medications are, at
best, only moderately effective in preventing relapses. Further-
more, all currently available agents, including those immuno-
suppressive agents used ‘off-label’ for the treatment of MS,
apparently target the inflammatory process.It is notclear that
any currently available drug significantly affects the neuro-
degenerative process that seems to characterize most progres-
sive cases.

No specific approach has yet been widely accepted for a
patient whois failing conventional therapy. However, it is pos-
sible for clinicians to develop a strategy with which they are
comfortable to deal with such situations. Thiswill at least allow

for consistency and the avoidance of agonizing indecision each
time one confronts the issue.
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In most RRMSpatients who are continuing to experience
attacks, logic suggests (and insurance often mandates} that the
currently approved treatments remain the primary option.If a
patient has been treated with weekly IFNB-1a, a reasonable first
approach would be to switch to an IFN preparation adminis-
tered multiple times per week. The physician may wish to verify
the absence of neutralizing antibodies before undertaking this
option. If a patient has already been taking multiple weekly
doses of IFN,atrial of glatiramer acetate might be considered
next. Conversely, if glatiramer acetate had been the first agent
prescribed, a switch to IFN would be appropriate. Today, many
MSspecialists might instead switch from the initial immuno-
modulatory agent to natalizumab.

In patients for whom the FDA-approved immunomodulatory
drugs have failed and natalizumab is not going to be used, two
potential approaches are available. The first would be to try a
combination of IFN plus glatiramer. However, it must be empha-
sized that, while some data suggest that the combination of
glatiramer acetate and IFNB-1a (Avonex]is safe, no useful infor-
mation is currently available to indicate added efficacy with the
combination. Furthermore, cost considerations may be prohibi-
tive for many patients, and third-party payers may bevery reluc-
tant to cover both drugs. The alternative approach of initiating
therapy with immunosuppressive medication probably conveys
a greater risk of potentially serious toxicity. Nonetheless, an

evidence-based medicine paradigm would dictate the use of
mitoxantrone, currently the only FDA-approved drug for SPMS
{with the exception of IFNB-1b, which has an indication in
SPMSpatients who are continuing to experience relapses). Mito-
xantrone is also approved for the treatment of worsening forms
of relapsing MS. Some experts consider the use of intravenous
cyclophosphamideas equalor preferable to mitoxantrone but the
evidence remains controversial.

For patients who are unwilling to use these intravenous immu-
nosuppressive medications or are deemed bytheir physicians to
be inappropriate candidates, the oral immunosuppressive agents
may be considered. Many MSspecialists currently consider
mycophenolate mofetil as the first choice. This preference is
probably based more onthe positive effects of the drug in the
prevention of organ rejection and on the general lack of enthusi-
asm for azathioprine (at least in the USA) and methotrexate than
on currently available data supporting its benefit in MS. Ritux-
imab and daclizumab are other options, but costs are much
higher and definitive evidence of benefit is not yet available.

Patients whoare failing approved therapy should be offered
the opportunity to participate in properly designedclinicaltrials,
if such are available. Clinicians should take ample time to
explain the potential risks and benefits of unproved therapies,
always offering hope while establishing realistic expectations for
patients and their families.
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