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THE USE OF DISEASEMODIFYING THERAPIESIN MULTIPLE SCLEROSIS
Principles and Current Evidence
A Consensus Paper by the Multiple Sclerosis Coalition

ABSTRACT

Purpose The purpose of this paper, which was developed by the member organizations of the Multiple
Sclerosis Coalition*, is to summarize current evidence about disease modificatiattipie sclerosisNIS)
and provide support for broaohd sustainedccess td/S diseasanodifying therapies for people with MS in
the United States.

Development ProcessThe originalwriting and development team comprised of professional staff

representing the Coalition organizations (Rosalind Kalb, Kathleen Costello, June Halp&kutnikand

Robert Rapp) developed a draft for review and input by nine external reviewers (Brenda Banwell, Aliza Ben
Zacharia James Bowen, Bruce Cohen, Bruce Cree, SuhayIditiut, Daniel Kantor, Flavia Nelson and

Nancy Sicotte). The reviewerselected for their experience and expertise in MS clinical care and research,

were charged with ensuring the accuracy, completeness and fair balance of the content. The revised paper was
then submitted for review by the medical advisors of@balitionmemberorganizations

The final paper, incorporating feedback from these advisors, was endorak€bglition members, and
subsequently by Americas Committee for Treatment and Research in Multiple Sclerosi®i{fs},Tand

published in November 2014.

Updates with Reviews by External Reviewerand ACTRIMS for their Endorsement
March 2015
July 2016
March2017
SeptembeR018
June2019

Conclusions Based on a comprehensive review of the current evidencelultiple Sclerosis Coalitioh
stateghe following:

Treatment Considerations:
1 Initiation of treatment with anBA-approved diseas@odifying therapys recommended:
- As soon as possible following a diagnosis of relapsingjiple sclerosis r egar dl ess of th
age Relapsing MSncludes:
A clinically isolated syndrome (CIS): People with a first clinical event and MRI features consistent
with MS in whom othepossible causes have been excluded
A relapsingremitting MS
A active secondary progressive MS with clinical relapses or inflammatory activity on MRI.
- For individuals with primary progressive multiple sclerosis, with an agent approved for this phenotype
1 Clinicians should consider prescribing a high efficacy medication such as alemtuziadabine,
fingolimod, natalizumalor ocrelizumab for newlgliagnosed individuals with highly active MS.
9 Clinicians should also consider prescribing a high efficacyicaédn for individuals who have
breakthrough activity on another diseasedifying therapy, regardless of the number of previously used
agents.

*The Multiple Sclerosis Coalition was founded in 2005 to increase opportunities for cooperatjmowdd greater
opportunity to leverage the effective use of resources for the benefit of the MS comrulanitiper organizations include
Accelerated Cure, Can Do Multiple Sclerosis, Consortium of Multiple Sclerosis Centers, International Organization of
Multiple Sclerosis Nurses, Multiple Sclerosis Association of America, Multiple Sclerosis Foundation, National Multiple
Sclerosis SocietgndUnited Spinal AssociatiarMS Views and News serves as an affiliate member (since 2015).



Treatment with a given disesemodifying medication should be continued indefinitely unless any of the
following occuri in which case an alternative diseasedifying therapy should be considered:
Suboptimal treatment response as determined by the individual and his or hegtotiataian
Intolerable side effects, including significant laboratory abnormalities

Inadequate adherence to the treatment regimen

Availability of a more appropriate treatmeoytion

The healthcare provider and patient determine that the benefits no dorteyeigh the risks

Movement from one diseaseodifying therapyto another should occur only for medically appropriate
reasonss determined by the treating clinician and patient

When evidence of additional clinical or MRI activity while consistentreatment suggeséssub-optimal
response, an alternative regimen (e.g., different mechanism of action) should be considered to optimize
therapeutic benefit.

The factors affecting dice oftherapyat any point in the disease course are complex and most
appropriately analyzed and addres#edugh a shared decisionaking process betwedme individual

and his or her treating cliniciaNeither an ebitrary restriction of choiceor amandatory escalation
therapy approacis supported by data.

Access Considerations

T

Due to significanvariability in the MS population, people with MS and their treating clinicians require

access tohe fullrange of treatment optiorigr several reasons

- MS clinical phenotypes may respond differently to different diseasdifying therapies.

- Differentmechanisms of action allow for treatment change in the everguifoptimal response.

- Potential contraindications limit options for some individuals.

- Risk tolerance varies among people with MS and their treating clinicians.

- Route of deliveryfrequeng of dosingand side effects may affect adherence and quality of life.

- Individual differences related to tolerability and adherence may necessitate access to different
medications within the same class.

- Pregnancy and breastfeeding limit the available aptio

I ndi vidual s6 access to treatment should nopot be

personal charactetiss such as agsgexor ethnicity.

Absenceof relapses while on treatment is a characteristic of treatment effectivenesdsoaitahot be

considered a justification for discontinuation of treatment.

Treatment should not wthheldduringdetermination of coverage by payers as this puts thenpatie

risk for recurrent disease activity.
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INTRODUCTION

Multiple sclerosis (MS) is a disorder of the central nervous sy&B$) characterized by inflammation,
demyelination and degenerative changes. Most people with MS experience relapses and remissions of
neurological symptoms, particularly early in the disease, and clinical events are usually associated with areas
of CNS irflammation® 4 Gradual worseningr progressionwith or without subsequenicute attacks of
inflammationor radiological activitymay bepresent very earJybut usually becomes more prominent over

time > While traditionally viewed as a diseas@lelyof CNS white matter, more advanced imaging techniques
have demonstrated significant early and ongoing CNS gray matter damagk s

Those diagnosed with MS may have many fluctuating and disabling symptoms (including, but not limited to,
fatigue, impaired mobility, mood and cognitive changes, pain and other sensory problems, visual disturbances
and elimination dysfunction), resulting in a significant impact on quality of life for patients and their families.

As the most common nemaumate, disabling neurologic disorder of young adiils group not typically

faced with a chronic diseaseMS threatens personal autonomy, independence, dignity and life plafning,
potentiallylimiting the achievement of life goals. The frggirited spontaneity so highly valued by young

adults needs to shift fmurposefulplanning taking into accourthe challenges posed by fluctuations in
function and an unc e rdefmition, rofesandirelagionshipsmay beaued bgthet 6 s s e
need to adapt to an unpredictable disease requiring frequent healthcare visits, periodic testing and costly
medications.

Compared to patients with other chronic diseases, those diagnosed withv&18iminished ratings in health,
vitality andphysical functions, and experience limitations in social réIBsoductivity and participation are
affected for many, including early departure from the workforce and inability to fulfill household
responsibilities? In a study of disease burden, based on data from the Medical ExpeRdinelSurvey
(MEPS i a public access, larggeale database that links direct cost information with information on
productivity and healthmelatedquality of lifei Campbell and colleagues found that annual direct healthcare
costs for people with MS were $24,327 higher tfrarthe general population. In addition, people with MS had
a significantly higher risk of being unemployed, spent significantly more time in bed, and lost on average
10.04 qualityadjusted life years compared to the general populdtioa systematic résw of 48 costof-

illness studiesmedicationsverethe main expense for those with milder diseabk#e loss of income

combined with informal care needs contributed the biggest costs for those witadwareedliseasé>4
Furthermoreregistry studies specific to MS and large dapian cohort studies ahdividualsuntreated with a
diseasanodifying therapy havdemonstrated a rededlife expectancyf 8-12 years?

Epidemiology, Demaraphics, Disease Course

It is estimated that there ameore than two million people with MS worldwid®with the number approaching
1,000,000n the United State¥.Women are affected at leabteetimes moe than meftand Caucasians are
affected more than other racial grodpslowever, a recent stughsuggested that AfricaAmerican women

have a higher than previously reported risk of developingaht&everal studies have suggested Afdtan
Americang®? and Hispanic® % may have a more active, rapidly progressive disease cdugses typically
diagnosed in early adulthood, but the age range for disease onset is wide with both pediatric cases and new
onsetin older adults. Historically, a geographic gradient has been observed with a higher incidence of MS with
increased distandeom the equatof:*?However, some recéstudies have not demonstrated the same
latitudinal gradient?3*suggesting either a change in regional risk determinants for MS or a broadening of the
prevalence and recognition of MS worldwide.

The course of MS varieslowever,85-90 percentf individuals demonstrata relapsing pattern at onset,
which transitions over time imostuntreated patients to a pattern of progressiwesening with few or no
relapse®r MRI activity (secondarprogressive MS)Approximately 1015 percentpresentwith arelatively
steadyprogressiorof symptoms over time (primaprogressive MS), of which some wilibsequently
experience inflammatory activity by clinical or MRI critetiaThis primaryprogressivecourseis generally
diagnosed at an older gge typically spinal corgpredominantand is distributed more equally in men and
women.The 2013 revisions to the MS clinical course descriptiurther characterize relapsing and
progressiveMS as active (new relapses and/or new MRI activity) oraetive and worsening (disability

6



progressiondr stable based aslinical and MRI criteria(See Appendix A for a full description of the revised
disease coursegs.

Prior to the era of diseaseodifying treatments, approximately half of patients diagnosed with relapsing MS

would progres$o secondary progressive MS by 10 years, arei@Bfercentwould do so by 25 yea??' 37
Approximately half of patients would no longer be able to walk unaided by 15%é4cse recent data ithe

era of diseasenodifying therapy demonstrate that the percentage of patients with relapsing MS who develop
secondaryrogressive MS may now be-BB percenf®®

Inflammation and CNS Damage

At present, much of the CNS damage in MS is believeddolt from an immunenediated processlthough

the cause of the immunological changes is not conipletelerstood, VitamiD deficiency, which is

commonly present in MS, is thought to enhance inflammation. Gut dysbiosis is also thought to contribute to
MS pathogenesis through mechanisms that have yet to be d&fined.

Thisimmunemediatedprocess includes components of the innate immune system (including macrophages,
natural killer cells andthers) as well as adaptive immune system activation of certain lymphocyte populations
in peripheral lymphoid orgart CD4+ lymphocytesCD8+lymphocytesand B lymphocyteare activatedn

the peripheral lymph tissues. Antigen presentation to naive CD4+ lymphocytes causes differentiation into
various T lymphocyte cell populations, depending on the antigen presented, the cytokine environihent and
presence of cagtimulatory molecules. The T lymphocyte cell populations include Thl and Th17 lymphocytes
(which are associated withvarietyof inflammatory cytokines that activate macrophages and opsonizing
antibodies) and Th2 lymphocytes and T regpiy cells (which drive humoral immunity or secrete-anti
inflammatory cytokines)?#? In people with MS, there is a lsigowards a Thl and Th17 environment with T
regulatory dysfunction that allows inflammation to predomirfaBzcreted cytokines and matrix
metalloproteinases disrupt the blebdhin barriert This disruption, along with upegulation of adhesion
molecules on blood vessel endothelium and activation of T cells, allows T cells to gain entry into the CNS,
where additional activation takes place that initiates a damaging inflammatory cascade of events within the
CNS. Multiple inflammatory cells become involved, includmgroglial cells and macrophages. In addition

to CD4+ activation, CD8+ T lymphocytes havsmbeen identified as important contributors to damaging

CNS inflammation, and in fact have been identified by numerous researchers as the predominant T cell present
in active MS lesion& Mechanisms of reiasion and recovery are not fully understood but are believed to be
mediated by the expansion of regulatory cibst downregulate inflammation such as Foxp3 positive cells,

Trl (IL-10 secreting), Th3 (TGB secreting) and CD56bright NK cells. Prolifecatiof progenitor

oligodendroglia and remyelination contribute to recovery at least in the early stages of the*disea

Further contributions to CNS damage in MS are associated with B cell activation. B cells function as antigen
presenting cells and also produce antibodres preinflammatory cytokineshat have damaging effects on
myelin, oligodendrocytes and other neuronal structtirése importance of Bells in MS

immunopathogenesis is supportedtigconsistent finding of oligoclonal immunoglobulins in the Cie
successful clinical trials with Bell depleting monoclonantibodies iftuximab and more recently
ocrelizumab)}hatshowed efficacy in RRMS and a subset of patients gvithary progressivealiseaseand the
presence of Bell enriched meningeal follicles progressive patient8

Recent studies have also revealed thibchondrial damage, possibly as a result of free radical, reactive
oxygen species and nitrous oxide (NO) activity associated with activated microglia, and iron deposition occur
in MS, and make a significant contribution to demyelination and oligodeytdraamagé¥s:

Immunemediated responses leading to inflammation, with secretion of inflammatory cytokines, activation of
microglia, T and Bell activity, mitochondrial damage and inadequate regulatory function, are believed to be
at least partially responsible for demyelination, oligodendrocyte loss and aeonagé all of which occur

in acute inflammatory lesiori$°2 Axons that survive acute attacks may require incabasergy to

compensate for damage leading to later death from metabolic®¥tPesmal loss, which correlates best with



disability, begins early in the disease process as evidenced by identified pathological changes as well as
imaging studies®>3

Figurel: Inflammatory cascade in multiple sclerosis
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OVERVIEW OF FDA -APPROVED DISEASE-MODIFYING AGENTS IN MS
Currently,17 diseasemodifying agentsareapproved by the U.S. Food and Drug Administration (FDA).

Note: Zinbryta (daclizumab) was approved to treat relapsing forms of MS in 2016 and voluntadiawiilfrom the market

in 2018.

Table 1: FDAapproved diseasmodifying agents in MS (in alphabetical order by route of administration)

Refer to the full FDA prescribing information for each medication for contraindicatiodsadditional detailsibout side

effects, warnings and precautigrand pretreatment recommendations and procedures

FDA pregnancy categories were replaceddoggnaicy guidelinesn June 2015 to makbem more meaningful for patient
and providersand to allow for patienspecific counseling and informed decisimaking(see ages 3134).

Agent - SelfInjected

Proposed MoA

Side Effects

Warnings/Precautions

glatiramer acetate’*5®

(Copaxon®;
Glatopa® therapeutic equivalent

Glatiramer acetate injectipn

20mg SC daily or 40mg SC three
times weekly

Indication: relapsing forms of MS

Mechanism of action in MS ig
not fully understood.
Subsequent research suggeg
- Promotes differentiation in
Th2 and Freg cells leading to
bystander suppression in
CNS5¢

- Increaserelease of
neurotrophic factors from
immune cell$*®

- Deletion of myelinreactive
T cells®®

- Injectionsite reactions
- Lipoatrophy
-Vasodilation, rash,
dyspnea

- Chest pain

- Lymphadenopatty

- Immediate transient po$tjection
reaction (flushing, chest pain,
palpitations, anxiety, dyspnea, throat
constriction, and/or urticaria)

- Lipoatrophy and skin necrosis

- Potential effects on immune respon

interferon beta-1a°”
(Avonex®)

30mcgIM weekly

Indication: relapsing forms of MS

Mechanism of action in MS is

unknown. Subsequent

research suggests:

- Promotes shift from Thid

Th2.

- Reduces trafficking across
Blood Brain Barrier

(BBB).SS’SQ

- Restores Treg cells®®

- Inhibits antigen
presentatiort®

- Enhances apoptosis
autoreactive Tcells>®

- Flu-like symptoms
- Depression

- Elevatedhepatic
transaminases

- Depression, suicidand/orpsychosis
- Hepatic injury

- Anaphylaxis and other allergic
reactions

- CHF

- Lower peripheral blood counts

- Seizures

- Other autoimmunéisorders

- Thrombotic microangiopathy

interferon beta-1a°
(Rebif®)

22mcg or 44mc&Cthree times
weekly

Indication: relapsing forms of MS

Same asbove

- Injectionsite reactions
- Flu-like symptoms

- Abdominal pain

- Depression

- Elevatedhepatic
transaminases

- Hematologic
abnormalities

- Depressiorand/orsuicide

- Hepatic injury

- Anaphylaxis and other allergic
reactions

- Injectionsite reactions including
necrosis

- Lower peripheral blood counts

- Seizures

- Thrombotic microangiopathy

interferon beta-1b5%62
(Betasero®) (Extavia®)

0.25mg SC every other day

Indication: relapsing forms of MS

Same as above

- Flu-like symptoms

- Injectionsitereactions
- Elevatedhepatic
transaminases

- Low WBC

- See warning®-62

- Hepatic injury

- Anaphylaxis and other allergic
reactions

- Depression aridr suicide

- CHF

- Injectionsite necrosis

- Low WBC

- Flu-like symptoms

- Seizures

- Thrombotic microangiopathy



http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/Labeling/ucm093307.htm
http://www.copaxone.com/Resources/pdfs/PrescribingInformation.pdf
http://www.avonex.com/pdfs/guides/Avonex_Prescribing_Information.pdf
http://emdserono.com/cmg.emdserono_us/en/images/Rebif%20PI_Jun2014_tcm115_19765.pdf?Version=
http://labeling.bayerhealthcare.com/html/products/pi/Betaseron_PI.pdf
http://www.pharma.us.novartis.com/product/pi/pdf/extavia.pdf
http://www.rxlist.com/script/main/art.asp?articlekey=4514

Agent - SelfInjected

Proposed MoA

Side Effects

Warnings/Precautions

peginterferon beta1a8% 65

(Plegridy®)

125mcg SGevery two weeks

Same as above

- Flu-like symptoms

- Injectionsite reactions
- Elevatedhepatic
transaminases

- Depressiorand/orsuicide

- Hepatic injury

- Anaphylaxis and other allergic
reactions

- Low WBC - CHF
Indication: relapsing forms of MS - See warning® - Low peripheral blood counts
- Seizures
- Other autoimmune disorders
- Thrombotic microangiopathy
Agenti Oral Proposed MoA Side Effects Warning s/Precautions

cladribing®6.67
(Mavencla®)

Recommended cumulative dosag
- 3.5 mg/kg body weight
administered orally and divided
into two yearly treatment courses
(1.75 mg/kg per treatment couyse
each treatment course divided int
two treatment cycles separated by
23-27 days (see PI).

Indication: relapsing forms of MS,
including relapsingemitting and
active secondary progressive
disease. Use is generally
recommended for patients who
have hadan inadequate response
to, or are unable to tolerate, an
alternate drug. Use is not
recommended for patients with
CIS because of its safety profile.

Mechanism has not been full
elucidated but is thought to
involve cytotoxic effects on B

and T lymphoctes through

impairment of DNA synthesis

resulting in depletion of
lymphocytes.

- Upper respiratory tract
infection

- Headache

- Lymphopenia

- Nausea

- Back pain

- Arthralgia and arthritis
- Insomnia

- Bronchitis

- Hyperenson

- Fever

- Depression

- Malignancies

- Risk of teratogenicity

- Lymphopenia

- Infections (mostlyfrequent: hepes
zoster pyelonephritiy

- Hematologic toxicity

- Graftvs-host disease with blood
transfusionirradiation of cellular
blood products prior to administion
is recommended in the event of
transfusion

- Liver Injury

- Hypersensitivity

- Cardiac failure

- Screen for: hepatitis B and €2V,
tuberculosis, HIV

- Baseline (withinthreemonths) MRI
before initiating first treatment course
at first sign or symptom of PML,
withhold medication

- Administer all immunizations
according to immunization guidelines|
prior to starting treatmenédminister
live-attenuated or live vaccines at led
4-6 weeks prior to starting treatment
Avoid live-attenuated or live vaccineg
during or after treatment until white
blood cell counts are within normal
limits

Boxed Warning
Malignarcies and risk of teratogenicit

dimethyl fumarate®8
(Tecfidera®)

240mg PO twice daily

Indication: relapsing forms of MS

Mechanism of action iMS is
unknown. It has been shown
to promote antinflammatory

and cytoprotective adfities
mediated by Nrf2 pathway

- Anaphylaxis and
angioedema

- Progressive multifocal
leukoencephalopathy
(PML)

- Lymphopenia

- Elevated AST

- Flushing

- Gl symptoms

- Pruritis

- Rasi®

- Anaphylaxis an@dngioedema

- PML

- Lymphopenigconsider
discontinung treatment in patients
with persistent lymphopenia (<500)
lastingoversix monthg

- Flushing

- Liver injury



https://www.plegridy.com/pdfs/plegridy-prescribing-information.pdf
https://www.emdserono.com/content/dam/web/corporate/non-images/country-specifics/us/pi/mavenclad-pi.pdf
http://www.tecfidera.com/pdfs/full-prescribing-information.pdf

Agenti Oral Proposed MoA Side Effects Warning s/Precautions
fingolimod®°® Mecharism of action in MS - Headache - Bradyarrhythmia and/or
(Gilenya®) most likely involvesblocking | - Influenza atrioventricular block following first
of S1P receptor on - Diarrhea dose
0.5mg PO dailyor patients lymphocytesghuspreventing | - Back pain - Risk of infectionsincluding serious
weighing>40kg their egress from secondary | - Elevatedhepatic infectionsi monitor for infection
0.25mgPOdaily for patients lymph organ$® enzymes during treatment and fawo months
weighing <40kg - Cough after d/c

Indication: relapsing forms of MS
in patients 10 years of age and
older

- Bradycardidollowing
first dose

- Macular edema

- Lymphopenia

- Bronchitis/pneumonia

- Patients without confirmed history o
chickenpox or withoutlocumented

full course of vaccination against VZ
should be tested for antibodies beforg
treatment; vaccination of antibody
negative patients is recommended,
with 1-month delay before treatment
initiation

-PML

- Cryptococcal infections

- Macularedema

- Posterior reversible encephalopathy
syndrome (PRES)

- Low pulmonary function tests
(FEV1)

- Hepatic injury

- IncreasedP

- Basal cellcarcinoma

- Fetal risk: women should avoid
conception for two months after
treatment d/c

- Decreasedymphocyte counts for
two months after drug d/c

- Severe increase in dikility after
stopping treatment

Avoid live attenuated vaccines during
treatment and fatwo months after d/c

11
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Agenti Oral

Proposed MoA

Side Effects

Warning s/Precautions

siponimod 70,71
(Mazent®)

- Assessments(CYP2C9
genotype determination, CBC,
ophthalmic, cardiac)required
prior to initiating treatment

- Titration required for
treatment initiation

- Recommended maintenance
dosage- 2 mg

- Recommended maintenance
dosage in patients with a
CYP2C9*1/*3 or *2/*3 genotype
-1mg

- First-dose monitoring is
recommended for patients with
sinus bradycardia, first or
seconddegree [Mobitz type ]
atrioventricular (AV) block, or a
history of myocardial infarction
or heart failure

Indication: for the treatment of
adults with relapsing forms of
MS, to include clinically isolated
syndrome, relapsingremitting
disease, active secondary
progressive disease

And sphingosind-phosphate
(S1P) recefr modulator that

blocks lymphocyte egress
from lymph nodes

- Headache

- Hypertension

- yTransaminase

- Falls

- Peripheral edema
- Nausea

- Dizziness

- Diarrhea

- Bradycardia

- Infections; CBC monitoring before
and during treatment; do not start
treatment in patients with active
infection

- Macular edema: ophthalmic
evaluation recommended before
starting treatment and if there is any
change in vision while on treatment
diabetes mellitus and uveitis
increase the risk

- Test patients for antibodies to VZV
before treatment; VZV vaccination of
antibody-negative patients is
recommended prior to treatment

- Bradyarrhythmia and
atrioventricular conduction delays:
treatment may result in a transient
decrease in heart rate; titration is
required for treatment initiation ;
consider resting heart rate with
concomitant betablocker use; obtain
cardiologist consultation before
concomitant use wth other drugs
that decrease heart rate

- Respiratory effects: may cause a
decline in pulmonary function;
assesspulmonary function (e.g.,
spirometry) if clinically indicated

- Liver injury: obtain liver enzyme
results before nitiation; closely
monitor patients with severe hepatic
impairment; discontinue if
significant liver injury occurs

-VBP: monitor BP during treatment
- Fetal risk: women of childbearing
potential should use effective
contraception during and for 10
days afterd/c

- Posterior reversible
encephalopathy syndrome (PRES)

- Potential unintended additive
immunosuppressive effect when
switching from other
immunosuppressive orimmune-
modulating therapies; initiating
siponimod after treatment with
alemtuzumab is not recommended

- Use caution regarding the
concomitant use of other drugs that
are CYP2C9 and CYP23A4 inhibitorg
or inducers

- Severe exacerbation of disease,
including disease rebound, is
possible following d/c

- Siponimod remains in the blood for
up to 10 days following d/c
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Agenti Oral

Proposed MoA

Side Effects

Warning s/Precautions

teriflunomide 72
(Aubagi®)

7mg or 14mg PO daily

Indication: relapsing forms of MS

Mechanism of action in MS ig
unknown?2731t has been
shown to:

- Have a cytostatic effect on
rapidly dividing T and B
lymphocytes in the periphery
- Inhibit de novo pyrimidine
synthesis

It is a metabolite of
leflunomide (used in
rheumatoid arthritis (RA

- ALT elevation
- Alopecia

- Diarrhea

- Influenza

- Nausea

- Paresthesi&

- Hepatotoxiciy

- Risk of teratogenicity

- Elimination of teriflunomide can be
accelerated by administration of
cholestyramine or activated charcoal
for 11 dayqconfirm undetectable drug
level before conception)

- Decreasedeutrophils, lymphocytes
andplatelets

- Risk of infection, including
tuberculosis (TB screen prior to
treatment)

- Potential increased risk of
malignancy

- Peripheral neuropathy (consider
discontinuation of treatment)

- Acute renal failure

- Treatmerdemergent hyperkalemia

- Increasd renal uric acid clearance

- Interstitial lung disease

- StevensJohnson syndrome and toxi
epidermal necrolysis (stop treatment
- IncreasedP

- May decrease WBC: recenBC
prior to initiation; monitor for
infections; consider suspension for
serious ifections; do not start in
presence of infection

- Concomitant use with
immunosuppressants has not been
evaluated

- No live virus vaccines

Note: Same of these were carried ove
from leflunomide use in RA

Boxed Warning
Hepatotoxicity and risk of
teratogenicity

Agent - Intravenous

Proposed MoA

Side Effects

Warnings/Precautions

alemtuzumab/4 76
(Lemtrad®)

12mg/day IV orfive consecutive
days followed 12 months later by
12mg/day on three consecutive
days

Indication: relapsing forms of MS
i Generally for patients who have
had an inadequate response to tw
or more MS therapies

Mechanism of action in MS ig
presumed to involve binding
to CD52, a cell surface
moleculepresenbn T and B
lymphocytes, andronatural
killer cells, monocytes and
macrophages. This results in
antibodydependent callar
cytolysis and complement
mediated lysig*"’

- More than90% of
patients irclinical trials
experienced infusion
reactions: skin rash, fever
headache, muscle aches
and/ortemporary
reoccurrence of previous
neurologic symptoms.
More serious but
uncommon infusion
reactiongnclude
anaphylaxis antbr heart
rhythm abnormalities.

- Serious adverse
reactionsanclude
autoimmunity, infusion
reactions, malignancies,
immune
thrombocytopenia (ITP),
glomerular nephropathies
thyroid disorder, other
autoimmune cytopenias,
infections pneumonitis

- Infusion reactions

- Autoimmunity (thyroid disorders,
immune thrombocytopenia (P,
glomerular nephropathiemdor other
cytopenias)

- Infections

- Malignancies (thyroid, melanoneet
lymphoproliferative)

- Pneumonitis

- Stroke,cervicocephalic arterial
dissection

- No live virus vaccinations following
infusion

Boxed Warning

Because of the risk of autoimmunity,
life threatening infusion reactions ang
malignancies, alemtuzumab is
available only through restricted
distribution under a Risk Evaluation
Mitigation Strategy (REMS) program.|
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Agent - Intravenous

Proposed MoA

Side Effects

Warnings/Precautions

alemtuzumab (continued)

- Immediate and
significant depletion of
lymphacytes;herpes
simplex and zoster
infections more common
in patients who received
alemtuzumab in the
clinical trials, especially
soon after the infusions.
Prophylaxis with antviral
agent is recommended fo
at least two months or
until CD4 count is >200.

mitoxantrone’®
(Novantron®)

12mg/n? IV every three months;

maximum cumulative dose:
140mg/n?

Indication: worseningelapsing
remitting, progressiweelapsingor

secondaryprogressive MS

- Disrupts DNA synthesis ang

repair
- Inhibits B cell, T cell, and
macrophage proliferation

- Impairs antigen presentatio

- Impairssecretion of
interferongamma, TNE and
IL-2

- Temporary blue
discoloration of sclera ang
urine

- Nausea

- Alopecia

- Menstrual disorders
including amenorrhea and
infertility

- Infections (URI, UTI,
stomatitis)

- Cardiac toxicity
(arrhythmia, abnormal
EKG and/orcongestive
heart failure)

- Severe local tissue damage

if there is extravasation

- Cardiotoxicity

- Acute myelogenous leukemia
- Myelosuppression

Boxed Warning

MS patients:

- with a baseline LVEF below the
lower limit of normal shouldhot be
treatedwith mitoxantrone

- should be assessed for cardiac sign
and symptoms by history, physical
examination an@&CG prior to each
dose

- should undergo quantitative-re
evaluation of LVEF prior to each dos
using the same methodology that wa
used to assess baseline LVEF
additional doses ofnitoxantrone
should no be administered to multiple
sclerosis patients who hatied either
a drop in LVEF to below the lower
limit of normal or a clinically
significant reduction in LVEF during
mitoxantrone therapy

- should not receive a cumulative
mitoxantrone dose greater than 140
mg/m2

- should undergo yearly quantitative
LVEF evaluation after stopping
Mitoxantrone to monitor for late
occurring cardiotoxicity
Mitoxantrone therapy in patients with
MS and in patients with cancer
increases the risk of developing
secondary acute myeloid leukemia.

natalizumab’
(Tysabr®)

300mg IV every 28 days

Indication: relapsing forms of MS

The mechanism of action in
MS has not been fully

defined. It has been shown tg

- Block 4 4integrin on
lymphocytes, thus reducing
trafficking of lymphocytes
into the CNS*°

- Headache

- Fatigue

- Urinary tract infection
- Lower respiratory tract
infection

- Arthralgia

- Urticaria

- Gastroenteritis

- Vaginitis

- Depression

- Diarrhed®

- PML

- Hepatotoxicity

- Herpes encephalitis and meningitis
caused by herpes simplex and varice
zoster viruses

- Acute retinahecrosis

- Hypersensitivities

- Immunosuppression/infections

Boxed Warning
Because of the risk of PML,
natalizumab is available only through
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Agent - Intravenous Proposed MoA Side Effects Warnings/Precautions

natalizumab (continued) a restricted distribution program calle|
the TOUCH® Prescribing Program.

ocrelizumab®® The precise mechanism of | - Infusion reactions - Infusion reactionthatcan include:
action is not known but is (potentially life pruritis, rash, urticaria, erythema,
(Ocrevu®) presumed to involve binding | threatening) bronchospasm, throat irritation,
to CD2Q acell surface - Infections oropharyngeal pain, dyspnea,
600mg M every 6 months antigen on pré8 and mature | - Poss?ble inc_reas_ed ris_k pharyngeal or Iary_ngealdemg, _
B lymphocytes, causing of malignancies (including flushing, hypotension, pyrexia, fatigu
Indication: relapsing or primar antibodydependent and breastcancer, which headache, dizziness, nausea,
L psing or p y complemerimediated occurred in 6 of 781 tachycardiaPremedication and
progressive forms of MS . . . .
cytolysis. treated patients and no | observation period recommended
placebo patients) - Infections, including respiratory trac

infections, herpes and potentially PM
- Hepatitis B reactivation

- Possible increased
immunosuppressive effect if
immunosuppressant used prior to or
after ocrelizumab

- Malignancies

- Administer all vaccinations atdset 6
weeks prior to administration of
ocrelizumab; no liveattenuated or live
vaccines during treatment and until B
cell repletion

Adapted fromOh J and Calabresi P in Multiple Sclerosis and Related Disorders Clinical Guide to$isadwedical
Management and Rehabilitati¢2013,5° with supplemental data from the Full Prescribing Information for each agent:
Copaxondg2018, Glatopa(2018, Avonex (2016, Plegridy(2015),Rebif (2015),Betaseror{2018, Extavia(2018, Gilenya
(2019, Aubagio(2019), Tecfidera(2017), Lemtrada(2019, Novantrong2008),Tysabri(2018, Ocrevus2018; Mavenclad
(2019);Mayzent(2019),Graber et al, 200.54 57:6063,66,6870,72,74,7880

DISEASE-MODIFYING THERAPY CONSIDERATIONS
Several important themes emerge from the growing body of evidence in MS therapeutics:

1) Early successful control of disease activiipcluding the reduction of clinical and sgbnical attacks and
the delay of the progressive phase of the diseagpears to play a key role in preventing accumulation of
disability, prolonging the ability of people with MS to remain active and engaged, and protecting quality of
life.

2) Physical impairments comprise only one aspect of disability that results frondisadse activity and
disease progressio@ognitive impairment and fatigue are comneaalyin the disease process and cause
disability independent of physical functidn.addition, common physical comorbidities in MS are associated
with persistent fatjue, and depression at baseline is associated with worsening fatigue o\r time.

3) Prognosis at the individual level remains highly variable and unpredictable.

4) Adherence to treatment is important to efficacy and may be impacted by a wide range of factors requiring
early identification and intervention.

In 2018,the American Academy of Neurologyublished the Practice Guideline: Diseddedifying Therapies
for Adults with Multiple Sclerosis. The Guideline provides evidebased recommendatiofe starting,
switching and stopping diseas®difying agentsThese recommendationsnsiderthe patintd perspective
in thecomplex decisiommakingprocessn order to enhance shared decisinaking. Refer to the full
Guideline at AAN.com/guidelin€¥.In the same year, ECTRS and the EAN (European Academy of
Neurology) published the ECTRIMS/EAN Guideline on the Pharmacological Treatment of People with
Multiple Sclerosi$?® Refer to this guideline for additional expert recommendations for the adult MS
population.
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Disease Factors Highlighting the Importance of Early Treatment
The goal of diseasmodifying treatment is to reduce the early clinical anddulical disease activity that is
thought to contribute to lontgrm disabilitys+8s

The following points highlight themportance of early treatment:

1 Neuroinflammation and neurodegeneration occusimultaneously throughoutthe disease course

It had long been thought that M8as characterized Barlyinflammatory damag#llowed by later
neurodegeneration. However, a\gnmog body of evidence demonstrates that inflammation and

degeneration occur simultaneously, that clinical recovery reflects reserve capacity, and that subclinical
damage ultimately leads to permanent clinical deficits. Evidence also irsditatéenflammation

contributes to worsening progression, even if not the sole cause. Hence, inflammation and degeneration are
inter-relatedrather tharindependent®®’ Additional evidence to support neuroinflammatory and
neurodegenerative changes throughout the disease processdnclude

- Early in MS, new MRI activity, evidenced by gadoliniemhancement, occurs approximatelyd
times more frequently than clinical activity.

- Early in the disease procesdyvanced MRI techniques demonstrat@@malities in normal appearing
white matter as well as gray matter in the absence of iesiahs seen on conventional imaging

- Brain atrophy has been identified in early MS, even at the time of thelfirstal attack®®

- Atrophy has been seen in raldigically isolated syndromeRIST the incidental finding of MSike
lesions in theabsence of known clinical relap$ys*

- Inﬂamrgatory activity has been observed in patients with both relapsing and progressive forms of the
disease.

Given the evidence that inflammation and neurodegeneration are interrelated and occur throughout the
disease processtgmpt initiation and optimization of treatmemlpto minimize early inflammation and
axonal damage.

1 Individuals with a first clinical event accompanied by MRI findings consistent with MS have a high
probability of experiencing further clinical disease &tivity

The ter m-ifsoolliantiedalslymdr omeo (ClI S) has been used t
symptomghat lasts at least 24 hours and is caused by inflammation and demyelination in onetesiore
in the CNS.

Eighty percent of the lacebotreatedpatients in the four publishedhase Il CIS trials with injectable
medications had subsequent clinical events, which was defined at the time as conversion to-clinically
definite MS (CDMSY?% Follow-up data for these patients indicated a variable disease course, with
approximately onghird having minimal clinical relapses and physical disability afteRQyearsbut 42-

50 percentconvertingto secondarprogressivdSPMS) with increasing disabili®§®” Furthermore,

baseline MRI findings in CIS predicted the development of definite MS as defined at the time. Lesion
volume and the rate of lesion development earlier in the disease course were found to correlate with
disability after 20 years.

The importance of delaying and limiting additional relapses early in the disease process was further
supported by a CIS trial with teriflunomiipublished in 2014.

The 20T revision of the McDonald diagnostic critefi@ee Appendix Bjacilitated an earlier diagnosisé

MS based on a first clinical evemind MRI findings demonstrating dissemination in space and®time.

Using these newer criteria, many individuals in the early CIS trials would already have been diagnosed
with MS. Although t he oleetoday, th€immmbancmaf gelaying and kEmitingl y o b
additional relapses early in the disease process remains clear.
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Based on data from the published CIS trials, prompt identification of early relapsing patients with little or
no disability isessential in order to achieve the best possible -shodtlongterm outcome®

Individuals with RIS are at significant risk for subsequent clinical disease activity

Although RIS is not currently recognized as a separate MS phenotype (see Appendiriging
data®1%suggest that within five year30 perceniof patients with an RIS presentatidavelop a

symptomatic clinical event and twthirds demonstrate new lesions on MRI® 1%4|n these studies,

younger individualsvith RIS and spinal cord lesions, CSF inflammatory markers, abnormal visual evoked
potentials, and/or contrast enhancing MRI lesions were more likely to have a subsequent symptomatic
CNS demyelinating eventNotably, nearly 10percentof people with RIS were found to have a

progressive course, thereby fulfilling criteria for PPRIE® And, 20-30 percenif RIS patients

demonstrate cognitive changes similar to those seen in patients with .EBR&M&n their review of these
data,Lebrun and colleagué® as well asLabianeFontcuberta and Benitbeon'! recommendedurther

study of RIS before a general recommendation for treatozerie made.

Early disease activity and disease course appear itopact long-term disability
Debate is ongoing about the ways and extent to which early disease activity impatesriodgability.

- Some evidence suggests that early disability progression as measured by the Expanded Disability
Status Scale (EDSB)is the result of residual impairments from partiatigolved relapsei$tioi?

Natural history studies suggest that relapses in the first two years of disease impact early
progressiont® with the impact of early relapses diminisgilater in the disease courdeHowever,
Jokubaitis and colleagues found the effect of relapses on disabdityahin a treated cohort of
patientsto besignificant, even for relapses that occurrdd years after disease onsathough earlier
relapses had the greatest impdet

- The onset and evolution of secondprggressive MS (SPMS)in which inflammatory attacks
decreasé also appear to have an important association with-temg disability**¢ From this
perspective, earlier SPMS onset is a primary pr
prognosis is essentially determined before progressive symptoms become predominant.

- Data from both early andtiin the disease course highlight the impact of early disease activity on
long-term outcomes. In patients identified as having CIS, Brex and collé&daead that increases in
lesion volune on MRI in the first five years of the disease correlate with the degree eflong
disability. Data from the 1¢/earfollow-up cohort studyof the pivotaltrial of interferon betdlb
suggest that lorterm physical and cognitive outcomes may be determined early in the digease.

Given the medications that are currently availdlddl of which primarily target inflammation the
optimal window for impacting longerm disability is during the early relapsinggse of the disease, with
the goal being to slow the accumulation of lesion volume, decrease the number of ratappesvent
disability from both unresolved relapses and disease progréssion.

Cognitive changes, depression and fatigue occur very early in the disease process

It is currently recognized that approximatély-65 percentof people with MS will experience cognitive
impairmentt® 36-54 percentwill experience a major depressive disortiéand up to 9percenwill
experience significant fatigué,contributing to increased disability and reduction in quality of life.

- Evidence is accumulating that approximately3Qoercentof people with a first clinical event have
already experienced cognitive changé@&8 In fact, cognitive deficits similar to those seen in RRMS
have been founci20-30 perceniof individuals with RIS!06 108

- Some studies suggest that cognitive deficits may precede the onset of MS by as much as'Z.2 years.
More specifically, verbal deficits have been shown to occur early and may predict the presence of
cognitive impairment in people with a first clinical eté#
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- Earlycognitive changes are also known to progress, even in people with little or no physical
changes?” and deterioration can be expected over a thieae period in approximately e#third of
people with short disease duratigh.

- Cognitive deficits are detected in approximatelyp@@centof pediatric MS patients2132

- Depresion and fatigudéave been found along with cognitive deficits in early MS, with each having a
significant impact on quality of life, employment and other important activities of daits? k&
findings that highlight the importance of early treatmterd h el p preserve peopl ed:
optimally engaged in everyday activities, including employnaaaisocial interaction&:2

T Socall ed fAibenign MSO may not be benign for many p

The most common wor ki n @andepanded DisabildyrStatasf ScofiedED83) gn  MS 0
atl0yees®ii s highly weighted for pati ennowr@mpomantsr abi l
of the disease, particularly mood, cognition and fatigue.

- In one cohort of individual spemenwdrdafonngltobehe criter
cognitively impaired, 49ercenthad significant fatigue, ars4 percentwerefound to be depresséd.

- In another cohort of people wifibenign MS followed for 10.9 additional year81 percent(35/43)
developed higher EDSS scores, cognitive impairment, paitoeahelression, asell as a significant
increase in new or enlarging T2 lesions and gadolinium-gadancing lesions over time.

- Sayacand coll eagues evaluated di sease status in a
while 51percentemainedbenign, 4 percenhadprogressed to EDS$6 and 23ercenthad
converted to SPMS. The authors concluded that appropriate critedaté&ymining which individuals
will have a truly benign course of the disease have not yet been idefitified.

Based on these findingsenignMS can only be diagnosed retrospectively, after a minimum of 20. years
Therefore, the term should only be applieflat all i in retrospect, and any decision to delay treatment for
a given individual needs to take into account-nwtor as well as motorariables'*

Evidence Demonstrating the Impact of Treatment Followig a First Clinical Event
Although none of the available treatments are fully effective in stopping MS disease activity or disease
progression, evidence points to tagorableimpact of treatment following a first clinical event:

Delaying conversion to clinically definite MS (CDMS)

Each offour published placeboontrolled fhase Il trials of injectable medicatioRS®in patients with
clinically-isolated syndrome (CIS¥ % as well as th€lS trial with teriflunomide®® demonstrated that early
treatment successfully delayed conversm@DMS (as defined at the time of these trialsBB5 percentat
two to three years compared witlapébo.

The eightyear, operabel followrup of the early intervention study with interferon b&ta which compared

the immediate treatment group with the delayed treatment (placebo) group, further demonstrated a reduced risk
of CDMS and longemedian time to CDMS in the early treatment grédplthough the greatest differees

occurred in the first year of treatmeAtfollow-up openrlabel phase of the early intervention study with

glatiramer acetate demonstrated a reduced risk of CDMS and a delay in conversion to CDMS in the immediate
treatment group as compared with tledagted treatment (placebo) group.

Reducing brain atrophy and disability worsening

In metaanalygs of CIS treatment trials, each of two years duration (ETOMS, PreTCHIC) %142 the rate
of brain atrophy was attenuated after one year of treattfient

In a large cohort of CIS patients, diseasedifying treatments reducedn3onth confirmed and 1&honth
sustained disability worsenirif.
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Evidence Demonstrating the Impact of Treatment on Relapsing MS

Each of the approved diseas®difying therapies has been showrptovide significant beneftin relapsing

forms of MS Due to differences in patient cohorts, trial designs and outcome measures, as well as changes in
diagnostic criteria, these data should not be used to compare efbeasgerspeciftc agentsexcept where

they are compared in the same trial

Impact on clinical outcomes (relapse rateand disability progression)

Table 2: Diseasenodifying therapies: pivotal trial data on relapse rate and disability progression (in alphabetical order within
route of administratiomj Primaryoutcomes are identified with*a

Agent - SelfInjected Effect on Relapse Rate Compared to Placebo or | Effect on Disability Progression Compared
Active Comparator* to Placebo or Active Comparator

glatiramer acetaté® 29%reduction in relapse rate over 24 moriths Progression free at 24 months:

20mg qd 1.68 placebo; 1.19 treated (p=0.007) 75.4% placebo; 78.4% treated (N.S.)

40mg tiwt46

34% reduction in annualized relapse rate at 12
months: 0.505 placebo; 0.331 treated (p<0.0001)

interferon betalasubcutaneoud$’ 33.2% reduction (44mcg tiw vs. placebo) 30% decrease in proportion of patients with
Meannumber ofrelapses per person (24 months) | sustained disabilitprogressiorat 12 weeks
2.56 placebo; 1.73 treated (p<0.005) 11.9 months placeh 21.3 months treated

(p<0.05)

interferon betdla intramusculaf® 18% reductiof? 37% decrease in time to disability progressio
Meannumber ofrelapseper patient year: sustained for at leasix months:
0.82 placebo; 0.67 treated (p=0.04) 34.9%placebo; 21.9% treated (p=0.04)

interferon betelb'4° 34%reduction 29% decrease (N.Sn significant change from
annualized relapse rate over two y&ars baselire EDSS
1.31 placebo; @ treated (p=0.0001) 28% placebo; 20% treated

peginterferon beta &> 36% reduction 38% relative risk reduction in disability
annualized relapse rate at 48 weeks progressiorat 48 weeks
0.397 phcebo; 0.256 treated (p=0.0087) 10.5%placebo; 6.8% treated (p=0&EBP*

Proportion of exacerbatieinee patients
16%placebo; 25% treated (81)%

Efficacy maintained beyond one year witbsing
every two weekprovidinggreater efficacy than
every four weeg®

* Comparison across clinical trials is impossible due to differences in patient populations, diagnostic definitions, piimary
secondary endpoints and outcome metrics.
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Agenti Oral Effect on Relapse Rate Compared to Placebo or | Effect on Disability Progression Compared
Active Comparator* to Placebo or Active Comparator
cladribiné” 58% decrease in annualized relapse rate at 96 tve| 33% decrease irelativerisk of disability

0.33%placebo; 0.14 treatd®.5 mg group)
(p<0.001¥”

progression ahreemonths
HR 0.67 treated3.5 mg group)p=0.02°%"

dimethyl fumarat&°.151

Study 1:49% reductiornin proportion relapsig
within two years:
46% placebo; 27% treated (p<0.082)

Study 2:44% reductionin annualized relapse rate at
two years:
40% placebo; 22%MF bid (p<0.001}5*

Study 1:38% decrease in risk of disability
progressiorat 12 weekd5C:
27% placebo; 16% treated (p=0.068)

Study 2 Estimated proportion of patients with
progression at 2 years:
17% placebo13% DMF bid (N.S.)5!

fingolimod!52.153
(compared to IFNbetalain

Study 1:54% reduction in annualized relapse rate
over two years

Study 1:30% decrease in risk of disability
progression (p=0.03 0.5mg do¥é)

Study 34 0.40 placebo; @8 0.5mg dose (p<0.00%5 Percent with absence of disability progressig
at three months: 75.9% placebo; 82.3% 0.5
Study 2:48% reduction in annualized relapse rate | dose (p=0.03§?
over two years
0.40 placebo; 0.21 0.5mg dose (p<0.06%1) Study 2:Percent with absence of disability
progression at three months: 71.0% placebo
Study 3:Annualized relapse rate over 12 moriths | 74.7% 0.5mg dose (N.$%
0.33 IFN; 0.16 0.5mg dose (p<0.08%)
Study 3:Percent with absence of disability
progression at three months: 92.1% IFN;
94.1% 0.5mg dose (p=0.25)
siponimod? Annualized relapse rate (defined as average numbil Confirmed disability progression ttree

of confirmed relapses per year)
55% relative reductiarD.16 placebo; 0.07 treated
(p<0.01y*

months 32% placebo26% treated
HR 0.79 (p=0.013)

teriflunomidé?s5156

Study 1:31% reductiorin annualized relapse rate
over two years 0.54 placebp0.37 for 7mg and
14mgdoseqp<0.001}5

Study 2:Annualized relapse rate over two yéars
0.50 placebo; 0.39 for 7mipse(p<0.0183) and
0.32 for 14 mglose(p<0.0001)%

Study 1:Proportion with confirmedlisability
progression at 12 @eks:

27.3% placebo; 21.7% 7nupse(N.S.);
20.2% 14mglose(p=0.03}%°

Study 2:Risk of sustained accumulation of
disability compared to placebo: 7rdgse
(N.S.); 31.5% 14mglose(p=0.04}56

Agenti Intravenous

Effect on Relapse Rate Compared to Placebo or
Active Comparator*

Effect on Disability Progression Compared
to Placebo or Active Comparator

alemtuzumap7®

(compared tdFN betala 44mcg tiw)

Study 1:55% reductionin
annualized relapse rate over two years
0.39 IFN 0.18 alemtuzumab (p<0.0001)

Study 2:49% reductiorin annualized relapse rate
over twoyears: 0.52 IFN 0.26 alemtuzumab
(p<0.0001J¢

Study 1:30% relative risk reduction at year
two sustained disability accumulation
confirmed over six monthis11% IFN 8%
alemtuzumalgN.S.y®

Study 2:42% relative risk reduction at year 2
sustainedlisability accumulation confirmed
over six months 20% IFN 13%
alemtuzumab (p=0.008%)

* Comparison across clinical trials is impossible due to differences in patient populations, diagnostic definitions, gtimary ai
secondary endpoints and outcome metrics.
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Agenti Intravenous

Effect on Relapse Rate Compared to Placebo or
Active Comparator*

Effect on Disability Progression Compared
to Placebo or Active Comparator

mitoxantron&>’

66% reductionn annualized relapse rate over two
years:1.02 placebo; 0.35 treated (p=0.001)

Threemonths confirmed EDSS change durin
study: 22% placebo; 8% treated (p=0.036)

Increased.23 EDSS over 24 months placeb
Decrease®.13 EDSS over 24 months
12mg/n? dose

[absolute and relative risks not reported]

natalizumaPbr®

68% reduction irannualized relapse rate over two
years:

1 year: 0.78 placebo; 0.27 treated (p<0.001)

2 year: 0.73 placebo; 0.23 treated (p<0.001)

42% decrease in risk of confirmed disability
progression

Cumulative probability of sustained
progression at 2gt: 29% placebo; 17%
treated (p<0.001)

ocrelizumaf>9:160

(Rdapsing MS: comparison with IFN
betala 44mcg tiy

(Primary progressive MS: compariso
with placeb9

Relapsing MS
Annualized relapse rate

Study I IFN 0.292; ocrelizumab 0.1586%r elative
reduction(p<0.0001)%°

Study 2 IFN 0.290; ocrelizumab 0.1587%relative
reduction(p<0.0001)>°

Relapsing MS

Proportion of patients with X#veek confirmed
disability progression: 9.8% ocrelizumab;
15.2%IFN (p<0.0001)

risk reduction §tudies 1 and 2pooled
analysis): 40% (p=0.0006}

Primary progressive MS:

Study 3:Proportion of patients with *%veek
confirmed disability progression

39.3% placebo; 32.9% treated
relativerisk reduction 24% (p=0.032'y

Proportion of patients with 2dveek confirmed
disability progression:

35.%% placebo; 29.6% treated:

relative risk reduction 25% (p=0.04)

Study 3:Mean changfimproved
performance] in 2500t walk performance
baseline to week 120: 55.1% placebo; 38.99
treated: relative reduction 29.3% (p=0.04)

* Comparison across clinical trials is impossible due to differences in patient populations, diagnostic defiriitiamg.and
secondary endpoints and outcome metrics.

N.S.= Not Significant

Adapted from Oh & Calabresi in Ra#grant, et al, 20133 Calabresi et al, 2014 Kieseier et al, 2015 Cohen et al, 2012
Coles et al, 201,2° Johnson et al, 199%° Khan et al, 201346 PRISMS Study Group 19987 Jacobs et al, 19968 IFNB MS
Study Group, 1993%° Gold et al, 2012%° Fox et al, 2012%* Kappos et al, 20182 Calabresi et al, 201%2 Cohen et al,
2010%* O 6 ddinor et al, 20113° Confavreux et al, 201%#° Hartung et al, 2002’ Polman et al, 20058 Hauser et al, 201%°
Montalban et al, 201%° Giovannoni et al, 2018:Kappos et al, 2018.

MS relapses produce a measurable and sustained impact on dis&bititwhile it remains unclear the extent
to which reducing relapses impatiag-termdisability levels,it is evident that relapse reduction translates
into increased comfort and quality of life, fewer days lost from work and other essential activitiey bifeglail
and reduces the risk of residual defiéitss*

Impact on MRI parameters

MRI is a sensitive indicator of disease activity in relapsing forms of MS that can detect new lesions and predict

risk of future clinicalchanges. Brain MRI is now recommendgdeast annuallfor patients with relapsing
MS to more accurately measure dise activity and inforntherapeutic decisiomakingi and more often as

21



needed to address specific clinical questigfifThe2018 Revised Guidelines of the Consortium of MS
Centers MRI Protocol for the Diagnosis dfmllow-up of MSprovides detailed recommendations for the use

of MRI in CIS, diagnosis, and ongoing MS managemht.

Table 3: Diseasenodifyin

therapies: pivotal trial data on MRI parameters (listed alphabetically within route of administration)*

Agent - SelfInjected

Effect on Gd+ Lesions*

Effect on New or Enlarging T2 Lesions*

glatiramer acetate

20mg qd®*
(non-pivotal trial data)

40mg tiwt46

29% reduction in mean total # of new contrast
cenhancing lesions: 36.8 placebo; 25.96 GA 20mg
Cumulativenumber ofGd lesions at nine months:
17 placebo; 11 GA 20mg (p=0.003)

Cumulativenumber ofGd lesions at months 6 and 12]
1.639 placebo; 0.905 GA 40mg (p<0.00061}6

Meannumber oftotal new T2: 13.7 placebo; 9.4 GA
20mg (p<0.003¥4
not reported in Pl

Cumulative new or enlarging T2 atonths 6 and 12:
5.59 placebo; 3.65 GA 40mg (p<0.00816

interferon betdla
subcutaneo§8147

Mediannumberof active lesions per patient per scan|
2.25 placebo; 0.5 44matpse(p<0.0001§°

Medianpercentcthange of MRI PBT2 lesion area at twq
years: 11% placebe3.8% 44mcglose(p<0.00013*”

interferon betdla
intramuscular*®

Meannumber ofcontrastenhancing lesions at two
years: 1.65 placebo; 0.80 treated (p=0.05)

Medianpercentthange T2 lesion volume from study
entry to yeatwo: -6.55% placebo;13.2% treated (N.S.

interferon betelb°?

No Gd outcomes fromtpase Il pivotal trial

Medianpercentthange in MRI aren=52, scans q
6wks): 16.5% placebol.1% 0.25mglose(p<0.0001)

peginterferon betd &

Meannumber ofcontrastenhancing lesionat 48 wks:
1.4 placebo; 0.2 treated (p<0.0001)

Meannumber ofnew or newly enlarging T2 lesiomas$
48 wks: 10.9 placebo; 3.6 treated (p<0.0001)

Agenti Oral

Effect on Gd L esions*

Effect on New or Enlarging T2 Lesions*

cladribiné”

Mean number Geénhancing T1 lesions per patient pe
scan 0.91 placebo; 0.12 treated (3.5 mg group)
(p<0.001)

Mean number active T2 lesions per patient per:sta3
placebo; 0.38 treated (3.5 mg group) (p<0.001)

dimethyl fumarat&°15%

Study 1Mean number oGd+ lesions at two years:
1.8 placebo; 0.1 240mg bitbse(p<0.00013%°

Study 2:Meannumbe of Gd+ lesions at two years:
2.0 placebo; 0.5 240mg bitbse(p<0.00013)>*

Study 1:Meannumber ofnew or enlarging T2 lesions a
two years: 17 placebo; 2.6 240mg hidse(p<0.0001)%°

Study 2:Meannumber ofnew or enlarging T2 lesions a
two years: 17.4 placebo; 5.1 240mg bake
(p<0.000135*

fingolimodt2:153

Study 1:Meannumber ofT1 Gd+ lesions at month 24:
1.1 placebo; 0.2 0.5ndpse(p<0.001}5?

Study 2:Meannumber ofT1 Gd+ lesions at month 24:
1.2 placebo; 0.4 0.5nipse(p<0.0001)53

Study 1:Meannumber ofnew or newly enlarging T2
lesions over 24 months: 9.8 placebo; 2.5 0.5oge
(p<0.0013%

Study 2:Meannumberof new or newly enlarging T2
lesions over 24 months: 8.9 placebo; 2.3 0.5loge
(p<0.00013%3

siponimod?

Cumulative number of Gd lesions up to/including
month 24 (adjusted mean): 0.60 placebo; 0.08 treate
(p<0.0001)

Mean number of new or enlarging T2 lesions over all
visits (adjusted mean): 3.60 placebo; 0.70 treated
(p<0.0001)

teriflunomidé?®®

Meannumber ofGd+ lesions per scan:
1.331 placebo; 0.261 14nagpse(p<0.0001)%°

Median change from baseline in
total lesion volumémL) (T1 +T2) at week 108:
1.127placebo; 0.345 14mdose(p=0.0003)

*Comparison across clinical trialsusreliable due to differences in patient populations, diagnostic definitions, primary and
secondary endpoints, and outcome metrics.
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Agenti Intravenous

Effect on GD+ L esions*

Effect on New or Enlarging T2 Lesions*

alemtuzumab®

(compared to interferon
betala 44mcg tiw)

Percent opatients with Get lesions at 24 months
(tertiary outcome):

Study 1:19% IFN; 7% alemtuzumafp<0.0001¥°

Study 2:23% IFN; 9% alemtuzumafp<0.00013®

Patients with new or enlarging T2 lesions (tertiary
outcome):

Study 1:58% IFN; 48% alemtuzumalp=0.04y°

Study 2:68% IFN; 46% alemtuzumalp<0.00013®

mitoxantron&>?

Numberof patients with new Gellesions:
5/32 (16%) placebo; 4/37 (11%) 5md/dose
0/31 12mg/ridose(p=0.022)

Change imumberof T2 lesions, meafmonth 24 minus
baseline): 1.94lacebo; 0.68 5mg/fuose
0.29 12mg/ridose(p<0.001)

natalizumaPb®

MediannumberGd+ lesions at two years:

0 placebo; 0 treated

Percent with two or more enhancing lesions:
16% placebo; 1% treatgd<0.001)

MeannumberGd+ lesions at two years:
1.2placebo.1 reated(p<0.001}®

Mediannumbemew or enlarging T2 lesions at two
years: 5 placebo; 0 treatquk0.001)

Meannumbemew or enlarging T2 lesions at two years
11.0 placebo; 1.9 treat¢p<0.001}%8

ocrelizumal3>9:160

(Relapsing MS:
comparison with IFN
betala 44mcg tiw)

(Primary progressive MS:
comparison with placebo)

Relapsing MS
Meannumberof T1 Gd+ lesions per scan:

Study I IFN 0.286;0.0160crelizumab: 94% relative
reduction (p<0.0001)°

Study 2 IFN 0.416;0.0210crelizumab: 95% relative
reduction (p<0.0001)°

Relapsing MS:

Meannumberof new and/or enlarging T2 lesions per
scan

Study I 1.413IFN; 0.323ocrelizumab: 77% relative
reduction (p<0.0001)°

Study 2 1.904IFN; 0.3250crelizumab: 83%elative
reduction (p<0.00015°

Primary progressive MS;

Study 3:Mean change in volumn?) of T2 lesions
from baseline to week 120:79placebo-0.39treated
(p<0.0001%°

Meanpercentchange in brain volume from week 24 to
120:-1.09placebo-0.90treated (p=0.02%°

*Comparison across clinical trialsuareliable due to differences in patient populations, diagnostic definitions, primary and
secondary endpoints, and outcome metrics.
Full Prescribing Information for each age@Gbpaxong2018, Glatopa(2018, Avonex (2016, Plegridy(2015),Rebif (2015,
Betaseror(2018, Extavia(2018, Gilenya(2019, Aubagio(2019), Tecfidera(2017), Lemtrada(2019, Novantrong2008),
Tysabri(2018, Ocrevus(2018, Mavenclad(2019),Mayzent(2019)>45557,6063,66,6870,72,74,7880

After the pivotal trials, several investigations have demonstrated an impact of treatment on the evolution of

persistent

T1

hypoi nt eiiwhich areassociétdd with disabildysas nieasuraddk

EDSS and considered be indicative of #sue damagik and on changes in brain volume:

1 In a placebecontrolled trial with monthly cerebral MRI, glatiramer acetate was shown to limit the
evolution of newly formed lesions into chronic black hdfes.
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T

In a phase Il trial comparing B2 with placebo, which also included glatiramer acetate as an active
reference arnBG-12 and glatiramer acetate significantly reduced the numbers of new T1 hypointense
lesions as compared with placeBo.

Data analysis frorphasdll clinical trialsand subsguent studies demonstrateariable effect on brain
atrophy’>76:152.153.16672 Tghje 4 summarizes the impact of diseasmlifying therapies on brain volume
loss(BVL) in relapsingremitting patients inlpase Il clinical trial§ with the following caveats:

comparisons across studies cannot be made due to differerssegsmemeasures andtudydesign;

and current methods of MRI brain atrophy quantification provide sufficient precision for cohort studies but
are not adequate for assessing changes in individual patients over months or a few years.

Of note, in a tweyear, placeba@ontrolled trial, brain atrophy was greater in year one and less in year two
in natalizumakreated patient¥’® leading some researchers to suggest that the brain atrophy seen in year
one may have beearedicpos i suttlimical inflaampnatipndn response to treatment.
However, DeStdfano and Arnol#® assert that a complete understanding of pseudoatrophy requires

furtherstudy to clarify the possible underlying pathology.

Table 4: The effect of MITs on BVL inrelapsingpatients in pase Il trials

Agenti SelfInjected

Changes in Brain Volume Loss

Year 0-1

Year 1-2

Year 0-2

glatiramer acetaté® 174176

X

(Eur/Canadian GA trial)

8% reduction vs. SC IF{-
la (REGARDJ

No sig. difference with GA
+/- SC IFNy -1b
(BEYOND)

No sig. difference with GA
+/- SC IFNT -1a (CombiRXx)

n
40% reduction vs. placebo
(Eur/Canadian GA trial)

22% reduction vs. SC IFN
r-la (REGARD)

No sig. difference with GA
+/- SC IFNy -1b
(BEYOND)

No sig. difference with GA
+/- SC IFN -1a (CombiRXx)

X

(Eur/Canadian GA trial)

13% reduction vs.
SCIFN-r-1a
(REGARD)

No sig. difference with GA
+/- SC IFNy -1b
(BEYOND)

No sig. difference with GA
+/- SC IFNY -1a (CombiRXx)

interferon betala IM77

n
55% reduction vs. placebo

X

interferon betdla SG’8

interferon betalb SG79.180

Agenti Oral

Changes in Brain Volume Loss

Year 0-1

Year 1-2

Year 0-2

cladribiné”

n
% brain volume
changelyear
14% (3.5 mg/kg) and
13% % (5.25 mg/kg) vs.
placebo
[months 16 excluded to avoid
pseudoatrophy confound]
(CLARITY)

dimethyl fumarat#!.162

21%reduction vs. placebo
(DEFINE)

Significant effect (DEFINE)

21% reduction vs. placebo
(DEFI NE) ¥

Ty (CONFIRM
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Ty (CONFI RN

fingolimod!52 154 n n n
23-40% reduction vs. 28-45% reduction vs. 33-35%reduction vs.
placebo placebo placebo
n§ i i

45% reduction vdM IFN-
[ -1a (TRANSFORMS)

siponimod? n n
0.18% adjusted mean 0.13% adjusted mean
reduction vs. placebo reduction vs. placebo
-0.28% vs-0.46% -0.71% vs.-0.84%
p<0.00001 p=0.020
(EXPAND) (EXPAND)
teriflunomidess 37% reduction vs. placebo | 31% reduction vs. placebo X
(TEMSO) (TEMSO)
Agenti Intravenous Changes in Brain Volume Loss
Year 0-1 Year 1-2 Year 0-2
alemtuzumab 8 T n

24-42% reduction vs.

IFN-[ -1a
natalizumakfé172 n X
40%increase vs. placebo | 449 reduction vs. placebo
: AFFIRM
(AFFIRM) (AFFIRM) ( )
19% i laceb x
° I(nscé?\ﬁ?\l\ésl_')p aceho 23% reduction with X
natalizumabt IM IFN-J -1a (SENTINEL)
vs. IM IFN-1 -1a + placebo
(SENTINEL)

Table 4 Abbreviations: AFFIRM: Natalizumab Safety and Efficacy in RelagRemitting Multiple Sclerosis; BEYOND:
Betaferon Efficacy Yielding Outcomes of a New Dose; BID: Twice daily; BVL: Brain Volume I@ISARITY: Cladribine
Tablets Treating Multiple S$erosis Orally;CombiRx: Combination Therapy in Patients with Relap$Ragnitting Multiple
Sclerosis; CONFIRM: Comparator and an Oral Fumarate in Relapgngtting Multiple Sclerosis; DEFINE: Determination
of the Efficacy and Safety of Oral FumaratdRielapsingRemitting Multiple Sclerosis; DMTs: Diseatéodifying Therapies;
EXPAND: Siponimod versus Placebo in Secondary ProgressiveaSGlatiramer Acetate; IFN: Interferon; IM:
IntramuscularOPERA 1 & 2: Ocrelizumab vs. Interferon Betta in Relapsig Multiple SclerosisREGARD: The Rebif vs
Glatiramer Acetate in Relapsing MS Disease; RRMS: Relag’emitting Multiple Sclerosis; SC: Subcutaneous; SENTINEL:
The Safety and Efficacy of Natalizumab in Combination with Interferon-Batia Patients witlRelapsing Remitting Multiple
Sclerosis; TEMSO: Teriflunomide Multiple Sclerosis Oral; TID: Three Times Daily; TRANSFORMS: Trial Assessing
Injectable Interferon versus FTY720 Oral in RelapsRemitting Multiple Sclerosis.

Table 4 Symbols:

i Data notreported/available

x No significant effect or not statistically significant

n Significant effect

* Not all approved therapies have significant effects on BVL and effects can be delayed until the second year of therapy.
+ No P value reported

ASignificai8monthéd fect at 9

ySigni fi ca2tmonthsif BEEINE (anty BIB, not TID dose arm), but not in CONFIRM study

§Significant effect also seen at®months
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Table 4 was adapted from the following source: Alroughani ¥8 a&lopyright: AlroughanR, DeleuD, El Salem K, AlHashel

J, Alexander KJ, Abdelrazek MA, Aljishi A, Alkhaboori J, Al Azri F, Al Zadjali N, Hbahbih M, Sokrab TE, Said M, Rovira A.
2016.BMC Neurology. Reproduced via Open Access under the terms of the Creative Continbugtighn 4.0 Intenational
License http://creativeommons.org/licenses/by/4.0/).

Head-to-head comparisondata in relapsing MS
In addition to the active comparator registration trial data reported in Table 2, the foltowmpgrison trials
have been reported:

1 IFNB-la44mcgtiw vs. IFNBla weekly(EVIDENCE) : A prospective24-week, randomized,
controlled, multicenter trial of 677 RRMS patients demonstrated superior efficacy in favor of1BNB
tiw in thenumber of relapséee patients (p=0.0005) and active MRI lesions (p<0.591).

1 IFNB-1a IM weekly + GA 20 mg SC daily vs. IFNBla IM weekly or GA 20 mg SC daily
(CombiRx): A doubleblind, randomized, controlled study that followed patients for a minimum of
three years found: the combination to be significantly better than IFN alone in reducing the risk of
relapse and superior to either agent alone in reducing new lesiatyaotd accumulation of total
lesion volume; GA tde significantly better than IFN in reducing the risk of relggke combination
to beno better than either agent alone in reducing progre$Sion.

1 IFNB-1b vs. GA (BECOME): A prospectiverandomized, singkblind (MRI rater), oneyear study of
75RRMS patients demonstrated no difference in MRI outcdffies.

1 IFNB-1b 250 mcg or 500 mcg vs. GA (BEYONDA prospective, randomized, muttenter study of
2244 RRMS patients over25 years demonstrated difference in relapse rate, EDSS progi@s
and MRI outcome¥*

1 Oral BG12 (dimethyl fumarate) (240 mg bid and tid)vs. GA (reference comparator)

(CONFIRM) : A prospectiveplacebaecontrolled phase Ill, randomized trial of 1417 RRMS patients

with GA as a reference comparator demonstrated the superiority of all three agents relative to placebo
on risk of relapse (BG12 bid p=0.002; BG12 tid p<0.001; GA p=0Qrd significant eduction in

disability progression for any of the agents; all agents superior to placebo on MRI outcomes
p<0.001%>!

1 IFNB-1b vs. IFNB-1a weekly (INCOMIN): A prospective, Zear, randomized, multenter trial of
188 RRMS patients demonstrated superior efficacy in favor of HEbIBn risk of relapse (p=0.003)
and MRI outcomes (p<0.0003y’

1 IFNB-latiw vs. GA (REGARD). A prospective, randomized, compavati parallelgroup, operabel
study of 764 RRMS patients demonstrated no difference between groups in time to first relapse and no
significant differences for MRI outcomes except IFNI8 patients had significantly fewer enhancing
lesions (p=0.0002Yy°

1 Teriflunomide vs. IFNB-1a tiw (TENERE): A prospective, randomized, controllgzhasdlIl, multi-
center rateblinded trial of 324 RRMS patients demonstrateal difference in th@rimary outcome of
time to failure (first appearance of confirmed relapse or permanent treatment discontinuation for any
cause); and no difference in ARR (secondary outcome) between teriflunomide 14 mg arith| BNB
ARR was highemwith teriflunomide 7mgs. IFB-1a (p=0.03)&

1 Fingolimod vs. INFB-1a weekly(TRANSFORMS): A prospective, 1Znonth, doubleblind,
randomized triabf 1153 RRMS patients demonstrated superior efficacy in favor of fingolimod with
respect to relapse rate (p<0.001) and MRI outcomes (p<0-801)

1 Ocrelizumab vs. IFNB-1a tiw (OPERA | and Il) demonstrated the superiority of ocrelizumab in
annualized relapse raddMRI outcomesas well aglisability progression (pooled analysis) (see
Tables 2 and 3¥°

Additional studies comparing various agents provide important information for healthcare providers and
patients who are making complex treatineéecisions:

1 A large international, observational, prospectivatguired cohort study looking at relapse and

disability outcomes in 792 RRMS patients who had disease activity while on IFN beta or GA and
switched to either natalizumab or fingolimod, demonstrated aspatth difference in relapse hazard
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(p=0.002) in faor of natalizumab and a significant sustained disability regression (p<0.001) also in
favor of natalizumab®®

1 Inthe MSBase cohort studyizak and colleaguessed longitudinal data frodR95patients to
evaluate time from baseline EDSS epochs-8, 46 and 66.5. They found that disease progression in
patients with moderately advanced and advanced MS ©acespective of prior disease activity and
that lower relapse rates and greater time on higher efficacy disesbfying agents (natalizumab,
fingolimod, alemtuzumab, dimethyl fumarate, rituximab, mitoxantrone, cladribine) is associated with a
decreasedsk of further disability progressiof?

1 A retrospective cohort study of &RMS patients treated with natalizumab or INE&44 mcg tiw for
at least 12 consecutive months demonstrated that both agents re@RReolufthe effect was stronger
in the natalizumaltreated group (p=0.0125). EDSS reduction favored natalizumab (p8).00RI
outcomes were decreased with both agents. In the second year, ARR and EDSS progression were
similar to year one; however, Gohhancing lesions decreased more significantly with natalizumab
(p=0.008):%*

1 Nixon and colleagues used a statistical modeling approach to accounfderdiés in baseline
characteristics and predict indirect relative risk of achieving NER& Evidence of Disease Activity)
status for fingolimod vs. dimethyl fumarate or teriflunomide in an average patient from their respective
phase lll trials. Resultssémated that theelative risk of achieving NEDA statugasgreater with
fingolimod thanwith the other therapies vs. placebo in each respective trial popui&tion

Evidence Demonstrating thdmpact of Treatment on Progressive MS

Many agents have been investigated for use in secondary progressive or primary progre§&ite ¥154
Subgroup analyses from some of these clinical trials indicated bemefiatients of younger age with more
recent progression, recent relapse and/or MRI acti¥itylitoxantronewhich is seldom used in the United
Statesbecause of its high risk profijlaas an FDA indicatiofor secondary progressive M&Cladribine and
siponimodare both indicatd foractive secondary progressive NfS°Only ocrelizumab has FDA approval
for primary progressive M® The remaining medications are approved for relapsing forms ofridiBding
progressive MS in those patients who experieatapses or MRI activity

Impact on long-term clinical outcomes

In addition to being expensive and difficult, it is unethicahi@ turrent treatment eracarry out longterm
randomized controlled studies to assess the value of diseatifying treatment compared téapebo on the
course of MS. Hence, alternate methfmtsstudying natural history in the treatment era need to be employed.
Following an observationatohort of people over an extendeetiodhas limitations, includingort
randomizediesign difficulty accounting for dropouts anith somestudiesyetrospectiveassessments

conducted on individualseenat divergent time periodglowever, important data have emergtnonstrating
that earlyand ongoindreatment has a significant impact on leglegm clinical outcomes

1 In a cohort observational study gb80 patents, diseasmodifying therapies delayed lofigrm disability,
as measured by the EDSS, in patients treated either early or, to a lesser extent, in the later phase of the
diseaseompared to untreated patieffts

1 In alongitudinal prospective study of newdiagnosed MS patients at Karolinska Hospital between-2001
2005, early treatment was correlated with longer time from diagnosis to BSS

1 The 1Qyear followup of the early intervention trial with interferon bdta (intramuscular) found a
delayed conversion to clinically definite MS and reduced relapse rates in the early treated group compared
to the delayed treatment group, but noati#ihce in disability outcomes, most likely because both groups
received treatment relatively early in the disease cdtfrse.

1 In a nineyear followup of thepivotal phase 11l teriflunomide trial (TEMSOHR positive effect on disease
activity persisted in the original treatment group as well as in the placebo patients who switched to active
treatment in the opelabel extensior?’

1 A long-term follow-up (greater thasevenyears)from thephase Il study of oral cladribin€[ARITY)
demonstrated persistent positive effect on relapse and MRI actiVity.
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1 The2-yearextension study from the phase Il (CLARITY) demonstrated a sustained impktiRb
outcomes and annualizeglapse raté?2%°

1 Approximately 90percenof untreated RRMS patients will have SPMS aft&26 years®**22Evidence
from several studies now indicates tdaeasenodifying therapies have an impact on the conversmn
relapsing to progressive MS:

- In a study comparing the time interval from disease onset to secondary progression in relapsing
remitting patients treated with diseasedifying therapy andatients receiving no treatment, a
significantly longer time to secondapyogression was seen in the treated gfsup.

- A study comparing treated and untezhpatients over a Igear period prior to the endmt of
conversion to secondapyogressive MS found that treatment with a diseaedifying therapy
significantly reduced the risk of disease progression in patients consideredriglwrisk at diseae
onset?4

- In a study comparing patients treated with interferon beta for up to seven years with untreated patients,

the treated group had a significant redurtin the incidence of secondary progression as well as in the
incidence of EDSS progressiéh.

- In a single center prospective observational study of 517 actively treated relapsing MS and CIS
patients at a median tinp®int of 16.8 years after disease onset, only p8réentreached an EDSS
>6.0, and 18.percentvolved to econdary progressive M8°

1 The impact of early treatment on other clinical outcomes is also impdieension study data from the
early treatment trial witinterferon betdlb suggest that early treatment helps to preserve cognitive
function compared to delayed treatm®&nht®®with evidence suggesting that leteym (physicabnd
cognitive) outcomes may be largely determined early in the disease téArsather study demonstrated
decreased mortality in patients treated early in the course of their disease compared with those treated
later}® a finding that need®tbe confirmed with the newer agents in ldagn studies.

1 Most of the extension studies from the pivotal trials indicated a positive impéicte@to a second attack
or new lesiongrelapse rates and disease progressfoli®1742951though much of the impabts been
thought totake place early in the disease codtéén a more recent study, using data extracted from the
global MSBase Registry, Jokubaitis and colleagtiexamined median EDSS score changes46&
relapseonset patients initially treated with either interfeifwgta or glatiramer acetate. The patients
(including those who stayed on their initiedatment, those who switched to other therapies and those who
stopped treatment altogether) were treated an averagepef&hif the follow-up period. The
cumulative time on treatment was independently associated with a lower EDSS score at 10 years,
demonstrating that increased exposure to treatment predicts better disability outcomes inttérenlong
The authors also found that annualized relapse rate was the strongest predictor of increases in median
EDSS scores, with etherapy relapses being mgreedictive than oftherapy relapsesand concluded
that persistent relapse activity on a filise therapy is prognostic aficreasingdisability.

Impact on NEDA (no evidence of disease activity)

NEDA is a term used to describe disease stabilityudicg no new relapses, no disability progression and no
new or enlarging MRI lesiorf221°In addition, some researchers have proposed adding no additional brain
volume loss to this definitioNEDA-4).211222Posthoc andysis of several MS treatment trials has suggested
that the goal of NEDA may be achievable for some individij&d¥:2:°The evidence to date suggests that
NEDA is difficult to sustain over the long term even with treatment. On the basis of theirysaren

longitudinal study, Rotstein and colleagues conclude that NEDA status at two years may be a good predictor of

long-term disease stability and may be useftib treatment outcome in investigations of new treatments for
MS.ZlO

However, in a prospective single center observational study of 517 actively relafesing MS patients,

NEDA at twoyears was not associated with better long term measures of disability by’#Ds®e 16 and
21-year followup from the pivotal trial ointerferon betalb study patients, NEDA based on clinical features
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predicted longerm disability outcome; however adding MRI changeth#oNEDA criteriadid not increase
predictive validity?'*

AlthoughNEDA is a compelling concept and shared goal among people with MS and their healthcare
providers,no consensus hgetemerged for theole of NEDA in making clinical decisions

Imp act onquality of life

Clinical and MRI outcomes do not fully capture thegpact of MS diseasmodifying therapies for people with
MS. Unfortunately, efforts to assess the impact of treatment on quality of life have been limuteel study
of newly-diagnosed patients beginning treatment with an interferon medication, qudidiiéyscores on the
MSQoL-54 showed overall improvement®E months?!®

Not being on a diseaswodifying therapy was one of the factors identified as contributing to a decrease in
healthrelated quality of life in the NARCOMS database, although quality of life generally renfairlgd
stable for most people over the five y&af the study!® Healthrelated quality of life scores on physical and
mental components of the Shédrm (36) Health Survey (SB61 a patientreported survey of health
outcomes) improved in the pivotal trials of natalizurfdin the pivotal trial of dimethyl fumarate, patients on
treatment evidenced a significant improvement irB8physical component summary scores compared with
placebetreated patients whose scorvesrsened, and similar benefits were seen in other measures of
functioning and general welleing as early as week 24.

Early treatment to reduce | oss of mobility has bee
instrumental activities of daily livingy and the ability to work was found to improve after one year of
treatment with natalizumal3?°

In areviewof existing data on the relationship between inflammation, patterns of CNS lesions and the effects
of immunotherapeutics on MS fatigulee diseasemodifying therapies werebserved tdeffectively and
sustainably stabilize araimeliorate fatigue in parallel to their dampening effects on the neuroinflammatory
proc®ss. o0

Benefits gained through earlytreatment may never be equaled in those whose treatment is delayed

Data suggest that benefits gained through early treatment, incldelsag of a second clinical event or MRI

activity in CIS patients, reducedlapse rates and disability, may not be equaled in those who start treatment
later in the disease courge?*11519%6242255 y g gest i ng t hat people who start
with those who start treatment immediately

As stated earlier however, the-§8ar followup to the early intervention trial with interbn betala

(intramuscular) found no difference in disability outcomes between the aadydelayedreatment groups,
indicating that the delayed treatment group¥id ap
It remains to be determined the extent to which the older medicétemd the newer medications for which

we have limited longerm datd impact longeiterm disability outcomes for people with MSmilarly, 11

year followup data on the CIS cohort tted with interferon betdb or placebo for up to two years prior to

open label active theramemonstratedo significant difference in EDSS outcome between gréths

Evidence Supporting the Need for Treatment to be Ongoing
Once a diseasmodifying treatment is initiated, evidence suggests that treatment needs to be ongoing for
benefits to persist. Cessation of treatment has been shown to negatively impact clinical and MRI outcomes.

1 Non-adherence and gaps in treatment asoaiated with an increased rate of relapses and progression of
disability 227228

1 In areview of studies looking at treatment discontinuafi@iin and Weinshenkeoncluded that
discontinuation of treatment early in MS could lead temeergence of disease iaty. The impact of
treatment discontinuation in patients over the age of 60 withtiemng progressive disease is less ci&ar.
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1 In a reviewof theadherenceesults relapse rate anarogression were greater in those who stopped
injectable diseasmodifying treatmentand several reviewed trials showed an increase in emergency
department utilization by patients who had stopped treatftent.

1 In one study, relapses and MRI activity returned to baseline following cessation of interferon therapy,
although there was a several month refractory period before acéisityned:* In another study, active
patients treated with interferon beta promptly returned tdarpegment legls of disease activity following
discontinuation of treatmef®leading the authors to recommend that treatment not be stopped in patients
who are responding to treatment. A similar return to baseline disease activity in intéréatea paents
was observed in secondgxogressive MS, with an increase in EDSS scores and MRI activity in the year
after discontinuation of treatmefit.

1 Relapse rates returned to baseline following interruption of nataliztrewtiment in three large studiss,
and in a partially placeboontrolled exploratory study of disease activity during an interruption of
natalizumab therapy, patients whose treatment was interrupted had an thasdasédisease andRI
activity compared with those on continuous treatm&ih. a retrospective study of patients refractory to
interferon or glatiramer who had been switched to natalizumab and then stopped it, some patients had
significant relapses indicating that simple withdrawal of this medication witheatly implementatio of
analternative treatmerstrategy may risk return of disease activity or rebound, typically wiki@rirstsix
months?232%6238 |n g study of 32 patients with MS who stopped natalizumab treatment, rebound was
identified with an increase in relapses and high MRI activity compared to ba&tline.

1 Cessation of fingolimod after a period of stability was followed by clinical relapse and multiple enhancing
lesions on MRI in two patient$}and both patients had agificant worsening in EDSS scarassociated
with their clinical activity. In another report of six cases of fingolimod discontinuation, five patients
returned to preéreatment disease activity within three months, and one patient had both clinical &and MR
rebound activity** A recent revieweported five individuals experiencing increased disease activity
within 4-16 weeks following discontinuation of fingolimod therapy (1pe&centof 46 patients
discontinuing the drug during the tvyear observation period) and identified 11 other reported cases of
rebound disease activit§?

1 Severe exacerbation of disease, including disease rebound, has been rarely reported after discontinuation of
a S1P receptor modulator (fingolimaslnilar to siponimod®

These studies and case reports illustrate the need for ongoing disadifgng treatment in MS. Regardless

of the reason for the discontinuation of treatmieatdecision by the treating clinician, patient raatherence,
cost or insurance coverage issudblese findings indicate that discontinuation or interruption of treatment will
provoke a return of disease activity in many people.

Situations in which discontinuation of treatment might be considered

While there is ample evidence to suppibet benefits obngoing treatment for the majority of people with MS,
theremay besomesituations in which clinicians and their patientight consider stopping treatmefftin a
2015 review of relevant studies, Tobin afttinshenke® conclude thaglthough freedom from subsequent
relapse is impossible to guarantee, treatment cessation may be considered in patients who:

1 Are over60 years of age

1 Have experienced a progressive disease coursedorears or longe

1 Haveno accumulating T2 lesions or gadolinium enhancing lesions ondftfiRebrain or spinal cord after
a period of observatiooverseveral years

Earlier discontinuation, particularly in patients with active disease, may lead to ettidiasase activity
Clinical and MRI monitoring for recurrent disease activitglearlywarranted irthose patients.

Use of Diseasdodifying Therapies in Pediatric MS
Studies havestimated the incidence of pediatric MS to be between 0.18.&hd00,000 children per
year?3244Threeto 10percen of adult patients retrospectively report a possible first attack prior to age 18.
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More than 9percentof children and adolescents experience a relapsimgtting disease cours€ with
annualized relapse rates32imes that of adults with MS during the first three years of dis&dseaddition to
motor andother physical symptonthat occur during relapse (and often resolve with relapse theZp4D
percentof children with MS demonstrate cognitive impairment early in the disease é#use.

The interferon beta medications and glatiramer acatatetraditionally served athe initial treatment options

for children with M&43247The recently completed PARADIGMS thia doubledummy randomized trial
comparing fingolimod to interferon befa by subcutaneous injection demonstrated a clear superiority of
fingolimod over interferon (8percentreduction in relapse rate). Superiority of fingolimod was also
demonstratedyoMRI endpoints. The FDA has now approved fingolimod for pediatric MS, the first FDA
approval for any MS therapy in this age group. While data regarding how the PARADIGMS results will alter
clinical practice have yet to be accrued, the option of oralplyevél appeal to many children. Safety
considerations, however, must be carefully considered. Structured screening protocols, such as ensuring up to
date vaccination status (notably confirmation of vaccination against varicella zoster), ophthalmahogical a
dermatological evaluations, and monitoring for flstse effect bradycardia are critical. Pediatric centers may
need to partner with adult MS centers to ensure consistent care programs for fingolimod use.

As in adults, however, evidence of ongoing relapses, MRI activity, and increasing disability (which is less
common in pediatric MS patients) indicate the neegktralate to higher potency therapi@snsiderations

include switching from interferon or gleameracetate to oral dnfused medication’ In one study involving

258 children over a mean observation period of 3.9 years, a little more than half were successfully managed on
the first medication they were given, while 2p&rcentwereswitched once, 11.gercentwere switched twice,
and 78 percentrequiredthree changes in medication. While some were switched from one injectable
medication to another, others required more aggresseatment in order to control their dise#s&everal
retrospective analyses regarding safety and tolerability of natalizumab support the use of natalizumab in
pediatric MS patigts with active or aggressivisease*® 2> Case report and case series data have advocated
use of rituximab for patients requiring escalation of thefap¥’,* while future study of ocrelizumab in

pediatric MS patients is awaited.

The importance dfigh quality data regarding therapeutic safety and effibasybeen emphasizétard

pediatric clinical trials of all new agents are mandated by the U.S. Food and Drug Administration (FDA) and
the European Medicines Agency (EM&Y.2’ The PARADIGMS trial not only informed on the impact of
fingolimod vs interferon betdla on clinical and MRI disease activity in pediatric M8guds, it also provided
new insight into the challenges of pediatric MS clinical tri#dsrolimenttook longer than anticipated, a
multinational site study was required owing to the rarity of pediatric MS, and the burden of rigorous clinical
trial monitoring and visits challenged patients, parents and providers. Nonetitakesaperative to determine
how best to ensure that all trials produce informative data on therapeutic safety and, effidabg

International Pediatric Multiple Sclerosis Stu@youpis preparing a working group manuscript that addresses
these key considerations.

It is noteworthy that access to certain medications for pediatric MS patients in some world regions may be
limited by regulationlt is hoped that clinical trial data will enhance regulatory approval and access.

Treatment Considerations in Womenand Men in Their Reproductive Years

None of the FDAapproved diseasmodifying therapies are approved for use during pregnancy or
breastfeeding (see TalBe Several observational studies, including pregnancy regidtage been done to
identify potential risk®f the diseasenodifying therapiesor fetal development and breastfeed?rty®°

Table5: Pregrancy information for the FDApproved diseasmodifying therapies*

AGENT -- INJECTABLE PREGNANCY INFORMATION
Glatiramer acetate Should be used during pregnancy only if clearly
(Copaxone) needed

(Glatopa)
(Glatiramer acetate injection)
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Interferon betdla (Avonex)

Interferon betdla (Rebif)

Interferon betdlb (Betaseron; Extavia)
Pegylated interferon (Plegridy)

Should be used during pregnancy only if the
potential benefit justifiethe potential risk to the
fetus

AGENT -- ORAL

PREGNANCY INFORMATION

Dimethyl fumarate (Tecfidera)
Fingolimod (Gilenya)

Should be used during pregnancy only if the
potential benefit justifies the potential risk to the
fetus

Cladribine Mavenclad

Contraindicated in pregnancy women or wome
of childbearing potential who are not using
reliable contraception; pregnancy should be
excluded before initiation of each treatment
course; women should use effective contracept
(hormonal and/or barrier comtreptives) for at
leastsix months after the last dose in each
treatment course. Men of reproductive potential
should take precautions to prevent pregnancy
their partner during treatment and for at lesist
months after the last dose in each treatment
course.

Siponimod Mayzen)

Counsel female patients of childbearing age on
the potential for a serious risk to the fetus and t
need for effective contraception during treatme
and for at least 10 days after stopping treatmer|

Teriflunomide (Aubagio)

Contraindicated in pregnancy women or wome
of childbearing potential who are not using
reliable contraception; pregnancy must be avoi
during teriflunomide treatment or before
completion of an accelerated elimination
procedure after teriflunomide trea¢nt.

AGENT -- INTRAVENOUS

PREGNANCY INFORMATION

AlemtuzumakLemtrada)

Should be used in pregnancy only if the potent
benefit justifies risk to the fetus

Mitoxantrone(Novantrong

Women of childbearing potential should be
advised to avoid becoming pregnant.

Natalizumahk(Tysabr)

Natalizumab should be used during pregnancy
only if the potential benefit justifies the potential
risk to the fetus.

Ocrelizumak(Ocrevus)

There are a adequate data on the development
risks associated with use of Ocrevus
(ocrelizumab) in pregnant women.

*Table adapted from Academy of Neurology Practice Guideline: Disdlaskfying Therapies for Adults with Multiple

Sclerosi&?

f Glatiramer acetate does not crosspfeeenta and is likely safe for use during breastfeedfr@onfirming
earlier findings in small studie€8® a prospective cohort study of 246 pregnan(fiesn the German
Multiple Sclerosis and Pregnancy Registig)which 151 women were exposed to glatiramer acetate
(pregnancy category B) and 95 were taking no diseast#ifying therapy, found no impact on several
major pregnancy outcomes (risk for congenitadraaly, lower birth weight, preerm birth or spontaneous

abortion)?62
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1 Betainterferon crosses the placenta in minimaéntities; it is unknown whether it is excreted in breast
milk.2%3 Using the same German Multiple Sclerosis and Pregnancy Registry database, a prospective study
of 445 pregnancies, in which 251 women were exposed to inteitietarand 194vere taking no disease
modifying therapy, found no differences in mean birth weight and lengtiteprebirth, spontaneous
abortion or congenital anomali&¥.

1 Teriflunomide carries a boxed warning about the risk of teratogenicity (see Table 1). This medication
crosses the placenta; itiaknown whether it is excreted in human nfdlA study of 105pregnancy
exposures (83 female and 22 male) to teriflunomide for varying lengths of time found no increase in
spontaneous abortion rate or fetal abnormalffies. rapid elimination program using oral cholestyramine
over several days is recommended for women to lower teriflunomide levels to less than 0.02 pg/ml. Men
taking terflunomide should stop the medication before trying to conceive and discuss rapid elimination
with their healthcare provider§he2018AAN Practice Guideline includes a Level B recommendation
that dinicians should counsel memvith MS regarding themplications of their treatment decisions toeir
reproductive plans before initiating treatment vatbhemotherapeutic agent sucheaglunomideor
cyclophosphamiel Refer to AAN.com/guideline®

9 Fingolimod crosses the placenta and is excreted in breastnpileghancy registry is ongoing and
patients are advised to use effective contraception and wait at least two months before attempting
conceptiorf®

f Itis unknown whether dimethyl fumarate crosses the placenta or enters bre¥stmitkal studies of
teratogenicity have shown conflicting resift$Because of its short héife (approximately one hour), no
washout may be necess&fy®°

f Natalizumab crosses the placenta and is excreted in breadtffRompared with historical controls, no
significant differencelre b een found in the rate of fetal malfo
programs or the Tysabri Pregnancy Exposure Redg&ry.

f Mitoxantrone crosses the placenta in limited amounts and is excreted innbitea8Patients should be
instructed not to become pregnant while taking mitoxantrone and for at least six months after
discontinuatiort>®

1 Alemtuzumalxrosses the placenta; it is not known whether it is excreted in bndksBecause
alemtuzumab has the potential &&rious adverse reactions in infants, women should be advised not to
breastfed while on this medicatioft There are no adequate and wahtrolled studiesn pregnant
women’

1 Ocrelizumalis a humanized monamtal antibody of an immunoglobulin G1 subtype and
immunoglobulins are known to cross the placental barrier. Following administration to pregnant monkeys,
at doses 20 times the approved human dose by weiglkteased perinatal mortality, depletion otBll
populations, renal, bone marrow and testicular toxicity were observed in the off§gadngen of
childbearing age should use contraception wigiteiving ocrelizumab and for six months after the last
dose. There are no data on the presence of ocrelizumab in human milk; it is excreted in the milk of
ocrelizumaktreated monkeys. Human IgG is excreted in human milk, and the potential for absorption of
ocrelizumab to result inBell depletion in infargtis unknown®

1 Cladribineis contraindicated in pregnant women ansvomen and menf reproductive potential who do
not plan to use effective contraceptfn.

1  Women taking siponimod should use effective contraception during treatment and for 10 days after
stopping treatmernt?.

1 Although there are no data on the presence of siponimiedman milk, a studyn lactating rats has shown
excretion of siponimod and/or its metabolites in milk.

The current standard of care is to avoid the use of diseaddying therapies during pregnancy and
breastfeeding>® 261267270 Based on exponential decay, the commonly accepted timeframe for drug
discontinuation before conception is five maximal fiaiési approximatelyjtwo to six weeks2*® with two

months recommended for fingolimod and at leastemonths fo natalizumats®” However, there is

increasing evidence that glamer acetate and interfertw@tamay be continued safely during conception and
pregnancyn a wonan with very active diseag®/?%82"2"3 The risks and benefits of continuing therapy during
pregnancy require careful discussitaking into account the level of disease activity, personal preferences and
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the patient 6 soleramed”Sunitadyt acdiscissionrabost khe risks and benefits of postponing
resumption of treatmeimt order to breastfeed is important, particularly for women who had active disease in
the year pior to conceptiorf®® In a reent study, natalizumab started witlgiight days of delivery successfully
prevenedpostpartum relapses in five of six ween with very active disead€

Rationale for Access tahe Full Range of Treatment Options

At present 17 medications are FD/Approved to treat MS (See Table 1), wehdifferent mechanisms of

action that are thought to address distinct components of the irnmexdtiateddisease process. These
medications also differ in their route and frequency of admatistr as well as their side effe@nd risk
profiles.None of these medications are curative and the efficacy of any given medication varies considerably
from one individual to another and for any given individual at different points in tmaadition,people with

MS differ in their tolerance for different routes of administration and side effects, and clinicians and patients
vary in their tolerance for risk, with risk tolerance likely undergoing shifts as the disease prodressss.to

the full rang of options is essentitd optimalmanagement, for the followingnereasons.

1. Non-responders need access to other options

The goal of treatment is to control disease activity and prevent irreversible damage as quickly and
effectivelyapossi bl e. When a personds medication does
activity or provides initial benefit and then ceases to doa®determined by the individual and his or her
clinician in light of continued clinical and/or MRI dissaactivityi the reasons for lack of efficacy need to

be exploreél®and alternative options ne&albe considere#t.It is known, for example, that disease

activity which occurs in spite of treatment with IFN betaGA is associated with unfavorable letgm
outcomes?®277.2’8Fyrthermore, MRI activity as well as relapses are key indicators of progrés%iamd

the presence of Genhancing lesions has been shown to correlatewdgtkeningdisability after 15

years?”’

2. The effort to achieve NEDA requires access to the full range of treatment options

To achieve NEDA or the | owest possible |l evel of
Time Matters in Miltiple Sclerosi® (endorsed by the MS Coalitiorgcommend swift action in the face of
disease activity, including consideration of switching to another digeaddying therapy with a different
mechanism of actioff!

3. Treatment with interferon beta and natalizumab is associated with the development of
neutralizing antibodies (NAbs)

Although comparisons are challenged by lack of standardization in assays and lack of consensus
concerninghte relevant threshold of NAb concentratiithe ghase llitrials of the interferon beta
medications#"14° as well as subsequent direcimparison studie’32¢*have demonstrated that NAbs are a
commonoccurrence with these medications and that there is significant variability between the
medications in terms of their occurrence. Furthermore, the studies suggest that the presence of NAbs
reduces the clinical efficacy of interferon bétalthough the imact may not be clear for some tifie.
Determining the impact of NAbs for any given individual is further complicated by the fact that NAb
positive patients may revert to NAlegative status or fluctuate between positive and negative NAb
statug® However, the fact remains that a person who has persistent disease activity on interferons,
regardless of whether or not this is due to NADbs, requires access-itterderon treatment optiori®:2se

In two phase Il clinical trials of natalizumak??¢’the incidence of persistent antibody positivity associated
with the drug wasix percent Compared with antibodgegative patients, those with persistent antibody
positivity had a significantly higher relapse rate and more activity on MRI in both stadie®ll as
significantly greater disease progression in one of the st#liPgisistent antibody positivity was also
associated in both studies with a higher incidence of infugtated adverse events, including
hypersensitivity reactiorg®
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Of the 58percentof patients in @rospective observational study of 73 consecutive paiiewiso

developed NAbsthe vast majority reverted to antibedggative status on followp. In this study, the

presence of NAbs was inversely correlated with serum natalizumab concentration, and high antibody titers
and low serum natalizumab concentrations were associated with an increase in relapsesrdraoh€iclg

lesions on MRI.

4. Individuals at high-risk for PML need access to other options

People who are or become JC antibpdgitive need access to treatments that do not put them at risk for
PML.

1 The boxed warning fofysabri(natalizumab)tates that the risk factors for the development of PML
include duration of therapprior use of immunosuppressantsidime presence of anfiCV antibodies
T and that these factors should be taken into account when initiating and continuing treatment with this
medication’®

1 Theprescribing informatiotior Gilenya(fingolimod) states thathe medication should be withheld at
the first sign or symptom suggestive of PRMLt is not knavn whether individuals with anfiCV
antibodies taking fingolimod are at higher risk of PML given the limited number of €ddés to date
with this agent.

1 The prescribing information fdrecfidera(dimethyl fumarate) states that the medication should be
withheld at the first sign or symptom suggestive of P¥llt is not known whether individuals with
anti-JCV antibodies taking dimethyl fumarate are at higher risk of PML givefirttited number of
PML cases to date with this agent.

1 A case of PML has been reportedc patient taking teriflunomide who was previously treated with
natalizumab

1 The prescribing information fa@crevusgocrelizumab) states that PML is possible with this
medicatiorf°

1 No cases of PML have been reported in siponHtnedted patients. However, PML has been
reported in patients treated walhotherS1P receptor modulator.

A PML risk stratification for diseaseodifying trerapies is summarized in Tablg%
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TABLE 6: A PML risk stratification table for diseasaodifying therapie$.

J.R. Berger Multiple Sclerosis and Related Disorders 12 (2017) 59-63

Table 1
A PML risk stratification table for disease modifying therapies.

Therapeutic Agent Treated condition predisposes to  Latency from time  Frequency/ Year drug introduced into  Patients/patient-
PML? of drug initiation Incidence of PML U.S. and European year (PY)

to PML markets EXPOSUre#

Class I — high potential No Yes High

risk of PML

Natalizumab MS and Crohn's disease None < 8 months; > 1/100-1/1000 U.S.- approved 2004; 161,300 patients
B5% of cases > 24 withdrawn Feb 2005; ~527,159 PY
months reintreduced Jun 2006 (September 30, 2016)

EUR - Apr 2006
Class 11 = low potential No Yes Low/infrequent
risk of PML

Dimethyl fumarate MS and psoriasis 18-54 months ~1/50,000 U.S. - Mar 2013 224 542 patients
Europe — Feb 2014 308,732 PY
Fingolimod MS 18-54 months* ~1/18,000 U.S.- Sep 2010 160,000 patients
EUR-Mar 2011 368,000 PY
Class 111 — no or very Yes No Very low or evident
low potential risk of only with related
PML drug
Alemtuzumab Hematological malignancies, Unknown; no cases U.S. - Nov 2014 ~11,000 patients
transplantation with MS EUR - Sep 2013 ~6000 PY
Rituximab Lymphoproliferative disorders, 1/30.000 MS - unapproved indication No data

rhenmatoid arthritis, ANCA-associated
vasculitis, SLE

Mitoxantrone Non-Hodgkins lymphoma and U.S.-Oct 2000 No data
lenkemia EUR-divergent dates

Teriflunomide No PML observed with teriflunomide U.S.-Sep 2012 68,952 patients
but with related leflunomide EUR-Aug 2013 96,909 PY

Daclizumab No PML observed with MS or as U.5.-May 2016 1516 patients
nmnhvlavis for renal tensnlant EITR-Tul 20164 3744 PY

*This table and the associated paper were published prior to theappryval of ocrelizumab, siponimod and mavenclad.
However, the prescribing information for ocrelizumab states that PML has been seen in patients treated with G20 anti
antibodies.

Legend PY- Patient year exposure.

U.S.7 United States.

EUR - Europe.

# - Data on file with respective manufacturer as of submission date.

Printed with permission of the publisher

5. Individuals with contraindications need access to suitable options

For avariety of reasons (cited as contraindications in medication labéfifiy)/6063:66.6870.72,74,7880
individuals may not be suitable candidates for one or another of the available-tdisehfyeng theraies:

1 Hypersensitivity to glatiramer acetate or mannitol, precluding the use of glatiramer acetate

1 Hypersensitivity to natural or recombinant interferon beta, albumin or other component of the
formulation, precluding the use of interferon medicatidgpersensitivity to dimethyl fumarate or to
any of the excipients, precluding the use of dimethyl fumarate

1 Cardiac or ocular conditionsr treatment with Class 1a or Class Il aanihythmic drugsprecluding

the use of fingolimo@nd siponimod

Hypersensitivity to fingolimod or its excipients, precluding the use of fingolioxaiponimod

Current use of leflunomide, precluding the use of teriflunomide

Infection with HIV, precluding the use of alemtuzunmatrladribine
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Hypersensitivity reaction to natalizumab, precluding the use of natalizumab

Current or past diagnosis of progressive multifocal leukoencephalopathy (PML), precluding the use of
natalizumabfingolimod, or dimethyl fumarate

1 Severe hepatic impairment, preding the use of fingolimod, interferons, natalizumab and
teriflunomide

Positive tuberculosis screening requiring standard TB treatment prior to teriflunomide dosing
Active hepatitis B infection, precluding the useocfelizumab

History of life-threateningnfusion reaction to ocrelizumab, precluding its use

CYP2C9*3/*3 genotype, precluding the use of siponimod

Myocardial infarction, unstable angina, stroke, TIA, decompensated heart failure requiring
hospitalization, or Class IlI/IV heart failure, precluglithe use ofiponimod

Presence of Mobitz type Il secodégree, thiredegree AV block, or sick sinus syndrome, unless
patient has functioning pacemaker, precluding the use of siponimod

Current malignancy, precluding the use of cladribine

Pregnant women and women and men ofaepctive potential who do not plan to use effective
contraception during treatment and $ox months after the last dose of each treatment course,
precluding the use of cladribine

1 Active chronic infections (e.g., hepatitis or tuberculosis), precludingsbef cladribing
alemtuzumab, or ocrelizumab

History of hypersensitivity to cladribine, precluding the use of cladribine

Women intending to breastfeed otr@atment dayr for 10 days after the last dose, precluding the use
of cladribine

= =4

= =A =4 =8 -4 =4

= =4
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In addition b these contraindications, pasarketing dataAvonex Rebif, BetaseronExtavig?®¢?62 have

led many clinicians to avoid the use of interferon beta medications in individuals who are depressed or
have a history of sigficant depression. Although several studies have found no increased frequency of
depression ipatients taking interferon beta medications compared with those not taking these
medications, interferon beta medications may exacerbate or precipitate depiressime patients as
warned in the FDA prescribing informatiéi 2

Other cemorbid conditions may impact use of a particular dis@asdifying therapeutic agent in
individual circumstances comprusing safety, efficacy or tolerability and necessitatingeas to an
alternative option

6. Because severity of disease varies at ongewith someadults experiencing early aggressive
diseaséd patients and their treating clinicians need access to all atable options

Although MS remains a highly unpredictable disease, certain clinical and MRI outcomes seem to be
associated with a higher risk of disease progression:

1 Scalfariand colleagues found that time to Expanded Disability Status Scale (BD&®)Jy and
independently predicted time to EDSS 6, 8 and 10. The same group found that higher early relapse
frequencies and shorter first irtattack intervals increased the pabidity of i and hastened
conversion ta secondary progression, and that although-emm outcomes were highly variable,
some individuals who experienced frequent relapses and/or accumulated a large number of focal
lesions on T2 MRI within the first fer years were at greater risk of disabitify.

1 Fisniku and colleagu&dound lesion volume and its change at earlier time pointe toorrelated with
disability after 20 years. In their study, lesion volume increased for at least 20 years inroakgise
MS and the rate of lesion growth was three times higher in those who developed secondary progression
than in those who remainedapsingremitting.

1 A prospective study in British Columbia that utilized three possible criteria for aggressive MS
confirmed Expanded Disability Status Scale (EDSSvithin five years of MS onset; confirmed
EDSSG6 by age 40; and secondampgressive MS within three years of a relapsinget course
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identified aggressiv®S in 4-14 percentof people dependingn the definition uset® Although the
majority were males and those with PPM&rthwere also a significant number of female patients and
patients with RRMS.

1 In aretrospective database study of aggressive onset MS, defined as two or more relapses in the year
after onset and two or more @ahancing lesions on MRI one relapse ifesulting in an EDSS of 3
along with two or more Génhancing lesionghose patients who received or were switched to one of
the following therapie$ natalizumab, rituximab, alemtuzumab or cyclophosphainim@intained a
NEDA status during the 5tonth mean duration of followup.?%

1 Utilizing a different definition of ggressive MS that requires one or more of the following features,
Rush and colleagues recommend more aggressive treatment agents to manage this challenging group
of patients®’

- EDSS offour within five years of onset;

- Multiple (>2) relapses with incomplete resolution within the past year;

- More than two MRI studies stng new or enlarging T2 lesions @d-enhancing lesions despite
treatment;

- No response to therapy with one or more DMTs for up to one year.

Given these findings, patients with highly inflammatory and potentially aggressive disease may determine
with their treating clinician that the beneffd-risk ratio warrants startingr switching toa therapy with a
higherpotency andisk profile 2%

In fact, the 2018 AAN Guidelef?’s t at es as a Level B recommendati on
alemtuzumab, fingolimod, or natalizumab for peopl

Data also support the useroitoxantrone®¥32However,as notegreviously mitoxantrone is seldom

prescribed because of its high risk prafilae 2018 AAN Guideline states as a level B recommendation

that fABecause of the high freqguency of severe AEs
withMSunlss t he potential therapeutRefertorbenefits great
AAN.com/guidelines?

7. Some children experience very active disease from onset

As previously mentioned, some childneray experience very active disease that does not respond to the
medications generally considered to be {iirs¢ treatment options for pediatramset MS.

8. African Americansand Hispanicsappear to have more active disease

Several studies have now poidit® a more active disease course in Afriéamericansand Hispanicsvith
MS.

1 In a multicenter study of retinal damage and vision loss, Afrigaericans with MS were found to
have accelerated damage compared to Caucasian MS patigggsstinge more aggressive
inflammatory disease cour3e.

1 In a differentcohort, primaryprogressive MS was more common in Africamerican patients, as was
cerebellar dysfunction and a more rapid progression of disafility.

1 Compared to Caucasians, AfricAmerican patients have also been found to have aayrigatlihood
of developing opticospinal MS and transverse myelitis and have a more aggressivécourse.

1 More than one study has showmtieased lesion volumes in Africamericang’*2*with one also
showing more tissue damatje.

1 Given that there are also preliminary indications that Afrisarericans may not respond as well to
someof theavailable diseasmodifying therapie8?®3%it is essential for Africamerican patients
and their clinicians to have access to the full range of treatment options in the event that one or another
does not provide suffient benefit.
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1 Hispanics as well a&frican Americans could be at greater risk of greater disease burden early in the
disease course, while also facing greater barriers tg®4tre

1 Hispanics, along with African Americans and Asians, are more likely to develop opticospinal MS than
Caucasians, often leading to greater ambulatory disatility

9. People who for one reason or another are not adhering to a treatment regimen need access to
other treatment options.

In aretrospective cohort study of people starting treatment with interferon beta or glatiramer acetate, only

30-40 percentwere adherent to treatment after two yéérBeople wo do not adhere to their treatment

regimen are unlikely to receive the full benefit of the treatrffés.

Factors associated with naaherence include:

91 Perceived lack of efficacy in relation to expectati®its

1 Route of administraticff-1°

1 Perceived risk&g 311312

1 Tolerablity issues with selinjectable medications, including flike symptoms and injectiesite
reactiondds1e

1 Length of time on treatmetit

1 Costs"’

1 Psychosocial factors, including coping st$#fanoodi***®a nd A f o3t t i ng o

Addressing adherence issues begins with identifying theadberent patient so that the cause(s) can be
addressed. In some instanciss mayrequirean alternative treatment option that is likely to enhance the
personds ability tpam adhere to the treat men

Under certain circumstancesother off-label agentsmay be needed to modify the disease course

For all thesamereasonghat cliricians and their patients need access to the full range of approved-disease
modifying therapies, they may alseed to turn to neapproved options that have demonstrated efficacy in
people with MS gee AppendixC for further information about gse offlabel options).

CONCLUSIONS REGARDING THE NEEDS OF PEOPLE WITH MS

Although there is still much that we do natly understand about the pathophysiology of MS, the last 20 years
have provided a significant number of treatment options that improve prognosis and quality of life for people
with MS. Furthermore, the growing body of evidence highlights the importarearlgfand ongoing access to
and treatment witdiseasemodifying therapies.

Treatment Considerations
1 Initiation of treatment with an FDApproved diseasmodifying therapy is recommended:
- As soon as possible following a diagnosis of relapsingjiple sclerosis r egar dl ess of th
age Relapsing MSncludes:
A clinically isolated syndrome (CIS): People with a first clinical event and MRI features consistent
with MS in whom other possible causes have been excluded
A relapsingremitting MS
A active secondary progressive MS with clinical relapses or inflammatory activity on MRI.
- For individuals with primary progressive multiple sclerosis, with an agent approved for this phenotype

1 Clinicians should consider prescribing a high efficacy medicatimh as alemtuzumatiadribine,
fingolimod, natalizumalor ocrelizumab for newlgliagnosed individuals with highly active MS.

1 Clinicians should also consider prescribing a high efficacy medication for individuals who have
breakthrough activity on anothdiseasemodifying therapy, regardless of the number of previously used
agents.

1 Treatment with given diseasenodifying medication should be continuedefinitely unless any of the
following occur(in which case an alternative diseasedifying therapy should be considered):
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- Suboptimal treatment response as determined by the individual and his or her treating clinician
- Intolerable side effectsncluding significant laboratory abnormalities

- Inadeguate adherence to the treatment regimen

- Availability of a more appropriate treatmeoyition

- The healthcare provider and patient determine that the benefits no longer outweigh the risks

1 Movement from one diseaseodifying therapy to another should occuftyofor medically appropriate
reasonas determined by the treating clinician and patient

1 When evidence of additional clinical or MRI activity while on consistent treatment suggesteptimal
response, an alternative regimen (e.g., different mechaofisgtion) should be considered to optimize
therapetic benefit.

1 The factors affecting choice of therapy at any point in the disease course are complex and most
appropriately analyzed and addressed through a shared denikimg process between the individual
and his or her treating cliniciaNeither a abitrary resriction of choice nor a mandatoegcalation therapy
approach is supported by data.

Access Considerations

MS clinical phenotypes magspond differently to different diseas®difying therapies.

Due to significant variability in the MS population, peopligh MS and their treating clinicians require

access to the full range of treatment options for several reasons:

- Different mechanisms of action allow for treatment change in the event ofap8otal response

- Potential contraindications limitptions for some individuals

- Risk tolerance varies among people with MS and their treating clinicians

- Route of delivery and side effects may affect adherence and quality of life

- Individual differences related to tolerability and adherence may necessitats do different
medications within the same class

- Pregnancy and breastfeeding limit the available options

T I'ndividual s6 access to treatment should not be [
personal characteristics such as,agx or ethnicity

1 Absence of relapses whiten treatmentis a characteristic of treatment effectivenesssalildnot be
considered a justification for discontinuation of treatment

1 Treatment should not be withheld to allow for determinatiocoekrage by payers as this puts the patient

at risk for recurrent disease activity

)l
)l
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APPENDICES

APPENDIX A: Multiple Sclerosis Disease Courses 201Revisions

In 2013, the International Advisory Committee on Clinical Trials of MS updated the disease course
descriptions that were first published in 1996 (Lublin & Reingold, 1996), based on advances in the
understanding of the disease process in MSaRI technology. The updated disease courses are
clinically isolated syndrome (CIS), relapstngmitting MS (RRMS), primary progressive MS (PPMS)
and secondary progressive MS.

Clinically Isolated Syndrome (CIS)i a first episode of inflammatory demymdition in the central
nervous system that could become MS if dissemination in time and space are established.

According to the 2017 revisions to the diagnostic criteria for’M®, diagnosis of MS in a patient with
CIS (with evidence of > 2 lesions) cha made when establishing dissemination in fimehen there is
an additional clinical attaclar simultaneous presence of both enhancing aneendancing,
symptomatic or asymptomatic M§pical MRI lesionspr new T2 or enhancing MRI lesion compared
to baseline scan (without regard to timing of baseline scan); ors@&tdific (i.e., not in serum)
oligoclonal bands.

In a patient with CIS (with objective clinical evidence of 1 lesion), the diagnosis can be made if
dissemination in space and disseminaiiotime are established. Dissemination in space would be
established by an additional attack implicating a different CNSBsitel MStypical symptomatic or
asymptomatic T2 lesions in > 2 areas of the CNS. Dissemination in time would be establiaineth by
there is an additional clinical attaais; simultaneous presence of both enhancing andendlancing,
symptomatic or asymptomatic M§pical MRI lesionspr new T2 or enhancing MRI lesion compared
to baseline scan (without regard to timing of basetican)pr CSkspecific (i.e., not in serum)
oligoclonal bands.

Continue onto the following pages for text and graphics describing the other disease courses

!Lublin FD, Reingold SC, Cohen JA et al. Defining the clinical course of multiple sclerosis: the 201z
revisions.Neurology.2014;83(3):27886.

2 Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple sclerosis: 2017 revisions of the
McDonald criteriaLancet Neural2018;17(2):162.73
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RelapsingRemitting MS (RRMS) i episodes of acute worsening of neurologic functioning (new
symptoms or worsening of existing symptoms) with total or partial recovery and no apparent progression
of disease. RRMS can be further characterized as:

Active T showing evidence of new relapses, new gadolir@ninancing lesions and/or new or enlarging

T2 lesions on MRI over a specified tirfdR

Not activei showing no evidence of disease activity

AND

WorseningT increased disability confirmed over a specified time following a rel@gse

StableT no evidence of increasing disability over a specified time following a relapse

RRMS

Relapse
A B Active without worsening
| Waorsening (incomplete recovery from relapse)
[ Stable without activity

4 New MRI activity

Disability

Time
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Primary Progressive MS (PPMS)i steadily worsening neurologic function (accumulatdlisability)
from the onset of symptoms without initial relapses of remission. PPMS can be further characterized as:
Active T showing evidence of new relapses, new gadolir@ninancing lesions and/or new or enlarging

T2 lesions on MRI over a specifiednte OR

Not activei showing no evidence of disease activity

AND

With progressioni evidence of disease worsening on an objective measure of change, confirmed over a
specified time, with or without relaps@R

Without progressioni no evidence oflisease worsening on an objective measure of change over a

PPMS

A M Active (relapse or new MRI activity) with progression
M Not active without progression (stable)
Not active with progression
B Active without progression
" New MRI activity

Disability

Time
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Secondary Progressive MS (SPMS) following an initial relapsingemitting course, the disease

becomes more steadily progressive, with or without relapses. SPMS ttathbe characterized as:

Active T showing evidence of new relapses, new gadoliraninancing lesions and/or new enlarging T2
lesions on MRI over a specified tin@R

Not activei showing no evidence of disease activity

AND

With progressioni evidence of disease worsening on an objective measure of change, confirmed over a
specified time, with or without relaps@R

Without progressioni no evidence of disease worsening on an objective measure of change over a
specified time
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