CADTH

CADTH COMMON DRUG REVIEW

Clinical Review Report

SIPONIMOD (MAYZENT)
(Novartis Pharmaceuticals Canada Inc.)
Indication: Secondary-progressive multiple sclerosis

Service Line: CADTH Common Drug Review
Version: Final (with redactions)
Publication Date: September 2020

Report Length: 122 Pages



CADTH

Disclaimer: The information in this document is intended to help Canadian health care decision-makers, health care professionals, health systems leaders,
and policy-makers make well-informed decisions and thereby improve the quality of health care services. While patients and others may access this document,
the document is made available for informational purposes only and no representations or warranties are made with respect to its fitness for any particular
purpose. The information in this document should not be used as a substitute for professional medical advice or as a substitute for the application of clinical
judgment in respect of the care of a particular patient or other professional judgment in any decision-making process. The Canadian Agency for Drugs and

Technologies in Health (CADTH) does not endorse any information, drugs, therapies, treatments, products, processes, or services.

While care has been taken to ensure that the information prepared by CADTH in this document is accurate, complete, and up-to-date as at the applicable date
the material was first published by CADTH, CADTH does not make any guarantees to that effect. CADTH does not guarantee and is not responsible for the
quality, currency, propriety, accuracy, or reasonableness of any statements, information, or conclusions contained in any third-party materials used in preparing

this document. The views and opinions of third parties published in this document do not necessarily state or reflect those of CADTH.

CADTH is not responsible for any errors, omissions, injury, loss, or damage arising from or relating to the use (or misuse) of any information, statements, or

conclusions contained in or implied by the contents of this document or any of the source materials.

This document may contain links to third-party websites. CADTH does not have control over the content of such sites. Use of third-party sites is governed by
the third-party website owners’ own terms and conditions set out for such sites. CADTH does not make any guarantee with respect to any information
contained on such third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such third-party sites. CADTH

has no responsibility for the collection, use, and disclosure of personal information by third-party sites.

Subject to the aforementioned limitations, the views expressed herein are those of CADTH and do not necessarily represent the views of Canada’s federal,

provincial, or territorial governments or any third party supplier of information.

This document is prepared and intended for use in the context of the Canadian health care system. The use of this document outside of Canada is done so at

the user’s own risk.

This disclaimer and any questions or matters of any nature arising from or relating to the content or use (or misuse) of this document will be governed by and
interpreted in accordance with the laws of the Province of Ontario and the laws of Canada applicable therein, and all proceedings shall be subject to the

exclusive jurisdiction of the courts of the Province of Ontario, Canada.

The copyright and other intellectual property rights in this document are owned by CADTH and its licensors. These rights are protected by the Canadian
Copyright Act and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes

only, provided it is not modified when reproduced and appropriate credit is given to CADTH and its licensors.

About CADTH: CADTH is an independent, not-for-profit organization responsible for providing Canada’s health care decision-makers with objective evidence

to help make informed decisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system.

Funding: CADTH receives funding from Canada’s federal, provincial, and territorial governments, with the exception of Quebec.

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 2



Table of Contents

FaY o o (=Y = U0 1 1T 6
EXECULIVE SUMMIAIY ... .ttt e e e e e st e e e e e e e nns e e e e e e e e e snnnnrenees 8
1o To 11 Tox 1 o] o L ST 8
Stakeh older ENQAGEIMENT ....cc.i ettt e bttt e e e b e b e see e he e e e s et e e e sbeebeneeas 9
(O a1 L= LI Y T [T o o 11
@0 o [F 1T 0 1T 20
a0 To L1 Tox 1 0] o AP PPORPPRTR 21
(DT ESY= L= TST=IN 2 F= Tod 1o | (010 o S 21
Y=L [0 Fo 0 K530 B A T=T =T o) V2SS 22
D L (0 o PR 23
Stakeholder ENQagemMENt........oooo i e e e 28
PatieNt GrOUP INPUL.....oeeeieiieeeeee et e et b bt bttt e e b e e bt bt e st e e e e e e e e beneeenes 28
(O 1o o=V o T o LU OO 30
(O 11T o= LI VAo [>T o o = PP 33
Systematic Review (Pivotal and Protocol Selected Studi€s) .......cceecveveieeviciie s 33
FINAINGS FrOM the LILEIALUTE .....c.eeeiece ettt ettt et e e e e sneesaeenreenee e 36
ST U1 ST 51
T o [T g=Tot f A Lo 1= o Yo =P R 70
Other REIEVANT STUGIES ..ottt sttt et e sae e e e st e b e e neesae e 92
DS Tod 1S1] o] o [ RTPPPPP 92
Summary of Available EVIAENCE..........ceeeee ettt n e 92
INtErpretation Of RESUILS ........cci ettt s e e s te e s e et e sseesreenseeneenneeneas 93
(0] [0d 1115 L] PP 98
Appendix 1: Literature Search Strategy ......cccceviciuiiiiiiee e 99
Appendix 4: Description and Appraisal of Outcome Measures...........ccccceeeeeviivnneen. 109
REIEIEBNCES ... e e e e e e e e e e e e e e e e e e e e e e e e aannees 119
Tables
Table 1: SUDMITEA fOr REVIEW .......oeiiiee ettt b et s et aeenbe et e nne e 8
Table 2: Summary of Key Efficacy Results from Pivotal and Protocol Selected Studies................... 15
Table 3: Summary of Key Subgroup Analyses of Efficacy from Pivotal and
(o] (o Toto] IS =T LoTod (=To RS (8 Lo 1= PSSR 17

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 3



CADTH

Table 4: Summary of Key Safety Results from Pivotal and Protocol Selected Studies..................... 18
Table 5: Key Characteristics of DMTS APProved fOr MS ..o e 24
Table 6: Inclusion Criteria for the SyStematiC REVIEW............ccoiiiiiiiiiincee e 34
Table 7: Details Of INCIUAEd STAY.......ccoiiiiieee e 37
Table 8: Summary of Baseling CharacCteriStCS .........cuuiviriririieieieeseeeee e 42
Table 9: Titration and Re-Titration REGIMENS ......ccoiiiiiiieieee e e e 44
Table 10: Outcome Measures INcluded iN EXPAND ..o sne e 45
Table 11: Patient DISPOSITION ......ccuiiiiiiiiieetieieee ettt e bbbt es e e e e sn et neesne e 52
Table 12: Exposure to Double-Blind Study Drug in the Overall Population — Safety Set................ 53
Table 13: Confirmed Disability Progression by EDSS........co i s 54
Table 14: Planned Subgroup Analyses of Time to Three-Month CDP — FAS........ccccoeiiviievieevieeenn, 55
Table 15: HRQoL — MSWS-12, Change from BaseliNe...........cccevieiiieieie e 56
Table 16: Time to Three-Month Confirmed Worsening of 20% or

More From Baseline in the T25-FW.......o e e 57
Table 17: Planned Subgroup Analyses of Time to Three-Month Confirmed

Worsening of 20% or More From Baseline in the T25-FW — FAS ... iieviveceveenieene, 58
Table 18: Annualized RelapSe RATE .........ooi i 59
Table 19: Change From Baseline in T2 LeSIoN VOIUME.........ccooiiiriiinininiere e 60
Table 20: Planned Subgroup Analyses of Change From Baseline in T2 Volume (mm3) — FAS.....61
Table 21: Additional Imaging Outcomes at MONth 12.........ccooiiieiiieeceesece e 62
Table 22: Summary of Harms — Safely Set......ccciiiiiieiice e 63
Table 23: Study Selection Criteria and Methods for Literature REVIEW ..........ccccveveveeveeceesieciee e 71
Table 24: Matching and Ranked AdjuStMENt FACIOIS.........cccvieiieiicee e 73
Table 25: Summary of Trials Included In the MAIC ... 73
Table 26: Comparison of Study Characteristics Between MAIC TrialS ......ccccccevveieieeiicceece e 75
Table 27: Comparison of Patient Characteristics Indicative of Active SPMS..........cccooeiiviieiicvieenens 77
Table 28: Results of Population Matching and Adjustmentfor CDP — Siponimod

vs. Interferon Beta-1 22 mcg or 44 mcg Three Times WeekKIy ..., 79
Table 29: Indirect Comparison Results for the Time to Confirmed Disability Progression................. 80
Table 30: Results of Population Matching and Adjustmentfor CDP — Siponimod

vs. Interferon Beta-1a 22 mcg SC ONCe WEEKIY ..o 81
Table 31: Results of Population Matching and Adjustmentfor ARR — Siponimod

vs. Interferon Beta-1a 22 mcg or 44 mcg Three Times WeeKly .......ccovvvevviiieveciiecines 82
Table 32: Indirect Comparison Results for the Annualized Relapse Rate.........cccccceeeveevieeceecieeceee, 82

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 4



Table 33:

Table 34:

Table 35:

Table 36:

Table 37:

Table 38:

Table 39:
Table 40:
Table 41:

Table 42:
Table 43:
Table 44:
Table 45:
Table 46:
Table 47:
Table 48:
Table 49:

Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:

Figure 5:

Figure 6:

CADTH

Results of Population Matching and Adjustmentfor CDP — Siponimod

vs. Interferon Beta-1a 60 MCQ IM WEEKIY.......c.coeeiieieceee e 83
Results of Population Matching and Adjustmentfor ARR — Siponimod

vS. Interferon Beta-1a 60 MCY IM WEEKIY........oooeiiiiiee et 84
Results of Population Matching and Adjustmentfor CDP-3 — Siponimod

vs. Interferon Beta-1b, EUrOPeaNn STUY........ccciviriiiriiieieseieseeee e s 85
Results of Population Matching and Adjustmentfor CDP-6 — Siponimod

vs. Interferon Beta-1b, North American StUudy ........cccoceevieieieere e 86
Results of Population Matching and Adjustmentfor CDP-6 — Siponimod

vS. Natalizumabh, ASCEND STUAY .......oooiiiiece ettt ene e 88
Results of Population Matching and Adjustmentfor ARR — Siponimod

AT A== 1117 U1 0= oS 89
EXCIUAEA STUTIES ...ttt bbbt b bbb 101
Commonly Used Concomitant MediCatioNsS...........ccveveveeieiieesieseeeesee e eee e ae e 102
Patient Disposition After Discontinuation of Study Drug

During the Treatment EPOCH — RAN .......oo it 103
EXPAND and HRQoL Outcomes Based on MSIS-29 and EQ-5D-3L — FAS ............... 105
MSFC Based on z Score, T25-FW, and 9-HPT — FAS ... 106
Cognitive Function Outcomes Based on SDMT, PASAT, and BVMT-R — FAS ........... 107
Additional Imaging Outcomes at MONTh L12........c.cooiiiiiieeeeee e 108
Summary of Outcome Measures and Their Measurement Properties...........ccccccvenennne 109
SCOMNG OF EDSS ...ttt bbb e e s e b e b e 111
Questions of the Multiple Sclerosis Walking Scale ... 114
Inclusion Criteria for the SystematiC REVIEW...........cccooiiiiirinenieerese e e 118
T Y ST o a1 0 A =T 22
Flow Diagram for Inclusion and EXclusion of StUTIES..........ccceviriininiinienecee e 36
EXPAND STUAY DESIGN ...ttt ettt sttt ste e e sseesteeneesseesseeneessesseesseensens 40
Patients With Active SPMS, Free of Three-Month CDP Based on EDSS,

Kaplan—Meier Curve — Post-Hoc Active SPMS SUDGIOUP .....ccoecvevieriree e 56
Patients Free of Three-Month CDP Based on EDSS and

Kaplan—Meier CUIVE — FAS ... ..ottt sttt sbenneas 104
Percentage of Relapse-Free Patients, Kaplan—Meier Curve — FAS........cccoeviveveeiieenen. 108

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 5



CADTH

Abbreviations

9-HPT
AE

ARR
BVMT-R
CDP

Cl

CIS
CNS
CYP2C9
DMT
EDSS
EMA
EQ-5D
EQ-5D-3L
EQ VAS
FAMS
FAS

HR
HRQoL
Gd

ICC

ITC
MAIC
MFAS
MID
MMRM
MOA
MRI

MS

9-hole peg test

adverse event

annualized relapse rate

Brief Visuospatial Memory Test-Revised
confirmed disability progression

confidence interval

clinically isolated syndrome

central nervous system

cytochrome P450 family 2 subfamily C member 9
disease-modifying therapy

Expanded Disability Status Scale

European Medicines Agency

EuroQol 5-Dimensions

EuroQol 5-Dimensions 3-Levels

EuroQol Visual Analogue Scale

Functional Assessmentof Multiple Sclerosis
fullanalysis set

hazard ratio

health-related quality of life

gadolinium

intra-class correlation
indirecttreatmentcomparison
matching-adjusted indirect comparison
modified full analysis set

minimal importantdifference

mixed-effects model forrepeated measures
mechanism of action

magnetic resonance imaging

multiple sclerosis

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 6



MSFC
MSIS-29
MSWS-12
NMA
NOC
PASAT
PPMS
PPS
RCT
RRMS
S1P

SC

SD
SDMT
SF-36
SPMS

T25-FW

Multiple Sclerosis Functional Composite

Multiple Sclerosis Impact Scale
Multiple Sclerosis Walking Scale
network meta-analysis

Notice of Compliance

Paced Auditory Serial Addition Test
primary-progressive multiple sclerosis
per-protocol set

randomized controlled trial
relapsing-remitting multiple sclerosis
sphingosine 1-phosphate
subcutaneous

standard deviation

Symbol DigitModalities Test

Short Form (36) Health Survey

secondary-progressive multiple sclerosis

Timed 25-FootWalk Test

CADTH

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent)



CADTH

Executive Summary
An overview of the submission details for the drug underreview is provided in Table 1.

Table 1;: Submitted for Review

Drug ‘ Siponimod (Mayzent)

Indication For the treatment of patients with secondary-progressive multiple sclerosis with active
disease evidenced by relapses or imaging features characteristic of multiple sclerosis
inflammatory activity, to delay the progression of physical disability

Reimbursementrequest As perindication

Dosage form(s) and route of 0.25 mgand 2 mg oral tablets
administration/strengths

NOC date February 20, 2020

Sponsor Novartis Pharmaceuticals Canada Inc.

Introduction

Multiple sclerosis (MS) is an immune-mediated, inflammatory, demyelinating disease of the
central nervous system (CNS).! Clinical symptoms may include painful monocular vision
loss, double vision, motor weakness, gait disturbance and balance problems, pain,
spasticity, sensory symptomsin the limbs or face, and bladder and bowel symptoms. 121t is
more prevalentin femalesthanin malesand hasa mean age of onset from 28 years to

31 years.? In Canada, estimatesin 2015 for age-standardized prevalence and incidence of
MS were 270in 100,000 persons and 15 in 100,000 persons, respectively.*

Secondary-progressive MS (SPMS) is one of four main subtypes of MS. Most patients who
initially presentwith relapsing-remitting MS (RRMS), representing approximately 85% of
total MS, go on to develop SPMS, which is a progressive phase of the disease.'? RRMS is
characterized by episodes of symptom exacerbation, or relapses, that are followed by
partial or complete remission. In contrast, progressive phenotypes are characterized by
steadily increasing neurologic dysfunction and/or disability without recovery.> The onset of
SPMS is typically identified in retrospectas there are no clear clinical,imaging,
immunologic, or pathologic criteria for determining the pointof transition between RRMS
and SPMS.® Four phenotypes associated with SPMS were introduced in 2013: active with
progression, active without progression, not active with progression, and not active without
progression.>“Active” disease is defined by clinical relapses and/or magnetic resonance
imaging (MRI) activity (contrast-enhancing lesions, and new and unequivocally enlarging T2
lesions). “Progression” refersto disease worsening, and is defined by clinical evaluation,
which may use clinical history or a measure of change such as, but not limited to, the
Kurtzke Expanded Disability Status Scale (EDSS).>® The EDSS is an ordinal scale used to
measure disability in MS, ranging from 0 (normal)to 10 (death). It addresses disabilityin
eightfunctional systems: pyramidal, cerebellar, brain stem, sensory, bowel and bladder,
visual, cerebral total, and cerebral mentation.’

Interferon beta-1a and interferon beta-1b are currently the only drugs approved by Health
Canadathat are indicated for patients with SPMS and are primarily used to treat relapses.
According to the clinical experts consulted for this review, the use of interferons for treating
patients with SPMS is rare as there are other disease-modifying therapies (DMTs) available
for RRMS that also target relapses.&1° The currently approved DMTs for RRMS are

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 8
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targeted toward patients with active MS (with clinical relapses and/or MRI activity) and there
is no evidence to support that these DMTs reduce progression in patients with SPMS. 112
According to the clinical experts consulted for this review, due to the lack of treatments
indicated specifically for SPMS, patients who have transitioned to SPMS may continue to
receive a DMT that had beeninitiated during RRMS if they continue to have relapses.
Treatmentdiscontinuation may be considered in patients who have not experienced a
recent relapse. Aside from DMTs, patients with MS may receive medications or non-
pharmacological interventions for managementof MS-related complications and symptoms.

Siponimod is a sphingosine 1-phosphate (S1P) receptor modulator available as oral film -
coated tablets containing 0.25 mg or 2 mg siponimod.3 The Health Canadaindication is for
the treatmentof patients with SPMS with active disease evidenced by relapses or imaging
features characteristic of MS inflammatory activity, to delay the progression of physical
disability. The titration regimenincludes a six-day titration period to reach the 2 mg
maintenance dose on day 6.

The objective of this reportis to perform a systematic review of the beneficial and harmful
effects of siponimod for the treatment of adult patients with SPMS with active disease, as
per the Health Canada indication.

Stakeholder Engagement

Patient Input

At the time CADTH had requested patientinput, siponimod was awaiting Health Canada
approval. Therefore, the following summary of patientinputreceived for thisreview is based
on the proposed indication, which was for adult patients with SPMS. As previously noted,
the final approved Health Canada indication is for adult patients with SPMS with active
disease evidenced by relapses or imaging features characteristic of MS inflammatory
activity, to delay the progression of physical disability. Of note, the number of patients with
active SPMS versus non-active SPMS who contributed to the information used to inform the
patientinput submission is unknown.

One patientgroup, the Multiple Sclerosis Society of Canada (MS Society of Canada),
submitted patientinputfor the review of siponimod for SPMS. An online surveyin both
English and French was used for data collection from September9to 23, 2019. A total of
408 responses were received for the survey, and the vast majority of respondents were
patientswith MS (SPMS = 60%, RRMS = 25%, and primary-progressive multiple sclerosis
[PPMS] = 6%). The remainder of respondents were family members, caregivers, or
colleagues. Based on the patient input, time since diagnosis with SPMS is as follows: 28%
formore than 15 years, 17% for 10 years to 14 years, 18% for five years to 10 years, and
25% for lessthan five years. Among those with SPMS, the time to transition was also
reported: 25% for 15 years or more, 23% for 10 years to 14 years, 23% for five years to 10
years, and 20% for less than five years.

The respondents described how a diagnosis of SPMS influenced their lives:loss of
independence (81%), inability to participate in physical activity (76%), changes with the
roles and responsibilities within their family (68%), and inability to maintain employment
(56%). They expressed fear of the unknown impactthat SPMS could bring to their lives and
forthe limited therapies available.
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At the time of the survey, more than 80% of the respondents living with SPMS were not
taking a DMT, while about30% were taking some form of therapy. When asked about their
perception of the drug after being provided a list of known common adverse events (AES)
associated with siponimod, 36% of the respondents said they would take siponimod, 35%
said they would not take siponimod because of the lack of post-marketlong-term data, and
28% said they did not know.

Previously, when patients transitioned to SPMS, their DMT had little to no therapeutic
benefit, or they were required to stop taking their DMT because they no longer metthe
reimbursementcriteria for relapsing MS. Without an effective treatmentafter transitioning to
SPMS, the disease progression worsens steadily. Despite this, the patient group states that
as the first DMT targeted to SPMS in more than 20 years, siponimod fills a significant
unmetneed in the treatment of SPMS. Some respondents emphasized that“to ward off
further disability would have a significantimpacton the mental, physical, and emotional
wellness of my entire family,” and “improved, independentfunction is an economic benefit
to our country.”

The MS Society of Canada expects that treatmentwith siponimod may have the potential to
allow people living with SPMS to remain in the workforce, sustain family and social roles
and responsibilities longer, improve their quality of life, decrease the need for caregiving,
and reduce the financial burden to health and social systems.

Clinician Input!

The clinical experts participating in this review stated that there are currently no treatments
that slow or stop disease progression in patients with SPMS. Siponimod would be the first
agentavailable thatappearsto addressthe underlying disease process in SPMS and would
likely representa paradigm shift. Consequently, siponimod would be afirst-line treatment
for SPMS and used as monotherapy. Prior to the availability of siponimod, patients with
SPMS who have concurrentrelapses are likely to continue on their current DMTs, with the
rationale that reducing relapse activity may be beneficial, even if these treatments have no
impacton the degenerative process thoughtto underlie the progressive disabilityin SPMS.
Moreover, many patients would likely continue DMTs that they had already been taking for
the relapsing-remitting phase of their MS up until they switch to a treatmentlike siponimod,
as the distinction between the relapsing-remitting and secondary-progressive phases of MS
is often not clear.

One of the clinical experts consulted for this review stated that patients who would be best
suited for treatmentwith siponimod are those with SPMS who are demonstrating
progression with or withoutrelapse that can be objectively measured, and yet still have
function to maintain. In the opinion of the other clinical expertconsulted for this review, it
would be difficultto define patients best suited for treatmentwith siponimod. Both agreed
that patients with MS who are fully dependent (with an EDSS score of 8.0 or higher) would
likely not benefitfrom treatmentwith siponimod.

To assess response to treatment, outcomes thatevaluate functional ability and findings on
neurological examinations would be used. One of the clinical experts noted that the
measures used in clinical trials are broadly aligned with such clinical criteria. Halting or
slowing the progressive disability overtime and the ability to maintain mobility, upperlimb
function, and activities of daily living would be a clinically meaningful response. Stabilization

! This information is based on information p rovided in draft form by two clinical experts consulted by CADTH for the purpose of thisreview.
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of function would be considered response to treatment, in contrast with the expected
inexorable decline predicted by the natural history of SPMS. Factors that should be
considered when deciding to discontinue treatmentinclude expe ctations of continued
benefit, whetherthere are any furtherimpacts on quality of life by slowing progression, and
safety. Disease progression while on treatmentwould likely lead to treatment
discontinuation. The EDSS as well as the Timed 25-Foot Walk Test (T25-FW), the 9-hole
pegtest (9-HPT), and the Symbol DigitModalities Test (SDMT) could be used to assess
disease progression (in MS clinics), according to the clinical experts. Overall, there is
currently no clear definition of disease progression; therefore, assessmentof progression is
ultimately made using the judgmentof a clinician with expertise in MS.

Lastly, a neurologistwith experience managing patients with MS or an MS clinicwas
recommended for the diagnosis, treatment, and monitoring of patients who may be treated
with siponimod for SPMS.

Clinical Evidence

It should be noted that the CADTH submission for siponimod was filed on a pre -Notice of
Compliance (NOC) basis. As perthe CADTH procedure for pre-NOC reviews, siponimod
was evaluated based on the indication proposed by the sponsor, which was for adults with
SPMS. In orderto conducta comprehensive review of the evidence for the approved Health
Canada indication, CADTH updated the systematic review protocol and conducted an
updated literature search as appropriate. The original protocol has been made available in
Appendix 5 of this report.

Pivotal Studies and Protocol Selected Studies
Description of Studies

The pivotal trial submitted by the sponsorwas the only study that metthe inclusion criteria
forthe systematicreview. The EXPAND study was a double-blind, parallel-group, multi-
centre, placebo-controlled, event-driven, exposure-driven, phase Ill randomized controlled
trial (RCT) conducted between 2012 and 2016. A total of 1,651 patients with active SPMS
(n =779) and non-active SPMS (n = 872) were enrolled, including patients from sitesin
Canada. To be eligible forinclusion, patients needed to have a history of RRMS and a
current diagnosis of SPMS, defined by a progressive increase in disability for atleast six
months, in the absence of relapses or independent of relapses. Patients also had to have
an EDSS score of between 3.0 and 6.5 (inclusive) at screening, and documented
progressionin the two years prior to enrolment. Patients with various comorbidities and
patients with homozygosity forthe CYP2CP*3 haplotype were ineligible for this study.
(CYP2C9 is cytochrome P450 family 2 subfamily C member9.) Patients were randomized
in a 2:1 ratioto either siponimod 2 mg or placebo. Randomization was stratified by region.
The primary end pointwas the time to three-month confirmed disability progression (CDP).
The definition of CDP was based on an established minimum importantdifference (MID),
depending on the patient's baseline EDSS: a 1.0-pointincrease when the baseline EDSS
score is 5.5 or lessand a 0.5-pointincrease when the baseline EDSS score is greater than
5.5. Key secondary end points were the time to three-month confirmed worsening of at
least 20% in the T25-FW and change from baseline in T2 lesion volume.

Of note, evidence that supports the indication under review was obtained from a subgroup
analysis of the EXPAND study in patients with active SPMS. Planned subgroup analyses
defined by disease activity (e.g., by patients with or without relapsesin the two years prior
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to screening visit, and by patients with or without T1 gadolinium-(Gd) enhancing lesions at

baseline) were performed for the primary end points and secondary end points, and are of

interest to this review. Other subgroup analyses of interestto this review included patients

with rapidly evolving disease (change = 1.5in two years prior to study), and EDSS score at
baseline.

The post-hoc active SPMS subgroup defined patients with active SPMS by the presence of
superimposed relapsesin the two years priorto screening and/or the presence of at least
one T1 Gd-enhancing lesion atbaseline. Thisis a combination of the two subgroupsin the
initial subgroup analyses. Of note, “superimposed relapses” refers to evidence of relapse in
addition to progression and isreferred to simply as “relapses” throughoutthe rest of the
report. A total of 779 patients were included in the active SPMS subgroup; 516 and 263
patients were originally randomized to siponimod and placebo, respectively.

The baseline characteristics of patientsincluded in the active SPMS subgroup analysis
were similar between treatmentgroups and to the overall population. The active SPMS
subgroup had a mean age of 46.3 years and the majority was female (63.8%). On average,
patients were diagnosed with MS approximately | iillago and had converted to
SPMS 3.2 years ago. More than half of patients (55.6%) were severely disabled based on
an EDSS score at baseline of 6.0to 6.5; the remainder were moderately to severely
disabled (26% and 17% had an EDSS score of 3.0 to 4.5 and 5.0 to 5.5, respectively).
Overall, the characteristics of disease were consistent with a population thathas moderate-
to-severe disability and SPMS.

Efficacy Results

The results of the post-hoc active SPMS subgroup analyses are presented first, followed by
the results of the full study population thathas beenincluded forreference. Where
available, the preplanned subgroup analyses of relevance to this review have been
summarized following the results of the full analysis set (FAS). A summary of the key
efficacy results from the EXPAND study and sponsor-submitted post-hoc analysis of
patients with active SPMS are available in Table 2. Key subgroup analyses of the primary
end points and secondary end points of the EXPAND study are available in Table 3.

Based on a hazard ratio (HR) of 0.69 (95% confidence interval [CI], 0.53t0 0.91; P =
0.0094) in the active SPMS subgroup, treatmentwith siponimod ata maintenance dose of
2 mgonce daily corresponded to a 30.7% risk reductionin the time to three-month CDP.
compared to placebo. In the overall population,an HR of 0.79 (95% CI, 0.65 to 0.95; P =
0.0134) was reported, corresponding to a 21.2% risk reduction for the time to three-month

CDP with siponimod compared with placebo. [
.
e
e
. O O OO

Further, in patients with more than one T1 Gd-
enhancing lesion atbaseline,the HR was 0.64 (95% CI, 0.42 to 0.95) and 0.82 (95% ClI,
0.66 to 1.02) in patients without T1 Gd-enhancing lesions atbaseline.

The results for the time to six-month CDP were also in favour of siponimod based onan HR
of 0.63 (95% Cl, 0.47 to 0.86) in the active SPMS subgroup. In the overall population, an
HR of 0.74 (95% Cl, 0.60to 0.92) was reported; however, this analysiswas notincludedin
the statistical testing hierarchy. The established MID forthe EDSS was used to inform the
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definition of disease progression used forthe primary end point. Thatis, a 1.0-pointchange
whenthe baseline EDSS score was lessthan 5.5 and a 0.5-pointchange when the
baseline EDSS score was 5.5 or greater.

The EXPAND study assessed health-related quality of life (HRQoL) at month 12 using the
Multiple Sclerosis Walking Scale version 2 (MSWS-12), Multiple Sclerosis Impact Scale
version 2 (MSIS-29), and EuroQol 5-Dimensions 3-Levels (EQ-5D-3L) inthe FAS, but none
of the HRQoL outcomeswere included in the statistical hierarchy. Only the MSWS-12 at
month 12 was analyzed in a subgroup of patients with active SPMS. | EGczIEzEzENE
e
.
IR <suits of this subgroup analysis were consistentwith the results in the FAS,
which showed that at month 12, the between-groups difference forthe MSWS-12 converted
score was—1.83 (95% Cl, —=3.85t0 0.19; P = 0.0764). In summary, no conclusions
regarding the potential benefitof siponimod on HRQoL can be made.

A patient's mobility was assessed using the time to three-month confirmed worsening of at
least 20% from baseline based on the T25-FW. This was a key secondary outcome in the
EXPAND study and the second outcome in the statistical hierarchy. In the post-hoc
subgroup analysis of patients with active SPMS, an HR of 0.85 (95% CI, 0.68 to 1.07) for
siponimod compared to placebo was reported for the time to three-month confirmed
worsening inthe T25-FW. In the overall population, this outcome did not demonstrate
superiority of siponimod over placebo (HR = 0.94; 95% CI,0.80to 1.10; P = 0.4398)..

N T e absolute

risk difference between siponimod and placebo was 3.9% in the active SPMS subgroup and
1.7% in the overall population.

Cognitive function was assessed in the EXPAND study via the SDMT, Paced Auditory
Serial Addition Test (PASAT), and Brief Visuospatial Memory Test-Revised (BVMT-R) (total
recall and delayed recall). The outcomes related to cognitive function were notincludedin
the statistical hierarchy and were not analyzed in any of the subgroup analyses of patients
with active SPMS.

Specific MS-related symptoms, such as fatigue, were not reported as an efficacy outcome
in the EXPAND study.

Relapse-related outcomes, including the annualized relapse rate (ARR) and percentage of
relapse-free patients, were also assessed in the EXPAND study, but were notincludedin
the statistical testing hierarchy. The sponsor-submitted post-hoc active SPMS subgroup
analysis reported an ARR ratio of 0.544 (95% CI, 0.387t0 0.766; P = 0.0005) for confirmed
relapses, which correspondsto a rate reduction of 45.6%. The sample size and adjusted
ARR foreach treatmentgroup was not provided. This result was of a smaller magnitude
than inthe FAS, in which treatmentwith siponimod was associated with a 55.5% rate
reductionin ARR (between-groups ARR ratio of 0.445; 95% Cl, 0.337to 0.587;P <
0.0001). This outcome was not controlled for multiplicity and therefore subjectto risk of
type | error.

The other key secondary outcome and third-ranked outcome in the statistical testing
hierarchy was the change from baseline in T2 lesion volume atmonth 12. || | | |GzG

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 13



CADTH

I - analysis of the overall population showed a treatmentdifference of
—613.1 mm?3(95% CI, —800.2to —426.0; P < 0.0001) in favour of siponimod. However, this
result violated the statistical testing hierarchy due to the failure of the second ranked
outcome (confirmed worsening of 2 20% from baseline on the T25-FW, which was not
statistically significant). Treatmentgroup differences between siponimod and placebo were
reported in [Jliihe overall population || o' the additionalimaging
outcomesrelated to new or enlarging T2 lesions, but they were not controlled for
multiplicity.

Harms Results

Safety was not assessed in any of the subgroup analyses pertaining to patients with active
SPMS. The majority of patients in the full EXPAND study population reported atleast one
treatment-emergent AE while receiving the double-blind study drug and up to 30 days
following discontinuation, with a slightly higherincidence of AEsamong patientsin the
siponimod treatmentgroup (88.7%) than in the placebo group (81.5%). The incidence of
specific AEs was similar between the two treatment groups, although hypertension was
slightly more common for patients treated with siponimod (10.5% versus 7.5%), as was
nausea (6.7% versus 3.5%), alanine aminotransferase increase (5.9% versus 1.5%), and
peripheral edema (4.5% versus 2.4%). Serious AEs were reported by 17.9% of patients
treated with siponimod and 15.2% of patients treated with placebo;the number of specific
events reported was low and similar between treatmentarms. Proportions of withdrawal

due to AEs were low (7.6% for siponimod and 5.1% for placebo). | EGcIEcININIE

N /. for the notable harms, bradycardia

and macularedema were also more common in the siponimod group compared to the
placebo group (4.5% versus 2.6% and 1.6% versus 0.2%, respectively). Four deaths from
each treatmentgroup were reported during the EXPAND study.
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Table 2: Summary of Key Efficacy Results from Pivotal and Protocol Selected Studies

EXPAND (FAS) EXPAND (active SPMS subgroup)
Siponimod Placebo Siponimod Placebo
(N =1,099) (N = 546) (N =516) (N = 263)
Primary outcome: Time to 3-month CDP by EDSS?
nIN (%) 288/1,096(26.3) | 173/545(31.7) I |
Risk reduction (%) 212 30.7
Hazard ratio® (95% CI) 0.79 (0.65t0 0.95) 0.69 (0.53t0 0.91)
P value 0.0134 0.0094°
MSWS-12 converted score, MMRM
Number of patients contributing to the 1,022 516 [ | [ |
analysis
Baseline, mean (SD) 68.29 (23.37) 66.64 (22.25) B
Adjusted change from baseline, mean (SE) 1.53 (0.68) 3.36 (0.91) [ [
Treatmentgroup difference vs. control -1.83(—3.85t0 0.19) ]
(95% Cl)
P value 0.0764> [ ]
Key secondary outcome: Time to 3-month confirmed worsening of 2 20% from baseline in the T25-FW¢
n/N (%) 432/1,087(39.7) | 225/543(41.4) B L7) | 120/263(45.6)
Risk reduction (%) 6.2 14.7
Hazard ratio (95% ClI) 0.94 (0.80to 1.10) 0.85 (0.68t0 1.07)
P value 0.4398 0.1747°
ARR, confirmed relapses
n/time (days) 134/691,980 143/343,285 NR
Adjusted® ARR (95% CI) 0.071 0.160
(0.055t0 0.092) (0.1231t0 0.207)

Rate reduction (%) 55.5 45.6
Between-groups ARR ratio (95% CI) 0.445(0.337 to 0.587) 0.544(0.387 t0 0.766)
P value <0.0001° 0.0005°
Key secondary outcome: Change from baseline in T2 lesion volume (mm?3),9 MMRM
Number of patients contributing to the 995 495 473 244
analysis
Baseline, mean (SD) - - NR NR
Change from baseline, mean (SD) [ ] [ ] NR NR
Adjusted change from baseline, mean (SE) 204.9 (67.47) 818.0(87.29) 935 1,117.2 | R
Treatmentgroup difference vs. control -613.1 (—800.2 to —426.0) ]
(95% CI)
P value <0.0001® <0.001°
Number of new or enlarging T2 lesions (relative to baseline)f

N’ (in analysis) [ | [ | [ | [ |

Adjusted mean (95% CI) T ] ]

Rate reduction (%) [ [

Rate ratio (95% Cl), P value I I
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EXPAND (FAS) EXPAND (active SPMS subgroup)

Siponimod Siponimod
(N=1,099) (N =516)

Number of T1 Gd-enhancing lesions per patient per scan9
N’ (in analysis) | | [ | |
Adjusted mean (95% CI) T I I

Rate reduction (%)

Rate ratio (95% Cl), P value I I

Percentage brain volume change (relative to baseline)," MMRM

N’ (in analysis) 894 436 431 222
Adjusted mean (SE) -0.283(0.0264) —-0.458(0.0341) -04 1R -0.6
Difference (95% CI), P value 0.175(0.103 to 0.247); P < 0.0001 0.173(0.064 to 0.283); P = 0.0020

ARR = annualized relapse rate; CDP = confirmed disability progression; Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd =
gadolinium; MMRM = mixed-effects model for repeated measures; MR| = magnetic resonance imaging; MSWS-12 = Multiple Sclerosis Walking Scale; NR = not reported;
SD = standard deviation; SE = standard error; SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test; vs. =versus.

Note: The active SPMS subgroup defined patients with active disease as having had relapses in the two years prior to screening and/or having at least one T1 Gd-
enhancing lesion at baseline.

2Used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, and SPMS group (with or without superimposed relapses, baseline
definition) as covariates. Risk reduction is derived as (1-hazard ratio) x 100.

b Outcome was not adjusted for multiplicity .

¢ The comparison used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, baseline T25-FW, and SPMS group (with or without
superimposed relapses, baseline definition) as covariates.

9 Model was adjusted for treatment, country and/or region, baseline T2 lesion volume, number of T1 Gd-enhancing lesions at baseline, SPMS group (with or without
superimposed relapses, baseline definition).

¢ Included in the statistical hierarchy, but analyzed following a prior failure; therefore, violating the pre-specified statistical strategy.
"Model was adjusted for treatment, region and/or country, age, and baseline number of T1 Gd-enhancing weighted lesions (offset = time between visits).

9 Obtained from fitting negative binomial regression model adjusted for treatment, age, and baseline number of T1 Gd-enhancing lesions (offset = number of scheduled
MRI scans).

" Model was adjusted for treatment, country and/or region, age, normalized brain volume at baseline, number of T1 Gd-enhancing lesions at baseline, T2 volume at
baseline, and SPMS group (with or without superimposed relapses, baseline definition).

Source: EXPAND Clinical Study Report* and CADTH submission for siponimod.*®
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Table 3: Summary of Key Subgroup Analyses of Efficacy from Pivotal and Protocol Selected
Studies

Siponimod Placebo

niN (%) niN (%) HR (95% CI)

Time to 3-month CDP by EDSS (FAS)
Relapses in the 2 years prior to study start?

Without superimposed relapses 190/708 (26.8) 101/343(29.4) 0.87 (0.68t0 1.11)
With superimposed relapses 98/388 (25.3) 72/202 (35.6) 0.67 (0.49t0 0.91)
Number of T1 Gd-enhancing lesions at baseline?

0 219/828 (26.4) 128/415 (30.8) 0.82 (0.66to 1.02)
21 61/236 (25.8) 40/114 (35.1) 0.64 (0.42to 0.95)

Time to 3-month confirmed worsening of 2 20% from baseline in T25-FW? (FAS)
Relapsesin the 2 years prior to study start
Without superimposed relapses

I
I
Estimate Estimate Difference (95% ClI)
Change from baseline in T2 volume (mm?3)2 (FAS)
Relapses in the 2 years prior to study start
Without superimposed relapses
With superimposed relapses

With superimposed relapses

CDP = confirmed disability progression; Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd = gadolinium; HR = hazard ratio;
NR = not reported; SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Note: It is unclear whether the subgroup analyses were preplanned, but patients were not stratified by the subgroups in this table at randomization. All analyses were
conducted using the FAS.

#Outcome was outside the statistical testing hierarchy.
Source: EXPAND Clinical Study Report.*
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Table 4: Summary of Key Safety Results from Pivotal and Protocol Selected Studies

Siponimod Placebo

(N =1,099) (N =546)
Harms, n (%) (SAF)
AEs 975(88.7) 445 (81.5)
SAEs 197 (17.9) 83 (15.2)
WDAESs (from study treatment) 84 (7.6) 28 (5.1)
Deaths 4(0.4) 4 (0.7)
Notable harms, n (%) (SAF)
Bradycardia 50 (4.5) 14 (2.6)
Neoplasia (neoplasms: benign, malignant, and unspecified) [ ] [ ]
Lymphocytopenia (lymphocyte counts) 9(0.8) 0
Macularedema 18 (1.6) 1(0.2)
Seriousinfections (progressive multifocal leukoencephalopathy) I I
Opportunisticinfections (cryptococcal meningitis) | |

AE = adverse event; EDSS = Expanded Disability Status Scale; Gd = gadolinium; SAE = serious adverse event; SAF = safety set; SPMS = secondary-progressive
multiple sclerosis; T25-FW = Timed 25-Foot Walk Test; WDAE = withdrawal due to adverse event.

#Used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, and SPMS group (with or without superimposed relapses, baseline
definition) as covariates. Risk reduction is derived as (1-hazard ratio) x 100.

b The comparison used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, baseline T25-FW, and SPMS group (with or without
superimposed relapses, baseline definition) as covariates.

¢ Model was adjusted for treatment, country and/or region, baseline T2 lesion volume, number of T1 Gd-enhancing lesions at baseline, and SPMS group (with or without
superimposed relapses, baseline definition).

9 ncluded in the statistical hierarchy, but analyzed following a prior failure; therefore, violating the pre-specified statistical strategy.
Source: EXPAND Clinical Study Report.

Critical Appraisal

The internal validity of the EXPAND study, particularly on the active SPMS subgroup, was
likely subjectto several major limitations. The overall study discontinuation rate was
relatively high in both the overall population and active SPMS subgroup (19.6% and 20.6%,
respectively), which may have compromised randomization and rendered the study results
to potential bias. Further, discontinuations were disproportionate between treatmentgroups
in the active SPMS subgroup (18% in the siponimod group and 27% in the placebo group).
Interpretation of statistical significance of the differences of outcomes, such asthe ARR and
imaging outcomes, is limited due to a lack of control of multiplicity. The subgroup analyses
of patients with active SPMS were not pre-specified, butpost-hoc analyses, which were
based on a smaller sample size thatincluded 47% of the overall population,and
maintenance of randomization between treatmentgroups were probably compromised due
to lack of randomization stratification atbaseline. Statistical testing, where conducted, was
not controlled for multiplicity and therefore was subjectto potential inflated risk of type |
error. Nevertheless, the findings from the active SPMS subgroup were generally consistent
with that of the overall study population and the planned subgroup analyses, which may
help enhance CADTH’s confidence in the subgroup results; however, the limitations
associated with the active SPMS subgroup data restrict the conclusions thatcan be drawn
on the beneficial effect of siponimod on patients with active SPMS.
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In terms of external validity, the patients enrolled in the study, particularly the active SPMS
subgroup, were younger and healthier (in terms of comorbidities) than typical Canadian
patients living with SPMS, according to the clinical experts consulted by CADTH, as
patients with a variety of comorbidities were excluded. Moreover, the study only included
patients with a baseline EDSS score of between 3 to 6.5 (inclusive), which would have
limited the generalizability of the findings to patients with an EDSS score of 6.5 or greater
who may also receive the treatmentin clinical practice. The durability of long -term treatment
effectand safety is unknown and therefore the results as observed by month 12 may be
limited in their applicability to chronic use of siponimod in clinical practice. The titration
regimen and dosage used in EXPAND appearsto be representative of what will be used in
Canadian clinical practice.

The choice of placebo as the sole comparator used in the pivotal trial for siponimod isa
limitation of the evaluation of siponimod in the contextof Canadian clinical practice . In the
absence of treatmentfor SPMS, patients mightbe continued on treatmentfor RRMS when
they progressto SPMS even if this only treats symptomsratherthan the disease. This is
particularly relevantsince siponimod is indicated for patients with active SPMS evidenced
by relapsesor imaging, who are likely to be treated with any DMT for RRMS as indicated by
the clinical experts consulted for this review.

Indirect Comparisons
Description of Studies

One sponsor-submitted indirecttreatmentcomparison (ITC) wasincluded thatused
matching-adjusted indirect comparison (MAIC) methods to conduct pairwise comparisons
between siponimod to interferon beta-1a and interferon beta-1b, and natalizumab, in
patientswith SPMS. Individual patientdata from the EXPAND trial was used to match and
adjustpatients to those included in the comparator interferon trials. MAIC was deemed
necessary due to differences acrosstrialsin the patientpopulations enrolled and changes
in the treatmentparadigm.

Efficacy Results

The results of some pairwise comparisons suggestthatdisability progression may be
delayed for siponimod versus interferon beta, while others found no differences. No
differences were found between siponimod and natalizumab in terms of disability
progression. In addition, no differences between treatments were found for the analyses of
relapse rates, which showed wide Cls suggesting there was considerable uncertainty in the
results.

Harms Results
There was no assessmentof harmsin the sponsor-submitted ITC.
Critical Appraisal

Although the methods used to conductthe MAIC follow technical guidance,the analyses
have a number of limitations thatimpactthe internal and external validity. There are
concernsregarding the overlap between the comparator and siponimod trial populations,
and the availability of datato allow for matching and adjustment. Matching was not possible
forall criteria,and forsome analyses no, or limited, adjustmentto balance potential effect
modifiers was feasible. The small effective sample size of many analyses confirms that
substantial differences existbetween the patient populationsin the siponimod and
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comparatortrials. Given these issues, there is substantial uncertainty in the results.
Moreover, most patientsincluded in the analyses did not have active SPMS, and the
treatmenteffects reported for siponimod versus interferon apply to an interferon-naive
patientpopulation, which may have little relevance to the population of interestto Canadian
decision-makers, as most patients who have developed SPMS would have previously
received a DMT. The relevance of interferon and natalizumab as a comparatoris also
limited; thus, the utility of these data is poor.

Other Relevant Evidence

The long-term open-label extension phase (the extension part) of the EXPAND study is
ongoing. No results from the extension part of the study were available atthe time of this
review.

Conclusions

One double-blind, parallel-group, multi-centre, placebo-controlled, event-driven, phase llI
RCT metthe inclusion criteria for this review: the pivotal EXPAND study. The trial was
conducted in patients with a broad range of SPMS phenotypes, but the indication approved
by Health Canada s limited to patients with SPMS, defined as patients with active disease
evidenced by relapses or imaging features characteristic of MS inflammatory activity, to
delay the progression of physical disability. Data that were available to support efficacy of
siponimod for thisindication were limited to planned subgroup analyses based on disease
activity and a post-hoc subgroup of patients with active SPMS, which was defined by the
presence of relapsesin the two years prior to screening and/or the presence of at leastone
T1 Gd-enhancing lesion atbaseline. These post-hoc subgroup analysis results of patients
with active SPMS, representing 47% of the overall study population, constituted the main
body of evidence in supportof this review.

Patients treated with siponimod 2 mg daily demonstrated a clinical benefitcompared to
placeboinreducing the time to three-month CDP at month 12 based on a minimal clinically
importantchange of EDSS score. Further, results of the study suggestthat siponimod may
provide benefitin preventing relapses and inimproving imaging outcomes. However, no
impacton patient mobility was observed, and there is uncertainty regarding the
improvementof disease-related symptoms and HRQoL. The observed benefitswere
generally consistentbetween the subgroup of active SPMS and the overall study
population; however, the magnitude of the treatment effect of siponimod was more evident
in the active SPMS subgroups. There were no major safety signals for siponimod based on
the overall patientpopulation, butthis was limited by the lack of long-term data available at
the time of this report. Results of the study are limited by issues with partial unblinding and
high disproportional discontinuation. The subgroup analyses are subjectto the same
limitations, in addition to small sample size, potential for randomization thatwas not
maintained, and results that may only be considered exploratory.

No directevidence comparing siponimod to other DMTs for SPMS were identified in this
review. No conclusions can be drawn from the sponsor-submitted ITC due to limitations that
impactthe internal and external validity of the findings. Key limitationsincluded
heterogeneity in the populations enrolled and the availability of data to allow for matching
and adjustmentof siponimod and comparator study populations. Moreover, the analyses
were not specific to patients with active SPMS; thus, the utility of the results is limited.
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Introduction

Disease Background

MS is an immune-mediated, inflammatory, demyelinating disease of the CNS. It is more
prevalentin femalesthanin males and has a mean age of onsetfrom 28 years to 31
years.? In Canada, estimatesin 2015 for age-standardized prevalence and incidence of MS
were 270 in 100,000 persons and 15in 100,000 persons, respectively.* While the etiology
of MS remains unknown, itis commonly accepted thatautoreactive lymphocytes are
implicated.3MS is characterized by focal demyelinated plaques in the CNS, which can be
accompanied by inflammation and gliosis.> Symptoms of MS are varied and include painful
monocular vision loss, double vision, motor weakness, gaitdisturbance and balance
problems, pain, spasticity, sensory symptomsin the limbs or face, and bladder and bowel
symptoms.1?

The McDonald Criteria, mostrecently updated in 2017, are used in diagnosing MS. Y
Clinical evidence can be sufficientto meetthe diagnostic criteria, though MRI evidence can
be used in conjunction with clinical evidence to make a diagnosis.'"8 More specifically, the
criteria for diagnosis are based on the occurrence of one or more attacks (relapse,
exacerbation, and/or clinically isolated syndrome [CIS]) and objective clinical evidence of
one or more lesions.'”!8 Depending on the number of attacks or lesions present, additional
data may be required to make the diagnosis. Thismayinclude the disseminationintime,
demonstrated by evidence of an additional lesion, and/or dissemination in space,
demonstrated by evidence of lesionsin at least two CNS regions.’

There are four main disease courses or subtypes of MS that should be specified atthe time
of diagnosis. They include CIS, RRMS, PPMS, and SPMS.Y” Approximately 85% of patients
with MS experience the RRMS phenotype at disease onset.}? RRMS is characterized by
episodes of symptom exacerbation, or relapses, that are followed by partial or complete
remission. During these episodes, symptoms generally develop over hours or days and
then go into remission over weeks or months.® Most patients who initially presentwith
RRMS go on to develop SPMS, which is a progressive phase of the disease.? According
to the MS Society of Canada, about50% of patients with RRMS develop SPMS within 10
years of their diagnosis of RRMS.%°

Progressive phenotypes of MS, such as SPMS, are characterized by steadily increasing
neurologic dysfunction and/or disability withoutunequivocal recovery.® Relapses, minor
remissions, and plateaus can still occur during the progressive phase, though active CNS
lesions (as identified using MRI) become less frequentduring the SPMS phase.?! Figure 1
provides a graphical depiction of the four phenotypes associated with SPMS introduced in
2013: active with progression, active withoutprogression, not active with progression, and
not active withoutprogression.®“Active” disease is defined by clinical relapses and/or MRI
activity (contrast-enhancing lesions, and new and unequivocally enlarging T2 lesions).
“Progression” refers to disease worsening and is defined by clinical evaluation.

The delineation between RRMS and SPMS is unclear and the onsetof SPMS is typically
identified in retrospectas there are no clear clinical,imaging, immunologic, or pathologic
criteria for determining the pointof transition between RRMS and SPMS.5 Progression can
be determined retrospectively using a patient's clinical history or by a measure of change
such as the EDSS.>¢ The time from onsetof MS and the onset of the SPMS phase is
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19 yearson average, but it varies widely.?! It is possible that there is no distinct boundary
between the phases and that the transitionis a gradual one. %%

Figure 1: SPMS Phenotypes

Disability

Time

B RRMS

B Active (relapse or new MR activity)
with progression

Active (relapse or MR activity)
without progression

Mot active with progression
W Not active without progression (stable)
f New MRI activity

MRI = magnetic resonance imaging; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary-progressive multiple sclerosis.

Source: Lublin et al. (2014)° and National Multiple Sclerosis Society.

Standards of Therapy

Before siponimod, interferon beta-1a and interferon beta-1b were the only drugs approved
by Health Canada with an indication for SPMS (specifically in those who experience
relapsesinthe case of interferon beta-1a).81° However, their use in treating SPMS is
limited as they only treat the occurrence of relapses. As per the opinions of the clinical
experts consulted for this review, the use of interferons for the treatmentof patients with
SPMS is no longerclinically relevantas there are other DMTs available for other forms of
MS that also target relapses. The currently approved DMTs for RRMS (aside from
ocrelizumab for PPMS) are targeted toward patients with active MS as there is no evidence
of reduced disease progression in patients with SPMS.'12 For example, the European
Academy of Neurology and European Committee for Treatmentand Research in Multiple
Sclerosis guideline contains a weak recommendation to consider treatmentwith interferon
beta-1aor interferon beta-1b for patients with active SPMS, noting its “dubious efficacy.”*
Due to the lack of treatments indicated specifically for SPMS, patients who have
transitioned to SPMS may continue to receive a DMT that had been initiated during RRMS.
Treatmentdiscontinuation of a DMT used during the RRMS phase of the disease may be
considered in patients who have not experienced arecentrelapse. This is recommendedin
the guidelines published by the American Academy of Neurology, which states, “Clinicians
may advise discontinuation of DMT in people with SPMS who do not have ongoing relapses
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(or gadolinium-enhanced lesions on MRI activity) and have not been ambulatory (EDSS 7
of greater) for at least 2 years."®

Aside from DMTSs, patients with MS may receive medications or non-pharmacological
interventions formanagementof MS-related complications and symptoms. These include
medications for bladder dysfunction, bowel dysfunction, depression, fatigue, pain,
paroxysmal attacks, seizures, and spasticity.?® However, some MS symptoms and
treatments can exacerbate other symptoms and potential underlying causes should also be
addressed. There are several non-pharmacological approaches to managing complications
and symptoms, such as behavioural modification techniques, physical therapy, mobility
aids, feeding tubes, and non-invasive ventilation.? For patients with MS and mild to
moderate disability, the Canadian Physical Activity Guidelines recommend atleast 30
minutes of moderate-intensity aerobic activity and strength training exercises for major
muscle groups, both twice a week.?’

Drug

Siponimod isa S1P receptor modulator available as film-coated tablets containing 0.25 mg
or 2 mg siponimod (as siponimod fumaric acid) for oral administration.*®* Siponimod acts as
a functional antagonistof S1P receptors on lymphocytes, preventing egress from lymph
nodes and reducing recirculation of T cellsinto the CNS to limitcentralinflammation. The
Health Canada indication is for the treatmentof patients with SPMS with active disease
evidenced by relapses or imaging features characteristic of MS inflammatory activity, to
delay the progression of physical disability. The dosing regimenincludes a six-day titration
period starting with 0.25 mg and progressingup to 1.25 mgon day 5, followed bya2 mg
maintenance dose starting on day 6. If a titration dose is missed on one of the firstsix days
of treatment, the patientmustre-initiate the titration period beginning atday 1 (0.25 mg) of
the titration regimen using a new starter pack.® The recommended maintenance dose of
siponimod is 2 mg beginning on day 6, taken once daily, at aboutthe same time each day,
with or withoutfood. If maintenance treatmentisinterrupted for four or more consecutive
daily doses, treatmentmustbe re-initiated with day 1 of the titration regimen, using anew
starter pack.

As per the productmonograph, patients should be genotyped for CYP2C9 to determine the
CYP2C9 metabolizer status prior to initiating treatmentwith siponimod. Siponimod should
not be used in patients homozygous for the CYP2C9*3 haplotype. A reduced maintenance
dose of 1 mg of siponimod daily isrecommended in patients with the CYP2C9*2*3 or
CYP2C9*1*3 genotype.

The sponsor’s reimbursementrequestis the same as the Health Canada indication. Of
note, the FDA has approved siponimod for the treatment of relapsing forms of MS to
include CIS, relapsing-remitting disease, and active secondary-progressive disease, in
adults.”® The European Medicines Agency (EMA) approved siponimod for treatment of
adults with advanced forms of MS, to be used in patients with active disease, noting this
means “patients still have relapses or signs of inflammation thatcan be seen in scans.”?
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Table 5: Key Characteristics of DMTs Approved for MS

Mechanism of action

Indication?

Route of
administration

Recommended
dosage

CADTH

Serious side effects or safety issues

Siponimod A S1P receptor modulatorthat | For the treatmentof Oral tablet 2 mg daily with 5-day Bradyarrhythmia, atrioventricular
(Mayzent) binds selectivelyto 2 out of 5 patients with SPMS titration period conduction, liver function, infections
GPCRs for S1P (S1P1 and with active disease (cryptococcal meningitis and herpes),
S1P5). Acts as a functional evidenced by relapses Note: A 1 mgdaily macularedema, fetal harm
antagoniston S1P1 receptors | orimaging features maintenance dose is
on lymphocytes, preventing characteristic of recommended for Contraindicated in patients with known
egressfrom lymph nodesand | multiple sclerosis patients with the hypersensitivity, homozygous for
consequently reducing inflammatory activity, CYP2C9*2*3 or CYP2C9*3*3 genotype
recirculation of T cellsinto the | to delaythe CYP2C9*1*3
CNS to limitcentral progression of physical genotype
inflammation disability
Cladribine Inhibits lymphocyte Monotherapy for the Oral 3.5 mg/kg over Lymphocytopenia, infections (herpes
(Mavenclad)® proliferation treatmentof adult 2 years zoster, TB/latent TB reactivation, PML),
patients with RRMS malignancies, teratogenic
Ocrelizumab Reductionin CD20 RRMS IV infusion 600 mg every Infusion reactions, infections (herpes,
(Ocrevus)3t 6 months respiratory tract)
Contraindicated in patients with
active/severe infection or with PML
Pegylated IFN Its effectsin MS are not RRMS SC injection 125 mcg every Hepaticinjury, thrombotic
beta-la completely understood. It 2 weeks microangiopathy, hematologic (abnormal
(Plegridy)®? exerts its biological effects by blood cell counts), injection site reactions,
binding to type | IFN receptors depression/suicide
on the surface of human cells
Patients with a history of hypersensitivity
to natural or recombinantIFN beta or
peginterferon or any other componentof
the formulation or the container
Alemtuzumab Bindsto CD52 ¢ RRMS IV infusion Initial treatmentcycle: | Autoimmune disorders, infections, infusion

(Lemtrada)3?

e Patients who have
had an inadequate
responseto IFN beta
or other DMTs

12 mg/dayfor5
consecutive days

Second treatment
cycle: 12 mg/dayfor3

reactions

Contraindicated in patients who:
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consecutive days
administered 12
months after the initial
treatmentcourse

e are hypersensitive to alemtuzumab orto
any ingredientin the formulation or
componentof the container

e are infected with HIV

¢ have active or latent TB, active severe
infections, or active malignancies

e are on antineoplastic or
immunosuppressive therapies

¢ have a history of PML

(Copaxone)®

processesresponsible for
pathogenesis of MS

Single demyelinating
event, accompanied
by abnormal MRI
scans and
consideredto be at
risk of developing
CDMS

Dimethyl fumarate | Not completely understood; RRMS Oral capsule 240 mgtwice daily PML, reduced lymphocyte counts
(Tecfidera)® activates the Nrf2 pathway
Contraindicated in patients who are
hypersensitive to this drug or to any
ingredientin the formulation or component
of the container
Fingolimod Its effectsin MS are not fully ¢ RRMS Oral capsule 0.5 mg/day PML, skin cancer, infections (varicella),
(Gilenya)® known;its active metabolite » Generally heart block
bindsto receptors on recommendedin
lymphocytes, blocks patients with MS who Contraindicated in patients who:
lymphocytes from leaving have had inadequate « are hypersensitive to fingolimod
lymph nodes, reducesthe response to, or are e are atrisk foran opportunistic infection
number of lymphocytesin unableto tolerate, 1 e are immunocompromised due to
peripheral blood, and reduces or more therapies for treatmentor to disease
lymphocyte migration into MS « have hepaticinsufficiency, active severe
CNS infections, or known active malignancies
Varicella zoster vaccination recommended
Glatiramer acetate | Likelymodifiestheimmune e RRMS SC injection 20 mg/day Contraindicated in patients with known

hypersensitivity to glatiramer acetate or
mannitol
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IFN beta-1a
(Avonex, Rebif)%10

Its effectsin MS are not
completely understood. It
exerts its biological effects by
binding to specific receptors
on the surface of human cells,
and inducing the expression

¢ RRMS

o SPMS with relapses

e Single demyelinating
event, accompanied
by abnormal MRI
scans, with lesions

IM injection
(Avonex)

SC injection (Rebif)

IM: 30 mcg/week
(increase upto 60
mcg/weekif needed)

SC: 22 mcgor 44 mcg
3 times/week

Hepaticinjury, thrombotic
microangiopathy, hematologic (abnormal
blood cell counts), injection site reactions,
depression/suicide

Contraindicated in patients with known

Extavia)&3’

exerts its biological effects by
binding to specific receptors
on the surface of human cells,
and inducing the expression
of numerous IFN-induced
gene products

e Single demyelinating
event accompanied
by at least 2 clinically
silentlesions typical
of MS

of numerous IFN-induced typical of MS hypersensitivity to natural or recombinant
gene products IFN, patients with liver disease, and
pregnantwomen
IFN beta-1b Its effectsin MS are not e RRMS SC injection 0.25 mg every other Hepatic injury, thrombotic
(Betaseron, completely understood. It ¢ SPMS (Betaseron, Extavia) | day microangiopathy, hematologic (abnormal

blood cell counts), injection site reactions,
depression/suicide

Contraindicated in patients with known
hypersensitivity to natural or recombinant
interferon, patients with liver disease, and
pregnantwomen

(Aubagio)®

may reduce numbers of
activated lymphocytes
available formigration into the
CNS

Natalizumab Bindsto the a4-subunitof e RRMS IV infusion 300mgevery 4 weeks | PML, herpes
(Tysabri)3® human integrin: blocks » Generally
interaction of alpha 4 beta 1 recommended in Contraindicated in patients who:
integrin with VCAM-1 and patients with MS who ¢ have had PML or are at risk for PML
blocks the interaction of have had an ¢ are hypersensitive to this drug or to any
alpha 4 beta 7 integrin with inadequate response ingredientin the formulation or any
MadCAM-1 to, or are unable to componentofthe drug
tolerate, other e are immunocompromised, including
therapies for MS those immunocompromised due to
immunosuppressantor antineoplastic
therapies, orimmunodeficiencies
Teriflunomide Not completely understood; RRMS Oral tablet 14 mgonce daily Hepatotoxicity

Contraindicated in patients who:

e are hypersensitive to this drug or to
leflunomide

¢ patients currently treated with
leflunomide
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Mechanism of action Indication? Route of Recommended Serious side effects or safety issues

administration dosage

¢ have severe hepaticimpairment

e are pregnantwomen orwomen of child-
bearing age who are not using
contraception

¢ have immunodeficiency states such as
AIDS

¢ have serious active infection

¢ have impaired bone marrow function or
are patients with significantanemia,
leukopenia, neutropenia, or
thrombocytopenia

CD20 = cluster of differentiation 20; CD52 = cluster of differentiation 52; CDMS = Clinically Definite Multiple Sclerosis; CNS = central nervous system; CYP2C9 = cytochrome P450 family 2 subfamily C member 9;

DMT = disease-modifying therapy; GPCR = G-protein-coupled receptor; IFN = interferon; IM = intramuscular; MAACAM-1 = mucosal addressin cell adhesion molecule 1; MRI = magnetic resonance imaging; MS = multiple
sclerosis; Nrf2 = nuclear factor-erythroid-2—related factor 2; PML = progressive multifocal leukoencephalopathy; RRMS = relapsing-remitting multiple sclerosis; S1P = sphingosine 1-phosphate; S1P1 = sphingosine 1-phosphate
receptor 1; S1P5 = sphingosine 1-phosphate receptor 5; SC = subcutaneous; SPMS = secondary-progressive multiple sclerosis; TB = tuberculosis; VCAM-1 = vascular cell adhesion molecule-1.

# Health Canada-approved indication.

Source: Product monographs for siponimod,® cladribine,® ocrelizumab,* Plegridy,* alemtuzumab,® dimethyl fumarate,* fingolimod,® glatiramer acetate,* Avonex,' Rebif,® Betaseron,® Extavia,* natalizumab,® and
teriflunomide.®
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Stakeholder Engagement

Patient Group Input
This section was prepared by CADTH staff based on the inputprovided by patientgroups.

At the time CADTH had requested patientinput, siponimod was awaiting Health Canada
approval. Therefore, the following summary of patientinputreceived for thisreview is based
on the proposed indication, which was for adult patients with SPMS. As previously noted,
the final approved Health Canadaindicationis for adultpatients with SPMS with active
disease evidenced by relapses or imaging features characteristic of MS inflammatory
activity, to delay the progression of physical disability. Of note, the number of patients with
active SPMS versus non-active SPMS that contributed to the information used to inform the
patientinput submission is unknown.

About the Patient Groups and Information Gathered

One patientgroup, the MS Society of Canada, submitted patientinputforthe review of
siponimod for SPMS. Founded in 1948, the MS Society of Canada is a national voluntary
organization that provides programs and services for people with MS and theirfamilies, and
advocates forthose living with MS, and fundsresearch to help improve the quality of life for
people living with MS to ultimately find a cure forthis disease. Approximately 1,500
volunteers serve on the national and regional boards and committees of the MS Society of
Canada, and 13,500 volunteers are involved in service programs, fundraising events, public
awareness campaigns, and social action activities.

The MS Society of Canada used an online survey in both English and French for data
collection from September 9to 23, 2019. This survey mainly targeted people diagnosed
with SPMS and those affected by SPMS. In addition, people currently diagnosed with
RRMS and those affected by RRMS were also surveyed to obtain data on the perceived
experience of transitioning from RRMS to SPMS. Patients with CIS, PPMS, and other
subtypes of MS and their loved ones were also provided an opportunity to provide feedback
related to the Canadian drug reimbursementapproval process specificto MS therapies. A
total of 408 responses were received for the survey. Although country of origin was not
included in the survey, the MS Society of Canada reports that the respondents appeared to
be Canadians based on the survey comments. The vast majority of the respondents were
patientswith MS (SPMS = 60%, RRMS = 25%, and PPMS = 6%) and the remainderwere
family members, caregivers, or colleagues. Approximately 95% of the respondents were 35
years of age or older, while 6% were aged between 18 and 34 years old.

Disease Experience

MS is an unpredictable, often disabling disease of the CNS. Patients with MS may
experience awide variety of symptoms. The respondents described how a diagnosis of
SPMS influenced their lives:loss of independence (81%), inability to participate in physical
activity (76%), changes with the roles and responsibilities within their family (68%), and
inability to maintain employment (56%). The MS Society of Canada indicated that
approximately 85% of all patients diagnosed with MS have RRMS, which is characterized
by unpredictable butclearly defined relapses during which new symptoms appear or
existing ones worsen. Eventually most patients with RRMS will transition to SPMS, a phase
of the disease with irreversible disability progression. Therefore, SPMS has an enormous
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impacton every aspect of daily life, including a negative impacton family, community, and
society.

Only half of the respondents (53%) said that their prescribing clinician had discussed the
possible transition to SPMS with them. The respondents expressed their fear of the
unknown impactthat SPMS could bring to their life, including the changesto family,
employment, and health status. The respondents also feared for the limited therapies
available for active SPMS (secondary progressive with relapses) and their suboptimal
therapeutic effects on slowing disability progression. Based on the patient input, time since
diagnosis of SPMS is as follows: 28% for more than 15 years, 17% for 10 years to 14
years, 18% for five yearsto 10 years, and 25% for less than five years. Among those with
SPMS, the time to transition was also reported: 25% for 15 years or more, 23% for 10 years
to 14 years, 23% for five yearsto 10 years, and 20% for lessthan five years.

Some examples of quotes from respondents are provided as follows:

e “| am afraid of this transition. | am worried about the factthat there are no treatments for
SPMS.”

o “It would greatlyimpactmy careerin the health field.| would nolongerbe able to follow
the career path | want. | could teach as a backup plan, but the possibility of my MS
changing isuncomfortable to think about.”

Experience with Treatment

The patientgroup submission indicates thatcurrent DMTs for RRMS and SPMS generally
work by targeting the inflammatory process to reduce relapses and slow disease
progression. However, only interferon beta-1a and interferon beta-1b have been approved
by Health Canada for the treatmentof active SPMS, and there is a lack of evidence to
demonstrate the effect of interferon in preventing the development of permanentphysical
disability.

At the time of the survey, more than 80% of the respondents living with SPMS were not
taking a DMT, while about30% were taking some forms of therapy. Not all respondents
were able to provide the name of the treatment. The treatmenteffectand AEs related to
DMT were not reported by the respondents in the submission.

The patientgroup input states that at present, siponimod isthe only DMT specifically
indicated for SPMS, and mentioned that evidence suggested thatit is able to delay
disability progression and slow cognitive function decline, and may preserve mobility and
brain volume. Most of the survey respondents (80%) had not heard of siponimod through
their prescribing neurologist, nor had experience with this treatment (98%). Patients were
asked their perception of the drug after being provided a list of known common AEs
associated with siponimod. Of the respondents, 36% said they would take siponimod, 35%
said they would not take siponimod because of the lack of post-marketlong-term data, and
28% said they did not know. Two respondents had been treated with siponimod through
clinical trials and reported differentexperiences. One respondentfeltsiponimod was
effective (fewerrelapses, improvementin symptoms, fewerlesions seen on MRI, no
disability progression,and more energy overall),and did not reportany side effects during
siponimod therapy. Another respondentfeltitwas not effective (no details provided) and
reported headache and nausea during the treatmentwith siponimod.

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 29



CADTH

The following patientquotes provide insightinto the challenges associated with treatment of
SPMS:

e “Haven’tbeen able to work for 30 years, no extended health coverage, no family
support, no money for treatment.”

e “To be able to choose from as many therapies as available is very important.”

Improved Outcomes

Previously, when patients transitioned to SPMS, their DMT had little to no therapeutic
benefit, or they were required to stop taking DMT because they no longer metthe
reimbursementcriteria for relapsing MS. Without an effective treatmentafter transitioning to
SPMS, the disease progression worsens steadily. All areas of a patient's life, such as
employmentstability, familyincome, increased need for assistance or caregiving, loss of
independence, isolation, cognitive decline, and increased mobility challenges, are affected
dueto the burden of disease and increasing disability. The patientgroup states that as the
first DMT targeting SPMS in over 20 years, siponimod fills a significantunmetneedinthe
treatmentof SPMS.

Some respondents emphasized that “to ward off further disability would have a significant
impacton the mental, physical, and emotional wellness of my entire family,” and “improved,
independentfunction isan economic benefitto our country.”

The MS Society of Canada expects that treatmentwith siponimod may have the potential to
allow people living with SPMS to remain in the workforce, sustain family and social roles
and responsibilities longer, improve their quality of life, decrease the need for caregiving,
and reduce the financial burden to health and social systems.

Clinician Input

All CADTH review teams include at least one clinical specialistwith expertise regarding the
diagnosis and management of the condition for which the drug is indicated. Clinical experts
are a critical part of the review team and are involved in all phases of the review process
(e.g., providing guidance on the development of the review protocol, assisting in the critical
appraisal of clinical evidence, interpreting the clinical relevance of the results, and providing
guidance on the potential place in therapy). The following inputwas provided by two clinical
specialists with expertise in the diagnosis and management of SPMS.

Description of the Current Treatment Paradigm for the Disease

There are currently no therapiesthat specifically target the progressive aspector stage of
MS that initially presents as a relapsing form of the disease, referred to as SPMS. Although
there are now a number of disease-modifying treatments for MS, these target the immune-
mediated, inflammatory aspects of MS, and have only been shown to be effective in RRMS.
However, patients with SPMS who have concurrentrelapses may be maintained on DMTS,
with the rationale thatreducing relapse activity may be beneficial, evenif these treatments
have no impacton the degenerative process thoughtto underlie the progressive disability in
SPMS. Loss of neurological function in SPMS is thought not to be related to inflammatory
lesionsinthe brain and spinal cord, but to be rathera consequence of an incompletely
defined degenerative process. At presentthere are no SPMS treatments that modify this
underlying disease mechanism.
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The existing therapies and current approach to treating SPMS are symptomatic therapies,
and what could be considered supportive care. This includes strategies such as treatment
with drugs for spasticity (e.g., baclofen) or physiotherapy. These treatments aim to help
specific residual symptoms from previous relapses or ongoing progression and do help
overall function and HRQoL, but do not address the underlying cause of the symptoms.

Treatment Goals

Ideally, treatmentfor SPMS would restore neurological function to normal, withoutadverse
effects. More realistically, the mostimportantgoal for any treatmentfor SPMS would be to
halt the underlying neurodegeneration thatleads to progressive disease, thus preventing
progression overtime. This would lead to improved HRQoL. However, not all patients with
SPMS demonstrate disease activity or active progression. Thus, treatmentrisk would need
to be balanced with potential benefit.

Unmet Needs

While interferons are approved for SPMS, they do not stop or slow the progression of the
disease. Therefore, there are currently no treatments that slow or stop the clinical
progression of symptomsin patients with SPMS.

Place in Therapy

The drug under review (siponimod) would be the first agentavailable thatwould appear to
addressthe underlying disease processin SPMS, and in this sense would representa
paradigm shift. Siponimod would be afirst-line treatment for SPMS and used as
monotherapy. Many patients would likely continue DMTs that they had already been taking
forthe relapsing-remitting phase of their MS up until they switch to a treatmentlike
siponimod, as the distinction between the relapsing-remitting and secondary-progressive
phases of MS is often not clear. Although approved DMTs for MS to date have a known
mechanism of action (MOA), for almostall DMTs available, how that MOA translatesinto a
benefitin this populationis not well known. As there is currently no approved treatmentfor
SPMS, any MOA would be acceptable if there is evidence that there is a clinical benefit.

The clinical experts feltthat if SPMS was a definite diagnosis, itwould not be appropriate to
recommend patients try other treatments before initiating treatmentwith siponimod. If it is
not clearif patients have not transitioned to a SPMS diagnosis (no evidence of progression
independentof relapses), consideration of one of the currently available DMTs that are
used to treat the relapsing phase of the disease could be appropriate. However, if a patient
is in a SPMS phase but has not used a DMT in the past for their MS, this should not
preclude the use of siponimod.

Patient Population

One of the clinical experts consulted for this review stated that patients who would be best
suited for treatmentwith siponimod are patients with MS who are demonstrating
progression with or withoutrelapse activity that can be objectively measured, and yet still
have function to maintain. In the opinion of the other clinical expertconsulted for this
review, it would be difficultto define patients best suited for treatment with siponimod. Both
agreed that patients with MS who are fully dependent (with an EDSS score of 8.0 or higher)
would likely not benefitfrom treatmentwith siponimod, and that it seems likely that patients
who are treated at a stage when disability is relatively limited are likely to have a better
long-term outcome than those who mightbegin treatmentwhen they are already severely
disabled. The clinicians did not identify any other disease characteristics that might make
patients more or less well suited for treatment.
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Patients best suited for treatment with siponimod should be identified by a neurologistwith
expertise in MS. There is no one perfecttool to determine if there is progressionin a patient
with MS; this is a challenge in clinical practice. Using tools such as the T25-FW, 6-minute
walktest, 9-HPT, and possibly cognitive testing would be useful.

The judgmentthata patient with MS has evolved from the relapsing-remitting phase to
SPMS is essentially purely clinical. Imaging may contribute by failing to show inflammatory
lesions that mightotherwise accountfor a functional decline. The distinction between
relapsing-remitting and secondary-progressive phases of MS is often not simple or straight-
forward, as is reflected by the use of the term “SPMS with active relapses.” It is likely that
the diagnosis of SPMS is frequently delayed, particularly asthisis currently seen as a
phase of the disease forwhich there is no treatment. The advent of a drug that appearsto
modify the underlying disease mechanism(s) will probably push clinicians to discuss the
transition to SPMS with their patients earlier.

Patients who are fully dependent (e.g., bed-bound) and patients with MS who do not
demonstrate progression independent of relapses were judged as being leastsuitable for
treatmentwith siponimod.

Assessing Response to Treatment

Outcomes used to determine whether a patientis responding to treatment in clinical
practice may include functional ability and findings on the neurological examination. It was
noted that the measures used in clinical trials are broadly aligned with such clinical criteria;
however, it was also acknowledged thatsince a treatmentto slow or stop progressionin
MS has not been available in the past, the currenttools typically used in clinical trials, such
as the EDSS, are not sensitive enough to detect change overtime.

A clinically meaningful response would be halting or slowing the progressive disability over
time, and the providing the ability to maintain mobility (e.g., speed and distance walking),
upperlimb function, and activities of daily living (e.g., self-care). Itis likely that stabilization
of function would be considered a good outcome, contrasting with the expected inexorable
decline predicted by the natural history of SPMS.

The experts reported differentintervals for how often treatmentresponse should be
assessed. One expert suggested patients should be assessed at three-month to six-month
intervals;the other suggested at least yearly.

Discontinuing Treatment

Factors that should be considered when deciding to discontinue treatmentinclude
expectations of continued benefit, if there are any furtherimpacts on quality of life by
slowing progression, and safety. Disease progression despite treatmentwould likely lead to
treatmentdiscontinuation. The EDSS as well as the T25-FW and 9-HPT were
recommended for assessing disease progression, according to the clinical experts.

Prescribing Conditions

According to the clinical experts consulted by CADTH for this review, a specialist, such as a
neurologistwith experience managing patients with MS or a neurologistbased at an MS
clinic, should be required to diagnose, treat, and monitor patients who mightreceive
siponimod (patients with SPMS). The clinical experts also felt that the mostappropriate
setting for a patientreceiving treatmentwith siponimod would be within a specialty MS
clinic.
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Clinical Evidence

The clinical evidence included in the review of siponimod is presented in three sections.
The first section, the Systematic Review, includes pivotal studies provided in the sponsor’s
submissionto CADTH and Health Canada, as well as those studies that were selected
according to an a priori protocol. The second section includesindirectevidence from the
sponsor and indirectevidence selected from the literature that metthe selection criteria
specified in the review. The third section is intended to include long-term extension studies
submitted by the sponsor and additional relevant studies thatwere considered to address
importantgapsin the evidence included in the systematic review; however, no such
evidence was submitted oridentified.

It should be noted that the CADTH submission for siponimod was filed on a pre-NOC basis.
As per CADTH procedure for pre-NOC reviews, siponimod was evaluated based on the
indication proposed by the sponsor, which was for adults with SPMS. Siponimod
subsequently received NOC by Health Canada in February 2020 for the treatmentof SPMS
with active disease evidenced by relapses or imaging features characteristic of MS
inflammatory activity, to delay the progression of physical disability, in adults. In order to
conducta comprehensive review of the evidence for the approved Health Canada
indication, CADTH updated the systematic review protocol (see Table 6) and conducted an
updated literature search as appropriate, described as follows. For transparency, the
original protocol has been made available in Appendix 5 of thisreport.

Systematic Review (Pivotal and Protocol Selected Studies)

Objectives

To perform a systematic review of the beneficial and harmful effects of oral siponimod for
the treatmentof SPMS with active disease evidenced by relapses or imaging features
characteristic of MS inflammatory activity, to delay the progression of physical disability, in
adults.

Methods

Studies selected for inclusion in the systematic review included pivotal studies provided in
the sponsor’s submission to CADTH and Health Canada, as well as those meeting the
selection criteria presented in Table 6.
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Table 6: Inclusion Criteria for the Systematic Review

Patient population Adults with secondary-progressive multiple sclerosis with active disease evidenced by relapses or
imaging features characteristic of multiple sclerosis inflammatory activity

Subgroups
e EDSS at baseline
o Patients with relapses vs. withoutrelapses

Intervention Siponimod administered orally once daily

Siponimod administration

e Treatmentinitiation period: Dosing istitrated from 0.25mgto 1.25 mg over a 5-day period followed by
a 2 mg maintenance dose beginning on day 6
e Maintenance period: 2 mg daily
o 1 mgdailyis recommended forthe maintenance dose in patients with the CYP2C9*2*3 or
CYP2C9*1*3 genotype
Comparators e Interferon beta-1a
o Interferon beta-1b
o Glatiramer acetate
o Natalizumab
e Fingolimod
e Dimethyl fumarate
e Alemtuzumab
o Teriflunomide
e Ocrelizumab
o Cladribine
e Placebo/bestsupportive care

Outcomes Efficacy outcomes
o Disability progression orimprovement?
¢ Health-related quality of life®
o Mobility?
e Cognitive function?
e Symptoms (e.g., fatigue)?
e Relapse
¢ Imaging outcomes (e.g., MRI brain lesions, MRI brain volume)

Harms outcomes

o AEs

e SAEs

¢ WDAEs

o Mortality

o Notable harms: Cardiac effects (e.g., bradycardia), neoplasia, serious infections (e.g., progressive
multifocal leukoencephalopathy), opportunisticinfections (e.g., cryptococcal meningitis),
lymphocytopenia, macularedema

Study design Published and unpublished Phase Illland IV RCTs

AE = adverse event; CYP2C9 = cytochrome P450 family 2 subfamily C member 9; EDSS = Expanded Disability Status Scale; MRI = magnetic resonance imaging; RCT =
randomized controlled trial; SAE = serious adverse event; vs. =versus; WDAE = withdrawal due to adverse event.

2These outcomes were identified as being of particular importance to patients in the input received by CADTH from patient groups.

The literature search for clinical studies was performed by an information specialistusing a
peer-reviewed search strategy according to the PRESS Peer Review of Electronic Search
Strategies checklist.*

Published literature was identified by searching the following bibliographic databases:
MEDLINE All (1946—) via Ovid, Embase (1974-) via Ovid, and PubMed. The search
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strategy comprised both controlled vocabulary, such asthe U.S. National Library of
Medicine’s MeSH (Medical SubjectHeadings), and keywords. The main search concepts
were Mayzent (siponimod). Clinical trial registries were searched: the U.S. National Library
of Medicine’s ClinicalTrials.gov and the World Health Organization’s International Clinical
Trials Registry Platform search portal.

No filters were applied to limitthe retrieval by study type. Retrieval was not limited by
publication date or by language. Conference abstracts were excluded from the search
results. See Appendix 1 forthe detailed search strategies.

The initial search was completed on October 24, 2019. Regular alerts updated the search
until the meeting of the CADTH Canadian Drug Expert Committee on June 17,2020.

Grey literature (literature that is not commercially published) was identified by searching
relevantwebsites from the following sections of the Grey Matters: A Practical Tool For
Searching Health-Related Grey Literature checklist:** Economics, Clinical Practice
Guidelines, Drug and Device Regulatory Approvals, Advisories and Warnings, Drug Class
Reviews, Clinical Trials Registries, and Databases (Free). Google was used to search for
additional internet-based materials. In addition, the sponsor of the drug was contacted for
information regarding unpublished studies. See Appendix 1 for more information on the
grey literature search strategy.

Two CADTH clinical reviewers independently selected studies forinclusion in the review
based on titles and abstracts, according to the predetermined protocol. Full-textarticles of
all citations considered potentially relevantby at leastone reviewer were acquired.
Reviewersindependently made the final selection of studies to be included in the review,
and differences were resolved through discussion.
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One study was identified from the literature forinclusionin the systematic review (see
Figure 2). The included studyis summarized in Table 7. A list of excluded studiesis
presented in Appendix 2.

Figure 2: Flow Diagram for Inclusion and Exclusion of Studies

117
Citations identified
in literature search

8

from other sources

Potentially relevantreports

1
Potentially relevant report
identified and screened

9

Total potentially relevant reports identified and screened

5

Reports excluded

4

Reports included
presenting data from 1 unique study
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Table 7: Details of Included Study

| | EXPAND

Study design Double-blind, parallel-group, event-driven, exposure-driven, placebo-controlled phase IllRCT
Locations 294 centres in 31 countries (Canada, US, UK, Argentina, Australia, China, Japan, Europe)
Randomized (N) 1,651

Inclusion criteria ¢ 18 to 60 years of age at screening

o History of RRMS according to 2010 revised McDonald Criteria

e SPMS progressive increase in disability (= 6-month duration) withoutrelapses or
independentof relapses

¢ Disability status: EDSS score of 3.0 to 6.5 (inclusive)

e Documented EDSS progression during the previous 2 years (= 1 pointif EDSS < 6.0;
> 0.5 pointif EDSS = 6.0 at screening); alternatively, a written summary of clinical evidence
forreviewwas considered

* No evidence of relapse or corticosteroid treatmentwithin 3 months prior to randomization

Exclusion criteria e Active chronic disease (or stable with immune therapy) of the immune system other than
MS, or with a known immunodeficiency syndrome
* Women of child-bearing potential, unless using a highly effective method of contraception
during dosing and 30 days after the last dose of siponimod
¢ History of malignancy within the past5 years
o Diabetes mellitus, unless well-controlled and withoutknown organ complications
¢ Diagnosis of macularedema during pre-randomization phase
e Chronicor relevantacute infections (e.g., AIDS, HIV, hepatitis)
o Conditions/treatments thatmay affect cardiovascular function, pulmonary conditions, hepatic
conditions, or immune function
¢ Neurologic/psychiatric disorders
¢ Homozygosity for CYP2C9*3 or refusal to test for the haplotype
¢ Treatmentwith certain medications:
o siponimod, alemtuzumab
o <2 weeks prior to randomization —teriflunomide
o <2 months priorto randomization — IVIG, dimethyl fumarate, fingolimod
o £ 6 months prior to randomization — natalizumab, immunosuppressive/
chemotherapeutic medications (e.g., azathioprine, methotrexate)
o <1 year priorto randomization — cyclophosphamide
o £ 2 years priorto randomization —rituximab, ofatumumab, ocrelizumab or cladribine,
mitoxantrone (or evidence of cardiotoxicity following mitoxantrone or a cumulative life -
time dose of more than 60 mg/m?)
o lymphoid irradiation, bone marrow transplantation, or otherimmunosuppressive
treatments with effects potentially lasting more than 6 months
e Unable to undergo MRI scans

Intervention Siponimod
e 6-daytitration period, daily oral dose from 0.25mgto 2 mg
e Maintenance period, 2 mgdaily, oral

Comparator(s) Placebo
Phase

DESIGNS AND POPULATIONS

DRuUGS

Run-in “Screening epoch” (screening phase and baseline phase), 45 days

DURATION

Double-blind “Treatmentepoch,” variable (event-driven)

Follow-up “Post-treatmentfollow-up epoch,” 1 month
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EXPAND

Primary end point

Time to 3-month CDP based on EDSS score

Secondary and
exploratory
end points

OUTCOMES

Key secondary
¢ Timeto 3-month confirmed worsening from baseline in T25-FW by =2 20%
e T2 lesion volume, change from baseline

Other secondary
e Timeto 6-month CDP based on EDSS score
e Timeto 6-month CDP based on EDSS score sustained until end of the core part of the
EXPAND study
e EDSS scores and change from baseline
e MRI variables:
o number of new/enlarging T2 lesions
o numberof T1 Gd-enhancing lesions
o proportion free of new/enlarging T2 lesions
o proportion free of T1 Gd-enhancing lesions
o T1 hypointense lesion volume, change from baseline
o number of new T1 hypointense lesions
o percentage brain volume change from baseline
e All relapses and confirmed relapses
e Timeto first relapse and proportion of patients free of relapses
¢ HRQoL (MSWS-12, MSIS-29, and EQ-5D-3L): Score and change from baseline

Exploratory

e Cognitive function tests (PASAT, SDMT, BVMT-R): Score and change from baseline
o MSFC scores (z score and 3 subscale scores): Average and change from baseline

¢ Evolution of acute lesionsinto chronic black holes

e Timeto 3-month CDP based on a composite end pointof EDSS total score, T25-FW score,

and 9-HPT score
e Low-contrastvisual acuity score and change from baseline

Publications

NOTES

Kappos, L. etal. (2018)*

9-HPT = 9-hole peg test; BVMT-R = Brief Visuospatial Memory Test-Revised; CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; EQ-5D-

3L = EuroQol 5-Dimensions 3-Levels; Gd = gadolinium; HRQoL = health-related quality of life; IVIG = intravenous immunoglobulin; MRI = magnetic resonance imaging;
MS = multiple sclerosis; MSFC = Multiple Sclerosis Functional Composite; MSIS-29 = Multiple Sclerosis Impact Scale; MSWS-12 = Multiple Sclerosis Walking Scale;
PASAT = Paced Auditory Serial Addition Test; RCT = randomized controlled trial; RRMS = relapsing-remitting multiple sclerosis; SDMT = Symbol Digit Modalities Test;

SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Note: Two additional reports were included: CADTH Common Drug Review submission®® and Health Canada Reviewers Report.*

Source: Kappos, L. et al. (2018)* and EXPAND Clinical Study Report.**
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Description of Studies

The pivotal trial submitted by the sponsor, the EXPAND study, wasthe only study that met
the inclusion criteria for the systematic review. Details of the included study and the study
design are provided in Table 7 and Figure 3. Of note, evidence that supports the indication
underreview is obtained from a subgroup analysis of the EXPAND study in patients with
active SPMS.

The primary objective of the EXPAND study was to demonstrate the superiority of
siponimod relative to placebo in terms of its ability to delay the time to three-month CDPin
patientswith SPMS, as measured by the EDSS. The study also had two key secondary
objectives, which were to demonstrate efficacy by delaying the time to three-month
confirmed worsening of atleast 20% in the T25-FW and reducing the increase in T2 lesion
volume, both from baseline. Atotal of 1,651 patients with SPMS were includedin the
EXPAND study (December 20,2012,to December 29, 2016), which was carried out across
31 countriesand 294 centres, including 10 in Canada.

The EXPAND study was separated into a core part and extension part. The core part wasa
double-blind, parallel-group, multi-centre, placebo-controlled, event-driven, exposure-
driven, phase lll RCT conducted between 2012 and 2016 and is the focus of this review.
Patients with a confirmed diagnosis of SPMS based on a prior history of RRMS and
evidence of progression independentof relapses were included. The core partis composed
of three phases or “epochs”: namely, the screening epoch, treatmentepoch, and post-
treatmentfollow-up epoch (see Figure 3). The extension part is a single-arm open-label
extension that enrolled 1,220 patients and is currently ongoing.'> Results of the extension
part were not available atthe time of this report.

In the core part of the EXPAND study, the screening epoch included a screening phase and
baseline phase thatwere implemented to determine and confirm eligibility and collect
baseline assessments during the 45 days prior to randomization. Patients who were eligible
continued to the treatmentepoch where they were randomized (2:1) to receive siponimod
or placebo using an interactive response technology. The interactive response technology
procedure was designed to conceal treatmentallocation from patients and investigator staff.
In addition, randomization was stratified by region.

The treatmentepoch followed an event-driven design thatcontinued until 374 patients
experienced three-month CDP and 95% of patients had been treated for at leastone year;
therefore, the length of time spent in the double-blind phase of the study varied between
patients. Patients continued double-blind treatmentfor the duration of the trial unless they
experienced six-month CDP, atwhich time they were counselled and offered one of three
options: continue with no change in treatment, discontinue blinded study treatmentand
switch to open-label siponimod, or discontinue blinded study treatmentand start any other
MS treatmentavailable to them (abbreviated schedule). At the end of the double-blind
treatmentphase, patients who did not continue to the open-label extension (or were not
continuing within one month) entered the post-treatmentfollow-up epoch, with the
exception of those who followed the abbreviated schedule. The follow-up epoch consisted
of a follow-up visitone month after the end of study visit.
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Figure 3: EXPAND Study Design
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BAF = siponimod; V = visit.
Source: EXPAND Clinical Study Report.

Populations

In the post-hoc active SPMS subgroup, patients with active disease were defined by the
presence of superimposed relapses in the two years priorto screening and/or the presence
of at leastone T1 Gd-enhancing lesion atbaseline. Of note, “superimposed relapses” refers
to evidence of relapse in addition to progression and is referred to simply as “relapses”
throughoutthe rest of the report. A total of 779 patients were included in the active SPMS
subgroup; 516 and 263 were originally randomized to siponimod and placebo, respectively.
The preplanned subgroup analyses of the overall population defined patients with active
disease in two ways: by report of relapsesin the two years prior to study start and by the
presence of T1 Gd-enhancing lesions atbaseline.

Inclusion and Exclusion Criteria
A list of key inclusion and exclusion criteria is available in Table 7.

In addition to having a prior history of RRMS, to be eligible forinclusion, patients were
required to have a diagnosis of SPMS, which was defined in the EXPAND study as
exhibiting a progressive increase in disability for at least six monthsin the absence of
relapses or independent of relapses. A written statementfrom the investigator attesting to
the patientmeeting this definition was required. Patients also had to have an EDSS score
of between 3.0 and 6.5 (inclusive) at screening, documented disability progression based
on EDSS scoresin the two years priorto enrolment,and no evidence of relapse in the three
months prior to study enrolment. If this information was notavailable for patients, a written
summary of clinical evidence of disability progression and a retrospective assessment of
EDSS scores could be submitted for review by the adjudication committee. Patients with
various comorbidities and patients with homozygosity for the CYP2CP*3 haplotype were
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ineligible for this study. Of note, the genotype for CYP2C9 was determined for all patients
includedinthe EXPAND study at screening, and patients who refused to test forthe
CYP2C9*3 haplotype were also excluded.

Baseline Characteristics

The baseline demographics and disease characteristics of all randomized patients (RAN)
and patients in the post-hoc active SPMS subgroup are summarized in Table 8. The
baseline characteristics of patients included in active SPMS subgroup analysis were similar
between treatmentgroups. They were a mean (standard deviation [SD]) age of 46.6 (8.3)
years and the majority were female (63.8%). Overall, 75.8% of the active SPMS subgroup
had relapsesin the two years prior to the start of the study and just over half (55.6%) of
patients had an EDSS score of 6.0 to 6.5 at baseline, indicating severe disability. They
were diagnosed with MS with a mean (SD) of || | N} ]I, and it hadbeena
mean (SD) of 3.2 (3.3) years since they convertedto SPMS. The proportion of patientsin
the active SPMS subgroup with at leastone T1 Gd-enhancing lesion was 44.9% ||

Patients included inthe FAS were a mean (SD) age of 48.0 (7.87) years, the majority were
white (94.7%), and more than half were female (60.1%). They were diagnosed with MS a
mean (SD) of 12.63 (7.78) years ago, with a mean (SD) of 3.76 (3.51) years since they
converted to SPMS. The majority of patients (63.9%) reported zero relapsesin the two
years priorto screening and the time since onsetof the mostrecent relapse wasa mean
(SD) 0f 59.26 (59.63) months. The EDSS score, T25-FW, 9-HPT, and SDMT as well as
MRI-related outcomes were also reported for all patients at baseline (see Table 7). Just
over half (55.4%) of patients had an EDSS score of 6.0 to 6.5 at baseline, indicating severe
disability. Overall, the characteristics of disease were consistentwith a population that has
moderate-to-severe disability and SPMS, according to the clinical experts consulted for this
review. In addition, the two treatment arms were well balanced by baseline characteristics.

The mean (SD) duration of MS since diagnosis, since first symptoms, and time since
conversionto SPMS of the active SPMS subgroup were similar to the overall population.
The mean (SD) number of relapsesin the last year priorto screeningwas greater in the
active SPMS subgroup than in the overall population (0.5 [0.7] versus 0.3 [0.6],
respectively) and the proportion of patients with at least one T1 Gd-enhancing lesion was
aboutdouble the proportion of patientsin the overall population (44.9% versus 21.3%,
respectively). The mean (SD) volume (mm?3) of T2 lesions was greater in the active SPMS

subgroup than in the overall population as well (| Gz <sus 15.321.5
[16,057.6]), respectively.

Previous use of MS DMTs in the randomized analysis setare summarized in Table 8. This
information was notavailable for the active SPMS subgroup. The majority of patients in the
randomized analysis sethad experience with a DMT (78.3% of patients overall forany
DMT). The mostcommonly reported approved MS DMTs used by patients || NEGczIEzcNzNG
e
.|
I should be noted that a washout period was not required for
patients who had prior treatment with interferon beta or glatiramer acetate. Patients also
had experience with [
.

I < two treatmentarms were similarin terms of prior use of MS-related
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medications, with a slight difference in the proportion of patients by use of interferon
beta-1a, interferon beta-1b, and glatiramer acetate; however, these were not clinically
significantaccording to the clinical experts consulted by CADTH. The use of
immunosuppressants was also reported, with the mostcommon being ||| GcIEIzNE

Table 8: Summary of Baseline Characteristics

Demographics and baseline characteristics

EXPAND (RAN)

Siponimod
(N=1,105)

Placebo
(N =546)

EXPAND (active SPMS subgroup)
Siponimod

(N =516)

Placebo
(N =263)

CADTH

Age (years), mean (SD) 48.0 (7.84) 48.1 (7.94) 46.2 (8.1) 47.2 (8.5)
Sex, n (%)
Female 669 (60.5) 323(59.2) 331(64.1) 166 (63.1)
Male 436 (39.5) 223(40.8) 185(35.9) 97 (36.9)
Race,n (%)
Asian 31(2.8) 18 (3.3) NR
Black or African-American 7 (0.6) 3(0.5)
White 1,050 (95.0) 513(94.0)
Other 12 (1.1) 7 (1.3)
Unknown 5(0.5) 5(0.9)
Duration of MS since diagnosis (years), 12.88(7.91) 12.11(7.48) [ ] [ ]
mean (SD)
Duration of MS since first symptom (years), 17.12(8.39) 16.23(8.23) 15.6 (7.9) 15.5(8.2)
mean (SD)
Time since conversion to SPMS (years), 3.85(3.61) 3.56 (3.28) 3.2(3.3) 3.1(3.2)
mean (SD)
SPMS group (baseline definition), n (%)
With relapsesin the 2 years prior to study NR 388(75.2) 202(76.8)
start
Without relapsesin the 2 years prior to 127 (24.6) 61 (23.2)
study start
Number of relapses in the last 2 years prior 0.7 (1.20) 0.7 (1.16) NR
to screening (years), mean (SD)
Number of relapses in the last year prior to 0.2 (0.54) 0.3 (0.57) 0.5(0.7) 0.6 (0.7)
screening (years), mean (SD)
Number of relapses in the last 2 years prior
to screening, n (%)
0 712 (64.4) 343(62.8) NR
1 199 (18.0) 104 (19.0)
2t03 158 (14.3) 81 (14.8)
4105 26 (2.4) 13 (2.4)
>5 7 (0.6) 4(0.7)
Missing 3(0.3) 1(0.2)
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EXPAND (RAN)

Siponimod

Placebo

CADTH

EXPAND (active SPMS subgroup)

Siponimod

Placebo

Time since onset of most recent relapse
(months)

(N =1,105)

(N = 546)

(N =516)

(N = 263)

Mean (SD) 61.75(61.53) 54.25 (55.33) NR
Median (range) 39.97 36.93
(3.1t0 430.8) (2.7 10 315.9)
EDSS (categories)
<3.0 6 (0.5) 2(0.4) 3(0.6) 2(0.8)
3.0t04.5 312(28.2) 148 (27.1) 138(26.7) 68 (25.9)
5.0t05.5 165 (14.9) 100(18.3) 84 (16.3) 50 (19.0)
6.0t0 6.5 620 (56.1) 295 (54.0) 290 (56.2) 143 (54.4)
>6.5 2(0.2) 1(0.2) 1(0.2) 0
T25-FW (seconds)
Mean (SD) 17.08 (20.83) 16.00 (22.10) NR
Median (range) 10.30 9.55
(2.9t0 228.0) (3.310290.9)
9-HPT (seconds)
Mean (SD) 34.05(18.26) 34.52(19.87) NR
Median (range) 28.65 28.45
(12.5t0 192.3) (14.7t0 174.3)
SDMT oral score
Mean (SD) 38.9 (13.99) 39.6 (13.34) NR
Median (range) 40.0 (0 to 83) 42.0 (0 to 81)
Number of T1 Gd-enhancing lesions, n (%)
0 833(75.4) 415 (76.0) 236(52.1) 144 (54.8)
>1 237(21.4) 114 (20.9) 236 (45.7) 114 (43.3)
Missing 35(3.2) 17 (3.1) 11 (2.1) 5(1.9)
Volume of T2 lesions (mm?3)
Mean (SD) 15,631.8 14,694.0 - -
(16,267.91) (15,619.84)
Median (range) 10,286.0 9,994.0 ' '
(2310 116,664) (0 to 103,560)
Volume of unenhanced T1 lesions (mm?3)
Mean (SD) 6,757.3 5,994.1 NR
(8,682.22) (7,959.58)
Median (range) 3,533.5 3,288.0
(0to 61,537) (0t0 62,149)
Normalized brain volume (cc)
Mean (SD) 1,422.0(86.23) 1,424.5(87.59) NR
Median (range) 1,420.5 1,425.2
(1,1361t0 1,723) (1,199t0 1,691)
Prior medications
| 860(778) | 432(79.1) | NR

Any MS DMT, n (%)
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EXPAND (RAN)

EXPAND (active SPMS subgroup)

Placebo
(N =263)

Siponimod
(N =516)

Placebo
(N = 546)

Siponimod
(N =1,105)

Most commonly? used and approved MS
DMTs

Interferon beta-1a
Interferon beta-1b
Glatiramer acetate
Natalizumab

9-HPT = 9-hole peg test; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; Gd = gadolinium; MS = multiple sclerosis; NR =not reported; RAN
= randomized analysis set; SD = standard deviation; SDMT = Symbol Digit Modalities Test; SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot
Walk Test.

Note: The active SPMS subgroup defined patients with active disease as those having had relapses in the two years prior to screening and/or having at least one T1
Gd-enhancing lesion at baseline.

2These DMTs were used by 5% or more of patients in either treatment group.

Source: EXPAND Clinical Study Report.

Interventions

Patients were randomized 2:1 to eitherreceive siponimod (2 mg) or matched placebo once
daily. Treatmentwith siponimod or matched placebo began with a six-day titration period
starting with 0.25 mg and progressingupto 1.25mgon day 5 followed bya2 mg
maintenance dose starting on day 6. A dose reductionfrom 2mgto 1 mgdaily was
implemented for patients with confirmed lymphocyte counts of lessthan 0.2 x 10.° An
outline of the titration and re-titration schedules are provided in Table 9.

Table 9: Titration and Re-Titration Regimens

Target dose | Day 1
2mg 0.25 mg 0.25mg 0.5mg 0.75mg 1.25mg 2mg
1mg 0.25 mg 0.25 mg 0.5 mg 0.75 mg 1mg 1mg

Source: EXPAND Clinical Study Report.

Siponimod (0.25mg,0.5mg,1 mg,and 2 mg) and the dose-matched placebo were taken
orally and were provided as film-coated tablets, identical in appearance. If a patient missed
four or more consecutive doses of the maintenance dose, orif they missed at least one
dose during the titration period, they needed to restart the titration regimen.

If a patientmet the criteria for six-month CDP, they were counselled and presented with
one of three options: continue with the blinded study treatment, discontinue and switch to
open-label siponimod, or discontinue and start any other MS treatmentavailable to that
patient. For those who opted to switch to open-label siponimod, a re-titration regimen was
followed, regardless of the patient’s previous treatmentassignment. In addition, intravenous
corticosteroids were used as a rescue medication for the treatmentof MS relapses during
the study. A standard course of methylprednisolone, defined asup to 1,000 mg/day for
three to five days, was permitted, following standard of care procedures. Tapering with oral
corticosteroids was not allowed.

Concomitantmedications and significantnon-drug therapies such as physical therapy and
blood transfusions were permitted during the study. The use of dalfampridine was permitted
for patients who were treated with a stable dose priorto enrolment. The dose could not be
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changed or started during the double-blind treatmentperiod, exceptfor discontinuation due
to AEs. Certain classes of medications were prohibited, including immunosuppressive
and/or chemotherapeutic medications or procedures, monoclonal antibodies targeting the
immune system, otherimmunomodulatory treatmentor DMT for MS, medications that
inhibitcardiac conduction, and potent inducers of CYP2C9.

Information regarding concomitantmedication use was notavailable for the active SPMS
subgroup. In the overall population, concomitantmedication use was similar between the
two treatmentarms

summary of commonly used concomitantmedicationsis available in Appendix 3 (Table 40).

Outcomes

A list of primary, secondary, and exploratory efficacy end points that were evaluated in the
EXPAND trial are provided in Table 10. The end points of interestfor this review are
summarized as follows. Outcomes that were evaluated in the subgroup analyses are noted
throughoutthis section of the report. A detailed discussion and critical appraisal of the
outcome measures used in the EXPAND study are provided in Appendix 4.

Table 10: OQutcome Measures Included in EXPAND

Outcome | Outcome measure

Primary? e Disease progression: Time to 3-month CDP based on EDSS

Key secondary? ¢ Mobility: Time to 3-month confirmed worsening of = 20% from baseline in T25-FW
e Imaging outcome: Change from baseline in T2 lesion volume

Additional secondary e Disease progression: Time to 6-month CDP based on EDSS

o Relapse-related outcomes: ARR, time to first relapse, proportion of patients with relapse

¢ HRQoL: MSWS-12

¢ Imaging outcomes forinflammatory disease activity and brain volume (number of new or enlarging
T2 lesions, proportion of patients free of new or enlarging T2 lesions, number of T1 Gd -enhancing
lesions, proportion of patients free of T1 Gd-enhancing lesions), and percentage brain volume
change

Exploratory o Mobility: MSFC (z score) and associated subscale scores (T25-FW, 9-HPT)

e Cognitive function: SDMT, PASAT (subscale of MSFC), and BVMT-R

e HRQoL: MSIS-29 and EQ-5D-3L

9-HPT = 9-hole peg test; ARR = annualized relapse rate; BVMT-R = Brief Visuospatial Memory Test-Revised; CDP = confirmed disability progression; EDSS = Expanded
Disability Status Scale; EQ-5D-3L = EuroQol 5-Dimensions 3-Levels; Gd = gadolinium; HRQoL = health-related quality of life; MSFC = Multiple Sclerosis Functional
Composite; MSIS-29 = Multiple Sclerosis Impact Scale; MSWS-12 = Multiple Sclerosis Walking Scale; PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol
Digit Modalities Test; T25-FW = Timed 25-Foot Walk Test.

2Included in the statistical hierarchy.

Source: EXPAND Clinical Study Report.*

Confirmed Disability Progression (EDSS)

The primary efficacy outcome in the EXPAND study was the time to three-month CDP
based on the EDSS score. This outcome was included in the preplanned subgroup
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analyses and post-hoc active SPMS subgroup analysis. Time to six-month CDP by EDSS
was also reported as an additional secondary efficacy outcome for the FAS and was
includedin the post-hoc active SPMS subgroup analysis. Of note, every EDSS score
between onsetand confirmation needed to meetthe criteria for disease progression, and
time to this event was calculated from day 1 (last assessmentbefore the start of study
treatment) to CDP onset.

The EDSS is used to assess neurologicimpairmentin MS based on a neurological
examination,whichis performed by anindependentEDSSrater. It is scored using an
ordinal scale from O to 10, where O correspondsto no disability and 10 indicates death due
to MS. An assessmentofthe EDSS score overtime was used to define disability
progression or CDP inthe EXPAND study, with differentdefinitions used depending on the
baseline EDSS score. Disability progression was defined using the MID for the EDSS (see
Appendix 4), i.e., as a 1.0-pointincrease from baseline for patients who had a baseline
score of 3.0 to 5.0, or a 0.5-pointincrease for patientswho had a baseline EDSS score of
5.5 t0 6.5. Sustained disability progression over a period of time was determined by a
sustained EDSS score over time, outside of an ongoing relapse. The maximum duration of
arelapse was defined as 90 days in the context of the EXPAND study. Limitations of the
EDSS include moderate intra-rater reliability,* poor assessmentof upper limb and cognitive
function, and lack of linearity between score difference and the clinical severity.*>4’

Health-Related Quality of Life (MSWS-12, MSIS-29, and EQ-5D-3L)

HRQoL was evaluated using three measures:the MSWS-12, MSIS-29, and EQ-5D-3L. The
MSWS-12 was a secondary outcome and the MSIS-29 and EQ-5D-3L were exploratory
outcomesinthe EXPAND trial. The MSWS-12 was included in the post-hoc active SPMS
subgroup analysis.

The MSWS-12 is a patient-reported outcome thatis used to evaluate the limitations of
walking due to MS via 12 items. Three itemsinclude three response categories and nine
itemsinclude five response categories, which together formulate a total score that ranges
from Oto 100 where a higher score indicates greaterimpairment. Arange from 10.4 points
to 22 pointswas identified asthe MID forthe MSWS-12. Also, high test-retest reliability as
well as convergentand discriminantvalidity have been demonstrated in patients with MS.

The MSIS-29 is also a patient-reported outcome thatuses a self-administered
questionnaire to assess HRQoL in terms of the patient's views aboutthe impactof MS on
day-to-day life. The questionnaire is composed of 29 items and two domains, physical and
psychological. Further, the responses are based on a two-week recall period and answered
using a four-pointordinal scale from 1 (notat all) to 4 (extremely). Higher scoresindicate a
greaterimpacton day-to-day life. The physical subscale is associated with an MID of 8, and
the MID for the psychological subscale is 6.25. The MSIS-29 has also demonstrated
excellentreliability, and convergentand discriminant validity.

The EuroQol 5-Dimensions (EQ-5D) isa commonly used generic assessmentof health
status that includes five dimensions —namely, mobility, self-care, usual activity, pain
and/or discomfort, and anxiety and/or depression. The three-level version of the EQ-5D
(EQ-5D-3L)was usedin the EXPAND study, meaning patients respond to each of the five
dimensions according to one of three statementsincreasing in level of severity: no problem
(1), some or moderate problem (2), and unstable, or extreme problem (3). Adequate test-
retest reliability and validity of the EQ-5D-3L has been established in patients with MS and
the MID for the EQ-5D-3L index score ranges from 0.050 and 0.084.
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Mobility (MSFC: MSFC z Score, T25-FW, 9-HPT, and PASAT)

The Multiple Sclerosis Functional Composite (MSFC) is a composite outcome that
incorporates measures of ambulation, upper extremity function, and cognitive function using
the T25-FW, 9-HPT, and PASAT, respectively. The MSFC and corresponding subscales,
except forthe T25-FW, were included as exploratory outcomesin the EXPAND trial.
Overall, the MSFC has demonstrated excellenttest-retestreliability, and construct and
convergentvalidity. An MID for the MSFC was not identified.

The T25-FW measuresthe time taken (in seconds) by a patient to walk 25 feet. The patient
is directed to one end of a clearly marked course and instructed to walk as quickly and
safely as possible. The test is then re-administered immediately by having the patient walk
the same distance backto the start. Assistive devices may be used and there is a time limit
of three minutes (180 seconds) per trial. The T25-FW was used to inform one of the key
secondary outcomesin the EXPAND trial: time to three-month confirmed worsening of at
least 20% from baseline in the T25-FW. A change of 20% in the T25-FW represents the
MID for this outcome. Thiswas defined as a decrease from baseline thatwas sustained for
at least three months. This outcome was included in the preplanned subgroup analyses and
post-hoc active SPMS subgroup analysis.

The 9-HPT is a functional outcome related to upper body mobility, which measuresthe time
taken (in seconds) to insertand remove nine pegs. A score is provided for both the right
and left arm, and both sides are measured twice. The time limitpertrial is restricted to five
minutes (300 seconds). A 20% change is considered the MID forthe 9-HPT.

Lastly, the PASAT is a measure of cognitive function through an assessmentof auditory
information processing, speed, flexibility, and calculation ability. It is administered via an
audiorecording as a three-minute test with new digits presented every three seconds.
Patients mustadd each new digit to the one before it. The number of correct answersis
recorded and can range from zero to 60. Two differentversions of the PASAT test (Form A
and Form B) were used at alternating visits. Patients also completed the PASAT test during
the screening phase because of a learning effect. An MID forthe PASAT was not identified
in the literature for patients with MS.

Cognitive Function-Related Outcomes (PASAT, SDMT, and BVMT-R)

In addition to the PASAT (previously described), two outcomes used to evaluate cognitive
function were used in the EXPAND study; the SDMT and BVMT-R. All of the cognitive
function tests were exploratory outcomesin the EXPAND study.

The SDMT is used to assess attention, concentration, and processing speed. The
instrumentused to administer the test includes a row of nine numbers paired with unique
symbols, and an array of symbols paired with blank spaces. Patient mustverbally match
each symbolto its corresponding number as fastas possible. The test takes aboutfive
minutesto administer and is scored based on the number of correctanswersin 90
seconds. The EXPAND study used three versions of this test — the Smith, Benedict1, and
Benedict2 versions — to overcome learning effects. Araw score change of 4 pointsor a
10% change represents the MID forthe SDMT. It has also demonstrated excellenttest-
retest reliability and validity has been demonstrated in patients with MS.

The BVMT-R provides a measure of visuospatial memory used to detect changes over
time. Patients are shown a sheet of geometric designs for 10 seconds, then are asked to
draw the designs and where they were seen, as accurately as possible. Thisis repeated
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twice more for three consecutive tests. In addition, a delayed recall trial was administered
aftera 25-minute delay. Six versions of the BVMT-R were used at alternative visits. Scoring
of the tests are based onthe accuracy of the drawings and the location of the figures. For
eachfigure, 1 pointis awarded to each satisfactory domain resulting ina maximum of 12
points per test.**4 An MID of BVMT-R for patients with MS was not identified in the
literature.

Relapse (ARR and Proportion of Relapse-Free Patients)

An MS relapse was defined according to the 2001 McDonald Criteria as the “appearance of
a new neurological abnormality or worsening of previously stable orimproving pre -existing
neurological abnormality, separated by at least 30 days from onsetof a preceding clinical
demyelinating event.” The abnormality also mustbe present for at least 24 hours and
absentof fever or known infection. A confirmed MS relapse was distinguished by an
accompanying clinically relevantchange inthe EDSS score; however, the clinical experts
on this review did not think that confirmation via EDSS score was necessary. The EXPAND
study included two relapse-related variables as secondary outcomes —namely, ARR
(number of relapses peryear), and time to firstrelapse and proportion of patients free of
relapses. The ARR based on confirmed relapseswas included in the post-hoc active SPMS
subgroup analysis.

Imaging Outcomes

A series of MRI outcomes was included inthe EXPAND study. The change from baselinein
T2 lesion volume was a key secondary outcome used as a proxy for severity of disease,
and measured atmonth 12 and month 24. This outcome was included in the preplanned
subgroup analyses and post-hoc active SPMS subgroup analysis. Inflammatory disease
activity was measured by the number of new or enlarging T2 lesions, proportion of patients
free of new or enlarging T2 lesions, number of T1 Gd-enhancing lesions, and proportion of
patients free of T1 Gd-enhancing lesions. Percentage brain volume change from baseline
was also reported. Gd-enhanced lesions are useful for identifying active inflammation,
whereasthe occurrence of T2 lesionsrequiresinterpretation based on a comparison with
the number of T2 lesions observed in previous scans.® All of these outcomes were reported
as secondary outcomesin the EXPAND trial. Outcomes regarding the number of lesions
and the percentage brain volume change were included in the post-hoc active SPMS
subgroup analysis.

Statistical Analysis

As the active SPMS subgroup analyses were conducted post hocin response to questions
from regulatory authorities, no specific statistical analysis plan was available. However, the
sponsor noted that statistical analyses for the active SPMS population followed the same
analysis methods used for the overall population, described as follows.

Power Calculation

The EXPAND study was designed to have 90% powerto detect a 30% risk reduction (HR =
0.70) for three-month CDP using a log-rank test with a two-sided alpha level of 0.05. To
observe at least 374 patients with disability progression, 1,530 patients and an overall study
duration of 42 months were required, with the assumption that at two years, 30% of the
placebo group would have disability progression — a dropoutrate of 20%. The key
secondary outcomes were powered at90% for the three-month confirmed worsening in
T25-FW of 20% or more from baseline and 87% for the change in T2 lesion volume from
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baseline to month 24. The latter was estimated to have 900 patients (600 siponimod, 300
placebo) available for analysis and a mean change from baseline of 600 mm3(SD =2.7). It
was predicted that when the estimated number of 374 or more events of three-month CDP
has been observed, 95% of patients would have beenrandomized for atleastone year
before the core part of the study was stopped. Further, a normally distributed change from
baseline was assumed and other assumptions were made based on data available from
two-year studies of patients with RRMS (see Freedman [2011]%).

A hierarchical testing procedure was performed for the primary and key secondary end
pointsin the following order:

1. timeto three-month CDP based on EDSS score
2. timeto three-month confirmed worsening of atleast20% from baseline in T25-FW
3. changefrom baselinein T2 lesion volume.

The first hypothesis relating to the primary end pointwas performed ata two-sided
significance level adjusted according to O’Brien-Fleming, and calculated to be 0.0434. The
second and third hypothesistests were performed ata two-sided significance level of 0.05.

All other secondary and exploratory outcomes (as listed in Table 10) were analyzed at a
significance level of 0.05 withoutcontrol for multiplicity. Further, no test for statistical
significance in the subgroups or test for consistency of treatmenteffectwas performed
across subgroups.

Statistical Test or Model

The primary outcome (time to three-month CDP) and time to six-month CDP were tested
using a Cox proportional hazards model. Treatment, country, baseline EDSS (continuous
scale), and SPMS group (with or without relapses in the two years priorto screening) were
included as covariates. Estimated HRs (siponimod and placebo hazard rates) were
obtained with 95% Wald Cls. The corresponding risk reduction was also calculated as
(1-hazardratio) x 100. Additionally, Kaplan—Meier estimates with 95% CI| were summarized
atmonth 12, month 24, and month 36, and a Kaplan—Meier curve was presented.

Analysis of the key secondary outcome of time to three-month confirmed worsening of at
least 20% on the T25-FW was similar to the primary outcome analysis, butincluded
baseline T25-FW (continuous scale) as a covariate.

A Cox proportional hazards model was also used for the othertime-to-eventvariables,
including time to first confirmed relapse and the composite time-to-eventend point.

The change from baseline in T2 lesion volume used a mixed-effects model for repeated
measures (MMRM) with visit as a categorical factor. The following were included as
covariates: country, age, SPMS group (with or without relapses, and baseline definition), T2
volume atbaseline (continuous scale),and number of T1 Gd-enhancing lesions atbaseline
(continuous scale). The model assumed thatvisits were equally spaced and the change
from baseline followed a normal distribution. The change from baseline atmonth 12, month
24, and month 36 were also calculated.

The percentage brain volume change relative to baseline was analyzed using MMRM with
visit as a categorical factor, and with baseline normalized brain volume as a covariate. The
percentage brain volume change relative to baseline atmonth 12, month 24, and month 36
were also calculated.
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The number of T1 Gd-enhancing lesions and number of new or enlarging T2 lesions were
also analyzed using a MMRM. A negative binomial distribution for the counts was assumed,
and age, country, and number of T1 Gd-enhanced lesions atbaseline were included as
covariates. ARR was analyzed with a negative binomial regression model with alog-link
function and included the following covariates: country, continuous baseline EDSS,
baseline number of T1 Gd-enhancing lesion categories, and SPMS group (with or without
relapses, and baseline definition).

Data Imputation Methods

The primary and key secondary efficacy analyses used all available data from the core part
of the study for all patientsincluded in the FAS, irrespective of premature discontinuation of
study medication. Patients who do not reach disability progression based on EDSS score
by the end of the core part were censored at the latest date known to be at risk during the
core part. Supportive sensitivity analyses were performed. A likelihood-based statistical
modelling approach (e.g., MMRM) was used to account for missing data in the overall
population (FAS) of the EXPAND study, as described in the previous section. Missing data
were not accounted for in the active SPMS subgroup.

Subgroup Analyses

Subgroup analyses on the primary outcome were performed for the following: gender,
previous interferon beta-1b treatment, previous MS DMT treatment, relapsing versus non-
relapsing SPMS (with or withoutrelapsesin the two years prior to screening visit), rapidly
evolving patients based on historical EDSS scores (change = 1.5 in two years priorto
study), disease course (Global Multiple Sclerosis Severity Score = 4), and numberof T1
Gd-enhancing lesions atbaseline. Previous treatmentwith interferon beta was added as a
post-hoc subgroup analysis.

Patients with or without at least one confirmed relapse atany time after day 1 were noted
as the “post-treatmentdefinition” of relapsing or non-relapsing SPMS.

The following subgroup analyses were performed for the key secondary outcomes: patients
with SPMS with or withoutrelapses (baseline definition); rapidly and notrapidly evolving
patients; and patients with and without moderate or severe disease course (as defined by
the Global Multiple Sclerosis Severity Score).

Sensitivity Analyses

A preplanned sensitivity analysis was performed for the primary outcome that excluded
patients who were assessed by an EDSS rater that had accessto potentially unblinding
information. An analysis employing the per-protocol set(PPS) was used to supplementthe
FAS analysis by providing an analysis of on-treatmentdata for patients who had no major
protocol violations. A modified FAS (mFAS) was also used.

Sensitivity analyses were also performed using the FAS and three predefined assumptions:

1. All patientswith a start of a tentative disability progression based on EDSS score, who
discontinued the core part prematurely within the three-month confirmation interval, had
confirmed progression based on EDSS score.

2. All patientswho discontinued the core part prematurely withoutreaching the end point
had confirmed progression based on EDSS score at the time they stopped study
participation.

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 50



CADTH

3. All patients who discontinued the core part prematurely forreasons related to lack of
efficacy withoutreaching the end point had confirmed progression based on EDSS
score at the time they stopped study participation.

Analysis Populations
The randomized analysis setincluded all patients who were randomized.

The FAS included allrandomized patients who received atleast one dose of study
medication. It was used for all efficacy analyses and followed an intention-to-treat principle.
Patients receiving open-label therapy were included based on the original treatmentgroup
assignment. In addition, the post-hoc active SPMS subgroup analysis was based on the
FAS.

The mFAS wasthe same as the FAS, except efficacy assessments for patients who
prematurely discontinued study treatment and switched therapies (either started a new MS
DMT or open-label siponimod) were only included up until the time of the switch. The mFAS
was used for sensitivity analyses of the primary and key secondary efficacy outcomes.

The PPS comprised all patients included in the FAS who also did not have any major
protocol deviations that may cause confounding. Depending on the protocol deviation, data
for a patient may have only been excluded after the time at which the protocol deviation
occurred. The PPS was primarily used for supportive analyses for the primary and key
secondary efficacy outcomes.

The safety set included all patients who received at least one dose of study medication and
was used for all safety analyses. Patients were analyzed based on the actual treatment
received, including all available data up to and including 30 days following the lastdose of
the study drug or the day before the start of open-label siponimod in the extension study.

Results

Patient Disposition

A summary of patient study disposition atthe end of the treatmentepoch is presented in
Table 11.

Patient disposition for the post-hoc active SPMS subgroup was provided in a poster
presentation.®® Of note, the posterincluded 519 patientsin the siponimod group while the
post-hoc analysis submitted by the sponsor reported 516.%° The reason for the discrepancy
between the patientpopulation reported in the poster and the sponsor-submitted active
SPMS data is unclear. A total of 782 of the 2,092 patients who were screened forthe
EXPAND study was included in the active SPMS subgroup. Data regarding screening
failures were notavailable for the active SPMS subgroup, butfor the overall population,
441 (21.1%) failed, primarily (80.0%) due to ineligibility based on the inclusion and
exclusion criteria. The proportion of patients in the active SPMS subgroup that completed
the study was 79.4% and similar to the overall population (80.4%).

In the active SPMS subgroup, the percentage of discontinuations in the placebo group was
greater than in the siponimod group (27% and 18%, respectively). | | GcNIENNG

I O < all, discontinuation due to |
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I - < 2/so common reasons for discontinuation, with similar

proportions between the treatmentgroups.

In the overall population, the percentage of discontinuations in the placebo group was
greaterthan in the siponimod group (22.3% and 18.3%, respectively). The most common
reason for discontinuation from study in both treatmentgroups was patient or guardian
decision (10.5% overall); however, this was more common in the placebo group (8.7% in
the siponimod group versus 14.1% in the placebo group). Other reasons for discontinuation
were reported for a similar proportion of patients in the siponimod and placebo treatment
groups.

Additional information regarding patientdisposition after discontinuation of the study drug in

the overall population is available in Appendix 3 (Table 41).

Table 11: Patient Disposition

Screened, N 2,092 782
Randomized, N (%) 1,105 (66.9) 546 (33.1) 519 (66.4) 263 (33.6)
Completed study, N (%) 903 (81.7) 424(77.7) 428 (83) 193(73)
Discontinued study, N (%) 202(18.3) 122 (22.3) 91 (18) 70 (27)
Reason for discontinuation, N (%)
Adverse events 45 (4.1) 18 (3.3) 15 (2.9) 9 (3.4)
Lack of efficacy [ ] [ ] 9(1.7) 7(.7)
Lost to follow-up [ I 3(0.6) 3(1.1)
Non-compliance with study treatment ] | 2 (0.4) 0
Physician decision [ ] ] 9(1L.7) 1(0.4)
Progressive disease I I 1(0.2) 3(1.1)
Protocol deviation ] ] 1(0.2) 1(0.4)
Technical problems I | 1(0.2) 0
Patient/guardian decision [ ] [ 47 (9.1) 45 (17.1)
Death ] ] 2 (0.4) 1(0.4)
New therapy forindication ] ] 1(0.2) 0
RAN, N [ | [ | NR NR
FAS, N [ ] [ | 516P 263P
PPS, N [ || NR NR
Safety set, N [ | [ | NR NR

FAS = full analysis set; NR =not reported; PPS = per-protocol set; SPMS = secondary-progressive multiple sclerosis; RAN = randomized analysis set.

2 patient disposition data were derived from the poster by Gold et al. (2019)® and include an N = 782 rather than N = 779, which was used for all other analyses for this

patient population in this CADTH report.

° The N for the FAS is based on the subgroup analyses and not the poster by Gold et al. (2019).%
Source: EXPAND Clinical Study Report* and Gold et al. (2019).%°
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Exposure to Study Treatments

A summary of exposure to the study drug during the double-blind treatmentperiod is
providedin Table 12.

I 1 < cumulative exposure to the double-
blind study drug was similar between the two groups. | EGczcIGINGINGNGNGNGEGEG

Data regarding exposure to study treatments was not provided for any of the subgroup
analysis sets.

Table 12: Exposureto Double-Blind Study Drug in the Overall Population — Safety Set

Cumulative exposure, n (%)

‘ Siponimod ‘ Placebo

(N =1,099) (N = 546)

21 day

27 days

=1 month

= 3 months

= 6 months

=12 months

> 24 months

= 36 months

Exposure (months)

Mean (SD)

Minimum, maximum

SD = standard deviation.
Source: EXPAND Clinical Study Report.*

Efficacy

Only those efficacy outcomes and analyses of subgroups identified in the review protocol
are reported as follows. See Appendix 3 for detailed efficacy data. The results of the post-
hoc active SPMS subgroup analyses are presented first, followed by the results of the full
study population thathas been included forreference. Where available, the preplanned
subgroup analyses of relevance to this review have been summarized following the results
of the FAS.

Disability Progression or Improvement

The results for primary efficacy outcome, time to three-month CDP, and time to six-month
CDP forboth the post-hoc active SPMS subgroup and the overall EXPAND population are
providedin Table 13.
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Based on an HR of 0.69 (95% CI, 0.53t0 0.91; P = 0.0094) in the active SPMS subgroup,
treatmentwith siponimod corresponded to a 30.7% risk reduction in the time to three-month
CDP compared to placebo. In the overall population,an HR of 0.79 (95% CI, 0.65 to 0.95;

P = 0.0134) for treatmentwith siponimod compared to placebo, ora 21.2% risk reductionin
the time to three-month CDP with siponimod, was reported. In the active SPMS subgroup,
the absolute risk difference was || |  EGczcIENIIEEEEEEEEE
I hich was greater than the absolute risk difference of 5.4% in the overall
patientpopulation (26.3% in the siponimod group versus 31.7% in the placebo group).

The results fortime to six-month CDP were also in favour of siponimod compared to
placebointhe active SPMS subgroup based onan HR 0f0.63 (95% ClI, 0.47to0 0.86; P =
0.0040), which corresponded to a 36.5% risk reduction. In the overall population, based on
an HR of 0.74 (95% CI, 0.60 to 0.92; P = 0.0058), treatmentwith siponimod corresponded
to a 25.9% risk reduction. The six-month CDP outcome and active SPMS subgroup
analyseswere notincluded in the statistical testing hierarchy. The absolute risk difference
in the active SPMS subgroup was 9.1% (19.0% in the siponimod group versus 28.1% in the
placebo group), which was greater than the absolute risk difference of 5.6% in the overall
population (19.9% in the siponimod group versus 25.5% in the placebo group).

Planned sensitivity analyses were performed for the primary efficacy outcome of the overall
population using the PPS and mFAS as well as four scenarios previously described. The
results of the sensitivity analyses were consistentwith the primary analysis.

Table 13: Confirmed Disability Progression by EDSS

EXPAND (FAS) EXPAND (active SPMS subgroup)
Siponimod Placebo Siponimod Placebo
(N=1,099) (N =546) (N =516) (N =263)
Time to 3-month CDP by EDSS
n/N (%) 288/1,096 (26.3) | 173/545 (31.7) 128/515 (24.9) | 91/263 (34.6)
Risk reduction (%) 21.2 30.7
Hazard ratio® (95% CI) 0.79 (0.65to0 0.95) 0.69 (0.53t0 0.91)
P value 0.0134 0.0094°
Time to 6-month CDP by EDSSP
n/N (%) 218/1,096 (19.9) | 139/545 (25.5) 98/515 (19.0) | 74/263(28.1)
Risk reduction (%) 25.9 36.5
Hazard ratio® (95% CI) 0.74 (0.60to 0.92) 0.63 (0.47 to 0.86)
P value 0.0058 0.0040

CDP = confirmed disability progression; Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; SPMS = secondary-progressive
multiple sclerosis.

2Used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, and SPMS group (with or without relapses, baseline definition) as
covariates. Risk reduction is derived as (1-hazard ratio) x 100.
> Outcome was outside the statistical testing hierarchy.

Note: For time to three-month CDP, the null hypothesis was tested at a two-sided significance level of 0.0434, adjusted according to the O'Brien-Fleming alpha level

correction. The active SPMS subgroup defined patients with active disease as having had relapses in the two years prior to screening and/or having at least one T1 Gd-
enhancing lesion at baseline.

Source: EXPAND Clinical Study Report.*

A summary of the planned subgroup analyses of the primary outcome is presented in Table
14. In the planned subgroup analysis, the HR for patients with relapsesin the two years
priorto study startwas 0.67 (95% Cl, 0.49 to 0.91) and 0.87 (95% Cl, 0.68to0 1.11)in
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patients without relapses. Further, in patients with more than one T1 Gd-enhancing lesion
atbaseline,the HRwas 0.64 (95% Cl, 0.42 to 0.95) and 0.82 (95% ClI, 0.66t0 1.02)in
patients without T1 Gd-enhancing lesions atbaseline. Therefore, in general, the risk
reduction fortime to three-month CDP tended to be more evidentin subgroups of patients
than inthe overall population. More specifically, the HR (95% CI) for those with relapsesin
the two years prior to study start was 0.67 (0.49to 0.91) and 0.64 (0.42 to 0.95) in patients
with more than one T1 Gd-enhancing lesion atbaseline,compared to an HR of 0.79 (0.65
to 0.95) in the overall population. The results did not suggesta difference in treatmenteffect
by EDSS score at baseline;therefore, itis unknown whether the subgroup of patients with
active SPMS would have similar patternsin risk reduction by disease status at baseline.

Table 14: Planned Subgroup Analyses of Time to Three-Month CDP — FAS

EXPAND
Siponimod Placebo HR (95% Cl) P value
n/N (%) n/N (%)
Relapsesin the 2 years prior to study start?
With relapses 98/388 (25.3) 72/202 (35.6) 0.67 (0.491t0 0.91) NR
Without relapses 190/708 (26.8) 101/343(29.4) 0.87 (0.68t0 1.11) NR
Number of T1 Gd-enhancing lesions at baseline?
21 61/236 (25.8) 40/114 (35.1) 0.64 (0.42to 0.95) NR
0 219/828 (26.4) 128/415 (30.8) 0.82 (0.66t0 1.02) NR
Patients with rapidly evolving disease®®
Yes 82/264 (31.1) 60/145 (41.4) 0.65 (0.46to 0.91) NR
No 206/835 (24.7) 113/401 (28.2) 0.86 (0.69to 1.09) NR
EDSS at baseline?
3.0 NR NR 0.64 (0.41t0 1.01) NR
4.0 NR NR 0.70 (0.52to 0.95) NR
5.0 NR NR 0.76 (0.63to 0.93) NR
6.0 NR NR 0.83 (0.67to 1.04) NR

CDP = confirmed disability progression; Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd = gadolinium; HR = hazard ratio;
NR = not reported.

& Outcome was outside the statistical testing hierarchy.

b patients with rapidly evolving disease are defined as patients with 1.5 or greater EDSS change in the two years prior to or at study start and disability progression in the
two years prior to study start was not adjudicated.

Note: It is unclear whether the subgroup analyses were preplanned, but patients were not stratified by the subgroups in this table at randomization.
Source: EXPAND Clinical Study Report.*

As shownin Figure 4, the Kaplan—Meier curve for the subgroup of patients with active
SPMS demonstrated a statistically significantdifference in three-month CDP between
siponimod and placebo. The difference was sustained over the entire course of the study
(from about six months until approximately 30 months to 36 months). A log-rank test was
performed for the survival curve, resulting in a P value of i} A similar pattern of
difference on this primary outcome of three-month CDP was observed in the overall patient
population (Appendix 3, Figure 5).
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Figure 4: Patients With Active SPMS, Free of Three-Month CDP Based on EDSS, Kaplan—
Meier Curve — Post-Hoc Active SPMS Subgroup

Figure 4 contained confidential information and was removed at the requestof the sponsor.

CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; SPMS = secondary -progressive multiple sclerosis.

Note: Patients who did not have a baseline EDSS assessment were excluded from the analysis. The active SPMS subgroup defined patients with active disease as
having had relapses in the two years prior to screening and/or having at least one T1 Gd-enhancing lesion at baseline.

Source: CADTH submission for siponimod.*®

Health-Related Quality of Life

The only measure of HRQoL assessed in the active SPMS subgroup was the MSWS-12.
Other measures of HRQoL were assessed in the overall population (FAS) of the EXPAND
study, including the MSWS-12, MSIS-29, and EQ-5D-3L. The results of the MSWS-12 data
atmonth 12 have been summarized in Table 15. The results related to the MSIS-29 and
EQ-5D-3L are provided in Appendix 3 (Table 42).

None of the HRQoL outcomeswere included in the statistical hierarchy. The adjusted mean
change from baseline atmonth 12 is presented in Table 15. For the post-hoc active SPMS
subgroup analysis, the between-groups difference for the MSWS-12 converted score was l
. For the overall population, the between-groups
difference forthe MSWS-12 converted score was —1.83 (95% CI,—-3.85t0 0.19; P =
0.0764). Further, the reported results for the HRQoL outcomes corresponding to the overall

population | . d not meetthe MID described in Appendix 4, which

ranged from 10.4to 22.

Similarly at month 24, there was no difference between groups forthe MSWS-12 in the total
EXPAND population (-1.23;95% CI, -3.89 to 1.44; P = 0.3671) or inthe active SPMS

subgroup [
Table 15: HRQoL — MSWS-12, Change from Baseline

Baseline At month 12 Treatment group difference
vs. control

Mean (SD) Mean (SD) Adjusted mean Mean difference P value
change from (95% CI)
baseline (SE)

FAS: MSWS-12 converted score,2 MMRM?P

Siponimod | 1,099 | 917 | 68.29(23.376) | 69.57(24.95) 1.53 (0.68) 1,022 -1.83 0.0764
Placebo 546 | 448 | 66.64(22.25) | 70.08(23.92) 3.36 (0.91) 516 (-3.8510 0.19)

Active SPMS subgroup: MSWS-12 converted score, 2 MMRMP

Siponimod | 516 | NR NR NR [ ] [ | * [ ]
Placebo 263 | NR NR NR [ ] [ |

Cl = confidence interval; FAS = full analysis set; Gd = gadolinium; HRQoL = health-related quality of life; MMRM = mixed-effects model for repeated measures; MSWS-12
= Multiple Sclerosis Walking Scale; NR = not reported; SD = standard deviation; SE = standard error; SPMS = secondary-progressive multiple sclerosis; vs. =versus.

Note: The active SPMS subgroup defined patients with active disease as having had relapses in the two years prior to screening and/or having at least one
T1 Gd-enhancing lesion at baseline.

# Outcome was not included in the statistical testing hierarchy.
>Model was adjusted for treatment, region and/or country, and corresponding baseline score.
Source: EXPAND Clinical Study Report** and CADTH submission for siponimod.*®

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 56



CADTH

Mobility

The time to three-month confirmed worsening of atleast 20% from baseline in the T25-FW
was a key secondary outcome in the EXPAND study and the second outcome in the
statistical testing hierarchy. This outcome was also included in the post-hoc active SPMS
subgroup analyses (see Table 16). For patients with active SPMS, an HR of 0.85 (95% ClI,
0.68 to 1.07) for siponimod compared to placebo was reported fortime to three-month
confirmed worsening inthe T25-FW. In the overall population, as presented in Table 16,
treatmentwith siponimod compared to placebo resulted inan HR of 0.94 (95% CI, 0.80 to
1.10;

P = 0.4398) fortime to three-month confirmed worsening in the T25-FW; however, this was
not statistically significant. The absolute risk difference between siponimod and placebo

was [N | 7% in the overall population.

Sensitivity analyses were performed using the mFAS and PPS, and were consistentwith
the primary analysis.

The planned subgroup analyses by relapsesin the two years prior to study start and in
patients with rapidly evolving disease are shown in Table 17. The planned subgroup
analysis by disease activity status at baseline showed no difference between treatment
groupsin time to three-month confirmed worsening of atleast 20% from baseline in T25-
FW; nor was there a pattern of differential treatmenteffect by relapsing compared to non-
relapsing orrapid evolving disease.

Table 16: Time to Three-Month Confirmed Worsening of 20% or More From Baseline in the
T25-FW

EXPAND (FAS) EXPAND (active SPMS subgroup)

Siponimod Placebo Siponimod Placebo

(N =1,099) (N =546) (N =516) (N =263)
Time to 3-month confirmed worsening of 2 20% from baseline in the T25-FW
n/N’ (%) 432/1,087 (39.7) | 225/543 (41.4) ) | 120/263 (45.6)
Risk reduction (%) 6.2 14.7
Hazard ratio® (95% CI) 0.94 (0.80to 1.10) 0.85 (0.68t0 1.07)
P value 0.4398 0.1747

CIl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd = gadolinium; n= number of patients with events; N’ = number of patients
included in the analysis (i.e., with non-missing covariates); SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Note: The active SPMS subgroup defined patients with active disease as having had relapses in the two years prior to screening and/or having at least one T1 Gd-
enhancing lesion at baseline.

2 The comparison used a Cox proportional hazards model with treatment, country and/or region, baseline EDSS, baseline T25-FW, and SPMS group (with or without
relapses, baseline definition) as covariates.

Source: EXPAND Clinical Study Report.
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Table 17: Planned Subgroup Analyses of Time to Three-Month Confirmed Worsening of 20%
or More From Baseline in the T25-FW — FAS

EXPAND

Siponimod Placebo

0,
n/N (%) nIN (%) HR (95% Cl) P value

Time to 3-month confirmed worsening of 2 20% from baseline in T25-FW?
Relapses in the 2 years prior to study start
With relapses ] I NR
Without relapses ] ] NR
Patients with rapidly evolving disease®
Yes ] I NR
No [ | [ NR

CIl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd = gadolinium; HR = hazard ratio; NR = not reported; SPMS = secondary-
progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Note: All analyses were conducted using the FAS. This outcome was not assessed by the number of T1 Gd-enhancing lesions at baseline.

20utcome was outside the statistical testing hierarchy.

b Rapidly evolving patients are defined as patients with 1.5 or greater EDSS change in the two years prior to or at study start and disability progression in the two years
prior to study start was not adjudicated.

Source: EXPAND Clinical Study Report.*
Multiple Sclerosis Functional Composite: T25-FW and 9-HPT

The MSFC is a composite outcome derived from a combination of the 9-HPT, T25-FW, and
the PASAT. The results of the MSFC z score and mobility-related components (T25-FW
and 9-HPT) at month 12 were assessed in the overall population and are provided in
Appendix 3 (Table 43). None of these outcomes were included in the statistical hierarchy
forthe overall population and none of these outcomes were analyzed in an active SPMS
patientsubgroup.

Cognitive Function

Cognitive function was assessed in the EXPAND study via the SDMT, PASAT, and BVMT-
R (total recall and delayed recall). The outcomes related to cognitive function were not
included in the statistical hierarchy and were not analyzed in an active SPMS patient
subgroup. The outcomesatmonth 12 forthe FAS are provided in Appendix 3 (Table 44).

Symptoms

Specific MS-related symptoms, such as fatigue, were not reported as an efficacy outcome
in the EXPAND study.

Relapse-Related Outcomes

The ARR wasreported based on the number of confirmed relapses, and for all relapses
(Table 18). The sponsor-submitted post-hoc active SPMS subgroup data reported a
between-groups ARR ratio of 0.544 (95% CI, 0.387 to 0.766; P = 0.0005) for confirmed
relapses, which correspondsto a rate reduction of 45.6%. The sample size and adjusted
ARR for each treatmentgroup was not provided. This outcome was also not controlled for
multiplicity and therefore subjectto the risk of type I error. In the FAS, the adjusted ARR for
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confirmed relapses was associated with a rate reduction was 55.5% (between-groups ARR
ratio of 0.445; 95% Cl, 0.337to 0.587;P < 0.0001).

The ARR including all relapses (confirmed and unconfirmed) was notreported for the active

sPMS subgroup. |

A Kaplan—Meier curve forthe percentage of relapse-free patientsinthe FAS is shownin
Appendix 3 (Figure 6).

Table 18: Annualized Relapse Rate

EXPAND (FAS) EXPAND (active SPMS subgroup)

Siponimod Placebo Patients with active SPMS
(N =1,099) (N =546) (N=779)

ARR: Confirmed relapses?

n/time (days) 134/691,980 143/343,285 NR
Adjusted® ARR (95% CI) 0.071(0.0551t0 0.092) | 0.160(0.123 to 0.207)

Rate reduction (%) 55.5 45.6
Between-groups ARR ratio (95% CI) 0.445(0.337 to 0.587) 0.544(0.387 to 0.766)
P value <0.0001 0.0005

ARR: All relapses (confirmed and unconfirmed)?

ntime (days) I

.
Adjusted® ARR (95% CI) T T

Rate reduction (%) [ |
Between-groups ARR ratio (95% CI) I
P value [

ARR = annualized relapse rate; Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; NR =not reported; SPMS = secondary-
progressive multiple sclerosis.

NR

Note: The analysis period extended from the first day of the study drug up to end of the core part of the study.
& Outcome was outside the statistical testing hierarchy.

® Negative binomial regression model adjusted for treatment, country and/or region, baseline EDSS, SPMS group (with or without relapses, baseline definition), and
baseline number of T1 Gd-enhancing lesions (offset = time in analysis period in years).

Source: EXPAND Clinical Study Report.

Imaging Outcomes

The change from baseline in T2 lesion volume was a key secondary outcome and the third
outcome in the statistical testing hierarchy of the EXPAND study. This outcome was also
assessed in the post-hoc active SPMS analysis. The results are presented in Table 19. -

000000000000 o
N e subgroup analysis

was not controlled for multiplicity and should be considered exploratory. In the FAS, the
treatmentgroup difference in T2 lesion volume (mm?2) atmonth 12 was —613.1 mm?3
(95% CI, —800.2t0 —426.0; P < 0.0001), i.e., there was a smallerchange in T2 lesion
volume (from baseline) among patients treated with siponimod in comparison with those
treated with placebo. Due to prior failure in the statistical testing hierarchy, this analysis in
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the overall population can only be considered exploratory. || | GcIEININIIIIE
N i vity
analyses using the PPS and mFAS were also performed and were consistentwith the
primary analysis.

Table 19: Change From Baseline in T2 Lesion Volume

Baseline Change from baseline Treatment group difference
vs. control

Mean (SD) Mean (SD) Adjusted mean Mean difference P value
(SE) (95% Cl)

FAS: Change from baseline in T2 lesion volume (mm?&?2at month 12, MMRMP

Siponimod | 1,099 | 997

204.9(67.47) | 995 | —613.1(-800.2t0 —426.0) | <0.0001

il .
Placebo 546 | 497 - B | 5180(87.29) | 495
Active SPMS subgroup: Change from baseline in T2 lesion volume (mm?3)2 at month 12, MMRMP
Siponimod | 516 | NR NR NR GwsHE | 473 * <0.001
Placebo 263 | NR NR NR 11172 | 244
Cl = confidence interval; FAS = full analysis set; Gd = gadolinium; MMRM = mixed-effects model for repeated measures; NR = not reported; SD = standard deviation; SE
= standard error; SPMS = secondary-progressive multiple sclerosis; vs. =versus.

Note: The active SPMS subgroup defined patients with active disease as having had relapses in the two years prior to screening and/or having at least one T1
Gd-enhancing lesion at baseline.

# Included in the statistical hierarchy, but analyzed following a prior failure; therefore, violating the pre-specified statistical strategy.

® Model was adjusted for treatment, country and/or region, baseline T2 lesion volume, number of T1 Gd-enhancing lesions at baseline, and SPMS group (with or without
relapses, baseline definition).

Source: EXPAND Clinical Study Report.™

Planned subgroup analyses by disease activity status at baseline of the change from
baseline in T2 volume (mm?3) were also conducted as part of the original EXPAND study

protocol (see Table 20). |

I - istical testing was not conducted for this

analysis.

A subgroup analysis of the change in T2 volume outcome was also conducted for patients
with or withoutrapidly evolving disease, defined by the magnitude of the change in EDSS

score inthe two years prior to study start (see Table 20). | EGcIcEINIIIIIE

I - istical testing was not conducted for either of these
subgroup analyses and an MID was not identified for this outcome;therefore, the
conclusionsthatcan be drawn from these results are limited.
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Table 20: Planned Subgroup Analyses of Change From Baseline in T2 Volume (mm3) — FAS

EXPAND

Siponimod Placebo
(N =1,099) (N =546)

Change from baseline in T2 volume (mm?3)?2
Relapses in the 2 years prior to study start
With relapses, n
Estimate
Difference (95% CI), P value
Without relapses, n [ |
Estimate [ ]
Difference (95% Cl), P value I

Patients with rapidly evolving disease®

Yes, n - -
Estimate - -
Difference (95% CI), P value ]

No, n [ ] [ |
Estimate - -
Difference (95% Cl), P value ]

Cl = confidence interval; EDSS = Expanded Disability Status Scale; FAS = full analysis set; Gd = gadolinium; NR = not reported.
Note: All analyses were conducted using FAS. This outcome was not assessed by the number of T1 Gd-enhancing lesions at baseline.
2 Outcome was outside the statistical testing hierarchy.

b Rapidly evolving patients are defined as patients with 1.5 or greater EDSS change in the two years prior to or at study start and disability progression in the two years
prior to study start was not adjudicated.

Source: EXPAND Clinical Study Report.

Additional imaging items related to T2 lesions, T1 Gd-enhancing lesions, and brain volume
forboth the FAS population and post-hoc active SPMS subgroup analysis are summarized
in Table 21. For the active SPMS subgroup analysisatmonth 12, the rate ratio (siponimod
to placebo) forthe number of new or enlarging T2 lesions relative to baseline was 0.259
(95% Cl, 0.202to 0.332;P < 0.0001) and the rate ratio for the number of T1 Gd-enhancing
lesions per patient per scan was 0.137 (95% CI, 0.083 to 0.226; P < 0.0001). These results
were consistent with corresponding results in the overall population (T2 lesions: 0.266
[0.215 to 0.328]; P < 0.0001;and T1 lesions: 0.126 [0.083 to 0.191]; P < 0.0001). The
proportion of patients free of T2 or T1 Gd-enhancing lesions in the overall populationis
available in Appendix 3 (Table 45). It was not reported in the active SPMS subgroup
analyses.

As previously mentioned, percentage brain volume was also reported (see Table 21). In the
active SPMS subgroup analysis, the treatmentgroup difference (siponimod compared to
placebo) based on the adjusted mean change from baseline atmonth 12 in percentage
brain volume was 0.173 (95% CI, 0.064 to 0.283; P = 0.0020). The treatmentgroup
difference reported in the overall population was similar (0.175 [95% ClI, 0.103 to 0.247;

P < 0.0001]), but the adjusted mean (standard error) percentage brain volume change at
month 12 was greater for both treatmentgroups in the subgroup analysis compared to the
overall population.
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Table 21: Additional Imaging Outcomes at Month 12

EXPAND (FAS) EXPAND (active SPMS subgroup)
Siponimod Placebo Siponimod Placebo
(N =1,099) (N =546) (N =516) (N =263)
T2 lesions
Number of new or enlarging T2 lesions (relative to baseling)a
N’ (in analysis) 997 496
Adjusted mean (95% CI) T

Rate reduction (%) [ ]

Rate ratio (95% CI), P value
T1 Gd-enhancing lesions
Number of T1 Gd-enhancing lesions per patient per scan®¢

N’ (in analysis) [ |

Adjusted mean (95% CI) ]

]

Rate reduction (%) [ ]
Rate ratio (95% ClI), P value I I
Brain volume
Percentage brain volume change (relative to baseline)®4 MMRM

N’ (in analysis) 894 436 431 222
Adjusted mean (SE) —-0.283(0.0264) —0.458(0.0341) -4 -0.6 R
Difference (95% Cl), P value 0.175(0.103 to 0.247; P < 0.0001) I - 00020

Cl = confidence interval; FAS = full analysis set; Gd = gadolinium; N’ = number of patients included in analysis; NR = not reported; SE = standard error; SPMS =
secondary-progressive multiple sclerosis.

# Outcome was outside the statistical testing hierarchy.
®Model was adjusted for treatment, region and/or country, age, baseline number of T1 Gd-enhancing weighted lesions (offset =time between visits).

¢ Obtained from fitting negative binomial regression model adjusted for treatment, age, and baseline number of T1 Gd-enhancing lesions (offset = number of scheduled
MRI scans).

9 Model was adjusted for treatment, country and/or region, age, normalized brain volume at baseline, number of T1 Gd-enhancing lesions at baseline, T2 volume at
baseline, and SPMS group (with or without relapses, baseline definition).

Source: EXPAND Clinical Study Report.*

Harms

Only those harmsidentified in the review protocol are reported as follows. See Table 22 for
detailed harms data corresponding to the overall EXPAND study population. Safety was not
assessed in any of the subgroup analyses pertaining to patients with active SPMS.

Adverse Events

The majority of patientsreported at leastone treatment-emergent AE while receiving
double-blind study drug and up to 30 days following discontinuation. A greater proportion of
patients treated with siponimod (88.7%) reported atleastone AE compared to placebo
(81.5%). Rates of specific AEswere similar between the two treatmentarms, although
hypertension was slightly more common for patients treated with siponimod (10.5% versus
7.5%), as was nausea (6.7% versus 3.5%), alanine aminotransferase increase (5.9%
versus 1.5%), and peripheral edema (4.5% versus 2.4%). Overall, the mostcommon AEs
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reported were headaches, urinary tract infection, falls, hypertension, and fatigue, butthe
frequency was similar between treatmentgroups.

Serious Adverse Events

Serious AEs were reported by 17.9% of patients treated with siponimod and 15.2% of
patients treated with placebo. Specific events rates were low and similar between treatment
groups.

Withdrawals due to Adverse Events

Rates of withdrawal due to AEs were low and similar between groups (7.6% in the

siponimod group versus 5.1% in the placebo group). | EGcGczINENEIIIIIIEEEE
.

Mortality

Eight patients died during the EXPAND study (excluding one patientwho died during
screening, prior to treatmentexposure): four from each treatmentarm. Cause of death for
patients treated with siponimod includes completed suicide, urosepsis, septic shock (stage
IV colon cancer),and malignantmelanoma (multiple organ dysfunction syndrome). Cause
of death for patients receiving placebo includes hemorrhagic stroke, lung adenocarcinoma,
gastric cancer,and an unknown cause.

Notable Harms

Cardiac effects, neoplasia, serious infections, opportunistic infections, lymphocytopenia,
and macularedemawere included as notable harmsforthisreview (see Table 6).

e
Y - 'y cardia
was reported by 4.5% and 2.6% of patients, respectively,and macularedema was reported
by
Lymphocytopenia was reported in less than 1% of patients in the siponimod group and no
patientsin the placebo group. The serious infection of interestwas progressive multifocal
leukoencephalopathy and the opportunistic infection of interestwas cryptococcal
meningitis; no events were reported for either notable harm in the EXPAND study.

Table 22: Summary of Harms — Safety Set

Siponimod Placebo
N =1,099 N = 546

Patients with 2 1 adverse event

n (%) 975(88.7) 445 (81.5)
Most common events,2n (%)

Headache 159 (14.5) 71 (13.0)
Nasopharyngitis 149 (13.6) 79 (14.5)
Urinary tract infection 133(12.1) 80 (14.7)
Fall 128(11.6) 59 (10.8)
Hypertension 115(10.5) 41 (7.5)
Fatigue 100(9.1) 51 (9.3)
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EXPAND

N =1,099 N =546
Upper respiratory tract infection 91 (8.3) 41 (7.5)
Dizziness 75 (6.8) 26 (4.8)
Nausea 74 (6.7) 19 (3.5)
Influenza 73 (6.6) 40 (7.3)
Diarrhea 70 (6.4) 23 (4.2)
Back pain 67 (6.1) 43 (7.9)
Alanine aminotransferase, increased 65 (5.9) 8 (1.5)
Painin extremity 60 (5.5) 21 (3.8)
Bradycardia 50 (4.5) 14 (2.6)
Peripheral edema 50 (4.5) 13 (2.4)
Arthralgia 49 (4.5) 35(6.4)
Depression 49 (4.5) 30 (5.5)
Patients with 2 1 SAE
n (%) 197 (17.9) 83 (15.2)
Most common events,” n (%)
Nervous system disorders 40 (3.6) 17 (3.1)

MS relapse 2(0.2) 7(1.3)
Infections and infestations 33 (3.0) 15 (2.7)

Urinary tract infection 13(1.2) 6(1.1)
Neoplasms: benign, malignant, and unspecified (including 23(2.1) 15 (2.7)
cysts and polyps)

Basal cell carcinoma 11(1.0) 6(1.1)
Psychiatric disorders 22 (2.0) 7(1.3)
Investigations 21(1.9) 3(0.5)
Injury, poisoning, and procedural complications 20 (1.8) 5(0.9)
Renal and urinary disorders 14 (1.3) 3(0.5)
Musculoskeletal and connective tissue disorders 12 (1.1) 3(0.5)
Gastrointestinal disorders 9(0.8) 9(1.6)
Patients who stopped treatment due to adverse events
n (%) 84 (7.6) 28 (5.1)
Most common events,” n (%)

Macularedema 11 (1.0) 1(0.2)
Deaths

n (%) 4(0.4) 4(0.7)
Completed suicide 1(0.1) 0
Urosepsis 1(0.1) 0
Septic shock (colon cancer stage V) 1(0.1) 0
Malignantmelanoma (multiple organ dysfunction 1(0.1) 0
syndrome)

Hemorrhagic stroke 0 1(0.2)
Lung adenocarcinoma 0 1(0.2)
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EXPAND
N =1,099 N =546

Gastric cancer 0 1(0.2)
Unknown reason 0 1(0.2)
Notable harms, n (%)
Bradycardia 50 (4.5) 14 (2.6)
Neoplasia (neoplasms: benign, malignant, and unspecified) 113(10.3) 45 (8.2)
Seriousinfections

Progressive multifocal leukoencephalopathy 0 0
Opportunisticinfections

Cryptococcal meningitis 0 0
Lymphocytopenia (lymphocyte counts) 9(0.8) 0
Macularedema 18 (1.6) 1(0.2)

DMT = disease-modifying therapy; MS = multiple sclerosis; SAE = serious adverse event.

Note: Deaths due to completed suicide, hemorrhagic stroke, lung adenocarcinoma, and gastric cancer occurred during the double-blind study treatment up until the safety
cut-off. The death due to urosepsis occurred after the start of alternative MS DMT. The death due to septic shock occurred five days after discontinuation of open-label
siponimod.

#Frequency of 5% or more in either treatment group.
b Frequency of 1% or more patients in either treatment group.
Source: EXPAND Clinical Study Report.

Critical Appraisal
Internal Validity

Dueto the progressive nature of SPMS, the event-driven study design was appropriate. An
adequate method of randomization and allocation concealmentwas implemented during
the double-blind study. Sample size calculations were performed for the overall population,
and the study was adequately powered for the primary and key secondary end points. All of
the subgroup analyses were based on a smaller sample size, which included 47% of the
overall population atbest (for the post-hoc active SPMS subgroup analyses).

In the FAS, treatmentgroups were balanced based on baseline and disease
characteristics, except that the proportion of patients with an EDSS score of 5.0 to 5.5 at
baseline was slightly higher for the placebo group (18.3% versus 14.9%). The baseline
characteristics of patients included in active SPMS subgroup analysis were similar between
treatmentgroups, but also had a slightly higher percentage of patients with an EDSS score
of 5.0 to 5.5 inthe placebo group (19.0% versus 16.3%). Compared to the overall
population, the baseline characteristics of patients included in the post-hoc active SPMS
subgroup that were available were similar, exceptthat they reported having more relapses
in the last year prior to screening and a greater proportion of patients had at least one T1
Gd-enhancing lesion atbaseline. Thisis aligned with the criteria used to define the active
SPMS subgroup, which was having had relapsesin the two years priorto screening and/or
having at least one T1 Gd-enhancing lesion atbaseline. Of note, this is a combination of
the two identifiers used to define patients with active disease in the initial subgroup
analyses.

The study followed a double-blind design with matching placebo, although blinding was
compromised during the double-blind period. Most notably, some of the site staff were
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incorrectly given access to certain databases, which led to potential unblinding of an
estimated 15.7% of the siponimod group and 15.8% of the placebo group as reported by
the sponsor. The sponsoralso reported that “there was no evidence of site staff
accessing/modifying the incorrectdatabase” in the electronic audittrial maintained for these
systems; however, the FDA noted this issue was very concerning and raised questions
regarding the integrity of treatmentblinding.? According to an unadjusted analysis of the
primary end pointconducted by the FDA, which excluded 101 patients who were potentially
unblinded as aresult of the dual database accessissue, the primary end pointdid not meet
statistical significance.? Investigators were also unblinded attwo sites as a result of
suspected unexpected serious adverse reactions that were disclosed with information about
treatmentforthree patients; however, all three patients had completed the double-blind
treatmentat this point. Blinding may have also been compromised for the independent
EDSS rater who had accessto the cardiac monitoring database. A sensitivity analysis was
conducted that excluded 19 patients (12 from siponimod, seven from placebo) who may
have been impacted. This analysis was consistent with the primary analysis.* The issues
related to blinding representa significantlimitation of the EXPAND study. The Health
Canada Reviewers Report also noted that the blinding/database issue raised concern about
the robustness of the primary outcome.*

The primary objective of the EXPAND study was to demonstrate efficacy of siponimod in
delaying the time to three-month CDP using the EDSS. While the EDSS is a widely used
and accepted outcome measure for MS trials, it is not withoutlimitations. As identified by
the clinical experts consulted by CADTH for this review, one issue is the mobility-driven
nature of the EDSS, which may not provide an accurate assessmentof patients with MS
dueto the heterogeneous presentation of disease. According to the EMA guidance
document,the EDSS is also subjectto poorinter-rater and intra-rater reliability, and advises
that steps, such as training the observers, are taken to limitthis issue.>

In the overall patientpopulation, the percentage of discontinuation from the study was
around 20% overall and slightly higheramong patients treated with placebo (22.3%)
compared to patients treated with siponimod (18.3%). In the active SPMS subgroup, the
percentof discontinuationsin the siponimod treatmentgroup was similar to the overall
population (18% in the overall and subgroup populations), butwas greaterin the placebo
arm (27% in the active SPMS subgroup versus 22.3% in the overall population). In the
active SPMS subgroup, the mostcommon reason for discontinuation from study in both
treatmentgroups was patientor guardian decision (17.1 % versus 9.1%, placebo versus
siponimod, respectively). The extent to which the greater proportion of discontinuationsin
the placebo arm of the active SPMS subgroup would have impacted the outcome
assessments throughoutthe study, and highly disproportionate early withdrawal due to
voluntary decisions in particular, is unknown. The early discontinuation from study due to
lack of efficacy, loss to follow-up, or AEs was relatively smallin percentage, but consistently
higherin the placebo group than in patients on siponimod || EGcNcNIENINIzINGEG
Moreover, |l of patients assigned to placebo and siponimod, respectively,
prematurely discontinued the study drug in the overall study population. Unfortunately, the
percentages of early treatmentdiscontinuation in the active SPMS subgroup is unknown.

Rescue medication was available for patients who metthe criteria for six-month CDP.
These patients were counselled and offered three options, which were to continue study
drug treatment, switch to open-label siponimod, or start another MS treatmentavailable to
them. Patients who switched to open-label therapy were included in the FAS used forall
efficacy analyses, and -of patients randomized to placebo switched to open-label
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siponimod. Itis unclear when the switch occurred, but this may have introduced bias
againstsiponimod in terms of efficacy. In addition, the high proportion of patients who
discontinued from the study introduces potential bias to the results reported at month 24.
For example, dataregarding the change from baseline in EDSS was only available for
o randomized patients atmonth 24. Therefore, the results presented in the CADTH
review of efficacy focus on the outcome measures thatoccurred during the double-blind
treatmentperiod upto month 12.

The use of certain concomitantmedications was permitted and used by almostall patients
in the overall population (92.9% overall). Use of concomitant medications was similar
between the two treatmentarms and therefore an unlikely concern to the internal validity of
the study. This is unknown for the active SPMS subgroup as concomitantmedication use
was not available.

Missing data were not accounted forin the active SPMS subgroup analyses. Datawere
missing for |2t mostin patientsin the active SPMS subgroup and therefore
was unlikely anissue. A likelihood-based statistical modelling approach was used to
accountfor missing data in the overall population of the EXPAND study; however,itis
uncertain whetherthe missing data are truly random as it appearsto be the result of patient
or guardian decision, disease progression, and AEs. Therefore, it is possible that this
approach may nothave been able to provide an unbiased estimate of treatmenteffect.
Despite this, sensitivity analyses were performed and were consistentwith the primary
analysisin terms of statistical significance.

Statistical testing for the active SPMS subgroup analyses, where conducted, was not
controlled for multiplicity and therefore subjectto potential forincreased risk of type | error
where differencesthatwere statistically significantwere observed (time to three-month
CDP, time to six-month CDP, ARR [confirmed relapses], and imaging outcomes). This may
have compromised the statistical inference of the effectin the active SPMS subgroup, even
though the treatmenteffectas observed on the primary outcomes and key secondary
outcomes were generally consistentwith the findings from the overall study populations. In
the overall population, multiplicity was controlled for the primary and key secondary efficacy
outcomes using a statistical testing hierarchy, where statistical significance could only be
claimed if all higher-ranking tests claimed superiority in favour of siponimod. The second
ranked efficacy outcome, disability progression by T25-FW, was not statistically significant,
yet statistical testing was performed for the third-ranked outcome, i.e., change from
baseline in T2 lesion volume. This violated the statistical testing procedure and the outcome
may have suffered potential for increased risk of type | error. Further, several outcomes of
interest were reported that fell outside the statistical testing hierarchy and were not
controlled for multiplicity, limiting the interpretation of the findings. This includes the HRQoL
outcomesthat were noted as importantto patients, as well as cognitive function and
mobility-related outcomes.

The post-hoc analyses of patients with SPMS were defined by having had relapsesin the
two years priorto screening and/or having at least one T1 Gd-enhancing lesion atbaseline.
This is a combination of the two identifiers used to defined patients with active disease in
the initial subgroup analyses. These post-hoc analyses of the active SPMS subgroup were
also subject to limitations. Baseline information aboutscores on the T25-FW, 9-HPT, and
SDMT, the number of relapses in the last two years, time since the onset of the mostrecent
relapse, volume of T1 lesions, and normalized brain volume were notavailable for the
active SPMS subgroup and could not be compared to the overall population.
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Randomization was not performed within stratification by active versus non-active SPMS,
which may lead to concerns of incomparability between treatmentarms regarding unknown
confounders.

Lastly, approximately 78% of patients in the overall population had prior experience with a
DMT;

I\ 2shoutperiod was not required for these therapies prior to the first
dose of the study drug. The impactof prior medication use on efficacy of siponimod in the
active SPMS subgroup isunknown as these data were not reported.

External Validity
Generalizability of the Study Population

The patients enrolled inthe EXPAND study had a diagnosis of SPMS. The trial used a
combination of history of RRMS based on the 2010 revised McDonald Criteria, a
progressive increase in disability withoutrelapses orindependentof relapses,and EDSS
score at baseline and to assess progression, asinclusion criteria. Following screening, 21%
of patients were excluded at randomization, which may suggesta slightly selective
population of patients with SPMS. While there is a lack of well-defined criteria for
diagnosing SPMS, the clinical experts on this review indicated that the baseline
characteristics described patients with SPMS; however, this includes both patients with
active and non-active SPMS. The approved Health Canada indication for siponimod is
specificto patients with SPMS with active disease evidenced by relapses orimaging
features characteristic of MS inflammatory activity, which only appliesto 47% of the
patients enrolled in the EXPAND study. Of note, the patients included in the post-hoc active
SPMS analyses were younger, on average, than the overall EXPAND population. Baseline
characteristics were not available for the subgroup analyses of patients with active SPMS
defined by having had relapsesin the prior two yearsto study start, thus limiting the ability
to assess the generalizability of the results.

A variety of comorbidities excluded patients from the EXPAND study, including active
chronic disease (otherthan MS), diabetes mellitus unless well-controlled and withoutorgan
complications, chronic orrelevantacute infections, and conditions and/or treatments that
may affectcardiovascular function, pulmonary conditions, hepatic conditions, and immune
function. Patients also needed to be between the age of 18 and 60 years at screening and
have an EDSS score of between 3.0 and 6.5 (inclusive). Overall, these criteria may have
resulted in an overall younger and healthier population of patients with SPMS compared to
what may be seen in clinical practice, based on input from the clinical experts on this
review. Nonetheless, this could limitthe generalizability of the treatment effect observed in
the trial to real world clinical practice.

The study did include 31 (of 294) centres in Canada, and therefore included Canadian
patients with SPMS. The majority of patients (78% overall) included in the study had

experience with a DMT for uS. [
I (" Context of

Canadian clinical practice, most (approximately 80%) patients with SPMS in Canada will
likely have tried IFNs or other DMTs at some pointduring their disease course, according to
the clinical experts consulted for this review. There was a high proportion of patients who

used concomitantmedication in the study, | EGczczEIIIIEEEE
I s was determined to be typical of patients with SPMS

according to the clinical experts consulted by CADTH for this review. As previously
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mentioned, the specific data regarding prior and concomitantmedication use was not
reported for the subgroup of patients with active SPMS, which rendered ituncertainif a
similar pattern exists as observed in the overall study population.

Intervention and Comparators

The dosing regimen used inthe EXPAND trial followed the general dosing recommendation
included in the draftproduct monograph for siponimod. The treatmentregimenis based on
a phase Il trial in patients with RRMS. The draftproductmonograph also includes a
recommendation for a dosing adjustmentto 1 mg siponimod once daily for patients with a
CYP2C9*2*3 or CYP2C9*1*3 genotype. These patients were not excluded in the EXPAND
trial, but the genotype did not affectthe dose of siponimod received in the study. Based on
the data that were available forthe EXPAND trial, the treatmenteffectand harms
associated with siponimod by genotype isunclear.

The choice of placebo as the sole comparator used in the pivotal trial for siponimod isa
limitation of the evaluation of siponimod in the contextof Canadian clinical practice.
Interferon beta-1a and interferon beta-1b are indicated for patients with SPMS, but
according to the clinical experts consulted by CADTH, are rarely used in this patient
population.Inthe absence of treatmentfor SPMS, patients mightbe continued on treatment
for RRMS when they progressto SPMS even if this only treats symptoms ratherthan the
disease. This is particularly relevantsince siponimod is indicated for patients with active
SPMS evidenced by relapses or imaging who are likely to be treated with any DMT for
RRMS. This was indicated by the clinical experts consulted for this review.

Outcomes

The primary efficacy outcome was based on the MID forthe EDSS, whichis a well-
accepted measure of disability for patients with MS and is useful for facilitating comparisons
with other studies. However, the applicability of the MID to patients with SPMS, specifically,
is uncertain. One limitation associated with the EDSS is that itis a measure largely driven
by mobility, particularly regarding the lower body, which may not be reflective of the true
disability of patients with SPMS and, therefore, may not representthe actual benefitof the
treatmentin the target population (i.e., it may be overestimated or underestimated).
According to the clinical experts consulted by CADTH for this review, the need for an
alternative, validated, and sensitive scale is recognized butdoes not yet exist; therefore,
use of the EDSS for MS trialsis still recommended. Further, itis still used to assess
patients with SPMS in clinical practice, although it is often supplemented by other measures
such as the T25-FW as well, as noted by the clinical experts consulted for this review.

Patients were assessed every three months after the firstmonth of treatmentfor upto 36
months. This assessmentschedule was appropriate for assessing the efficacy of the study
drug, but may have been more frequentthan what is typical of clinical practice in Canada.

I T e clinical experts on this review

indicated that the duration of exposure was sufficientto observe whetherthe treatmenthad
an effect; however,itis likely that patients would be taking this treatmentlong term and
therefore the results as observed at month 12 may be limited in their applicability to chronic
use of siponimod in clinical practice. An open-label extension is currently ongoing, which
will provide evidence of long-term efficacy and safety of siponimod; however, results of this
study were not available atthe time of this review. Moreover, itis an open-label extension
of the overall population and is not limited to patients with active SPMS.
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Indirect Evidence

Objectives and Methods for the Summary of Indirect Evidence

As there was no direct evidence comparing siponimod to other therapies for SPMS, a
review of indirectevidence was undertaken. CADTH conducted a literature search to
identify potentially relevantITCs in patients with SPMS, in addition to reviewing the
sponsor's CADTH Common Drug Review submission. The Ovid MEDLINE database was
searched using a combination of MeSH (Medical SubjectHeadings) and keywords. The
main search conceptwas SPMS. A network meta-analysis (NMA) filter was applied to limit
study type to NMAs. Retrieval was not limited by publication date or by language. Titles,
abstracts, and full-textarticles were screened forinclusion by one reviewer based on the
population, intervention, comparator and outcome criteria outlined in Table 6.

No potentially relevantITCs were identified in the literature search. One sponsor-submitted
ITC wasincluded in this review.%® This ITC was used to inform the pharm acoeconomic
model.

Description of Indirect Comparison(s)

The sponsor-submitted ITC included areview of the literature and an MAIC that compared
siponimod to interferon beta-1a and interferon beta-1b, and natalizumab, in patients with
SPMS.

This MAIC was accepted for publicationin 2020.%2

Methods of Sponsor-Submitted Indirect Treatment Comparison
Objectives

The objective of the sponsor-submitted reportwas to conducta feasibility assessmentand,
if possible, an ITC, to evaluate the relative efficacy, safety, and tolerability of siponimod
versus other DMTs forthe treatmentof adults with SPMS.15

Study Selection Methods

The RCTs that were used to inform the ITC were identified through a systematic literature
search conducted by the sponsor, as well as through a supplemental grey literature search
conducted by the ITC authors. The systematic literature search used broad population
inclusion criteria and searched multiple databasesto identify RCTs that evaluated the
safety and efficacy of DMTs for MS (Table 23). The supplemental literature search was
limited to trials in patients with SPMS and included additional interventions thatwere not
part of the primary literature search. The supplemental search was limited to a search of
ClinicalTrials.gov and a review of the bibliography of arecentCochrane review in patients
with SPMS. One researcher screened and extracted studies identified in the supplemental
search, with extraction verified by a second reviewer. The methods for screening and data
extraction used in the literature search conducted by the sponsorwere not reported. The
report did not state if the trials were evaluated for study quality.
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Table 23: Study Selection Criteria and Methods for Literature Review

Population

Sponsor-conducted search

Adults = 18 years who were treated with disease-
modifying therapies for relapsing MS, relapsing-
remitting MS, PPMS, and SPMS

SPMS supplemental search
Patients with SPMS

Intervention

e Dimethyl fumarate

¢ Fingolimod

e Teriflunomide

e Natalizumab

e Ocrelizumab

¢ Interferon beta-1a

e Interferon beta-1b

e Peginterferon beta-1a

All drugsin sponsor-conducted search plus:
e Alemtuzumab

¢ Glatiramer acetate

¢ Cladribine

¢ Rituximab

e Mitoxantrone

e Stem cell transplant

Comparator

Any disease-modifying therapy or placebo

Any disease-modifying therapy or placebo

Outcome

EDSS, time to 3-month or 6-month CDP, ARR, MRI
outcomes (T2 lesion number, volume)

Infections, bradyarrhythmia, vascular events, new
onset ALT elevation, convulsion, malignancies,
macularedema

EDSS, time to 3-month or 6-month CDP, ARR, MRI
outcomes (T2 lesion number, volume)

Infections, bradyarrhythmia, vascular events, new
onset ALT elevation, convulsion, malignancies,
macularedema

Study design

RCTs (parallel or crossover groups, active- or
placebo-controlled)

RCTs (parallel or crossover groups, active- or
placebo-controlled)

Exclusion Abstracts Abstracts

criteria

Databases PubMed, Embase, Cochrane Central Register of Targeted grey literature search of ClinicalTrials.gov

searched Controlled Trials (CENTRAL) and ClinicalTrials.gov | up to August 13,2018

were searched from 1995 to August 31, 2017

Reference list of Cochrane review in SPMS
reviewed

Selection Not reported Screened by 1 reviewer

process

Data extraction Not reported Data extracted by 1 reviewer and validated by a

process second reviewer. A third reviewer was consulted to
resolve any discrepancies

Quality Not reported Not reported

assessment

ALT = alanine aminotransferase; ARR = annualized relapse rate; CDP = confirmed disability progression; MS = multiple sclerosis; EDSS = Expanded Disability Status
Scale; MRI = magnetic resonance imaging; PPMS = primary-progressive multiple sclerosis; RCT = randomized controlled trial;, SPMS = secondary-progressive multiple

sclerosis.

Source: CADTH Common Drug Review submission for Mayzent. '

Feasibility Assessment Methods

The ITC authors carried out a feasibility assessmentto determine if itwas possible to
conductan ITC using summary level data oran MAIC. Studiesthat enrolled patients with
SPMS or a mixed population thatincluded patients with SPMS were identified from the
literature search. For trials that did not specifically enroll patients with SPMS (e.g., those
that enrolled populations described as relapsing MS or progressive MS), medical experts
were consulted to determine if the patients enrolled could be defined as having SPMS and
were appropriate forinclusion in the ITC. Studies were eligible forinclusion if published
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data were available for baseline characteristics and outcome data for the SPMS population
or subpopulation.

Based on a recent Institute for Clinical and Economic Review report>of siponimodin
patients with SPMS, four treatments were considered relevantby the authors of the ITC for
comparison with siponimod: interferon beta-1a (Rebif and Avonex), interferon beta-1b
(Betaseron), ocrelizumab (Ocrevus), and natalizumab (Tysabri). Outcomes of interestwere
based on the primary and secondary outcomes from the EXPAND study: time to CDP of
three months (CDP-3),time to CDP of six months (CDP-6), and ARR. All-cause
discontinuation was explored as an outcome for the Bucher method ITC. The authors
stated that safety outcomes were not considered for MAIC analyses because treatment
effectmodifiersrelated to AEs or discontinuation are not well reported and thus could not
be matched or adjusted for.

A qualitative assessmentof study heterogeneity was conducted based on the study design,
inclusion and exclusion criteria, patient characteristics, and outcomes, comparing the
EXPAND trial to those of otherdrugs. All characteristics were assessed to determine if they
could be matched or adjusted for using individual patientdata from EXPAND. The ARR and
discontinuation rate in the placebo group of each trial was also compared.

Based on the feasibility assessment, the authors concluded thatITCs based on summary
level data were likely to provide misleading results due to the presence of sub stantial
clinical heterogeneity between trials. The interferon trials, which were published between
1998 and 2004, included patients who were interferon-naive whereas in the EXPAND
study, most of the included patients had received DMTs including interferon. There were
also differences between trialsin the age of patients enrolled, disease duration, EDSS
score, and relapse frequency. The authors of the ITC concluded itwas possible to conduct
an MAIC for siponimod versusinterferon beta-1a and interferon beta-1b, and natalizumab,
with the aggregate data available from the comparator trials and individual patientdata for
the EXPAND study. The sources of heterogeneity will be discussed furtherin the following
sections.

ITC Analysis Methods

Pairwise, MAIC was conducted comparing siponimod to interferon beta-1a (Rebif, Avonex),
interferon beta-1b (Betaseron), and natalizumab to siponimod. In the first step, individual
patientdata from EXPAND was used to exclude patients who would not have metthe
inclusion criteria for each comparator trial. Factors used for matching are listed in Table 24.
Matching was not possible for all factors as, in some cases, individual patientdata fora
factor were not available, orthe comparator trial enrolled a broader population than
EXPAND. In the second step, patients from the matched EXPAND population were
adjusted by a number of factorsto balance the baseline characteristics of the EXPAND and
comparator study population. EXPAND patient data were weighted by the inverse odds of
being inthe EXPAND trial compared to the comparatortrial. A propensity score model
using the generalized method of moments based on the aggregate data and the individual
patientdata were used. The adjustmentfactors were identified by European and Canadian
neurologists. These factors were considered importanttreatment effectmodifiers and were
differentfor CDP and ARR outcomes (Table 24). Ranked lists of potential effect modifiers
were generated separately by each physician and then compared for consistency.
Discrepancies were discussed until consensus was reached. In the primary analysis
(scenario A), all variables were adjusted for and given equal weight. In subsequent
scenarios, the variable of lowestimportance was dropped one by one from each analysis.
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The effective sample size was calculated for each scenario. It was not possible to adjustfor
allfactors due to data availability issues from the trials. This will be discussed in the
following sections.

The effective sample size was calculated as the square of the summed weights divided by
the sum of the squared weights. The mean baseline characteristics were presented for the
matched and adjusted populations. A Bucher pairwise ITC and an NMA were also
conducted for comparison.

Table 24: Matching and Ranked Adjustment Factors

e Baseline EDSSrange

e Agerange

e Prior therapy (e.g., IFN)

e No recentrelapses

¢ Recently documented progression
e Duration of MS

e Duration of SPMS

e MS severity score
e T25-FW test score

1. Age 1. Years since mostrecentrelapse

2. EDSS score at screening 2. Number of relapses per patientin

3. Duration of MS year priorto study

4. Treatmentexperience (IFN- or 3. Numberofrelapses per patientin
DMT-experienced) 2 years prior to study

5. Normalized brain volume 4. Gadolinium-enhancing lesionson

6. Gadolinium-enhancing lesions on T1-weightedimages
T1l-weightedimages 5. Total volume of lesions on

7. Duration of SPMS

8. Total volume of T2 lesionson
T2-weightedimages

9. Numberof relapses per patientin 2
years priorto study (or if not
reported, another relapse history
variable)

10. Sex

T2-weightedimages

ARR = annualized relapse rate; CDP = confirmed disability progression; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; IFN = interferon;
MS = multiple sclerosis; SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Source: CADTH Common Drug Review submission for Mayzen

t.15

Results of Sponsor-Submitted ITC
Summary of Included Studies

Atotal of [JJRCTs were identified from the literature review and these studies included
patients with any form of MS. All trials, plus the EXPAND trial for siponimod, were
evaluated in the feasibility assessmentto determine if it was possible to conduct an ITC in
patients with SPMS. Of these trials, seven RCTs comparing siponimod, interferon beta-1a
or interferon beta-1b, and natalizumab to placebo metthe inclusion criteria forthe ITC (see
Table 25). No studies for ocrelizumab in patients with SPMS were identified in the literature
search.

Table 25: Summary of Trials Included in the MAIC

EXPAND#* DB RCT 1,651 SPMS Siponimod 2 mgdailyorally | Placebo oral

Nordic SPMS study> DB RCT 371 SPMS Interferon beta-1a 22 mcg Placebo SC
SC weekly

SPECTRIMS®5:56 DB RCT 618 SPMS Interferon beta-1a22 mcg Placebo SC
SC 3 timesweekly
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Interferon beta-1a 44 mcg
SC 3 timesweekly
IMPACT® DB RCT 436 SPMS Interferon beta-1a60 mcg IM | Placebo IM
weekly
North American study®® DB RCT 939 SPMS Interferon beta-1b Placebo SC
160 mcg/m?2SC every 2
days

Interferon beta-1b 250 mcg
SC every 2 days

European study>®8° DB RCT 718 SPMS Interferon beta-1b 8 MIU Placebo SC
(250 mcg) SC every 2 days

ASCEND® DB RCT 889 SPMS Natalizumab 300 mg IV Placebo IV
every 4 weeks

DB = double-blind; IM = intramuscular; MAIC = matching-adjusted indirect comparison; MIU = million International Units; SC = subcutaneous; SPMS = secondary-
progressive multiple sclerosis; RCT = randomized controlled trial.

Source: CADTH Common Drug Review submission for Mayzent. '

All trials used similar study designs and were randomized, parallel-group, double-blind,
placebo-controlled RCTs. The patients enrolled had SPMS with a maximum EDSS score of
6.5 points at baseline (Table 26). All the interferon trials restricted enrolmentto patients with
no priortreatmentwith interferon, whereasin the EXPAND trial, only 22% had received no
prior DMTs. The ASCEND trial (natalizumab) enrolled patients who had received interferon
therapy as long as therapy had been stopped at leastfour weeks prior. Other differences
included the age range of patients enrolled, the time prior to enrolmentwith no relapses,
and documentation of disease progression. Two comparator trials were two years in
duration and all others were three years; however, three interferon trials were terminated
early (mean duration of follow-up ranged from 31.1 months to 35.1 months). All trials used
the same definition for ARR and discontinuation (defined asthe proportion of randomized
patients who discontinued treatmentforany reason). The criteriafor CDP was the same for
the EXPAND trial compared with the SPECTRIMS and Nordic studies, but varied compared
with the North American, European, IMPACT, and ASCEND studies. In these studies,
patients with a baseline EDSS score of 5.5 required a 1.0-pointincrease to be categorized
as having progressed; however, in the EXPAND study, these patients only required a0.5-
pointincrease. Based on input from experts, the ITC authors considered the CDP outcome
definitions for change in EDSS score sufficiently similarto conductthe MAIC. In the
ASCEND trial, disability progression was a composite based on change in EDSS score,
T25-FW test, or the 9-HPT. Using the individual patientdata from EXPAND, it was not
possible to generate comparable outcome data forthe T25-FW test or the 9-HPT; however,
the proportion of patients with CDP-6 by week 96 as defined by EDSS score could be
calculated forthe EXPAND study and compared tothe EDSS componentof CDP-6
outcome data that were reportedin the ASCEND study.

The North American study evaluated two doses of interferon beta-1b; however, only the
250 mcg dose was analyzed in the MAIC as the authors state this was the only clinically
relevantdosage regimen. The clinical experts consulted by CADTH confirmed thatthe
doses of interferon and natalizumab were consistentwith approved dosage regimensin
Canada.
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Table 26: Comparison of Study Characteristics Between MAIC Trials

EXPAND Nordic study SPECTRIMS IMPACT North American study European study ASCEND
IFN beta-1a IFN beta-1a IFN beta-1a IFN beta-1b IFN beta-1b Natalizumab
Intervention dosage 2 mgdaily 22 mcg SC 22 mcgand 44 mcg 60 mcg IM 250 mcg SC every 250mcg SC every | 300mg IV every
weekly SC 3timesweekly once weekly 2 days 2 days 4 weeks
Inclusion criteria
MS population SPMS SPMS SPMS SPMS SPMS SPMS SPMS
Baseline EDSSrange | 3.0t0 6.5 <6.5 3.0t06.5 35t06.5 3.0t06.5 3.0t06.5 3.0t06.5
Age range 18 to 60 18 to 65 18to 55 18 to 60 18 to 65 18to 55 18to 58
Prior IFN therapy Allowed No prior IFN use | No prior IFN use No prior IFN | No prior IFN use No prior IFN use No prior IFN use
use 4 weeks prior to
study?
No relapsesincertain | 3 months 2 months 2 months NR 2 months 1 month 3 months
number of months
prior
Recently documented | For =6 months | For=6 monthsin | For =6 monthsin In the past For = 6 monthsin past Progressioninpast | Inthe past1 year
progression in past 24 past 4 years past 2 years 1 year 2 years 2yearsorz2
months relapsesin past
2 years
History of RRMS Required Required Required NR Required Required NR
Duration of MS No restriction 21 year NR NR 2 2 years 2 2 years NR
Duration of SPMS No restriction NR NR NR NR NR 2 2 years
MS severity score No restriction NR NR NR NR NR Score of 4 or
higher
T25-FW test No restriction NR NR NR NR NR < 30 seconds
Outcome definitions
Definition of ARR Numberoftotal | Number of total Number of total Number of Number of total Number of total Number of total
relapsesperPY | relapsesperPY relapses perPY total relapses | relapsesperPY relapsesperPY relapsesperPY
per PY
Definition of time to 1-pointincrease | NR 1-pointincreasein 1-point NR 1-pointincreasein | NR
CDP-3 in EDSS score: EDSS score: 3.0 to increasein EDSS score: 3.0 to
3.0t05.0 5.0 EDSS score: 55
30to5.5
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Siponimod

Nordic study
IFN beta-1a

SPECTRIMS
IFN beta-l1a

IMPACT
IFN beta-l1a

North American study
IFN beta-1b

European study
IFN beta-1b

CADTH

ASCEND
Natalizumab

0.5-point 0.5-pointincrease in 0.5-point 0.5-pointincrease
increasein EDSS score: 5.5 to increasein in EDSS score:
EDSS score: 6.5 EDSS score: 6.0t06.5
55t06.5 6.0t06.5
Definition of time to 1-pointincrease | 1l-pointincrease NR NR 1-pointincreasein NR 1-pointincrease
CDP-6 in EDSS score: | in EDSS score: EDSS score:3.0t0 5.5 in EDSS score:
3.0t05.0 3.0t05.0 3.0t05.5
0.5-pointincrease in 0.5-00inti
0.5-point 0.5-point EDSS score: 6.0 t0 6.5 . égtggtmcref'ise
increasein increase in EDSS I6n0 06 Sscore.
EDSS score: score: 5510 6.5 L1oo.
55106.5 Increase of 2 20%
in T25-FW
Increase of 2 20%
in 9-HPT
Duration and placebo response
Study duration 3years 3 years® 3years 2 years 3 years® 3 years? 96 weeks
Placebo response: 0.16 0.27 0.71 0.30 0.28 0.57 0.17
ARR
Placebo response: 0.084 0.60 0.057 0.142 0.093 0.132 0.186
Annualized
discontinuation rate

9-HPT = 9-hole peg test; ARR = annualized relapse rate; CDP-3 = confirmed disability progression at three months; CDP-6 = confirmed disability progression at six months; EDSS = Expanded Disability Status Scale;
IFN = interferon; IM = intramuscular; MAIC = matching-adjusted indirect comparison; MS = multiple sclerosis; NR = not reported; PY = per year; RRMS = relapsing-remitting multiple sclerosis; SC = subcutaneous;
SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test.

Note: Shaded cells indicate that differences exist between trials and either matching is not possible (i.e., EXPAND patient population is narrower) or the individual patient data required to match patients may not be available.

Bold text indicates that differences exist between trials and the EXPAND population is broader; thus, matching may be possible. Italicized text highlights differences in outcome definitions between EXPAND and comparator trials.

2The EXPAND study allowed IFN treatment with no restriction, but in ASCEND, prior IFN therapy was allowed as long as it was stopped more than four weeks prior. Although the trials could not be matched on the four-week IFN
restriction, this difference was considered of minor importance by the MAIC authors. ASCEND also excluded patients who had received natalizumab in the past.

b The Nordic study was stopped early due to non-significant results reported for the SPECTRIMS study (which tested a higher dose of IFN beta-1a). Mean treatment duration was 32 months and 31.1 months in the placebo and IFN
groups, respectively.

°The North American study was stopped early with a mean duration of follow-up ranging from 32.8 months to 33.3 months.
9The European study was terminated at 33 months with a mean duration of follow-up ranging from 34.7 months to 35.1 months.

Source: CADTH Common Drug Review submission for Mayzent.™
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Active SPMS Subgroup

The indication for siponimod has changed since the MAIC was conducted and submitted to
CADTH. The revised indication is limited to those patients with active SPMS evidenced by
relapses or imaging features characteristic of MS inflammatory activity. All trials enrolled a
mixed population thatincluded patients with and withoutactive SPMS and there were no
data reported for the subpopulation of patients with active SPMS. Post-hoc subgroup
analyses suggestthat fewer than half the patientsin EXPAND would meetthe criteria for
active SPMS.

Table 27 summarizes baseline data on the proportion of patients with relapses or
inflammatory lesions, which may be used to identify patients with active SPMS. The
proportion of patients with relapsesin the past two years ranged from 29% (ASCEND) to
70% (European study), or with relapsesin the past year was 16% (ASCEND) and 39%
(IMPACT); no information was available for the Nordic study. Data on the proportion of
patients with Gd-enhancing lesions on T1-weighted images were 24% (ASCEND), 36%
(IMPACT), and 21% (EXPAND). Except for the European study, it appearsthat a minority
of patients enrolled in the comparator trials may have active SPMS.

Table 27: Comparison of Patient Characteristics Indicative of Active SPMS

EXPAND Nordic SPECTRIMS IMPACT North European ASCEND
study American study
study
Siponimod IFN IFN IFN IFN IFN Natalizumab
beta-la beta-la beta-la beta-1b beta-1b
Intervention dosage 2mgdaily | 22mcgSC | 22 mcgand 60 mcg IM 250mcg SC | 250 mcg 300mg IV
weekly 44 mcg SC once every SC every every

3times weekly 2 days 2 days 4 weeks
weekly

Baseline characteristics that may identify patients with active SPMS2

Proportion of patients 22 NR NR 39 NR NR 16

with relapsesin past
year, n (%)
Proportion of patients 36 NR 47 NR 45 70 29
with relapsesin past
2 years, n (%)

Mean number of 0.2 NR NR 0.6 NR NR NR
relapses per patient

in past year

Mean number of 0.7 NR 0.9 NR 0.8 NR NR

relapses per patient
in past 2 years
Proportion of patients 21 NR NR 36 NR NR 24
with Gd-enhancing
lesionsof T1-
weighted images, n
(%)

Gd = gadolinium; IFN = interferon; IM = intramuscular; NR = not reported; SC = subcutaneous; SPMS = secondary-progressive multiple sclerosis.

2Summary of baseline data related to relapse frequency or proportion of patients with recent history of relapses or inflammatory lesions detected through imaging. All
trials enrolled a mixed population that included patients with and without active SPMS. No data were reported for the subpopulation of patients with active SPMS.

Source: CADTH Common Drug Review submission for Mayzent.*®
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Siponimod Versus Interferon Beta-1a (Rebif)

Two trials evaluated interferon beta-1ain patients with SPMS. These included the Nordic
study that compared interferon beta-1a 22 mcg subcutaneous (SC) weekly to placebo, and
the SPECTRIMS study that evaluated interferon beta-1a 22 mcg SC three times weekly,
and 44 mcg SC three timesweekly, to placebo.

Time to Confirmed Disability Progression

Interferon Beta-1a22 mcg or 44 mcg SC Three Times Weekly

The population from the EXPAND study were matched to those inthe SPECTRIMS study
by excluding patients over 55 years of age, with an EDSS score of less than 3 or greater
than 6.5, and those with prior interferon beta therapy. No matching was possible for the
number of relapses priorto enrolmentas the SPECTRIMs criteria were broader than
EXPAND. No matching was possible for the duration of MS or SPMS, MS severity score, or
timed walk test as there were no criteria related to these factorsin the SPECTRIMS study.
Based on matching, the sample size for EXPAND was reduced from 1,638 to 455 for CDP
outcome. Afteradjustmentforage, EDSS score, MS duration since diagnosis, duration of
SPMS, number of relapsesin the past two years, and sex, the effective sample size was
reducedto 237 patients (14.5% of total EXPAND population or 52% of the matched
population). Adjustmentwas not possible for normalized brain volume, Gd-enhancing
lesions on T1-weighted images, or total volume of T2 lesions on T2-weighted images. Table
28 shows the patientcharacteristics before and after matching and adjustment. The
matched and adjusted population for EXPAND had mean age, EDSS score, MS duration,
and proportion of females thatwere similarto the SPECTRIMS study. No data were
presented on other patient characteristics.

Table 29 provides a summary of the trial results on disability progression from the published
studies, as well as the MAIC. For the matched and adjusted analysis (scenario A),the HR
and 95% Cl forthe timeto CDP-3 was 0.8 (95% CI, 0.46 to 1.38) for siponimod versus
interferon beta-1a 22 mcg three timesweekly and 0.84 (95% CI, 0.49to 1.47)for interferon
beta-1a 44 mcgthree timesweekly.
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Table 28: Results of Population Matching and Adjustment for CDP — Siponimod vs.

Interferon Beta-1 22 mcg or 44 mcg Three Times Weekly

CADTH

Variables

SPECTRIMS

EXPAND
(unmatched)

EXPAND
(matched
and
unadjusted)

Scenario
A

Scenario
B

Scenario
C

Scenario
D

Scenario
E

Scenario
F

N (Neff)

618

1638

455

237

239

253

268

325

350

Age (mean
years [SD])

42.8(7.1)

48.03 (7.84)

46.43 (6.81)

42.8
(7.11)

42.8
(7.11)

42.8
(7.11)

42.8
(7.11)

42.8
(7.11)

42.8
(7.11)

EDSS score
at
screening
(mean
[SD])

5.4 (1.1)

5.42 (1.06)

5.19(1.11)

5.4 (1.1)

5.4(1.1)

5.4(1.1)

5.4(1.1)

5.4 (1.1)

MS
duration
since
diagnosis
(mean
years [SD])

13.3(7.1)

12.62 (7.77)

11.06 (7.91)

13.3
(7.11)

13.3
(7.11)

13.3
(7.11)

13.3
(7.11)

Duration of
SPMS
(mean
years [SD])

3.77 (3.51)

3.42 (3.19)

Number of
relapses in
prior 2
years
(mean
[SD])

0.9 (1.3)

0.67 (1.19)

0.71 (1.08)

0.9 (1.3)

0.9 (1.3)

Sex
(proportion
female)

63.0%

60.01%

60.22%

63.0%

CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; IFN =interferon; MS = multiple sclerosis; Neff = effective sample size; SD = standard
deviation; SPMS = secondary-progressive multiple sclerosis; vs. = versus.

Note: Matched sample excludes patients over 55 years of age, with an EDSS score of less than 3 or greater than 6.5, and those with prior IFN beta therapy. Scenario A
adjusts for all available ranked characteristics. Subsequent scenarios drop the lowest ranked factor.

Source: Reproduced from sponsor-submitted indirect treatment comparison.®®
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Table 29: Indirect Comparison Results for the Time to Confirmed Disability Progression

MAIC results®
HR or OR (95% CI)

Published results?
HR or OR (95% Cl)

Comparator Comparator

study

Comparator Siponimod Siponimod Siponimod vs.
vs. placebo VS. VS. placebo
placebo comparator
Time to CDP-6
IFN beta-1b North [ | HR 0.92 HR 0.74 [ | HR 0.55 HR 0.50
250 mcg SC American (0.71t0 1.20)¢ (0.60to (0.33t00.91) | (0.32t00.78)
every 2 days study 0.92)
IFN beta-1a Nordicstudy | [l HR 1.13 I | HR043 HR 0.48
22 mcg SC (0.8210 1.57) (0.20t00.93) | (0.24t00.98)
weekly
Natalizumab ASCEND [ | OR 1.06 OR 0.77 [ | OR 0.76 OR 0.80
300mg IV (0.74 t0 1.53) (0.61to (0.44 10 1.30) (0.53t01.21)
every 4 weeks 0.97)
Time to CDP-3
IFN beta-1a sPeECTRIMS | IR HR 0.88 HR 0.79 Il | HROS80 HR 0.70
22 mcg SC (0.691t0 1.12)° (0.65to (0.46 10 1.38) (0.43t0 1.15)
3 timesweekly 0.95)
IFN beta-1a sPeCTRIMS | IR HR 0.83 Il | HRO84 HR 0.70
44 mcg SC (0.6510 1.07) (0.4910 1.47) (0.43t0 1.15)
3 timesweekly
IFN beta-1a IMPACT || HR 0.977 HR 0.42 HR 0.41
60 mcg IM (0.681t01.41) (0.20t0 0.88) | (0.21t00.78)
weekly
IFN beta-1b European || HR 0.74 | HR 0.82 HR 0.61
250 mcg SC study (0.60to 0.91)° (0.42 10 1.63) (0.32101.16)
every 2 days

CDP-3 = confirmed disability progression at three months; CDP-6 = confirmed disability progression at six months; Cl = confidence interval; HR = hazard ratio; IFN =
interferon; IM = intramuscular; MAIC = matching-adjusted indirect comparison; Neff = effective sample size; OR = odds ratio; SC = subcutaneous; vs. = versus.

Note: Results in bold had a 95% CI that excluded the null.
20utcomes reported as time to CDP-6 for the comparisons with IFN trials and as the OR of CDP-6 at 96 weeks for the comparison with natalizumab.
The target population is the comparator trial.

°The HR or Cl were not reported in the publication. Missing values were estimated using either the HR and P value, the reported Kaplan-Meier curve through curve-
fitting, as appropriate.
Source: Adapted from the sponsor-submitted indirect treatment comparison.®

Interferon Beta-1a 22 mcg SC Once Weekly

The patients from the EXPAND study were matched to those in the Nordic study by
excluding any with a baseline EDSS score of more than 6.5 points, those who had received
priorinterferon therapy, or whose duration of MS was of lessthan one year. It was not
possible to match on age, recent relapse-free time frame, or progression, as the criteriain
the Nordic study were broader than in EXPAND. It was also not possible to match on the
duration of SPMS, MS severity score, or T25-FW test score, as these were not specified in
the inclusion criteria for the Nordic study. Matching reduced the sample size of EXPAND to
578.

Data were then adjusted based on age, EDSS score, duration of MS and SPMS, and sex.
No adjustmentwas possible for normalized brain volume, Gd-enhancing lesions on T1-
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weighted images, total volume of T2 lesions on T2-weighted images, and number of

relapses in the two years prior. [
N, (T able

30).

In the matched and adjusted base-case analysis, the HR for time to CDP-6 for siponimod
versus interferon beta-1a 22 mcg once weekly was 0.43 (95% CI, 0.20 to 0.93) (Table 29).

Table 30: Results of Population Matching and Adjustment for CDP — Siponimod vs.
Interferon Beta-1a 22 mcg SC Once Weekly

. Nordic EXPAND EXPAND Scenario | Scenario | Scenario | Scenario | Scenario
Variables Study (matched and
(unmatched) ) A B C D E
3 unadjusted)
N (Neff) 364 1642 578 157 159 298 399 450
Age (mean years 45.7 45.7 45.7 45.7 45.7 45.7
48.02 (7.86 49.29 (7.75
[SD]) (7.1) ( ) ( ) (7.11) (7.11) (7.11) (7.11) (7.11)
EDSS score at 48
screening (mean {1'1) 5.42 (1.06) 5.26 (1.11) 48(1.1) | 48(1.1) | 4.8(1.1) | 4.8(1.1) -
[SD]) '
MS duration since
14.3 14.3 14.3 14.3
diagnosis (mean 12.61(7.76) 12.23 (8.44) - -
7.1 7.11 7.11 7.11
oDl (7.1) (711 | (1) | (.11
Duration of SPMS 5.4 5.4
5.4 (3 3.76 (3.51 3.69 (3.48 - - -
(mean years [SD]) (3) ( ) ( ) (3.01) (3.01)
Sex (proportion 60.0% 59.99% 60.38% 60.0% - i - i
female)

CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; IFN =interferon; MS = multiple sclerosis; Neff = effective sample size; SC =
subcutaneous; SD = standard deviation; SPMS = secondary-progressive multiple sclerosis; vs. =versus.

Note: Matched sample excludes patients with EDSS greater than 6.5, MS duration of less than one year, and those with prior IFN beta therapy. The Nordic study did not
report standard deviations for adjusting factors. Results use imputed values from SPECTRIMS. Scenario A adjusts for all available ranked characteristics. Subsequent
scenarios drop the lowest ranked factor.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.*®

Annualized Relapse Rate

Of the five factors selected for adjustmentof ARR data, adjustmentwas only possible for
the number of relapses per patientin the two years prior for the analysis comparing to the
SPECTRIMS study. After matching and adjustment, the EXPAND effective sample size was
reduced to 436 patients (26.7% of total N or 95% [436/457] of the matched population)
(Table 31). After matching and adjustmentfor prior relapses, the rate ratio forthe ARR was
0.73 (95% Cl, 0.40to 1.31)and 0.73 (95% ClI, 0.40to 1.32) for siponimod versus interferon
beta-la dosages of 22 mcg three times weekly and 44 mcg three times weekly, respectively
(Table 32).

Only matching was possible forthe ARR analysisthat included the Nordic study. The
sample size of the EXPAND study was 579 patients after matching, which was 35.3% of the
1,645 patients included in the trial. The rate ratio for the ARR was 0.59 (95% ClI, 0.32to
1.07) forsiponimod versus interferon beta-1a 22 mcg SC once weekly in the matched
analysis (Table 32).

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 81



CADTH

Table 31: Results of Population Matching and Adjustment for ARR — Siponimod vs.
Interferon Beta-1a 22 mcg or 44 mcg Three Times Weekly

. EXPAND EXPAND .
Variables SPECTRIMS (unmatched) (matched and unadjusted) Scenario A
N (Neff) 616 1641 457 436
Mean number of
relapses in prior 2 years 0.9 (1.3) 0.67 (1.19) 0.71(1.07) 0.9 (1.3)
(Sb)

ARR = annualized relapse rate; Neff = effective sample size; SD = standard deviation; vs. = versus.

Note: Matched sample excludes patients over 55 years of age, with an EDSS score of less than 3 or greater than 6.5, and those with prior interferon beta therapy.
Scenario A adjusts for number of relapses in prior two years.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.*®

Table 32: Indirect Comparison Results for the Annualized Relapse Rate

Comparator Comparator Published results? MAIC results®
study Rate ratio (95% CI) Rate ratio (95% CI)

Comparator vs. Siponimod Siponimod Siponimod
placebo VS. VS. VS.
placebo comparator placebo

Annualized relapse rate
IFN beta-1b North

0.65(0.48t0 0.88) | Il | 0.450.34 | | 0.90 (051 0.59

250mcg SC American and to 0.59) to 1.59)¢ (0.36 to 0.95)°¢
every 2 days European
study (pooled)
IFN beta-la Nordic study 0.90 (0.64t0 1.27) 0.59 (0.32 0.53
22 mcg SC t0 1.07)°¢ (0.33t0 0.87)°
weekly
IFN beta-1a SPECTRIMS 0.69 (0.56to0 0.84) 0.73 (0.40 0.50
22 mcg SC to 1.31) (0.29t00.87)

3 timesweekly
IFN beta-la SPECTRIMS

0.69 (0.56 to 0.85) 0.73(0.40 | 0.50

44 mcg SC t0 1.32) (0.291t0 0.87)
3 timesweekly

IFN beta-1a IMPACT 0.67 (0.49to 0.90) 0.997(0.46 | 0.67

60 mcg IM to 2.18) (0.331t0 1.37)
weekly

Natalizumab ASCEND 0.45 (0.32to0 0.63) | 1.43(0.78 0.65

300mg Vv to 2.61) (0.39t0 1.06)

every 4 weeks

CIl = confidence interval; IFN = interferon; IM = intramuscular; MAIC = matching-adjusted indirect comparison; Neff = effective sample size; SC = subcutaneous; vs. =
Versus.

Note: Results in bold had 95% ClI that excluded the null.

2From comparator trials (IFN or natalizumab) or EXPAND study (siponimod).
bThe target population is the comparator trial.

¢ Matched only; no adjustment was possible.

Source: Adapted from the sponsor-submitted indirect treatment comparison.*®
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Siponimod Versus Interferon Beta-1a (Avonex)

Patients from the EXPAND trial were matched to patientsin the IMPACT study by removing
those with baseline EDSS scores of lessthan 3 points and greater than 6.5 points,and
those with prior interferon treatmentexperience. Matching was notpossible on the
documented progression criteria as the necessary data were not available in EXPAND.
Patients could not be matched for duration of MS or SPMS, MS severity score, T25-FW test
score, or recent relapse-free time frame as the IMPACT study had no criteria for these
parameters.

Time to Confirmed Disability Progression

EXPAND patientdata were adjusted for age, EDSS score, duration of MS, Gd-enhancing
lesions on T1-weighted images, number of relapsesin two years prior, and sex. Weighting
was not possible fornormalized brain volume, duration of SPMS, and total volume of T2
lesions on T2-weighted images. The effective sample size was 113 patients, which was
20% of the matched population from EXPAND.

The HR forthe time to CDP-3 for siponimod versus interferon beta-1a 60 mcg
intramuscular weekly was 0.42 (95% Cl, 0.20 to 0.88) inthe matched and adjusted analysis
(see Table 29).

Table 33: Results of Population Matching and Adjustment for CDP — Siponimod vs.
Interferon Beta-1a 60 mcg IM weekly

EXPAND L2
Variables IMPACT (matched and Scenario A Scenario B Scenario C Scenario D Scenario E Scenario F
(unmatched) i
unadjusted)
N (Neff) 4136 1590 563 113 113 322 354 520 534
Eglje])(mea” VEars | 4755 (7.95) 48.05 (7.87) 4931 (7.81) 47.55(7.97) | 47.55(7.97) | 47.55(7.96) | 47.55(7.96) | 47.55(7.96) | 47.55(7.96)
EDSS score at
screening (mean 5.2(1.1) 5.41(1.07) 5.33(1.03) 5.2(1.1) 5.2(1.1) 5.2(1.1) 5.2(1.1) 5.2(1.1)
[sD])
MS duration since
diagnosis (mean 16.45(9) 12.68(7.79) 11.76 (8.57) 16.45 (9.02) 16.45 (9.02) 16.45 (9.01) 16.45 (9.01) -
years [SD])
1 Gd-enhancing
T1 lesion 16.5% 10.88% 11.37% 16.5% 16.5% 16.5% - -
(proportion)
2 Gd-enhancing
T1 lesions 5.8% 3.4% 2.84% 5.8% 5.8% 5.8% - -
(proportion)
3 Gd-enhancing
T1 lesions 3.6% 2.2% 1.78% 3.6% 3.6% 3.6% - -
(proportion)
=>4 Gd-enhancing
T1 lesions 10.3% 5.47% 5.68% 10.3% 10.3% 10.3% - -
(proportion)
Number of
relapses in prior 1 0.55 (1) 0.26 (0.55) 0.26 (0.51) 0.55 (1.01) 0.55 (1.01) - - -
year (mean [SD])
sex (proportion 64% 60.25% 61.81% 64% - - - -
female)

CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; Gd = gadolinium; IM = intramuscular; MS = multiple sclerosis; Neff = effective sample
size; SD = standard deviation; vs. = versus.

Note: Matched sample excludes patients with baseline EDSS less than 3 or greater than 6.5 and those with prior interferon beta therapy. Scenario A adjusts for all
available ranked characteristics. Subsequent scenarios drop the lowest ranked factor.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.*®
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Annualized Relapse Rate

For the analysis of ARR, patient data from EXPAND were adjusted fortime since onset of
mostrecent relapse, number of relapses per patientin one year prior, and Gd-enhancing
lesions on T1-weighted images (see Table 34). There was no adjustmentforrelapsesin
two years priorto enrolmentortotal volume of T2 lesions on T2-weighted images. The
effective sample size was 119 patients (22% of the matched population).

The rate ratio forthe ARR was0.997 (95% CI, 0.46 to 2.18) for siponimod versus interferon
beta-1a 60 mcg intramuscular weekly, based on the matched and adjusted analysis (Table
32).

Table 34: Results of Population Matching and Adjustment for ARR — Siponimod vs.
Interferon Beta-1la 60 mcg IM Weekly

EXPAND EXPAND
Variables IMPACT (matched and Scenario A Scenario B Scenario C
(unmatched) .
unadjusted)

N (Neff) 436 1550 547 119 122 482
Years since most
recent relapse (mean 3.7(5.1) 4.96 (5) 5.1(5.55) 3.7 (5.11) 3.7 (5.11) 3.7 (5.11)
[sD])
Number of relapses in
prior 1 year (mean 0.55 (1) 0.27 (0.56) 0.27 (0.52) 0.55 (1.01) 0.55 (1.01) -
[SD])
1 Gd-enhancing T1 16.5% 11.03% 11.33% 16.5% i -
lesion (proportion)
2 Gd-enhancing T1

arennancing 5.8% 3.42% 2.93% 5.8% i -
lesions (proportion)
3 Gd-enhancing T1

. g. 3.6% 2.13% 1.83% 3.6% - -
lesions (proportion)
24 Gd-enhancing T1 10.3% 5.61% 5.85% 10.3% i -
lesions (proportion)

ARR = annualized relapse rate; EDSS = Expanded Disability Status Scale; Gd = gadolinium; IM = intramuscular; Neff = effective sample size; SD = standard deviation;
VS. = Versus.

Note: Matched sample excludes patients with baseline EDSS less than 3 or greater than 6.5 and those with prior interferon beta therapy. Scenario A adjusts for all
available ranked characteristics. Subsequent scenarios drop the lowest ranked factor.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.®®

Siponimod Versus Interferon Beta-1b (Betaseron)

The North American study and the European study evaluated interferon beta-1b 250 mcg
every two daysin patients with SPMS.

In both studies, patients were matched by excluding those with a baseline EDSS score of
less than 3 points or greaterthan 6.5 points, and prior interferon therapy in the EXPAND
study. To match the European study, those who were over 55 years of age were also
excluded. The EXPAND population could notbe matched on prior relapse-free period as
the criteriain the European study was broaderthan in EXPAND. The matched population
included 455 patients. For the comparison with the North American study data, patients
could not be matched based on age as the populationin the North American study was
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broaderthan in EXPAND. Patients with a duration of MS of less than two years were
excluded as matchesto the North American study, which left543 patients in the matched
population. Details oninclusion criteria in the trials are listed in Table 26.

Time to Confirmed Disability Progression

For the comparison with the North Americanand European studies for the CDP outcomes,
adjustmentwas possible for age, EDSS score, duration of MS and SPMS, number of relapses
inthe priortwo years, and sex. No adjustmentwas possible for normalized brainvolume, Gd-
enhancinglesions on T1-weighted images, and total volume of T2 lesions of T2-weighted
images. The effective sample size was reducedto 140 patients forthe time to CDP-3 analysis
(European study),and to 410 forthe time to CDP-6 analysis (North American study), which
represented 31% and 76% of the matched populations from EXPAND, respectively.

Prior to matching, the patients enrolledin the Europeanstudy were younger (mean age of 41
years, SD = 7.2) than those in the North American study (meanage of 46.8, SD =8.1) or the
EXPAND study (mean age of 48.0, SD =7.8), and were more likely to have had one ormore
relapsesin the two years prior to enrolment. The results of population matching and
adjustmentforthe time to CDP-3 and CDP-6 outcomes are shown in Table 35 and Table 36.

Table 35: Results of Population Matching and Adjustment for CDP-3 — Siponimod vs.
Interferon Beta-1b, European Study

EXPAND
Variables European EXPAND (matched Scenario Scenario Scenario Scenario Scenario Scenario
Study {(unmatched) and A B C D E F
unadjusted)
N (Neff) 718 1638 455 140 141 163 205 274 274
?f:ri'}f;]'; 41 (7.2) 48.03 (7.84) 46.43 (6.81) 41(7.22) | 41(7.22) | 41(7.21) | 41(7.21) | 41(7.21) | 41(7.21)
EDSS score
at screening 5.15(1.1) 5.42 (1.06) 5.19 (1.11) 5.15(1.1) | 5.15(1.1) | 5.15(1.1) | 5.15(1.1) | 5.15(1.1) -
(mean [SD])
MS duration
since
N . ) 131 131 131 131
diagnosis 13.1 (7.06) 12.62 (7.77) 11.06 (7.91) (7.08) (7.08) (7.08) (7.08) - -
(mean years
[SDI)
Duration of 315 215
SPMS (mean | 2.15(2.3) 3.77 (3.51) 3.42 (3.19) _ _ 2.15(2.3) - - -
(2.31) (2.31)
years [SD])
Relapse-free
i ior 2
'n prior 30.4% 64.04% 59.78% 30.4% 30.4% - - - -
years (mean
[sDI])
Sex
(proportion 61.1% 60.01% 60.22% 61.1% - - - - -
female)

CDP-3 = confirmed disability progression at three months; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; Neff = effective sample size; SD = standard
deviation; SPMS = secondary-progressive multiple sclerosis; vs. = versus.

Note: Matched sample excludes patients over 55 years of age, with an EDSS score of less than 3 or greater than 6.5, and those with prior interferon beta therapy.
Scenario A adjusts for all available ranked characteristics; subsequent scenarios drop the least important characteristic from adjustment.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.®®
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Table 36: Results of Population Matching and Adjustment for CDP-6 — Siponimod vs.
Interferon Beta-1b, North American Study

North EXPAND EXPAND . . . . . .
. . Scenario Scenario Scenario Scenario Scenario Scenario
Variables American (un- (matched and ‘. - - 5 B -
Study matched) unadjusted)
N (Neff)
939 1638 543 410 411 427 432 479 489
Age (mean 46.83 48.03 49.4 (7.74) 46.83 46.83 46.83 46.83 46.83 46.83
years [SD]) (8.14) (7.84) o (8.15) (8.15) (8.15) (8.15) (8.15) (8.15)
EDSS score at
5.13 5.13 5.13 5.13 5.13
screening 5.13(1.18) | 5.42 (1.06) 5.27 (1.11) -
1.18 1.18 1.18 1.18 1.18
(mean [SDI (L18) | (118 | (118 | (118 | (118)
MS duration
since
N . 14.66 12.62 14.66 14.67 14.67 14.66
diagnosis (8.32) (7.77) 12.92 (8.24) (8.33) (8.33) (8.33) (8.33) - -
(mean years
[SDI)
Duration of
4.03 4.03 4.03
SPMS (mean | 4.03(3.48) | 3.77 (3.51) 3.84 (3.53) - - -
(3.48) (3.48) (3.48)
years [SD])
Number of
relapses in 0.83 0.83
0.83(1.32 0.67 (1.19 0.65(1.1 - - - -
prior 2 years ( ) ( ) (1.1) (1.32) (1.32)
(mean [SD])
Sex
(proportion 62.6% 60.01% 60.41% 62.6% - - - - -
female)

CDP-6 = confirmed disability progression at six months; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; Neff = effective sample size; SD = standard
deviation; SPMS = secondary-progressive multiple sclerosis; vs. = versus.

Note: Matched sample excludes patients with a duration of MS of less than two years, baseline EDSS of less than 3 or greater than 6.5, and those with prior interferon
beta therapy. Scenario A adjusts for all available ranked characteristics; subsequent scenarios drop the least important characteristic from adjustment.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.’®

The analysis of time to CDP-3 reported an HR of 0.82 (95% ClI, 0.42 to 1.63) for siponimod
versus interferon beta-1b 250 mcg every two days, based on the population thatwas
matched and adjusted to the European study. The HR for time to CDP-6 was 0.55 (95% Cl,
0.33 to 0.91) for siponimod versusinterferon beta-1b, based on the population matched and
adjusted to the North American study (see Table 29).

Annualized Relapse Rate

The authors stated that no adjustmentwas possible for the analysis of ARR forthe North
American or European studies. Data from the two trials were pooled (total N = 1,343) and
were compared with the matched and unadjusted population for EXPAND (effective sample
size =606, 36.8%).No comparison of baseline patientcharacteristics was presented. The
rate ratio for ARR was 0.90 (95% ClI, 0.51 to 1.59) for siponimod versus interferon beta-1b
250 mcg every two days (Table 32).
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Siponimod Versus Natalizumab (Tysabri)

The ASCEND study compared natalizumab to placebo in patients with SPMS (Table 26).
Patients from the EXPAND study were matched to those in ASCEND by excluding those
olderthan 58 years of age, with baseline EDSS scores of less than 3 points or greater than
6.5 points, SPMS onset within the two years prior to enrolment, MS severity score of less
than 4, mostrecent relapses within three months, and patients with T25-FW test results of
more than 30 seconds during the screening period. The ASCEND study excluded patients
who had received interferon in the past four weeks, or had received natalizumab atany
time, but matching was not possible for these parameters. Moreover, no matching was
possible for criteria related to the progression time frame because relevantdataontime
since disability progression were not captured in the EXPAND study. The matched
population included 608 patients (38%) of the total EXPAND study population (Table 37).

There were importantdifferences between trials in the definition of disability progression. In
the ASCEND study, CDP-6 was a composite of three measures (change in EDSS, T25-FW
test, or 9-HPT scores), and was measured at96 weeks. In contrast, the timeto CDP-6in
the EXPAND study was based on the EDSS score only and patients were followed forthree
years. In order to draw comparisons between the trials, the proportion of patients who
experienced CDP-6 at96 weeks was calculated using individual patientdata from the
EXPAND study (assuming patients with missing data experienced CDP-6). These data
were compared to disaggregated data on EDSS-specific CDP-6 outcomes reported in the
ASCEND study.
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Natalizumab, ASCEND Study

CADTH

EXPAND

female)

Variables ASCEND EXPAND (matched and Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
(un-matched) . A B C D E F G H | J
un-adjusted)
N (Neff) 887 1584 608 516 518 522 531 543 544 553 564 571 588
Age (mean 47.25 47.25 47.25 47.25 47.25 47.25 47.25 47.25 47.25 47.25 47.25
years [SD]) (7.61) 48.07(7.84) 47.77(6:82) (7.61) (7.61) (7.61) (7.61) (7.61) (7.61) (7.61) (7.61) (7.61) (7.61)
EDSS score at
screening 5.6(0.9) 5.41(1.07) 5.75 (0.83) 56(09) | 56(09) | 56(09) | 5.6(09) | 56(09 | 56(09) | 56(09) | 56(09) | 5.6(0.9) -
(mean [SD])
MS duration
since diagnosis 12.14 12.14 12.15 12.14 12.15 12.14 12.14 12.14 12.14
(mean years 6z | O8N | 1328(693) | (oaq 689) | (6.89) 689 | (6.89) (629 | (6.89) (6.89) - -
[sD])
Prior DMT 77.0% 78.41% 83.55% 77.0% 77.0% 77.0% 77.0% 77.0% 77.0% 77.0% - -
(proportion)
Normalised
brain volume 1423.37 1422.95 1429.17 1423.37 1423.37 1423.37 1423.37 1423.37 1423.37 B B B
(mean cm? (82.95) (86.76) (83.49) (83.02) (83.02) (83.02) (83.02) (83.02) (83.02)
[sD])
No Gd-
E”srhj::‘”g m 76.2% 78.09% 78.12% 76.2% 76.2% 76.2% 76.2% 76.2% - - - -
(proportion)
Duration of
SPMS (mean 48(3.37) | 3.77(351) 5.2 (3.32) 48(3.38) | 4.8(3.38) | 4.8(3.37) | 4.8(337) - - - -
years [SD])
Total volume of 167932 | 16793.24 | 16793.21
T2 lesions 16793.21 | 15231.14 1496127 | oo | (1r0180 | (Lo15s i i i i i
(mean mm? (17003.8) | (15942.01) (16181.56) - g :
7) 6) 6)

[SD])
Relapse-free in
prior 2 years 70.7% 63.83% 68.91% 70.7% 70.7% - - - - -
(mean [SD])
sex(proportion | ¢, go; 60.29% 59.05% 62.0% - - - - -

CDP-6 = confirmed disability progression at six months; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; Gd = gadolinium; MS = multiple
sclerosis; Neff = effective sample size; SD = standard deviation; SPMS = secondary -progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test; vs. = versus.

Note: Matched sample excludes patients over 58 years of age, SPMS onset within previous two years of enrolment, baseline EDSS of less than 3 or greater than 6.5, MS
severity score of less than 4, most recent relapses within three months, and patients with T25-FW test of more than 30 seconds during screening period. Scenario A

adjusts for all available ranked characteristics; subsequent scenarios drop the least important characteristic from adjustment.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.®®

Confirmed Disability Progression

For the analysis of the proportion of patients with CDP-6, adjustmentwas possible for 10

criteria, which resulted in an effective sample size of 516 patients (85% of matched

population) (Table 37). The odds ratio of CDP-6 at 96 weekswas 0.76 (95% ClI, 0.44 to
1.30) forsiponimod versus natalizumab (Table 29) for the matched and adjusted scenario

A.

Annualized Relapse Rate

The populationincluded in the MAIC forrelapse frequency was adjusted for three factors as
shownin Table 38, but not for the number of relapsesin the past year or past two years.
The effective sample size was 594, which was 97% of the matched EXPAND pop ulation.

The matched and adjusted ARR for siponimod versus natalizumab was 1.43 (95% ClI, 0.78
to 2.61) (Table 32).
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Table 38: Results of Population Matching and Adjustment for ARR — Siponimod vs.

Natalizumab

EXPAND 2 dial e
Variables ASCEND (matched and Scenario A Scenario B Scenario C
(unmatched) .
unadjusted)

N (Neff) 887 1551 611 594 604 604
Years since

t recent
most recen 4.75 (4.25) 4.96 (5) 5.26 (4.76) 4.75 (4.25) 475(425) | 475 (4.25)
relapse (mean
[SD])
No Gd-
nk ing Tl
enhancng 76.2% 77.76% 77.91% 76.2% 76.2% ;
lesions
(proportion)
Total volume of
T2 lesions 16793.21 15191.29 14975.87 16793.20 ) )
(mean mm3 (17003.8) (15907.14) (16159.57) (17017.93)
[SD])

ARR = annualized relapse rate; EDSS = Expanded Disability Status Scale; Gd = gadolinium; MS = multiple sclerosis; Neff = effective sample size; SD = standard
deviation; SPMS = secondary-progressive multiple sclerosis; T25-FW = Timed 25-Foot Walk Test; vs. = versus.

Note: Matched sample excludes patients over 58 years of age, SPMS onset within previous two years of enrolment, baseline EDSS score of less than 3 or greater than
6.5, MS severity score of less than 4, most recent relapses within three months, and patients with T25-FW test of more than 30 seconds during screening period. Scenario
A adjusts for all available ranked characteristics; subsequent scenarios drop the least important characteristic from adjustment.

Source: Reproduced from the sponsor-submitted indirect treatment comparison.®®

Critical Appraisal of Sponsor-Submitted ITC

The sponsor-submitted ITC had a number of limitations thatthreatened the internal and
external validity of the findings. The methods used to identify and selectthe studies would
not meetthe criteria for a systematic literature review. There was insufficientinformation
provided on the primary literature search, which was conducted by the sponsor, to evaluate
the rigour of the process. The supplemental search would notmeetthe criteria of a
systematic literature search, as it only included a limited grey literature search, and
screening was not conducted independently in duplicate. Although there were limitations to
the methods used to select studies, the trials identified were the same as those included in
a recent Institute for Clinical and Economic Review reporton siponimod for patients with
SPMS; thus, itis unlikely that relevantstudies were missing.% Of note, there was no
assessmentof study quality or discussion of how any potential biasesin the trials may
impactthe results of the MAIC.

The authors conducted a thorough review of the study design, inclusion and exclusion
criteria, patientpopulation characteristics, and outcomes measured in the clinical trials and
identified a number of differences between studies thatcould potentially threaten the
validity of an NMA or unadjusted ITC. Based on this review and the study data presented,
the authors provided an adequate rationale for conducting the MAIC. The assessmentof
clinical heterogeneity by the Institute for Clinical and Economic Review was also in
agreementthatstandard NMA techniques were not appropriate and they stated that due to
differencesin study design, study eligibility criteria, baseline characteristics of study
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populations, and outcomes assessment, no quantitative indirectanalyses could be
conducted.>® MAIC analyses were feasible because individual patientdata were available
for EXPAND, the EXPAND study and the comparator trials had sufficie ntly similar study
designs and outcome definitions, and the inclusion criteria in the EXPAND study was
broader or similarto the natalizumab and interferon trials.

The ITC authors stated that the population matching methods used were consistentwith the
NICE Decision SupportUnit Technical Support Document18: Methods for Population-
Adjusted Indirect Comparisonsin Submissions to NICE.* The matching criteria were based
on the inclusion criteria for the EXPAND study and availability of comparable data from
other trials. Clinical experts (number notspecified) from Europe and Canada were
consulted to identify the effect modifiers thatwere used as adjustmentfactors for CDP and
ARR outcome measures. The clinical experts consulted for this Formulary Review agreed
that the adjustmentfactors and their ranking appeared reasonable. However, itwas not
possible to fully match or adjust for all factors;therefore, not all differences could be
accounted for. Data were limited for some of the adjustmentfactors, particularly forthe
ARR analyses. Two ARR analyses could not be adjusted and the others were adjusted for
one of three parameters. The authors used a propensity score model based on generalized
method of moments to determine weighting, as per NICE technical guidance. The results
were reported as HRs, odd ratios, or rate ratios, and 95% CI, but the actual model used for
parameter estimation was notspecified.

The authors presented data on the patientdemographics before and after weighting and
adjustmentforthose variables that were included in the adjustment. The populations were
well balanced for the adjustmentvariables, butit is unclear how well balanced populations
were for other variables that may be clinically relevantbutcould not be adjusted due to lack
of data, or those variables that were not part of the planned adjustment. Moreover,
unmeasured effectmodifiers cannotbe controlled in an MAIC analysis. This is of concern
considering thatthe interferon trials were published 15 years ago or more, and the
managementof MS has changed overtime as new disease-modifying treatments have
become available. Considering the time gap, itis possible thateven after population-
weighting, that systematic differences existbetween the patientsin the siponimod and
interferon trials. Poor overlap between the trial populationsis a concern because in most
analyses, the effective sample size was substantially reduced. As all the interferon trials
enrolled only treatment-naive patients, based on this criterion alone, less than one-third of
the patients enrolled in EXPAND were potentially eligible forinclusionin the model.
Adjustmentfurtherreduced the effective sample size, which in four analysesincluded 20%
to 31% of matched patients (effective sample size of 113to 157). The distribution of
weights was not reported, but the small effective sample size suggests thatthere were
substantial differencesin the patients between trials. As a result, some patients may be
assigned extreme weights, which could make the estimates unstable.

The authors provided the results of the base-case analyses (for the matched and fully
adjusted population) as well as several exploratory analyses, which included an unadjusted
ITC (Bucher method), matched only, univariate adjustment, as well as differentadjustment
scenarios that sequentially dropped the leastimportantadjustmentfactor from the analysis.
These analyses showed variation in treatment effectestimates, depending on the analysis
methods oradjustmentfactors. Although some analyses showed statistically significant
differences between treatments, given the limitations of these data, there is substantial
uncertainty in the MAIC results.
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The external validity of the results is limited given that the analyses comparing siponimod to
interferon were restricted to patients who were interferon-naive. According to the experts
consulted for this review, most patientsin Canada diagnosed with SPMS would have
previously received DMT for RRMS; thus, the findings of the MAIC may not be
generalizable. Also, in all but one study, mostpatients included in the analyses did not have
active SPMS. A furtherlimitation is the comparators. Although interferon beta-1a and
interferon beta-1b are the only other drugsin Canada with a Health Canada indication for
SPMS, the clinical experts stated that these are not relevantcomparators for the treatment
of SPMS. As shownin Table 29, only the European study showed a benefitin terms of
disability progression for interferon relative to placebo, butthis trial enrolled a younger
population thatwas more likely to have active disease than those enrolled in othertrials.
Although data comparing siponimod to natalizumab was summarized, this drug is not
approved foruse in Canada for patients with SPMS and its impacton disease progression
is uncertain. The clinical experts consulted stated that other than siponimod, there are no
disease-modifying treatments for patients with SPMS that have been shown to delay
progression of disability butthat most patients would continue on their currenttherapiesin
the absence of other effective treatments for SPMS. In summary, considering thatthe target
population for these analysesis not clinically relevantto the patients who may be treated
with siponimod in Canada, the utility of the findingsis unclear.

Summary

The sponsor submitted an MAIC that compared siponimod to interferon beta-1a and
interferon beta-1b and to natalizumab in patients with SPMS. The trials enrolled a mixed
population of patients with active and non-active SPMS. Individual patientdata from the
EXPAND trial were used to match and adjust patients to those included in the comparator
trials. An MAIC was deemed necessary due to differences acrosstrialsin the patient
populations enrolled and changes in the treatmentparadigm. The interferon trials, which
were published between 1998 and 2004, included patients who were interferon-naive
whereasin the EXPAND study, most of the included patients had received DMTs including
interferon. There were also differences between trials in the age of patients enrolled,
disease duration, EDSS score, and relapse frequency. Based on the clinical heterogeneity
between trials, the Institute for Clinical and Economic Review® also concluded thatITC
using standard methods was not appropriate.

Pairwise comparisons between siponimod and natalizumab, as well as siponimod and
differentinterferon beta products and dosages, were conducted using MAIC methods. The
results of some analyses suggestthat disability progression may be delayed for siponimod
versus interferon beta, while other analyses found no differences. No differences were
found between siponimod and natalizumab in terms of disability progression. In addition, no
differences were found between treatments for the analyses of relapse rates, which showed
wide Cls, suggesting there was considerable uncertainty in the results.

Although the methods used to conductthe MAIC follow technical guidance,®the analyses
have a number of limitations thatimpactthe internal and external validity. There are
concernsregarding the overlap between the comparator and siponimod trial populations,
and the availability of datato allow for matching and adjustment. Matching was not possible
forall criteria, and for some analyses, no or limited adjustmentto balance potential effect
modifiers was feasible. The small effective sample size of many analyse s confirms that
substantial differences existbetween the patientpopulationsin the siponimod and
comparatortrials. For the comparison between natalizumab and siponimod, only 38% of
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EXPAND study patients were included after matching, and the effective sample size was
furtherreduced after adjustment. There were also importantdifferences between
natalizumab and siponimod trials on the definition of CDP-6, requiring the use of imputed
data to create comparable outcomes. Given these issues, there is substantial uncertainty in
the MAIC results. Moreover, mostpatients included in the analyses did not have active
SPMS, and the treatmenteffects reported for siponimod versusinterferon apply to an
interferon-naive patientpopulation. Thus, the results may have little relevance to the
population of interestto Canadian decision-makers as the analyses were not specific to
patients with active SPMS — the approved indication for siponimod — and most patients
who have developed SPMS would have previously received DMT. The relevance of
interferon and natalizumab as a comparatoris also limited; thus, the utility of these data is
poor from a Canadian decision-making perspective.

Other Relevant Studies

Long-Term Extension Studies

The long-term open-label extension phase (the extension part) of the EXPAND study is
ongoing. No results from the extension part of the study were available atthe time of this
review.

Discussion

Summary of Available Evidence

The EXPAND study was the only study that met the criteria forthe CADTH systematic
review. The core part of the study was a double-blind, parallel-group, multi-centre, placebo-
controlled, event-driven, exposure-driven, phase lll RCT and was the focus of this review. A
history of RRMS and a current diagnosis of SPMS, defined by a progressive increase in
disability for at least six months, in the absence of relapses orindependentof relapses,
were required forinclusion in the study. Patients also had to have an EDSS score of
between 3.0 and 6.5 (inclusive) at screening, and documented progression in the two years
priorto enrolment. Atotal of 1,651 patients were randomized 2:1 to siponimod (n=1,105)
or placebo (n= 546). Treatment with siponimod or matched placebo began with a six-day
titration period starting with 0.25 mg and progressing up to 1.25 mgonday 5, followed by a
maintenance dose of 2 mg daily beginning on day 6. The primary objective wasto
demonstrate the superiority of siponimod relative to placebo in delaying the time to three-
month CDP based on the EDSS score, for patients with SPMS. The definition of disability
progression was based onthe MID forthe EDSS score, i.e., increase of 0.5 in the EDSS
score for patients with a baseline score of 5.5 to 6.5 and an increase of 1.0 fora baseline
score of 3.0 to 5.0. The two key secondary outcomes were time to three-month confirmed
worsening of at least20% from baseline in the T25-FW, and change from baseline in T2
lesion volume. The EXPAND study examined several other efficacy outcomes related to
HRQoL, mobility and functional outcomes, cognitive function, relapse-related outcomes,
and imaging outcomes, aswell as harms.

Subgroup analyses were conducted forthe primary and key secondary outcomes of the
EXPAND study as part of the original protocol. The subgroups of particular interestto this
review following the indication for siponimod approved by Health Canada are those related
to disease activity (i.e., patients with or withoutrelapses, and patients with or without T1
Gd-enhancing lesions). In addition, a set of sponsor-submitted, exploratory, post-hoc
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analyses of patients with active SPMS, defined as patients with relapsesin the two years
priorto screening and/or at least one T1 Gd-enhancing lesion atbaseline, was also
included and summarized for this review. The post-hoc analysesincluded the primary and
secondary efficacy outcomes of the EXPAND study, in additionto ARR, MSWS-12, and
other imaging outcomes.

A younger patientpopulation (mean age of 46.6 years) that was mostly female (63.8%) was
includedinthe active SPMS subgroup of patientsin the EXPAND study. On average,
patients were diagnosed with MS approximately | ] Billlorior to enroimentin the trial
and had converted to SPMS 3.2 years prior to enrolment. More than half of patients
(55.6%) were severely disabled based on an EDSS score at baseline of 6.0 to 6.5; the
remainder were moderately to severely disabled (17% and 26% had an EDSS score of 5.0
to 5.5 and 3.0 to 4.5, respectively). Overall,the characteristics of disease were consistent
with a population thathas moderate-to-severe disability and SPMS.

In addition, one sponsor-submitted ITC was included thatused MAIC methodsto conduct
pairwise comparisons between siponimod and interferon beta-1a and interferon beta-1b,
and natalizumab, in patients with active and non-active SPMS.

Interpretation of Results

Efficacy

The EXPAND study soughtto demonstrate efficacy of siponimodin delaying time to
disability progression based on the EDSS in patients with SPMS. This was achieved based
on the statistical significance of the primary outcome. In the FAS, there was a statistically
significantdifference in the time to three-month CDP for patients treated with siponimod
compared with placebo, corresponding to a21.2% risk reduction with siponimod in the
overall study population. The magnitude of this effectwas greater in the post-hoc analysis
of patients with active SPMS, which showed a 30.7% risk reduction. |||  GcIEcINGEG

I 1< planned subgroup analyses revealed

that treatmentwith siponimod was associated with arisk reduction in time to three-month
CDP in patients with and withoutrelapsesin the two years prior to study start, but the
treatmenteffectwas more pronounced in those with relapses. Treatmentwith siponimod
had the same effectin patients with and without T1 Gd-enhancing lesions atbaseline,and
the treatmenteffectwas more pronounced in patients with lesions. Further, the risk
reduction associated with each of the two subgroups of patients with relapses and T1
Gd-enhancing lesions was more evidentthan in the overall population.

HRQoL was assessed using three self-reported outcome measures and was identified as
an outcome importantto patientsin this review, none of which were included in the

statistical testing hierarchy. I

I ~\ccording to the clinical

experts, patients treated with siponimod would notbe expected to show improvementin
HRQoL because the therapy underreview is intended to delay or slow progression.
However, HRQoL would be expected to decline in patients treated with placebo, but this
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was not observed. In summary, no conclusions regarding the potential benefit of siponimod
on HRQoL can be made. Patient inputfor this review also indicated that fatigue isan
outcome of interest; however, this was not reported as an efficacy outcome in the EXPAND
study.

Mobility was measured by the time to three-month confirmed worsening of atleast20%
from baseline in the T25-FW, which was a key secondary outcome and was analyzed in the
active SPMS subgroup. For patients with active SPMS, treatmentwith siponimod did not
affecttime to three-month confirmed worsening on the T25-FW, and no differences were
observed between the subgroups analyzed. These results are aligned with the results of the
FAS population, where no difference was observed between patients treated with
siponimod and placebo. Since this outcome did notreach statistical significance inthe FAS,
subsequenttesting of other secondary outcomes in the overall study population of EXPAND
should have stopped. Although improvements in T25-FW were not expected with
siponimod, patients treated with placebo would be expected to exhibitdeterioration on this
measure, according to the clinical experts consulted by CADTH. This was not observedin
the current trial.

The analysis of ARR suggestthat siponimod was associated with a reduction in the rate of
confirmed ARR in both the active SPMS subgroup and the overall population; however, the
magnitude of this reduction was greater in the active SPMS subgroup. Despite the
magnitude of the treatmenteffect, it is importantto acknowledge that this outcome was not
included in the statistical hierarchy and details of the statistical analysis for the active SPMS
subgroup were not available. The clinical experts on this review noted the potential for
siponimod to affectthe prevention of relapses while targeting disease progression. The
evidence suggests that siponimod may provide benefitfor reducing relapses in patients with
SPMS and is particularly relevantto patients with the active form of the disease. This is
reflected by the approved Health Canadaindication for siponimod, as well as the FDA% and
EMAZ recommendations for the use of siponimod in patients with relapsing forms of MS
(including CIS, RRMS, and active SPMS) and active SPMS, respectively. Based on input
from the clinical experts consulted by CADTH, patients transitioning to SPMS who still have
active inflammatory disease would likely continue to receive treatment, and physicians may
consider using siponimod.

Severalimaging outcomes were measured in the EXPAND study. The change from
baselinein T2 lesion volume was a key secondary outcome of the EXPAND study. In the

active SPMS subgroup, the difference between siponimod and placebo in the change from
baseline in T2 lesion volume atmonth 12 was in favour of the siponimod treatmentgroup.
The corresponding results in the overall population were also in favour of siponimod;

however. |

I - following imaging outcomes atmonth 12 were also

assessed in the post-hoc active SPMS subgroup analysis and considered relevantto the
CADTH review: the number of new or enlarging T2 lesions, the number of T1 Gd-enhancing

lesions, and the percentage change in brain volume. || EGTzNGINGNGNGNGNININININININENEGEGE

I 1< analysis of imaging outcomes in the overall population was consistentwith
patients with the active SPMS subgroup analyses. Statistical testing was performed for this
outcome, but this violated the statistical hierarchy as per the failure of the previous
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secondary outcome to reach statistical significance. As per feedback from the clinical
experts consulted for this review, the use of MRI outcomesis gaining importance in clinical
practice, with a focus on the number of new lesions used to guide treatment
recommendations. Further, siponimod isindicated for patients with evidence of imaging
featuresindicative of inflammatory activity. It was also noted that a measure of brain
volume isinformative, buttypically not available in clinical practice.

Overall, based on the results from the planned subgroup analyses and on the observed

treatmenteffectof siponimod on relapsing and imaging outcomes, Health Canada

concluded thatthe results of the EXPAND study:
“suggested that the efficacy of siponimod for progression of disabilityin SPMS may not
be independentof an effecton inflammatory disease activity. It remains uncertain
whetherthere is an effecton disability progression,whichisindependentof the effect
on inflammatory disease activity. These results could only be considered to supportan
indication for treatment of patients with active SPMS, characterized by the presence of
relapses and/orimaging features thatare consistent with MS inflammatory activity.”*

The sponsor submitted an MAIC that compared siponimod to natalizumab, and interferon
beta-laandinterferon beta-1b,in patients with SPMS. The results of some pairwise
comparisons suggestthatdisability progression may be delayed for siponimod versus
interferon beta, while other analyses found no differences. No differences were found
between siponimod and natalizumab in terms of disability progression. In addition, no
differences between treatments were found for the analyses of relapse rates, which showed
wide Cls suggesting there was considerable uncertainty in the results. Moreover, most
patientsincluded in the analyses did not have active SPMS, and the treatmenteffects
reported for siponimod versus interferon apply to an interferon-naive patient population.
Thus, the results may have little relevance to the population of interestto Canadian
decision-makers, as the analysis was not specific to patients with active SPMS (the
approved indication), and most patients who have developed SPMS would have previously
received DMT. The relevance of interferon and natalizumab as a comparatoris also limited;
thus, the utility of these data is poor.

As siponimod is notmeantto be a curative treatment, one can assume that patients would
continue to take siponimod long term or until it no longer offers benefit. The core part of the
study aimed to follow patients receiving the study drug for up to 36 months, but data were
not available for the majority of patients beyond month 18 or month 24 as a resultof the
event-driven study design. Although there is currently an ongoing study to evaluate the
long-term efficacy, safety, and tolerability of siponimod (N = 1,220) that is expected to be
completedin 2023, the lack of information available atthis time s a limitation to the
assessmentof this treatment. Further, itis an open-label extension of the overall population
and is not limited to patients with active SPMS. The EMA guidance forindustry document
noted that itis desirable to evaluate the effecton progression on along-term basis as
disabilityin MS is slow.5! Five years or longer was recommended, butit was noted that this
could be generated post-approval.

The clinical experts consulted by CADTH acknowledged thatthere is an unmetneed in this
treatmentarea as siponimod isthe only treatmentintended to target progression of SPMS.
The available evidence and approved indication for siponimod suggest thatsiponimod is
likely more effective for the treatment of patients with active disease. Considering this, itis
difficultto identify whether the benefitof siponimod is the result of the impacton
inflammatory activity related to relapses and/or imaging, or if the improved relapse and
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imaging outcomes are the result of animpacton disease progression. Adirect comparison
of siponimod to DMTs that is currently used for patients with RRMS and patients with active
SPMS is not available atthis time and is a substantial limitation to a comprehensive,
comparative analysis of the efficacy of siponimod. Moreover, the indirectevidence that is
availableislimited to comparisons with interferon beta and natalizumab thatare associated
with significantuncertainty.

As per feedback from the clinical experts on this review, there is currently a hesitationin
clinical practice to diagnose patients with SPMS while knowing they do not have a
treatmentto offer patients. The fear of progressing from RRMS to SPMS was also noted in
the patientinput submission. The clinical experts also acknowledged thatthe availability of
siponimod may lead physicians to diagnosis SPMS sooner. Despite this, diagnosing
patients with SPMS was identified as a challenge during this review. The diagnosisis
typically made clinically and retrospectively. It is also unclear whether siponimod will fully
addressthis gap as it is specifically indicated for patients with active SPMS. In addition, the
clinical experts on this review agreed that siponimod is unlikely to offer benefitfor patients
who are fully dependent (with an EDSS score of 8.0 or higher), but may be efficaciousin
patientswith an EDSS score of less than 8.0. A limitation of the EXPAND study is that the
evidenceisonly available for patients witha maximum EDSS score of 6.5.

About 78% of patients inthe EXPAND study had prior experience withan MS DMT, but the
clinical experts consulted by CADTH for this review thoughtthis numberwas lower than
what s true for patients in Canada. Data regarding previous treatmentexperience was not
available for the active SPMS subgroup. A study is underway that is designed to assess the
early phase safety and tolerability of converting patients from approved oral and injectable
DMTs for relapsing forms of MS to siponimod. The EXCHANGE study is a six-month open-
label, multi-centre phase lllb study. It is expected to be completed in 2020 and should
provide information on switching patients to siponimod.

Harms

The safety associated with the use of siponimod in patients with active SPMS is uncertain
due to a lack of safety analyses specificto this population. The safety results for the
broader population of patients with SPMS (both active and non-active) inthe EXPAND
study was used to inform the assessment of safety for the use of siponimod.

On average, patients were exposed to the study drug for approximately 18 months. During
the EXPAND study, a greater proportion of patients treated with siponimod reported atleast
one AE compared to placebo. The mostcommon AEs were headache, nasopharynagitis,
and urinary tract infection. Approximately 18% and 15% of patientsin the siponimod and
placebo arms, respectively, reported experiencing a serious AE. The occurrence of specific
AEs and serious AEs were similar between treatmentgroups with no major safety signals.
The number of patients who stopped treatmentdue to AEs was also relatively low, with a
rate for withdrawal due to AEs of 7.6% and 5.1% for siponimod and placebo, respectively.
Four deaths were reported in each treatmentgroup.

Siponimod is animmunomodulator thatworks by preventingimmune cells, namely T cells
and B cells, from being activated and released from the lymph nodes, thus preventing their
circulationin the brain and spinal cord where they cause inflammation. As an
immunomodulator, there is a risk of AEs related to immunosuppression, such asthe
developmentof opportunistic or serious infections. The occurrence of progressive multifocal
leukoencephalopathy and cryptococcal meningitis were included as notable harms in this
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review, although no cases were reported in the core part of the EXPAND study. According
to the product monograph, one case of cryptococcal meningitis was reported during the
extension of the EXPAND study.® The overall number of lymphocytopenia AEs reported
was minimal (0.8% for siponimod, none for placebo).In summary,itis importantthat
patients treated with siponimod are effectively monitored for risk of infection.

Siponimod is from the same drug class as fingolimod, another S1P receptor modulator that
is indicated for RRMS, which has been known to cause bradycardia.® Bradyarrhythmiais
listed as a warning in the product monograph for siponimod as well.'3 As such, bradycardia
was also listed as a notable harm in the review of siponimod, and was more common
among patients treated with siponimod compared to placebo (4.5% versus 2.6%), but
infrequentoverall. It was noted in the FDA review that the implementation of a six-day
titration appeared to sufficiently reduce the risk of serious bradyarrhythmia,®which was
reflected in the harms data from the EXPAND study.

Upon review of siponimod, the FDA concluded that the risks associated with siponimod are
consistentwith the safety profile of fingolimod, and thatthe risks of treatment-emergent AEs
can be mitigated through screening and discontinuation of therapy as needed. Overall, the
safety profile of siponimod was nota concern and did not preclude approval of this drug.?
Details of the EMA’s review were not available atthe time of this review. Of note, upon
reviewing alist of known common AEs associated with siponimod, 35% of patients from the
patientinput submission said they would nottake siponimod due to the lack of post-market
long-term data, and 28% were unsure about whether or not they would take siponimod.

Other Considerations

According to the productmonograph, siponimod is contraindicated in patients with known
hypersensitivity,and homozygous for CYP2C9*3*3 genotype (poor metabolizers). The
genotype for CYP2C9 was determined for all patientsincluded in the EXPAND study at
screening, and patients with the CYP2C9*3*3 genotype were excluded. Patients who
refused to test for the CYP2C9*3 haplotype were also excluded. The draftproduct
monograph also recommends that patients should be genotyped to determine the CYP2CP
metabolizer status prior to initiation of treatmentwith siponimod.3 The clinical experts
consulted for this review relayed that determining metabolizer status is not easily donein
clinical practice; however, as part of the patientsupportprogram, the sponsor has agreed to
provide genotype testing prior to initiation with siponimod as well as cover all costs related
to siponimod “onboarding” (the term used by the sponsor;itis not clear whatsuch costs
would include).
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Conclusions

One double-blind, parallel-group, multi-centre, placebo-controlled, event-driven, exposure-
driven, phase lll RCT metthe inclusion criteria for this review: the pivotal EXPAND study.
The trial was conducted in patients with a broad range of SPMS phenotypes, butthe
indication approved by Health Canada is limited to patients with SPMS, defined as patients
with active disease evidenced by relapses or imaging features characteristic of MS
inflammatory activity, to delay the progression of physical disability. Data that were
available to support efficacy of siponimod for thisindication was limited to planned
subgroup analyses based on disease activity and a post-hoc subgroup of patients with
active SPMS, which was defined by having had relapsesin the two years priorto screening
and/or having at least one T1 Gd-enhancing lesion atbaseline. These post-hoc subgroup
analysis results of patients with active SPMS, representing 47% of the overall study
population, constituted the main body of evidence in support of this review.

Patients treated with siponimod 2 mg daily demonstrated a clinical benefit compared to
placebo in reducing the time to three-month CDP at month 12 based on a minimal clinically
importantchange of EDSS score. Further, results of the study suggestthat siponimod may
provide benefitin preventing relapses and inimproving imaging outcomes. However, no
impacton patient's mobility was observed, and there is uncertainty regarding the
improvementof disease-related symptoms and HRQoL. The observed benefits were
generally consistentbetween the subgroup of active SPMS and the overall study
population; however, the magnitude of the treatment effect of siponimod was more evident
in the active SPMS subgroups. There were no major safety signals for siponimod based on
the overall patientpopulation, butthis was limited by the lack of long-term data available at
the time of this report. Results of the study are limited by issues with partial unblinding and
high disproportional discontinuation. The subgroup analyses are subjectto the same
limitations, in addition to small sample size, potential for randomization thatwas not
maintained, and results that may only be considered exploratory.

No directevidence comparing siponimod to other DMTs for SPMS were identified in this
review. No conclusions can be drawn from the sponsor-submitted ITC due to limitations that
impactthe internal and external validity of the findings. Key limitations included
heterogeneity in the populations enrolled and the availability of data to allow for matching
and adjustmentof siponimod and comparator study populations. Moreover, the analyses
were not specificto patients with active SPMS; thus, the utility of the results is limited.
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Appendix 1: Literature Search Strategy

Clinical Literature Search

OVERVIEW

Interface: Ovid

Databases: MEDLINE All (1946-present)
Embase (1974-present)
Note: Subjectheadings have been customized for each database. Duplicates between databases were
removed in Ovid.

Date of Search: Oct 24,2019

Alerts: Bi-weekly search updates until project completion

Study Types: No search filters were applied

Limits: No date or language limits were used

Conference abstracts: excluded

/

*

MeSH

medall
oemezd

SYNTAX GUIDE

At the end of a phrase, searchesthe phrase as a subjectheading

Before a word, indicates that the marked subjectheadingis a primary topic;
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings

Medical SubjectHeading

Explode a subjectheading

Title

Abstract

Candidate term word (Embase)

Original title

Requiresterms to be adjacentto each other within # number of words (in any order)
Heading word; usually includes subjectheadings and controlled vocabulary
Author keyword heading word (MEDLINE)

Author keyword (Embase)

Publication type

Mapped term

Registry number

Publication year

Ovid database code: MEDLINE All, 1946 to present, updated daily

Ovid database code; Embase, 1974 to present, updated daily
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or/3-4

2o0r7

© 00 N O WNPE

Line # | Search Strategy
(Mayzent* or siponimod* or baf 312 or baf312 or RR6P8L282| or Z7G02XZ0M®6).ti,ab,ot,kf,hw,rn,nm.
1 use medall
*siponimod/

(Mayzent* or siponimod* or baf 312 or baf312).ti,ab,kw,dqg.

5 use oemezd
6 not (conference review or conference abstract).pt.

remove duplicates from 8

ClinicalTrials.gov

CLINICAL TRIAL REGISTRIES

Produced by the U.S. National Library of Medicine. Targeted search used to capture registered clinical trials.
Search terms: Mayzent OR siponimod OR baf 312

WHO ICTRP

International Clinical Trials Registry Platform, produced by the World Health Organization. Targeted search
used to capture registered clinical trials.
Search terms: Mayzent OR siponimod OR baf 312

OTHER DATABASES

PubMed

Searched to capture records not found in MEDLINE. Same MeSH, keywords, limits, and study types
used as per MEDLINE search, with appropriate syntax used.

Grey Literature

Dates for Search:
Keywords:
Limits:

None

October 22,2019
Mayzent, siponimod, baf 312

Relevant websites from the following sections of the CADTH grey literature checklist Grey
Matters: A Practical Tool For Searching Health-Related Grey Literature were searched:

Health Technology AssessmentAgencies
Health Economics

Clinical Practice Guidelines

Drug and Device Regulatory Approvals
Advisories and Warnings

Drug Class Reviews

Clinical Trial Registries

Databases (free)

Health Statistics
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Appendix 2: Excluded Studies

Table 39: Excluded Studies

CADTH

Reference | Reason for exclusion

EXCHANGE Study (NCT03623243)

Exploring the safety and tolerability of conversion to
siponimod in patients with relapsing forms of multiple
sclerosis: P1407 design of the 6 month prospective
EXCHANGE study[poster] In: CDR submission: Mayzent
(siponimod),0.25 mg and 2 mg film-coated oral tablets)
[CONFIDENTIAL sponsor's submission]. Dorval (QC):
Novartis Pharmaceuticals Canada Inc.; 2019.

Study design (single-arm), poster

BOLD Study (Study A2201)

Clinical Study Report: CBAF312A2201. A phaselll, double-
blind, randomized, multi-center, adaptive dose-ranging,
placebo-controlled, parallel-group study evaluating safety,
tolerability and efficacy on MRI lesion parameters and
determining the dose response curve of BAF312 given orally
once daily in patients with relapsing-remitting multiple
sclerosis [CONFIDENTIAL internal sponsor's report]. Dorval
(QC): Novartis Pharmaceuticals CanadaInc.; 2012 Mar 29.

Study design (phase Il)

BOLD Extension Study (Study A2201E)

KapposL, Li DK, Stuve O, et al. Safety and Efficacy of
Siponimod (BAF312) in Patients With Relapsing-Remitting
Multiple Sclerosis: Dose-Blinded, Randomized Extension of
the Phase 2 BOLD Study. JAMA Neurology.
2016;73(9):1089-1098.

Study design (phase Il)
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Appendix 3: Detailed Outcome Data

Exposure

An overview of commonly used concomitantmedications by patients in the EXPAND study
is summarized in Table 40.

Table 40: Commonly Used Concomitant Medications

N =1,099
Patients who took concomitant medication 1,022 (93.0) 507 (92.9)

Concomitant medication by:
ATC level 1
ATC level 3
Preferred term
Nervous system

Analgesics and antipyretics

‘ Siponimod ‘ Placebo

Antidepressants
Anti-epileptics
Anxiolytics

Musculoskeletal system
Anti-inflammatory and antirheumatic products (non-steroids)
Muscle relaxants, centrally acting agents

Baclofen
Topical products for jointand muscular pain
Sensory organs

Anti-inflammatory agents

ATC = Anatomical Therapeutic Chemical.

Source: EXPAND Clinical Study Report.

Patient Disposition

An overview of patientdisposition after discontinuation of the study drug within the
treatmentepochis summarizedin Table 41.

Overall, abouttwo-thirds (64.1%) of patients completed the treatmentepoch on the study
drug. A greater proportion of patients completed the treatmentepoch on the study drug in
the siponimod arm (66.7%) compared to placebo (59.0%). Of those who prematurely
discontinued the study drug, 10.5% of patients assigned to siponimod and 17.2% of
patients assigned to placebo continued with open-label siponimod, and | lGcGczNE

. A total of 11.2% of patients discontinued

directly from the study drug.

The mostcommon reasons for premature discontinuation from the study drug were

N - 1 ! AE'S
(7.4%). |
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I - rther, more patientsin the siponimod group discontinued due to AEs (8.5%
compared with 5.1%).

Table 41: Patient Disposition After Discontinuation of Study Drug During the Treatment

Epoch — RAN

EXPAND

Siponimod

N =1,105

Received study drug, N (%) 1,100 (99.5)
Completed treatment epoch on study drug, n (%) 737 (66.7)
Prematurely discontinued study drug, n (%) 363(32.9)

Continued with open-label siponimod 116 (10.5)

Continued in abbreviated schedule of assessment [ ]

Discontinued treatmentepoch directly from study drug I
Primary reason for premature discontinuation from study drug, n (%)

Subject/guardian decision [ ]

Disease progression [

Adverse events

Lack of efficacy

Physician decision

As per protocol

Protocol deviation

Dosing error

Technical problems

RAN = randomized analysis set.
Source: EXPAND Clinical Study Report.

Sensitivity Analyses

Sensitivity Analyses for the Primary End Point (Time to Three-Month CDP Based on
EDSS)

The primary analysis of time to three-month CDP was also conducted in the PPS and

mFAS. [
I - -ddition, sensitivity analyses were performed for the

primary efficacy variable using differentassumptions. The reported risk reduction ranged
from [

Sensitivity Analyses for the Key Secondary End Point (Time to Three-Month
Confirmed Worsening in T25-FW of at Least 20% From Baseline)

A supportive sensitivity analysis of the T25-FW was conducted inthe mFAS and PPS. -
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Efficacy Results — Disease Progression or Improvement

A Kaplan—Meier curve for patients free of three-month CDP based on the EDSS score was
provided as a supportive analysis for the primary efficacy outcome (see Figure 5). Briefly, a
difference between siponimod and placebo begins between zero and sixmonths, in favour
of siponimod. The difference is sustained over the course of the study (until approximately
36 months). In addition, a log-rank test was performed for the survival curve, resultingin a
P value of 0.0129.

Figure 5: Patients Free of Three-Month CDP Based on EDSS and Kaplan—Meier Curve —
FAS
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BAF312 = siponimod; CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; FAS = full analysis set.
Source: EXPAND Clinical Study Report.*
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Efficacy Results — HRQoL

The EXPAND study assessed HRQoL using the MSWS-12, MSIS-29, and EQ-5D-3L. The
results forthe MSIS-29 and EQ-5D-3L at month 12 have been summarizedin Table 42.

None of the HRQoL outcomeswere included in the statistical hierarchy. The adjusted mean
change from baseline atmonth 12 is presented in Table 42. || EGcNcIENIzINN

I i<, the reported results for the HRQoL

outcomes did not meetthe MID described in Appendix 4.

Similarly atmonth 24, there was

Table 42: EXPAND and HRQoL Outcomes Based on MSIS-29 and EQ-5D-3L — FAS

Total N Baseline At month 12 Treatment group difference
vs. control

Mean (SD) Adjusted mean Mean difference P value

change from (95% CI)
baseline (SE)

MSIS-29, psychological impact item,2 MMRMP

Siponimod | [l [ |
Placebo [ | [ |

MSIS-29, physical impact item 2 MMRMP

Siponimod | [l [ |
|

EQ-5D-3L, utility score,2 MMRM¢

Siponimod | | [ |
L

Placebo [ |

—_
*-
-

Placebo [ |

Cl = confidence interval; EQ-5D-3L = EuroQol 5-Dimensions 3-Levels; FAS = full analysis set; HRQoL = health=related quality of life; MMRM = mixed-effects model for
repeated measures; MSIS-29 = Multiple Sclerosis Impact Scale; SD = standard deviation; SE = standard error; vs. = versus.

Source: EXPAND Clinical Study Report.*
Efficacy Results — Mobility
Multiple Sclerosis Functional Composite: T25-FW and 9-HPT

The MSFC is a composite outcome derived from a combination of the 9-HPT, T25-FW, and
PASAT. The results of the MSFC z score and mobility-related components (T25-FW and
9-HPT) at month 12 are provided in Table 43. The results of the PASAT subscale are
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reported under the “cognitive function” efficacy outcomes. Of note, none of these outcomes
were included in the statistical testing hierarchy and none of these outcomes were analyzed
in an active SPMS patient subgroup.

Table 43: MSFC Based on z Score, T25-FW, and 9-HPT — FAS

Baseline At month 12 Treatment group difference
vs. control

Adjusted mean Mean difference P value

change from (95% CI)
baseline (SE)

Siponimod
Placebo
T25-FW, ch
Siponimod
Placebo

seline®® (MMRM)

9-HPT, change from base
Siponimod
Placebo

line® ® (MMRM)

9-HPT = 9-hole peg test; Cl = confidence interval; FAS = full analysis set; MMRM = mixed-effects model for repeated measures; MSFC = Multiple Sclerosis Functional
Composite; SD = standard deviation; SE = standard error; T25-FW = Timed 25-Foot Walk Test; vs. = versus.

# Outcome was outside the statistical testing hierarchy.
® Model was adjusted for treatment and corresponding baseline score (i.e., MSFC z score, T25-FW score, or 9-HPT score).
Source: EXPAND Clinical Study Report *

Efficacy Results — Cognitive Function

Cognitive function was assessed in the EXPAND study via the SDMT, PASAT, and
BVMT-R (total recall and delayed recall). The outcomesatmonth 12 are provided in Table
44. The outcomesrelated to cognitive function were notincluded in the statistical hierarchy
and were not analyzed in an active SPMS patientsubgroup.

For the SDMT, in the siponimod and placebo groups, a between-groups difference of -
similarresponse was
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observed at month 24 (treatment group difference of || | |  GcINEEINIIIIIIND

For the change from baseline inthe PASAT score, which is a subscale of the MSFC, the

between-groups difference I
N, (Tble 44). I

In terms of the total recall score forthe BVMT-R at month 12 (Table 44), | NEGczNNE

Table 44: Cognitive Function Outcomes Based on SDMT, PASAT, and BVMT-R — FAS

Baseline At month 12 Treatment group difference
vs. control
Adjusted mean Mean difference P value

change from (95% ClI)
baseline (SE)

SDMT (oral score),2 MMRM®

Siponimod . I BN |
Placebo . . |

PASAT,2 MMRM¢

Siponimod I B | N |
Placebo I N B

BVMT-R (total recall score),2 MMRMP

siponimod | [l | Il | B B B N |
Paccbo | ll [ I BN BN B

BVMT-R (delayed recall score),2 MMRMP

siponimod | [l | Il | I B B B N |
Paccbo | ll [ HIE B BN B

BVMT-R = Brief Visuospatial Memory Test-Revised; Cl = confidence interval; FAS = full analysis set; MMRM = mixed-effects model for repeated measures; PASAT =
Paced Auditory Serial Addition Test; SD = standard deviation; SDMT = Symbol Digit Modalities Test; SE = standard error; vs. = versus.

& Outcome was outside the statistical testing hierarchy.
® Model was adjusted for treatment, region and/or country, and corresponding baseline score.
¢ Model was adjusted for treatment and baseline score.

Source: EXPAND Clinical Study Report. *
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Efficacy Results — Relapse-Related Outcomes

A Kaplan—Meier curve forthe percentage of relapse-free patientsin the FAS is shownin
Figure 6.

I s measure included all relapses (confirmed and unconfirmed).

Figure 6: Percentage of Relapse-Free Patients, Kaplan—Meier Curve — FAS

Figure 6 contained confidential information and was removed at the request of the sponsor.

BAF312 = siponimod; FAS = full analysis set.
Note: Relapses were measured up until the end of the core part of the study.

Source: EXPAND Clinical Study Report.*

Efficacy Results — Imaging Outcomes

At month 12, the proportion of siponimod-treated patients and placebo-treated patients who

were free of new or enlarging T2 lesions was | NI, respectively, relative to

baseline. At month 24 (relative to month 12), || | o patients from the
siponimod and placebo treatmentgroups, respectively, were free of new or enlarging T2

lesions. Regarding T1 Gd-enhancing lesions, | N ]I f patients treated with
siponimod and placebo, respectively, were free of lesions at month 12.

Table 45: Additional Imaging Outcomes at Month 12
EXPAND (FAS) EXPAND (active SPMS subgroup)

Siponimod Placebo Siponimod Placebo
(N =1,099) (N =546) (N =516) (N =263)

T2 lesions
Proportion of patients free of new or enlarging T2 lesions (relative to baseline)?

n/m (%) | I |

T1 Gd-enhancing lesions
Proportion of patients free of T1 Gd-enhancing lesions,2 n/m (%)

nim (%) IS | N NR | NR

FAS = full analysis set; Gd = gadolinium; m = number of subjects with result in this scan; n = number of patients free of lesions; NR = not reported; SPMS = secondary-

NR | NR

progressive multiple sclerosis.

& Outcome was outside the statistical testing hierarchy.
®Model was adjusted for treatment, region and/or country, age, and baseline number of T1 Gd-enhancing weighted lesions (offset = time between visits).

Source: EXPAND Clinical Study Report.™
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Appendix 4: Description and Appraisal of Outcome Measures

Aim

To describe the following outcome measures and review their measurementproperties (validity, reliability, responsiveness to
change, and MID):

EDSS
MSFC
T25-FW
PASAT
SDMT
MSWS-12
BVMT-R
MSIS-29
EQ-5D-3L

MRI outcomes

Findings

Table 46: Summary of Outcome Measures and Their Measurement Properties

Outcome measure |
EDSS

A clinician-administered
assessmentscale
evaluating the functional
systems of the CNSin
patients with MS

Conclusions about measurement properties

Moderate inter-rater or intra-rater reliability. The
validity of EDSS has been established in
numerous studies.

1.0-pointchange when
the EDSS score was
betweenthe 0 to 5.0
range

0.5-pointchange when
the EDSS score was
betweenthe 5.5t0 8.5
range

MSFC A multi-dimensional Excellenttest-retest reliability. The construct A 20% change in scores
clinical outcome and convergentvalidity of MSFC have been on T25-FW and 9-HPT
measure forMS demonstrated.
disability, consisting of
T25-FW, 9-HPT, and
PASAT

T25-FW A validated measure for | Strong reliability has been reported. The validity | A change of 20%
walking ability in patients | of thismeasure has been establishedin patients
with MS. This is 1 with MS.
componentof MSFC

PASAT An audiotaped measure | Adequate reliability. Its validity has been NA

for cognitive function.
This is 1 componentof
MSFC

established in patients with MS.
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Outcome measure

Type

Conclusions about measurement properties

CADTH

MID

SDMT A validated measure of Excellenttest-retest reliability. Its validity has A raw score change of 4
cognitive processing been demonstrated in patients with MS. points or a 10% change
speed

MSWS-12 A patient-reported, 12- High test-retest reliability. Convergentand Ranged from 10.4to 22
item measure to discriminant constructvalidity have been
evaluate the impact of demonstrated in patients with MS.
walking impairmentin
people with MS

BVMT-R A measure of Reliable instrument. The validity of BVMT-R NA
visuospatialmemoryfor | was also established.
patients with
neuropsychological
disorders, including MS

MSIS-29 A self-reported, disease- | MSIS-29 version 1: Excellentreliability; validity | Physical subscale:8
specific 29-item (convergentand discriminant) was
guestionnaire to demonstrated, and there were strong Psychological subscale:
measure both the correlations with other scales for MS, although 6.25
physical and weak correlations were observedin a
psychological impact of subgroup. Note: version 2 of the MSIS-29 was
MS used in the EXPAND study.

EQ-5D-3L A generic measure of Adequate test-retest reliability. Validity has Index score:

HRQoL including a
descriptive system and a
VAS

been established in patients with MS.

0.050to 0.084

VAS: NA

9-HPT = 9-hole peg test; BVMT-R = Brief Visuospatial Memory Test-Revised; CNS = central nervous system; EDSS = Expanded Disability Status Scale; EQ-5D-3L =
EuroQol 5-Dimensions 3-Levels; HRQoL = health-related quality of life; MID =minimal important difference; MS = multiple sclerosis; MSFC = Multiple Sclerosis Functional
Composite; MSIS-29 = Multiple Sclerosis Impact Scale; MSWS-12 = Multiple Sclerosis Walking Scale; NA = not available; PASAT = Paced Auditory Serial Addition Test;
SDMT = Symbol Digit Modalities Test; T25-FW = Timed 25-Foot Walk Test; VAS = visual analogue scale.

Expanded Disability Status Scale

The EDSS is a validated tool to assess the extent of disabilities in patients with MS.

The EDSS is an ordinal scale usedto measure disability in MS. It addresses disability in eight
functional systems: pyramidal, cerebellar, brain stem, sensory, boweland bladder, visual,
cerebral total, and cerebralmentation.” The EDSS score is a composite ranging from 0 to 10
(inincrements of 0.5) thatincorporates functional systems grades as well as the degree of
functional disability and ambulation (see Table 47).* Scores from 0 to 4.5 representnormal
ambulation, while scores of 5 and above represent a progressive loss of ambulatory ability.

The distribution of EDSS scores among patients with MS is typically biphasic, accumulating
around 2 to 3 points,and 6 to 7 points, indicatingthat patients do not stay equally longateach
step of the scale. There are many criticisms of the EDSS, such as the moderate intra-rater
reliability of the scale (kappa values between0.32t0 0.76 forthe EDSS and between 0.23 to
0.58 for the individual functional systems) and these were reported in previous studies.*
Other criticisms include poorassessmentof upper limb and cognitive function, and the lack of
linearity between score difference andclinical severity.*>#’ The validity of the EDSS has been
examined. Somestudies indicated thatthe EDSS has strong to very strong correlation with
the Barthel Index, the London Handicap Scale, the Scripps Neurological Rating Scale, the
Functional Independence Measure, and the physical functioning domain of the Medical
Outcomes Study 36-item Short Form (36) Health Survey (SF-36), while EDSS has weaker
correlation with the Ambulation Index. EDSS was also found to be poorly correlated with
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neuropsychological impairment and the brain changes measured by MRI.** Other limitations
include the factthatitrelies heavily on the evaluation of motor function and the ability to walk;
as such, a patientwho mightnotbe able to walk butmaintains fulldexterity is classified
toward the severe end of the scale.

In publishedliterature, the MID was determined to be a 1.0 pointchange when the score was
between the EDSS range of 0t0 5.0, while itwas determined thatthis value decreased to a
0.5 pointchange when the EDSS score was betweenthe 5.5 to 8.5 range.*4%

Table 47: Scoring of EDSS

Normal neurological exam (all grade 0 in FS; Cerebralgrade 1 acceptable)

1 No disability, minimal signsin 1 FS (i.e., grade 1 excluding Cerebral grade 1)

15 No disability, minimal signsin more than 1 FS (more than 1 grade 1 excluding Cerebral grade 1)

2.0 | Minimaldisabilityin 1 FS (1 FS grade 2; other0 or 1)

2.5 | Minimaldisabilityin 2 FS (2 FS grade 2; others0 or 1)

3.0 | Moderate disabilityin 1 FS (1 FS grade 3; others 0 or 1), or mild disabilityin 3or 4 FS (3 or 4 FS grade 2; others 0 or 1),
though fully ambulatory

35 Fully ambulatory butwith moderate disabilityin 1 FS (1 grade 3) and 1 or 2 FS grade 2; or 2 FS grade 3; or 5 FS grade 2
(others 0 or 1)

4.0 | Fully ambulatory withoutaid, self-sufficient, up and about some 12 hours a day despite relative severe disability consisting
of 1 FS grade 4 (others 0 or 1), or combinations of lesser grades exceeding limits of previous steps. Able to walk without
aid or rest some 500 m

45 | Fully ambulatory withoutaid, up and aboutmuch of the day, able to work a full day, may otherwise have some limitation of
full activity or require minimal assistances; characterized by relatively severe disability, usually consisting of 1 FS grade 4
(others 0 or 1) or combinations of lesser grades exceeding limits of previous steps. Able to walk withoutaid or rest for
some 300m

5.0 | Ambulatorywithoutaid or rest forabout 200 m, and disability severe enough to impair full daily activities (e .g., to work a
full day without special provisions). (Usual FS equivalents are 1 grade 5 alone, others 0 or 1; or combinations of lesser
gradesusually exceeding specifications for step 4.0.)

5.5 | Ambulatorywithoutaid or rest forabout 100 m, and disability severe enough to preclude full daily activities. (Usual FS
equivalentsare 1 grade 5 alone, others 0 or 1; or combinations of lesser grades usually exceeding those for step 4.0.)

6.0 Intermittentor unilateral constantassistance (cane, crutch, or brace) required to walk about 100 m with or withoutresting.
(Usual FS equivalents are combinations with more than 2 FS grade 3+.)

6.5 | Constantbilateral assistance (canes, crutches, or braces) required to walk about20 m without resting. (Usual FS
equivalents are combinations with more than 2 FS grade 3+.)

7.0 Unable to walk beyond about5 m even with aid, and essentially restricted to a wheelchair; wheels self in standard
wheelchairand transfers alone,and up and aboutin wheelchairsome 12 hours a day. (Usual FS equivalents are
combinations with more than 1 FS grade 4+; very rarely, pyramidal grade 5 alone.)

75 Unable to take more than a few steps, and restricted to wheelchair; may need aid in transfer, wheels self butcannot carry
on in standard wheelchair a full day, and may require motorized wheelchair. (Usual FS equivalents are combinations with
morethan 1 FS grade 4+.)

8.0 Essentially restricted to bed or chair or perambulated in wheelchair, butmay be out of bed itself much of the day; retains
many self-care functions and generally has effective use of arms. (Usual FS equivalents are combinations, generally
grade 4+ in several systems.)

8.5 Essentially restricted to bed much of the day; has some effective use of arm(s) and retains some self-care functions.
(Usual FS equivalents are combinations, generally 4+ in several systems.)

9.0 Helpless bed patient;can communicate and eat. (Usual FS equivalents are combinations, mostly grade 4+)

9.5 | Totally helpless bed patient;unable to communicate effectively or eat/swallow. (Usual FS equivalents are combinations,
almostall grade 4+.)

10.0 | Death due to MS.

EDSS = Expanded Disability Status Scale; FS = functional system; MS = multiple sclerosis.

Source: National MS Society®
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Multiple Sclerosis Functional Composite

The MSFC is a measure of MS disability that was developed in 1994 by a task force
convened by the US National Multiple Sclerosis Society.®* The MSFC assesses different
clinical dimensions by including three quantitative, continuous tests that evaluate the upper
extremity, lower extremity, and cognitive function: arm (the 9-HPT), leg (T25-FW), and
cognition (PASAT).546> The 9-HPT measures arm and hand function according to the time
needed forthe patientto insertand remove nine pegs from aboard. Both hands are
assessed and the final score is recorded as the mean time for both hands. The T25-FW
assesses change in ambulatory function, and atime increase of 20% or greater indicates a
clinically meaningfulimpairmentin gait. The PASAT measures cognitive functionin which
patientslisten to a series of spoken numbers, and each number mustbe added to the prior
number. The final score is the number of correct additionsin the series.®% For T25-FW and
9-HPT, a highertest resultmeansthe patientworsened from baseline. For PASAT, a higher
test resultmeansthat the patientimproved from baseline. In order to ensure that all
measures are in the same direction, a transformation is necessary. Therefore, raw scores
foreach componentare converted to standard scores (z scores) in orderto achieve a
common metric, in SD units (e.g., mean of 0 and SD = 1). A z score reflects how far a given
raw score falls above (z > 0) or below (z < 0) the mean of a reference population (z=0).
The z scores foreach componentare averaged to generate a single MSFC score.®”
However, the MSFC has been criticized based on its expression as a z score thatis not
intuitive for interpretation, its dependence on a reference population for z score calculation,
and the weighting of the different MSFC components.56:68

In a study on a small cohortof patients (10 patients) where the MSFC was administered to
each patient twice over a two-week period for a total of six assessments, inter-rater
reliability and ICC coefficients were reported at 0.98 and 0.96, respectively.*6” Construct
validity of MSFC was demonstrated when the scores were lowerin more disabled patients
(-0.4 inPPMS and 0.3 in SPMS versus +0.42 in RRMS).% Convergentvalidity of MFSC
(correlation with EDSS) was established in the study by Ozakbaset al.®® (N = 38), where a
moderate to strong correlation between EDSS and MSFC was observed. In looking at
individual components, the EDSS had the lowestcorrelation (r = 0.31) with the PASAT, and
the authors suggested that this mightconfirm the observation of poor assessmentof
cognitive function by EDSS. The strongestcorrelation was between EDSS and T25-FW

(r = 0.84)followed by 9-HPT (r = 0.51) (which was moderately correlated). Again, thisis
consistentwith the observation of poor assessmentof upperlimb function by EDSS. A
systematic review of MSFC found the correlation with EDSS to range from —0.41to —0.83.*
Moderate correlation was observed between MSFC scores and the MRI findings

(r< 0.50).%6

Based on data from 161 patients with PPMS, a 20% change in scores on T25-FW and
9-HPT are considered clinically meaningful; however, a clinically meaningful value for the
PASAT or the overall MSFC score has not been determined.5>66

Timed 25-Foot Walk Test

The T25-FW, a test of maximum walking speed on a short distance, is commonly used to
monitor ambulation status and to assess treatmentoutcomesin patients with MS. It is one
of three components of the MSFC, a multi-dimensional measurementtool used in
assessing patients with MS. During the test, the patientis instructed to walk as fastand
safely as possible across a clearly marked, linear 25-foot course. An assistive device is
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allowed. The patient is timed walking the 25-foot course twice and the T25-FW score is the
average in seconds of the two successive tests.®

T25-FW hasbeen validated in patients with MS and has been shown to be correlated to
EDSS across disability severity and MS types. Construct validity of the T25-FW has been
established when strong correlations of this measure with other measures of walking and
lower extremity functioning were reported. For example, T25-FW scores strongly correlated
with the 100-m timed walk test (r = 0.92), 6-minute walk test (r =—-0.83), Timed Up and Go
test (r = 0.85), and Six Spot Step Test (r = 0.92), as well as the MSWS-12 (r = 0.78).%¢
Adequate reliability of T25-FW was observed in multiple studies with patients with MS, with
a sample size ranging from 10to 151. The intra-class correlation (ICC) coefficientranged
from 0.94t0 0.99.58

A change of at least20% in the T25-FW is commonly cited as the MID for patients with
MS.68’70

Paced Auditory Serial Addition Test

PASAT is a neuropsychological testand a measure of cognitive function. It was first
developed to monitor the recovery of patients who had sustained mild head injuries, and
was subsequently adapted for use in patients with MS. The PASAT is widely used in MS
studies.™ It presents a list of single-digitnumbersto the patientevery two seconds
(PASAT2) or three seconds (PASAT3; this versionwas used in EXPAND). The patientmust
add each numberto the one thatimmediately precedesitand state the result.”? PASAT
assessed patients’ auditory information processing speed and flexibility, as well as their
calculation ability. The number of correct answers from the PASAT test wasrecorded (the
range possibleis 0 to 60).1* PASAT is one of the three components of the MSFC.

The test-retest reliability of PASAT was adequate (reliability coefficients ranged from 0.70 to
0.87). PASAT wasfound to be moderately correlated with the Brief Repeatable Battery of
Neuropsychological Tests and global cognitive function of z scores (validity coefficients
ranged from 0.30to 0.63), and strongly correlated with SDMT (validity coefficients ranged
from 0.54t0 0.62).7

An MID for PASAT was not identified from the literature for patients with MS.

SDMT

Cognitive impairmentis a significant potential consequence of MS. The SDMT is a
commonly used neuropsychological testfor screening cognitive impairment.”Like the
PASAT, the SDMT measuresinformation processing speed, which tends to decline with MS
progression.”" The patient was presented with a test instrumentthatincluded a row of
single digits (1 to 9) with nine unique symbols atthe top and an array of symbols paired
with empty spaces below. The patient was required to match the numberwith each symbol
as rapidly as possible. The scoring was calculated based on the number of correct answers
in 90 seconds.

SDMT performance in screening patients with MS for cognitive impairmentwas evaluated
in 359 patients with MS. At a specificity of 0.60, a high sensitivity was obtained (0.91),
indicating the potential of the SDMT as a sentinel test for cognitive impairment.” In another
study, the test-retest reliability coefficientwas 0.97 in a sample of 34 patients with MS
tested over two weeks, and the reliability was maintained at one-month and two-year
intervals.” Validity (construct, predictive, discriminative, and criterion) was demonstrated in
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patients with MS, showing that SDMT is a good measure of processing speed or efficiency.
In addition, the SDMT was found to be strongly correlated to various MRl measures, such
as atrophy, lesion burden, and microstructural pathology.™

A change of 4 points inthe raw scores of the SDMT or a 10% change in magnitude was
considered an MID in SDMT.™

Multiple Sclerosis Walking Scale

The MSWS-12 is a 12-item patient-reported questionnaire used to assess the impact of
walking impairmentin people with MS.”” Twelve aspects of walking function and quality
(walking, running, climbing stairs, standing, balance, distance, effort, supportneeded
indoors, supportneeded outdoors, speed, smoothness, and concentration needed to walk)
were identified asimportantby patients with MS.”™ The patientanswers each of the 12
questionslisted in Table 48 using a 5-pointLikert scale where 1 = notat all, 2 = a little, 3 =
moderately, 4 = quite a bit, and 5 = extremely. ltems are summed to generate a total score
(ranging from 12 to 60) and transformed to a scale with a range of O to 100. Higher scores
indicate greaterimpactof MS on a patient's ability to walk.”®7"

The literature suggests that the MSWS-12 is a valid measure of walking speed, endurance,
and quality of gaitin patients with MS. Based on data from 602 patients with MS, item test-
retest reproducibility for MSWS-12 was high (= 0.78). In terms of validity, MSWS-12 was
strongly correlated with the MSIS-29 physical subscale (Pearson’sr= 0.74to 0.79), SF-36
physical functioning domain (Pearson’sr =—0.77 to —0.79), Functional Assessment of
Multiple Sclerosis (FAMS) mobility subscale (Pearson’sr=—-0.70to —0.76), EDSS
(Pearson’sr = 0.65) and moderately correlated with the T25-FW (Pearson’sr = 0.46).”” In a
sample of 199 Italian patients with MS, the reliability of MSWS-12 was found to be excellent
(0.94). Criterion validity of MSWS-12 was demonstrated when strong correlation between
MSWS-12 and the EDSS score was observed, suggesting patients who reported lower
walking ability on the scale also had a higher level of disability as rated by the clinicians.™

Arange of 10.4 points to 22 points was reported to be an MID for MSWS-12 across studies,
depending on the statistical approach and population studied.”-8

Table 48: Questions of the Multiple Sclerosis Walking Scale

In the past 2 weeks, how much has your multiple sclerosis...

1. limited your ability to walk?

. limited your ability to run?

. limited your ability to climb up and down stairs?

. made standing when doing things more difficult?

. limited your balance when standing or walking?

.limited how faryou are able to walk?

.increased the effortneeded foryou to walk?

. made it necessary for you to use support when walking indoors?

Ol|IN|O|O|d|W|IN

. made it necessary for you to use support when walking outdoors?

10. slowed down your walking?

11. affected how smoothly you walk?

12. made you concentrate on your walking?

Source: Hobart, JC., et al.(2003)""
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Brief Visuospatial Memory Test-Revised

The BVMT-R is a brief cognitive assessmenttool used to assess visuospatialmemoryin
patients with neuropsychological disorders, including MS.*8 During the assessment, the
patients are shown a visual display of six simple figures for three consecutive 10-second
tests. The same sheetof figuresisused inthe three tests. After each test, the patients are
required to draw as many designs as accurately as they can and in the correct location.
After completion of the three tests, the patients are asked to reproduce the designsin the
exact layoutafter a 25-minute delay filled with other distractor tasks. Scoring of the tests
are based on the accuracy of the drawings and the location of the figures. For each figure,
one point is awarded to each satisfactory domain, resulting in a maximum of 12 points per
test.1448

In a group of 40 Brazilian patients with MS, moderate inter-rater coefficient (kappa =0.62)
and excellentICC coefficient (0.85) were reported among three differentraters. BVMT-R
was also found to be strongly correlated with the SDMT, anotherinstrumentto assess
cognitive function in patients with MS.8? The criterion or discriminantvalidity of BVMT-R and
the convergentvalidity were also established when comparing data between the MS group
and healthy controls, as well as between BVMT-R and the California Verbal Learning Test
— second edition (rho = 0.36) or between BVMT-R and the SDMT (rho = 0.60).%2

An MID of BVMT-R for patients with MS was not identified in the literature.

Multiple Sclerosis Impact Scale (MSIS-29)

The MSIS-29 is a 29-item questionnaire thatwas developed atthe Neurological Outcome
Measures Unit of the UCL Queen Square Institute of Neurology and the National Hospital
for Neurology and Neurosurgeryin London, England.® This self-reported questionnaire is
usedto measure both the physical and psychological impactof MS on affe cted individuals.
The physical componentassesses 20 items including balance, gripping, movement,
stiffness, and spasm (1 through 20), while the psychological componentassessesnine
itemsincluding social and/or leisure activities, work, mental fatigue, anxiety, and confidence
(21 through 29).84%5 Itemsiin the original MSIS-29 (version 1) were rated using a five-
category scoring system, including categories of “notat all,” “a little,” “moderately,” “quite a
bit,” and “extremely.”>MSIS-29 version 2 was used in the EXPAND study. Symptoms for
eachitem are rated on a 4-point Likertscale: 1 = “not at all,”2 = “a little,” 3 = "moderately,”
and 4 = “quite a bit.” ltems 1 to 20 and items 21 to 29 are summed respectively and
transformed to scoresfrom O (no problem)to 100 (extreme problems) to generate the total
score for the physicalimpactsubscale and the psychological impactsubscale. Higher
scores indicate greaterimpacton day-to-day life with a negative change on either of the
subscalesindicative of improvement.®

” o« ”

In order to assess the validity and reliability of the MSIS-29, Riazi et al. examined the
MSIS-29 (version 1) along with three other self-reported measures — FAMS, SF-36, and
the 12-item General Health Questionnaire —in 233 patients with confirmed MS.% They
also assessed the EDSS in each patient. The patient population consisted of three hospital-
based samples (arehabilitation treatmentsample, a corticosteroid treatmentsample,and a
PPMS sample). The authors determined thatthe MSIS-29 metthe standard criteria for
being a reliable and valid measurement. The estimates for Cronbach’s alpha ranged from
0.87 to 0.95 for the physical and psychological subscales across all three samples.
Correlations with other measures and variables demonstrated the convergentand
discriminantvalidity of MSIS-29 as a measure of the physical and psychological impact of
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MS. In general,the MSIS-29 physical subscale correlated strongly with the FAMS mobility
subscale (correlations =—0.63 to —0.75) and SF-36 physical functioning subscale
(correlations =—0.52to —0.73), and the MSIS-29 psychological subscale correlated well
with the SF-36 mental health subscale (correlations =—0.64 to —0.77), FAMS emotional
well-being subscale (correlations =—0.67 to —0.75), and General Health Questionnaire
subscale (correlations =0.68 to 0.77). However, weak correlations were observed between
the MSIS-29 physical subscale and EDSS (correlations=0.27 to 0.69) or between the
MSIS-29 psychological subscale and EDSS (correlations =0.14 to 0.48), in particularin the
rehabilitation sample. Similar results were obtained in the hospital setting when compared
to the community setting.® In contrast to this, moderately strong correlations were
observed in Costelloe et al. between changesin the MSIS-29 physical score and changes
in the EDSS scoresin the rangesof 0 to 8.5 and 5.5 to 8, whereasthe correlation was
weaker between the two with EDSS changesin the range of 0 to 5.2 There were no
psychometric tests performed for MSIS-29 version 2.

Using receiver operating characteristic curvesin 214 patients with a range of MS disability
(EDSS scores ranged from 0to 8.5 and MSIS-29 scoresranged from 0to 99), Costelloe et
al. determined thata minimal change of 8 pointsin the MSIS-29 physical subscale was
clinically significant.52 A study by Phillips et al. also suggested a worsening of 7.5 points or
more on the MSIS-29 physical subscale as a reasonable threshold foridentifying patients
with RRMS who have experienced a clinically significantchange in the physical impact of
MS.8” A worsening of 6.25 points has been suggested as the MID for the psychological
subscale based on the standard error of measurementin the ADVANCE trial .8

EuroQol 5-Dimensions 3-Levels

The EQ-5D-3L is a generic quality of life instrumentthatmay be applied to a wide range of
health conditions and treatments.8% The first of two parts of the EQ-5D is a descriptive
system that classifies respondents (aged = 12 years) into one of 243 distinct health states.
The descriptive system consists of the following five dimensions: mobility, self-care, usual
activities, pain and/or discomfort,and anxiety and/or depression. Each dimension has three
possible levels (1, 2, or 3) representing “no problems,” “some problems,” and “extreme
problems,” respectively. Respondents are asked to choose the level that reflects their
health state for each of the five dimensions. Ascoring function can be usedto assigna
value to self-reported health states (EQ-5D index score) from a set of population-based
preference weights.8% The second part of the EQ-5D is a 20 cm visual analogue scale
(EQ VAS) that has end points labelled 0 and 100, with respective anchors of “worst
imaginable health state” and “bestimaginable health state.” Respondents are asked to rate
their health by drawing a line from an anchorbox to the point onthe EQ VAS that best
representstheir health on that day. Hence, the EQ-5D producesthree types of data for
eachrespondent:

e a profileindicating the extentof problems on each of the five dimensions represented by
a five-digitdescriptor,suchas 11121 and 33211

e a population preference-weighted health index score based on the descriptive system

e a self-reported assessment of health status based on the EQ VAS.

The EQ-5D index score is generated by applying a multi-attribute utility function to the
descriptive system. Differentutility functions are available thatreflectthe preferences of
specific populations (e.g., US or UK). The lowest possible overall score (corresponding to
severe problems on all five attributes) varies depending on the utility function that is applied
to the descriptive system (e.g., —0.59 forthe UK algorithm and —0.109 forthe US algorithm).

CADTH COMMON DRUG REVIEW Clinical Review Report for Siponimod (Mayzent) 116



CADTH

Scores of less than 0 represent health states that are valued by society as being worse
than dead, while scores of 0 and 1.00 are assigned to the health states “dead” and “perfect
health,” respectively.

One study assessed the EQ-5D as well as the validated PatientDetermined Disease Steps
scale and the MSWS-12 in patients with MS. Moderately strong correlations between the
EQ-5D and the Patient Determined Disease Steps and MSWS-12 were observed
(Spearman’sr=-0.56 and —0.59, respectively; P < 0.0001 for both).*! In addition, a review
determined alack of content validity for patients with MS forthe EQ-5D as it wasfound to
be missing certain domains (i.e., mobility, mood) that were importantto the disease and
showed difficulty in differentiating between levels of disabil ity.”? Test-retest reliability in the
MS population was determined to be good (ICC coefficient=0.81).%

Reported minimal clinically importantdifferences for this scale in the general population
ranged from 0.033 to 0.074.% For patients with MS, the MID ranged from 0.050 to 0.084.%!

Magnetic Resonance Imaging Outcomes

MRI techniques play an importantrole in the diagnosis of MS and are valuablein
monitoring treatmentresponse and predicting disease progression. However, the
correlation between the lesions observed on MRI scans and the clinical manifestations of
the disease remains controversial.?%

A series of MRI outcomes were included in the EXPAND study. The change from baseline
in T2 lesion volume was used as a proxy for burden of disease. Inflammatory disease
activity was measured by the number of new or enlarging T2 lesions, proportion of patients
free of new or enlarging T2 lesions, number of T1 Gd-enhancing lesions, and proportion of
patients free of T1 Gd-enhancing lesions. Gd-enhanced lesions are useful foridentifying
active inflammation, whereas the occurrence of T2 lesions requires interpretation based on
a comparison with the number of T2 lesions observed in previous scans.® Percentage brain
volume change from baseline was also reported.
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Appendix 5: Pre-NOC CADTH Systematic
Review Protocol

Table 49: Inclusion Criteria for the Systematic Review

Patient population Adults with secondary-progressive multiple sclerosis.

Subgroups

e Age

e EDSS at baseline

» Disease activity (e.g., active, progressing)

Intervention Siponimod administered orally once daily.

Siponimod administration
e Treatmentinitiation period: Dosing is titrated from 0.25 mgto 1.25 mgover a 5-day period
e Maintenance period: 2 mg daily
o1 mgdailyis recommended forthe maintenance dose in patients with CYP2C9*2*3 or CYP2C9*1*3
genotype

Comparators o Interferon beta-1a and interferon beta-1b
* Placebo/bestsupportive care

Outcomes Efficacy outcomes

o Disability progression orimprovement?

o Health-related quality of life2

e Mobility?

e Coghnitive function?

e Symptoms (e.g., fatigue)?

e Relapse

e Imaging outcomes (e.g., MRI brain lesions, MRI brain volume)

Harms outcomes

e AEs

e SAEs

o WDAEs

o Mortality

o Notable harms: Cardiac effects (e.g., bradycardia), neoplasia, serious infections (e.g., progressive
multifocal leukoencephalopathy), opportunistic infections (e.g., cryptococcal meningitis),
lymphocytopenia, macularedema

Study design Published and unpublished Phase llland IV RCTs

AE = adverse event; EDSS = Expanded Disability Status Scale; MRl = magnetic resonance imaging; RCT = randomized controlled trial; SAE = serious adverse event;
WDAE = withdrawal due to adverse event.

2These outcomes were identified as being of particular importance to patients in the input received by CADTH from patient groups.
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