Immune system resetting and long-term remission
in multiple sclerosis: rationale and possibilities

A TOPEC Global and EXCEMED Satellite symposium at the 3rd EAN Congress
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“MS Nowadays-new goals”
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Disclosure statement

In the last year , Giancarlo Comi received personal compensation for
activities such as consulting, scientific advisory boards or speaking from:

Bayer Schering Pharma, Biogen-Dompe, Biogen ldec, MerckSerono,
Novartis, Roche, Sanofi-Aventis, Almirall, Teva, Actelion, Receptors.
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NEW Goals: Outline

Early treatment
Individualized treatment

Induction strategy

Multiple Sclerosis Care Unit
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Rationale for early therapy in multiple sclerosis

Immune
modulating
treatments affect
inflammmation, which
predominates
in the early
phases

Disease
severity

Antigen
spreading

Irreversible
nervous damage
occurs very early and
is (at least partly)
related to
inflammation Rationale for
early treatment
in multiple
sclerosis

Early course
influences
long-term
evolution

Positive
results of studies
in patients with
asingle clinical
episode (CIS)

Evidence of
a better response
to treatments in
the early phases
of the disease

Longitudinal
changes of
immuno-

pathology

Long-term
benefits of

early treatment

Recowvery
mechanisms
may become less
effective during
the course of
multiple
sclerosis

Comi, Lancet 2016



Window of opportunity — earlier treatment
modify the course of disease
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No treatment

Intervention at diagnosis

Increasing disability
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Time

Early treatment initiation and prompt intervention on break-
through disease is critical to optimise disability outcomes
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Bases for individualised treatment in MS

Complexity and heterogeneity of MS
* Polygenicinheritance
* Multifaced gene-gene and gene-environment interaction

e Large intraindividual variability of MS courses
e Early long term prognostic factors
e Short term prognostic factors

* Treatments with different mechanisms of action and different efficacy/safety profile

* Interindividual variability of the response to treatments
e Clinical and MRI predictors
* Pharmacogenomics

e Multiple treatment algorithms
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Prognostic factors in MS

*Clinical

*MR Imaging
*Neurophysiological
*Biological




Barcelona CIS cohort: Multivariate analysis at baseline

Risk of conversion to CDMS Risk of reaching EDSS >3.0
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DMT =IFNp/glatiramer acetate
HR=hazard ratio; OCB=oligoclonal bands. Tintoré M et al. Brain 2015
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Multiple biomarkers improve the prediction of multiple
sclerosis in clinically isolated syndromes
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Objectives: Since its introduction, MMREI had a major impact on the early and more pre-
cise diagnosis of multiple sclerosis (P45), and the 2010 diagnostic criteria even allows a
diagnosis to be made just after a single attack if stringent MREI criteria are met. Sewveral
other clinical and paraclinical markers have been reported to be associated with an
increased risk of M35 independenthy of MRI in patients with clinkcally isolated syn-
drommes (C15), but the incremental wsefulness of adding them to the current oriteria has
not been evaluated. In this study, we determined whether multiple biomarkers -
proved the prediction of M5 in patients with CI15 in a real-world clinical practice.
Baterials and meethods: This was a retrospective study invohving patients with CI5
admitted to owr departrment between 2000 and 2013, We evaluated basaline clinical,
BRI newrophysiclogical, and cerebrospinal fluid (CSF] data.

Results: During follow-ug (median, 7.2 years], 127 of 243 participants (mean age,
316 wears) developed M5, Cox propartional-hazards maodels adjusted for established
FARI criteria, age at onset, number of T1 lesions, and presence of C5F aligoclonal bands
significantly predicted the risk of developing M5 at 2 and 5 years. The use of multiple
biomarkers led o 2%% net rneclassification improvement at 2 years [P<001)] and 30%
at 5 years [P< 001).

Conclusions: The simultaneous addition of several biomarkers significanthy improwved
the risk stratification for kS in patients with CIS beyond that of a model based only on
establiched MR criteria.



EPs and conversion to CDMS over 1 year

225 CIS (from consecutive pts undergoing CSF examination)
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CIS: EPs & progression rate - time to EDSS 3.0
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CSF Neurofilament light levels

Corver sion to COMS
Multhvariate anabysis?
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NfL levels appear to be independent predictors for
conversion to CDMS and correlate with MR
inflammation variables and atrophy

G Arrambide et al Neurology 2016
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Predictivity of the response to DMTs

* Clinical and demographic
* MRI

* Eps

* Laboratory

 Pharmacogenomic
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Baseline predictive score of disability worsening at 8 years in
patients treated with injectables

Criterion
Age onset
< 28 years 0
> 28 years 2
Delay treatment after diagnosis
<12 months
> 12 months 1
Relapse 1 year pre-DMT
< 2 relapse
> 2 relapses 1
Baseline EDSS
<2 0
>2 1
Baseline T2 lesions
<9
>9 1
Baseline T1 Gd+ lesions
<2
>2 1




Patients free from disability worsening according to baseline score

*Worsening: 6 months confirmed EDSS > 2 points if entry EDSS < 3

6 months confirmed EDSS > 1 point if entry EDSS > 3
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Log rank test, p: <0.0001
L T

0 20 40 &0 &0 100
Time to EDSS worsening

Romeo 2015
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A pharmacogenetic study implicates SLC9A9 in multiple
sclerosis disease activity

We investigated the genetic basis of inter-individual
differences in response to IFNB by studying ~1,000

MS patients classified in responders and non-
responders

A genome-wide association study performed in
Italian MS patients identified a genetic variant, the
rs9828519°¢ allele, associated with increased risk of -
non-response to IFNB (Py;yer,~4-43x107%)

-log,,(p-value)

Esposito et al, 2015
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Assessing response to interferon beta
A MAGNIMS study

Predicts:

Disability progression




Progression free survival
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MAGNIMS score

Score=0

new T2 lesions <3 & Relapses=0

Score=1

new T2 lesions <3 & Relapses=1
new T2 lesions 23 & Relapses=0

Score=2

new T2 lesions 23 & Relapses=1
Relapses=2

Score=0, n=849, 66%
Score=1, n=301, 24%

Score=2, n=130, 10%

Score 0 vs scores 1 or 2: PPV=34%, NPV=81%, sensitivity=49%, specificity=73%,

global accuracy=66%.

Sormani 2016




Evolving Measures:
NEDA (No Evidence of Disease Activity) in MS

NEDA Composite Measure ,
NEDA may be influenced by:

1 Noevidence of MRI disease activity 7
: _ : Baseline characteristics
! enhancing T, or ! Study design
I new T, lesions I
: on MRI : Assessment timing or criteria
- 4 (eg, 3-month
vs 6-month)

Timing for re-baseline
of patients

e m——————
I No confirmed
: worsening of
[
I

EDSS scores

Treating to target: NEDA establishes a zero tolerance for ongoing measurable disease activity



Proportion of patients achieving NEDA with DMDs

p<0.0001

Patients with NEDA (%)

Cladribine Fingolimod Dimethy-Fumarate | Teriflunomide °  Natalizumab Alemtuzumab Ocrelizumab
(CLARITY) (FREEDOMS) (DEFINE) (TEMSO) (AFFIRM) (CARE Il) (OPERAID)

m Active drug ®Placebo ' IFNB 1a
NEDA, no evidence of disease activity. CLARITY. Giovannoni G et al. Lancet Neurol 2011;10:329-37; FREEDOMS. Bevan CJ, Cree BAC. JAMA Neurol

2014;71:269-70; DEFINE. Giovannoni G et al. Neurology 2012;78 (PD5.005); TEMSO. Freedman M et al. Neurology 2012;78 (PD5.007); AFFIRM.
Havrdova E et al. Lancet Neurol 2009;8:254-60; Coles et a, Lancet 2012



Treatment Algorithms

/ \

ESCALATION INDUCTION
(safety first) (efficacy first)

L COMBINATION —/




Treatment algorithm: escalation

ATZ | Cyclophosphamide
[ MTX

More aggressive
approach

ATZ/ | DAC/FTY/NTZ/
OCR

DMF / GA/IFNB / TER




Treatment algorithm: induction

A 4% line tx
DMF / FTY / GA / IFNB / 27d Jine tx
NTZ / TER

ATZ / /Cyclophoshamide / DAC 15t line tx
/ MTX / OCR




Home » News & Events > Newsroom » Press Announcements

FDA Mews Release

FDA approves new drug to treat multiple
sclerosis
First drug approved for Paimary Progressive 4S5

f sHare W TWEET | im UNMKEDIN | @ PINIT | i EMAIL | & PRINT
For Immediate March 29, 2017
Release
Release

Espafol

On March 28, the U.S. Food and Drug Administration approved Qcrevus
{ocrelizumab) to treat adult patients with relapsing forms of multiple sclerosis (MS)
and primary progressive multiple sclerosis (PPMS). This is the first drug approved
by the FDA for PPMS. Qcrevus is an intravenous infusion given by a health care
professional.
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Cladribine Tablets Receives
Positive CHMP Opinion for
Treatment of Relapsing Forms
of Multiple Sclerosis

Mavenclad (Cladribine tablets) has received a positive opinion by the
Committee for Medicinal Products for Human Use (CHMP) of the
European Medicines Agency (EMA)

SHARE

23 JUN 2017 | DARMSTADT, GERMANY
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ORACLE: ARR during the open-label period

0,60 = 0.42 (0.28, 0.56)

0,50
0.24 (0.07, 0.40)
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0.14 (0.00, 0.27)

Annualised relapse rate
(95%CI*)

0,
0,10 +
0,00 -
Placebo (n=60) Cladribine tablets 3.5 mg/kg Cladribine tablets 5.25 mg/kg
(n=25) (n=24)
Median time in OLMP: Median time in OLMP: Median time in OLMP:
64.4 weeks 48.1 weeks 57.3 weeks

*Two sided 95% confidence interval. ARR has been normalised by duration in

the OLMP (total number of relapses/total time in the OLMP in days) x 365.25.

All patients started open-label treatment with IFN B-1a in the OLMP.

ARR, annualised relapse rate; IFN, interferon; OLMP, open-label maintenance period



CLARITY EXT demonstrates the durable efficacy of cladribine and reconfirms
the efficacy outcomes of the CLARITY study over 2 years

» The clinical benefits of cladribine 3.5 mg/kg in Years 1 and 2 may be
maintained for up to 4 years without further active treatment in Years 3 and
4; 72% of such patients remained relapse-free at the end of Year 4
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Induction with mitoxantrone followed by BETA IFN vs BETA IFN

Time to worsen by = 1 point EDSS / MO
(confirmed at 3 months) within 36 months
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Algorithm for Treatment of Relapsing MS

reatment failure Treatment failure

IFN/GA Natalizumab
P 4
‘JCVAb-
Teriflunomide/DMF JCV Ab+
Igfhgolimod ERtL
Experimental
therapy
Natalizy'mab
o A =7 > Alemtuz/Dacliz.
Sies oy Ocrelizumab
Fingolimod/DMF Cladribine
| Alemtuzumab/Daclizumab / '
Ocrelizumab/Cladribine Comi 2015




eventually favor changes in white adipo-
cyte phenotyps.

"Key Laboratory of Agro-ecological Processes in
Subtropical Region, Institute of Subtropical Agriculture,
Chinese Academy of Sciences; Hunan Provincial
Engineering Research Center for Healthy Livestock and
Poultry Production; Scientific Observing and Experimental
Station of Animal Nutrition and Feed Science in South-
Central, Ministry of Agriculture, Changsha 410125, China
“University of Chinese Academy of Sciences, Beijing
100039, China

*Hunan Collaborative Innovation Center for Uilization of
Botanical Functional Ingredients; Hunan Co-lnnovation
Canter of Animal Production Safety, CICAPS, Changsha
410128, China

4animal Mutrition and Human Health Laboratory, School of
Biology, Hunan Normal University, Changsha 410018,
China

*College of Animal Science, South China Agricultural

Progressive MS
Alllance Industry
Forum: Maximizing
Collective Impact To
Enable Drug
Development

P. Zaratin,"* G. Comi,?

T. Coetzee,® K. Ramsey,®

K. Smith,® A. Thompson,* and
M. Panzara®

Cell

of people living with MS have decided to
work together to promote innovation and
scientific progress regardless of geo-
graphic boundaries. The initial commit-
ment of MS Societies will be €22 million
over the next 4 years to sustain a long-term
Progressive MS Research Program. The
collaboration, formally known as the Inter-
national Progressive MS Alliance (www.
progressivemsalliance.org/), was estab-
lished in 2012 with the express call to
expedite the development of disease-
modifying and symptoms-management
therapies for people living with progressive
MS. Within this framework, collaboration
with the pharmaceutical and bictechnol-
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EUROPEAN COMMITTEE FOR TREATMENT e O | |
AND RESEARCH IN MULTIPLE SCLEROSIS <

ECTRIMS-EAN Clinical Practice Guideline on Pharmacological Management of
Multiple Sclerosis

General recommendations

» The entire spectrum of disease modifying drugs should only be prescribed in centres
where there is an adequate infrastructure to provide:
- proper monitoring of patients
- comprehensive assessment
- detection of side effects and ability to promptly address them.



ECF has started an action to promote in
Europe Multiple Sclerosis Care Unit

as the standard of treatment for MS
In collaboration with:
ECTR_IMS_— EAN IFMS MS Platform

Diagnostic and Treatment |

- Practtces for I\/IuItlDIe Scler05|s
lnﬂ”ute Cen’rury

Brain health

Time matters in multiple sclerosis
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