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Indication for using DMT 1n MS patients

* Relapsing remitting MS

EDSS (EXPANDED DISABILITY STATUS SCALE)

A

* Relapse = 2 in 2 years

* EDSS < 5.5 (At 3 months post relapse) A .
A .
* Non pregnant, no plan for pregnancy s *
* Not progressive MS i b —
. . ) 0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10
*Severity interfere with ADL sy nimal | modeelerelahely  duobllly auiblance resigled resicied  confed - feaet
disability dqi\yne to work wheelchair wheelchair Ms

Thai Clinical Practice guideline : MS and NMOSD 2018



ill.dugﬁr"f 7 Nn1s$nuy" Relapsing-remitting multiple sclerosis

‘ RRMS Aggl'CSSiVC RRMS
I | * Relapse = 2 inl year with

‘ T Brain MRI : Gd = 2 lesions or T2w > 9 lesions
Aggressive RRMS
1ol

OR
IFN beta 1a or 1b, Glatiramer i Spmal MRI :T2w = 2 lesions
acetate, teriflunomide e
Dimethyl fumarate

I

Suboptimal

Fingolimod
Natalizumab
Cladribine

Fingolimod
Natalizumab
Cladribine

Suboptimal

Suboptimal response : 2 of 3
* Clinical relapse (disabling ADL)
* Disease progression (At 3 months post relapse)
) T EDSS 1.5 (baseline EDSS 0) or
oo j T EDSS 1.0 (baseline EDSS 1-5) or
°rNatT”mab TEDSS 0.5 (baseline EDSS 5.5) or
* New MRI lesion : 22 T2w or =1 Gd lesion

Suboptimal

response L
14 i

hd

response response

4

Continue medication |,
with clinical & MRI
monitoring

Switching therapy

Taild

Alemtuzumab, Ocrelizumab, Rituximab,
Cyclophosphamide, Mitoxantrone

Thai Clinical Practice guideline : MS and NMOSD 2018



Thai Clinical Practice Guideline 2018

Level of |Level of Relapsing Aggressive Secondary
therapy pharmacological |remitting relapsing progressive MS
agent active MS* remitting with relapses
MS*
Initial First-line Interferon beta/ Fingolimod/ Interferon beta
Therapy Glatiramer NSl
acetate®/ S
Teriflunomide/ SN, I
Dimethyl fumarate*
Escalation |Second-line Fingolimod/ Fingolimod/ Ocrelizumab*
Therapy Natalizumab/ Natalizumab/ Cyclophosphamide/
Cladribine* Cladribine* Mitoxantrone
Third-line Alemtuzumab/ Alemtuzumab/
Ocrelizumab*/ Ocrelizumab*/
Cyclophosphamide/ | Cyclophosphamide/
Rituximab/ Rituximab/
Mitoxantrone Mitoxantrone

Thai Clinical Practice guideline : MS and NMOSD 2018



Teriflunomide

Inhibits dihydro-orotate
dehydrogenase, inducing

cytostatis
———

| gLng r?nlpl; ;i;ig‘;or subtypes ; Ocrelizumab Y ': Alemtuzumab S r Cladeibi
== 4 . " ' 7 % adribine
= ster lymphocyt Binds CD20™ B cells, ; Binds CD52" lymphocytes, —
L4 .Se:]ue ; r y:jmp OeYies inducing cell death | P,-eplef,l Uity inducing cell death Affects proliferating
in lymph nodes Z N — Q lymphocyte DNA,
Can cross blood-brain barrier inducing cell death
to have other direct effects

Interferons
Glatiramer acetate
Fumarates

Mechanism unknown

Natalizumab

Binds a, integrin )
subunit on lymphocytes —..\LEn_tmqt_o CNS

Inhibits lymphocyte ‘\/_
entry into the CNS \ \ $
W .

Neuroinflammation

Antigen presentation  Immune cell  Cytokine release
and activation recruitment B

rocyte




IFN -1a Nataluzimab Fingolimod  Dimethylfumarate

1993 1996 2000 2005 2009 2011 2012 2013 2014 2015 2016 2017 2019

IFN-1a

Melamed E and Lee MW (2020) Multiple Sclerosis and Cancer: The Ying-Yang Effect of Disease Modifying Therapies. Front. Immunol. 10:2954.



Interferons beta

® Recombinant products with an amino acid sequence that is nearly identical to human IFN beta-1
® Interferon beta-1a and Interferon beta-1b

® Mechanism : Increased expression of the immunoregulatory cytokine interleukin 10, increased circulating
soluble VCAM-1, increased suppressor T-cell activity, reduced proinflammatory cytokine production

(interferon gamma, TNF, lymphotoxin), and decreased antigen presentation to T cells.

® Subtype of MS : CIS, RRMS, active SPMS



Presenter
Presentation Notes
Interferons beta bind to specific receptors on the membranes of human cells > suppress inflammatory response ผ่านหลากหลาย mechanism
The difference between IFN-1a and -1b is that IFN-1a is glycosylated (IFN-1b is not), IFN-1b contains an amino acid mutation at position 17, and lacks a methionine at the N-terminus. Therefore, IFN-1a is more similar to human IFN than IFN- 1b.
Interferon-1a produced by mammalian cells, while interferon beta-1b is produced in modified E. coli.[


Interferons beta

Interferon beta-1a (Avonex® , weekly injection)

Subcu IFN beta-1a (Rebif®, thrice weekly injection) =jm

Subcu IFN beta-1b (Betaseron® and Extavial, alternate day injection)

Disease-modifying  Pregnancy Neutralizing

therapy category antibodies” Routine monitoring Adverse events Evaluation and management strategies
Interferon beta - Yes Baseline and Iniection-site Dose titration, topical methods
preparations Non- regular CBC, LFTs reactions (eg ice); usually self-limited
teratogenic, TSH Flu-like symptoms Dose titration, NSAIDs/acetaminophen,
Safe to usually self-limited

breast feed LFT elevation  >5yx Review other potential hepatotoxic

medications, consider temporary
interferon beta suspension, rechallenge at

WBC<3000, Neutrophil <1500 lower dose
Leukopenia Lower dose or temporarily discontinue drug
and then rechallenge
Depression Consider psychiatric evaluation and

antidepressant therapy; if severe, consider
discontinuing interferon beta

Wingerchuk DM, Carter JL. Multiple sclerosis: Current and emerging disease-modifying therapies and treatment strategies. Mayo Clinic Proceedings. 2014;89(2):225-40.



Interferons beta

NDC 44087-0022-3 NDC 44087-0044-3

yAteDif® 22 meg/0.5 mL

(interferon beta-1a)

yAteDif® 44 meg/0.5 mL

(interferon beta-1a)

For subcutaneous injection For subcutaneous injection
Rx only Rx only
Medication Guide for patients enclosed Medication Guide for patients enclosed

EMD

. . EMD
12 Single-use prefilled syringes SRBROND 12 Single-use prefilled syringes SEROND

NDC 50419-524-01 Ry oty

BETASERON

S ngle-use carton

Table 1: Titration Schedule for a 22 mcg Prescribed Dose”

Table 2: Titration Schedule for a 44 mcg Prescribed Dose” Exchsingle-use Grtoncortal e

Week of Use Syringe to Use Amount of syringe

Week 1 Titration

Week 2 Titration

8.8 mcg syringe

8.8 mcg syringe

Use half of syringe

Use half of syringe

Week 3 Titration

22 mcg syringe

Use half of syringe

Week 4 Titration

22 mcg syringe

Use half of syringe

Week 5 and on

22 mcg syringe or autoinjector

Use full syringe or autoinjector

* Only prefilled syringes can be used to titrate to the 22 mcg Prescribed Dose

Week of Use

Syringe or Autoinjector to Use

Amount of syringe or autoinjector

Week 1 Titration

Week 2 Titration

Week 3 Titration

8.8 mcg syringe or autoinjector
8.8 mcg syringe or autoinjector

22 mcg syringe or autoinjector

Use full syringe or autoinjector
Use full syringe or autoinjector

Use full syringe or autoinjector

Week 4 Titration

Week 5 and on

* Prefilled syringes or autoinjectors can be used to titrate to 44 mcg Prescribed Dose

22 mcg syringe or autoinjector

44 mcg syringe or autoinjector

Use full syringe or autoinjector

Use full syringe or autoinjector

(interferon bela-1b)
For injection

0.3mg pervial

No US standad of patency

Lsingle-wse Betasa on vial for nevores o ution
L pre-filled singlewse wdum
ohlowf de (05 4% solumion dluere syvinge
1 viad acda prey with & 30-ga ¢ nid e 23 dhed
2ol prep pads
Arvommeeachvad weh L2 miof duant Swirl 3
Do Mot Shale. Whan necon i uned, @ch mi. contai s 125 mg
(3 mi Lion In tema onal Units) of | merferon b &a- Ty
13 mg of Aburmi n (Huran) LSP, and 13 mg of ma rito LUSP.
Aoy recors s ausion | F ok u sed | menad Roely e pr o
should be refri gevated and usad within 3howrs
D e wrnts o et i C 0NN S 0 e\t ve.
Sev paage |nsart for do Sage, dluton , and admin & ration

BETASERON Percentage of Volume
Dose’ recommended dose
Weeks 1-2 0.0625 mg 25% 0.25 mL
Weeks 3-4 0.125 mg 50% 0.5 mL
Weeks 5-6 0.1875 mg 75% 0.75 mL
Week 7 and thereafter 0.25 mg 100% 1 mL

1. Dosed every other day, subcutaneously




Amino acid copolymer : Glatiramer acetate

® Random polypeptide based on the amino acid sequence of a myelin protein.

® Mechanism : Glatiramer acetate may alter T cells toward a less inflammatory Th2 subtype,

Enhancement of regulatory T cells.
® Subtype of MS : CIS, RRMS, active SPMS

® Safe for women to take at the time of conception and throughout pregnancy with no increased risk of

teratogenicity or fetal loss, and it is safe to use while breastfeeding.



Presenter
Presentation Notes
It was originally produced to mimic myelin basic protein, 
Like the interferons beta, glatiramer acetate is considered immunomodulatory and not immunosuppressive.�




Amino acid copolymer : Glatiramer acetate

12 Pre-filled pens

COPAXONE*40 mg/ml

Glatiramer acetate

wiviag sfuun

* Co paxoneR + daviearda 5wl gaguuausumd

Solution for injection in pre-filled pen
For Subcutaneous Injection Only

® Subcutaneous injection 20 mg daily or 40 mg

thrice a week

® Adverse effect : Injection site reaction, post-

5.2 annsitlisuiludasunasn usdrdainns
quisy Mldwuuwne’

o WuaY
Tadu wlauh
fauifa Mainda
duas mayafialnd ndudiun
Wiumwaau ansuasiuuazasleu
finlnd
1hai 1hata 1handy 1haaa
aLiau

injection reaction, skin necrosis(rare) ——

® No required baseline testing and monitoring

szaELda uav 1ha du 1u dalguusiau
dun asinn %6

fawmiiawain 5 2. deaviwndruuuldiar
R = - 1 _ % _

® No associations with opportunistic infections

“idndlusasnigaun
uaaiann19qunsy Wildwuunne”

or cancet.


Presenter
Presentation Notes
immediate postinjection reaction, which includes at least two of the following: flushing, chest pain, palpitations, tachycardia, anxiety, dyspnea, constriction of the throat, and urticaria. The reaction is self- limited, requires no treatment, 



Fumarate: Dimethyl fumarate

® Mechanism : Activates nuclear factor erythroid 2-related factor 2 (Nrf2) pathway

Peripheral action > reduction in memory T-cells and a shifted balance toward less pro-inflammatory

Th1/Th17 cells and more anti-inflammatory Th2 cells

CNS action > protect neural stem cells from oxidative damage via Nrf2-ERK1/2 MAPK pathway

* Subtype of MS : CIS, RRMS, active SPMS

Anti-

B Anti-ox




Fumarate: Dimethyl fumarate

* Tecfidera®240 mg po bid

®* Adverse effects: skin flushing, Gl intolerance, lymphopenia, PML(rare)

® Lab monitoring: Baseline CBC,LFT,Cr and periodic CBC g 3 months

®* Pregnancy should be avoided

3.1 auvnauazisld
3 o aslaneudIuuzaILNNEUSa LhATNS
Tecfidera. /AL

e winlu iwssauauazszaziaitunaisldend
Gastro-resistant hard capsules ‘ﬁUfTﬂﬁﬂﬂ'-lm’ﬂ'l'lﬂ'i“ll‘f\ma\ﬁfﬂ
o Aunluzuna 120 dadndu Juas 2 ade
Disthyl hmarata u 7 Juusn wanduiluauis 240 dadndu Ju
14 gastro-resistant hard capsules ar 2 ado
e nduseiiansautin adiudy ua avan qa
wialdeaan lavanaravinlimadotdne
wvathoiudu'le

0 ¢  AULANSDNDNUNT DNTLRANAL LAWY
Biogenm damnnanne e




Pyrimidine synthesis inhibitor: Teriflunomide

® Active metabolite of leflunomide

® Mechanism :Inhibits dihydroorotate dehydrogenase, thereby inhibiting lymphocyte proliferation

® Subtype of MS : CIS, RRMS, active SPMS

® Adverse effects: Headache, alopecia, peripheral neuropathy, hepatotoxicity, teratogenicity

Rapidly proliferating lymphocytes

Resting/homeostatic lymphocytes

O

j Teriflunomide
DHODH-dependent

de novo pyrimidine
synthesis pathway

DHODH-independent
salvage pathway for
pyrimidine synthesis

Intracellular pyrimidine nucleotide pool

\ 4

Phospholipids —> Lipid second messengers and cell membranes

RNA/DNA — Cellular proliferation
Glycoproteins/glycolipids — Cell surface molecules

Constantinescu, et al. The International MS Journal 2008;15:62-68



Pyrimidine synthesis inhibitor: Teriflunomide

* Aubagio® (14 mg) 1 tab daily 'l'

RaNABWMINNBUISUAUNITSN WA Teriflunomide:

An1sinseauAIUaUlaie
fnsusiliusgaueulealdu Alanine aminotransferase (ALT/ SGPT)

a o @ & a = 1 [ @ A [ =
4N190533 CBC (QWU’JNLNWLE\@ﬂVJﬂ‘UUﬂ FINOIANULANANUDIITUIULAR DAY LAZLNAALADA)

LIl [ [

ulten Teriflunomide TuanIlAsSA WUzt lRTIARNTDUNDLENAIENISHIATIANDUAIE

urine pregnancy test #3® serum beta-HCG (preferable)

A sanmuluseninensinenfleen Teriflunomide:

O dmsinsesivanualaiodusees

O esfimsiadszdiuseiueuledsiu Alanine aminotransferase (ALT/ SGPT) n ¢ 2 &Uami
fowlied 6 oy MRINTUAAMIAYNN 2 1ABU 01 SGPT geliu 2-3 WinvedsEAuUgedAYaIAUNg
efRIRANIUYNEUAN

d & & ) [T a & ' )
fimIn37a CBC Wuagiiua1nis uagemmsuand (u imsindie) lussninenisin
wuzthliisuazaausanuilinseninalasuen

O0Oa4d

¥ v & ¢ v ) - v o ' v v |
ﬂ']D‘JI'lJ’JEJGli’Nﬂ'ﬁFNﬂﬁﬂ Gli’Nmﬁ’J'iﬁSﬂUﬂ'l‘LULaTz)ﬂ ﬂqUQﬂQQQﬂqq 0.02 uﬂ/ﬁﬂi ‘IML’ll'mixU'Juﬂ’]iLiQ
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AUBAGIO 14 mg

film-coated tablets

teriflunomide

Oral use

28 film-coated tablets

SANOFI GENZYME %




Ny 0 Sphingosine-1-phosphate inhibitors
- ) S1P, recepmr\s" - gos

Activation

N

High endothelial
venules

e - (S1P inhibitors)
i) WERTE S Y
) : —-\

== 9] | L e * Afferent naive T-cells migrate through

— e A lymph nodes, are activated and egress
Ra— through an S1P-S1P1 receptor gradient
: i (Low in LN, High in circulation)

— e

Fingolimod—_

S1P,

.«‘ >> Migration of lymphocytes from lymph

\‘\\ downregulation | Jee—
- Ve e : : :
—— node into circulation
j - i d
/ - T\T‘{:}‘:&\\k e
s (e \ ~—
— 7// A ‘ Red:lct::s:-cell L . .
s 7 | : * Initially act as agonist >> Functional
e antagonist >> Receptor internalization

Pelletier D, Hafler DA. Fingolimod for multiple sclerosis. N Engl J Med. 2012 Jan 26;366(4):339-47.



Brain and nerves

Meurogenesis, astrocyte and neuronal activation and
proliferation, vascular permeability, oligedendrocyte
survival, maintaining blood-brain barrier, and neuronal

excitability

Sphingosine-1-phosphate inhibitors
(S1P inhibitors)

Lung

Bronchial tone and hyper-reactivity

S1PR1 S51PR2 S1PR3  S1PR4  S1PRS

Heart and vasculature

Fi HQOHmOd + - * + + Angiogenesis, heart rate, and vascular tone and
Siponimod + - - - + permeability
Ozanimod + = = = + U

wer
Ceralifimod + - - - - Hepatocyte proliferation and matrix remodelling
Ponesimod + - - - -

Kidney

Matriuretic effect, proliferation of mesangial cells

Fingolimod Siponimod
(Gilenya) 0.5 (Mayzent) 2

Immune system

Immune cell trafficking and allergic and inflammatory

mg OD mg OD B Receptor
S1PR1 S1PR2 S1PR3 S1PR4 S1PRS
Ozanimod : el w i wlle
: Ponesimod i o s " "
(Z ep O Sla) O . 9 2 Organ Brain, heart, Brain, heart, Brain, heart, Lymphoid, lung Brain, skin, spleen

skeletal muscle, skeletal muscle testis, skeletal
lymphoid muscle

system spleen, liver, lung,  spleen, liver, lung,  spleen, liver, lung,
O D I I I g expression thymus, kidney, thymus, kidney, thymus, kidney,

McGinley MP, Cohen JA. Sphingosine 1-phosphate receptor modulators in multiple sclerosis and other conditions. Lancet. 2021 Sep 25;398(10306):1184-1194.



Fingolimod (FDA approved in 2010)

* Children age 10 and older B @ @
* Reduction of annualized relapse rate 54% /i

* Mechanism: Lymphocyte unable to migrate out of lymphoid

tissue; may have direct effects in centra; nervous system
(CNYS)

Efferent

* Monitoring: CBC, LFT, Ophthalmology, Dermatology, blood
pressure brmphat

* Side eftects: Headache, Transaminitis, Backpain, tymphocytes
Hypertension @

e Serious side effect: Infections, PML, Macular edema, PRES,
BradYCaI'dla, heart blOCk, Resplratory CffeCtS Figure 2: Role of S1PRs in lymphocyte egress from the lymph nodes

S51PR=sphingosine 1-phosphate receptor. T,=naive T cells. T, =central memory T cells. © 2021 Cleveland Clinic
Center for Medical Art & Photography.

McGinley MP, et al. Diagnoosis and Treatment of Multiple sclerosis. JAMA 2021; 325(8): 765-79



How to start Fingolimod

Y ¢g v a = Yo < . . . ]
’WaﬂLﬂm%ﬂiﬂ]ﬂﬂﬂim’]ﬂﬂimﬂﬂﬂﬂ’]ﬂaﬂﬂ"'l‘é‘ll'ENI?‘\I’U’)EILL’U'U overnight monitoring

fenApevinneuisulden Fingolimod Tu RRMS 4 pre-existing medical conditions
(WY ischemic heart disease, history of myocardial infarction, congestive heart Oy ON

= =

LI ama CBC (ﬂﬂ81u5w8uL]a1 6 o) failure, history of cardiac arrest, cerebrovascular disease, history of symptomatic
= . . s . =4

[0 fiua liver transaminase Wag bilirubin levels (neluszezian 6 Wow) bradycardia, history of recurrent syncope, severe untreated sleep apnea, AV

O wan159533m13nying block, sino-atrial block)

O IMTJauawmmaawamam&waammam'ﬁfﬁumaﬂ wazwuzlinunia il prolong QT interval (>450 msec [w18] / >470 msec [ ]) AauFald Oy ON
(sansansinsss) mmummwmwmmmmmsﬁlm Fingolimod

O i;d‘lJ’J&J‘ﬂlﬁJLﬂHmﬂﬁgﬁmLﬂuiﬁﬂaa;ﬂaiﬂ wialiinglisutnduilosiu varizella zoster virus (vZv): | dmnuidssio QT prolongation Oy ON

v o v o o v (W hypokalemia, hypomagnesemia, congenital long-QT syndrome)
mﬂmumsmwgmmmu (Serology) ‘Lumﬁiﬁﬁdmaﬁwamﬁmaagmmumuﬁ]uav P P s s s Y

(antibody negalive) mslasusaru vzv maﬂmumﬁﬂmmaa’mma QT prolongation @giAULERIRaNI5AA torsadesde | Y O N
pointes (Wi citalopram, chlorpromazine, haloperidol, methadone, erythromycin)

O dUremisiiuszegnamdmnlasuiadu vzv lludedieies 1 feuneuiulden Fingolimod
O v ECG
O Usuilunsinievilaguuss (severe active infection)

maslgsunissnwmesfiandnsimsdiuresiilanie atrioventricular conduction| OOy [N
(1 beta blockers, heart-rate lowering calcium channel blockers: 1u
diltiazem, verapamil %38 digoxin)

8 Y Tuhtelageenaios 1 ite — Ehdamwe nsiuu overnight monitoring Taevin continuous
ECG TulsamenunandsanalaSulsemuendiausn
a1 N Tuyniiade — whnrmuenswuu 6 hours first dose monitoring (9 First dose Observation Form)



Monitoring and F/U

A1sASI/AND | nousuli Jusuli a1 73 N6 N9 12
Fingolimod | Fingolimod | au | wWeu | 1Asu Lhau AU
First dose
MTIANWILUU
Uszdm
MM * 1 * 1 1 *
NTIAININ ECG HR/BP/ECG
at 6 hours
fsIaLEeN * 2 2 * 2 *
MFIINTAGTU = 2 2 = 2 =
YDIFU
waufvadna VZV *
A lifiuseTR
fadaunau
*dmFugiiennae

1 = dwsugtherumvuvEeilss fRimsnieay

2 = WA TR VDAL

Tuszninenisinen

O uwusihgthelinenuanuiaundle  Anerdesriunisusuiiv

O Usziluna fundus $38m9 macula kasvigaen Fingolimod wnkiin macular edema

O dwsanednyine il 3-4 e wdnanialien

O fvsandwsiamedngineimuaudndu luieffiusy3a uveitis waz diabetes mellitus

Exclude if < 45/min
at baseline

BP (mmHg) __

OO0O00a0

O O

6 hr observation period Additional period

Pulse
(/min)

80

70

60

45

Time
(hr)

0 1 2 3 4 5 6 (7) (8)

symptoms

Z -
g

z <
é.

[
(m

u,uzﬁﬂéﬂwiﬁsﬂmmmmmamsﬁml,%}a

TonufThussuiideiidousilunissnu

WeAE Fingolimod %"';mﬁ'ﬂu'ﬁwdwﬂﬁﬁm%a'squl,lﬁ:ﬂ

m532 CBC muivun wagiengn Fingolimod Faasm & lymphocyte count < 0.2 x 10° / L
7579 liver transaminase i 6 oy wazmuisuadaniu wisidelaAnuiteins wioens
WARAYBINTVINUTRIAUUNITDS AR IveUieetnalnadn win liver transaminase
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wgn Fingolimod 1agUlemnssa
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S1P receptor modulators: Siponimod

* Reduction of annualized relapse rate 55%
* Oral once daily

* Mechanism: Lymphocyte unable to migrate out of lymphoid tissue; may have direct eftects in
centra; nervous system (CINS)

* First dose observation only for patients with cardiac history

* CYP2C9 to determine dosage and titration

* Monitoring: CBC, LFT, Ophthalmology, Dermatology, blood pressure
* Side eftects: Headache, Transaminitis, Hypertension

e Serious side effect: Infections, Macular edema, Bradycardia, heart block, Respiratory eftects

McGinley MP, et al. Diagnoosis and Treatment of Multiple sclerosis. JAMA 2021; 325(8): 765-79



S1P receptor modulators: Ozanimod

* Reduction of annualized relapse rate 48%

e Oral

* Mechanism: Lymphocyte unable to migrate out of lymphoid tissue; may have direct eftects in

centra; nervous system (CINS)

* Monitoring: CBC and LFT every 6 mo.

* Side eftects: URI, Transaminitis, Orthostatic hypotension, UTI, Back pain, Hypertension

e Serious side effect: Infections, Macular edema, Bradycardia, heart block, Respiratory eftects

McGinley MP, et al. Diagnoosis and Treatment of Multiple sclerosis. JAMA 2021; 325(8): 765-79



Purine analogue: Cladribine

® Mechanism :Cytotoxic to T and B lymphocytes by impairing DNA synthesis.

¢ Subtype of MS : RRMS, active SPMS

Cladribine
@w ADA Cladr bine % deoxyribonucleotide
(z CdA) Vos, triphosphate (dNTP) Pool
o I 5=nm) e
- 0
SRR 12 deoxyATP
es
. 2-CdADP Q‘\od‘
&° §
& T 3
S 2-CdATP ] 2-chioro
[ — l 2 || 2deoxyADP
g
Dividing Cells Resting Cells g
IDNMT  RNRand DNAP 1DNA strand Aitsieiiton of i [ o e
i e ey mltochlc))ndrlal ‘2 deoxyAMP Cytochri C
Inhibition of SAH DN hss
| =
Ldiolass LDNA chain Activation of poly ~ Translocation Translocation 2 deo == B —
IMetiyl elongation (ADP-ribose)  of cytochromec  of AIF - xyaden ? ne | 2 deoxyinosine
polymerase to cytoplasm to nucleus _
donor pool v
1ONA ~ Caspase 3
DNA synthesis INAD and Caspase 3
hypomethylation l LATP activation
Epigenetic  Cell Death Apoptosis
Effects -
<o
< o

Baker D, Pryce G, Herrod SS, Schmierer K. Potential mechanisms of action related to the efficacy and safety of Cladribine. Multiple Sclerosis and Related Disorders. 2019;30:176-86



Purine analogue: Cladribine

®  Oral Mavenclad®

® Adverse effects : URI, Headache, Lymphopenia, Nausea, Back pain, Malignancy, teratogenicity,

Pulmonary TB, herpes infection, PML

® Contraindication : Active malignancy, Tuberculosis (CXR or Quantiferon test), Immunocompromised or

receiving immunosuppressive/ myelosuppressive therapy, Hepatitis B and C, HIV infection , Moderate or
severe renal impairment (eGFR<60mL/min) moderate or severe hepatic impairment (Child-Pugh score >6)

, Pregnancy and breastfeeding

cladribine cladribine

Oral use.
Read the package leaflet before use.
Cytotoxic: Handle with caution.

Oral use.
Read the package leaflet before use.
Cytotoxic: Handle with caution.

(e

@) MAVENCLAD® 10 mg C@D MAVENCLAD® 10 mg
~ tablets tablets



Purine analogue: Cladribine

STYSLIAINITINEN
AMsAuEN Cladribine wiadu 2 923 Tu 2 ¥ wsiaztianisshwUsenausie 2 dUav devneriu
1 wouluusazd F9e19lesuen 1 vi3e 2 Winluwdariu Tnefiu 4 vie 5 TuredUni
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Presentation Notes
Maximum plasma levels are found within 1-2 h of ingestion.
Short half-life (intracellular phosphortlated-cladribine 10-15 h, 6-20 h in plasma).
Rapidly removed avoiding persistent immunosuppression.



Purine analogue: Cladribine
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Anti-« 4 integrin receptor monoclonal Ab: Natalizumab

® Mechanism :Monoclonal antibody targeting the alpha 4 integrins, part of the VLA-4 adhesion molecule.
Block VLA-4 > fewer inflammatory cells enter the brain and thereby blunt CNS inflammation.
® Subtype of MS : CIS, RRMS, active SPMS

® Adverse effects: headache, fatigue, arthralgia, abdominal discomfort, UTI, Lower respiratory tract infection,

hepatotoxicity, herpes infection, hypersensitivity reactions, PML (2.1 per 1000 population), neutralizing

antibodies

Leukocyte
ahesion
blocked

D.T. Selewski, G.V. Shah, B.M. Segal, P.A. Rajdev, S.K. Mukherji.American Journal of Neuroradiology Oct 2010, 31 (9) 1588-1590;
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Presentation Notes
ร่างกายสร้าง Ab สู้ยา ทำให้ long term ยาไม่ออกฤทธิ์ > กลไกทำให้ MS relapse
A, Natalizumab blocks the adhesion of leukocytes to endothelial cells by blocking the interaction of the α4-integrin subunit of α4β1 with VCAM-1 and of α4β7 with mucosal MAdCAM-1. B, This prevents autoreactive leukocytes from exiting blood vessels and entering target organs to cause inflammation.


Anti-« 4 integrin receptor monoclonal Ab: Natalizumab

® Tysabri® 300 mg Intravenous drip in 1 h every 4 wk +

¥ a wva 1 ™~ s 13 .
Y9ATUUANBULIUNTTINGIAY Natalizumab
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Anti-« 4 integrin receptor monoclonal Ab: Natalizumab
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B-cell depleting monoclonal antibodies

Bone marrow

immature
pre-Bceell Bcell
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pro-Bcell

Peripheral compartment
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B cell Bcell Bcell
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plasmablast memory post-
Bcell germinal

centre

Bcell

stemcell
plasma
cell
Key:
A =CD19 =cp20 Y = antibody

Generation 1%t Generation 2~ Generation 3rd Generation
mADb Structure Murine Chimeric Humanised Fully human Modified Fc region
(100% rodent) (65% human) (>90% human) (chimeric or humanised)
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Suffix: -zumab

[

Suffix: -umab

\¥ 4

I

Immunogenicity

Higher

P Lower

Anti-CD20 mAbs

Anti-CD19 mAbs

Not in clinical
use due to short
half-life, poor
efficacy and high
risk of adverse
reactions

Rituximab
Biosimilars:
Truxima
Rixathon

Unlicensed use
in neurology
(table 2)

Ocrelizumab

Licensed for
relapsing and
primary
progressive MS

Ofatumumab

approved

by the FDA

in August
2020

Ublituximab (TG-1101)
(chimeric)

approved by

the FDA
in Dec 2022

Inebilizumab
(MEDI-551) (humanised)

Currently in clinical trials
for MS and NMOSD

Whittam DH, et al. Pract Neurol 2019;19:5-20. doi:10.1136/practneurol-2018-001899
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Presentation Notes
Stages of B-cell development and expression of B-cell surface markers. Pluripotent haematopoietic stem cells develop�into naïve mature B cells in the bone marrow. They then migrate to secondary lymphoid organs (spleen and lymph nodes), where they are activated by antigens in circulating lymph and mature into memory B-cells or plasmablasts. Memory B-cells either circulate in the bloodstream or remain in germinal centres, while plasmablasts mature to antibody-secreting plasma cells that reside in the bone marrow or lymphoid tissue. CD20 (yellow triangles) appears at the immature B-cell stage and is lost at the plasmablast stage. Most plasmablasts and nearly all plasma cells (which produce the vast majority of antibodies) do not express CD20. CD19 (red triangles) has wider expression from the pro-B-cell stage through to plasmablasts and a proportion of plasma cells, but not terminally differentiated plasma cells. 



Anti-CD20 monoclonal Ab: Ocrelizumab

® Mechanism : Lytic monoclonal antibody targeting CD20 molecule on surface of B cells.
® Subtype of MS : CIS, RRMS, active SPMS, PPMS
® Ocrevus” 300 mg intravenous at week 0 and 2, then 600 mg intravenous every 24 weeks

® Baseline Lab : CBC,LFT, hepatitis profile, PPD or QFT

® Adverse effects : injection reaction, herpes infection, hepatitis B reactivation, ’]»?
PML, reduction in immunoglobulins 1'-"“5‘*;*“‘“ . 3

Inisctimn

Must Be Diluted.
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Anti-CD20 monoclonal Ab: Ofatumumab

Mechanism : Lytic monoclonal antibody targeting CD20 molecule on el 2omafos o
i) mg/0.4 mL

Single-dose Prefilleq Sensoready p,
el
Subcutaneous Use OnI;

surface of B cells.

REFRIGERATE

Subtype of MS : CIS, RRMS, active SPMS

20 mg/0.4 mL Subcutaneous on days 1, 7 and 14 initially, then once I_.ﬂ
\
monthly from day 28 Complement-dependent '
cytotoxicity iiiI o\

Baseline Lab : CBC,LFT, hepatitis profile, PPD or QFT Antbody-dependent

cellular cytotoxicity

Adverse effects : injection reaction, headache, hepatitis B reactivation,

PML, reduction in immunoglobulins

i_ Complement
Antibody-dependent

Contraindicated : severe active infection, known active malignancy, 'cnzo .

-
o
Macrophage
o
»

Rituximab
severely immunocompromised state Yb )
Tositumomab

Drugs (2022) 82:55-62



Anti-CD?20 monoclonal Ab: Ublituximab

® Mechanism : Lytic monoclonal antibody targeting CD20 molecule on surface of B cells.
® Subtype of MS : CIS, RRMS, active SPMS

® 150 mg Intravenous infusion. The second infusion is given 450 mg two weeks after the first infusion, and

subsequent infusions 450 mg are administered every 24 weeks.

® Adverse effects : injection reaction, headache, leukopenia

NDC 73150-150-06

Briumvi- -
(ublituximab-Xiiy)injection

150 mg/6 mL ,T_ i
(25 mg/mL) p = —_
For Intravenous Infusion

After Dilution. B ; T
Disa!d Unused Portion. riumvi-
2;{;21;&;1:30(:;:'::“(‘??9 enclosed Medication (Ubhtuxmab.xuy] e

Rx only Contains one 6 mL
single-dose vial.

)
() TG Therapeutics
)

e




Anti-CD52 monoclonal Ab: Alemtuzumab

® Mechanism: - Monoclonal antibody that lyses cells expressing CD52 on

T-cells,B-cells, natural killer cell, monocytes and dendritic cells

* Subtype of MS : RRMS, active SPMS, after suboptimal response = 2 T4 B lymphocytes
) (3)
agents 1 Apoptosis
o | o - G~
® Adverse effects: rash, headache, infusion reaction, thyroid disorder, _ o ey OIS

infection, herpes infection, Autoimmune condition (ITP, antiglomerular

basement membrane disease, hepatitis), HPV infection, stroke, PML,

malignancy

® In contrast to the slow recovery of T-cells, B-cells return to baseline
levels by 3 months, which may explain the occasional development of

secondary humoral autoimmune disorders.

Gallo, P., Centonze, D. & Marrosu, M.G. Alemtuzumab for multiple sclerosis: the new concept of immunomodulation. Mult Scler Demyelinating Disord 2, 7 (2017).
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Presentation Notes
natural killer cell, monocytes > increase infection risk
On T and B cells expressing high concentrations of CD52, alemtuzumab (IgG1k) activates: 1) antibody-dependent cell-mediated (CD8 and NK) cytotoxicity (ADCC), 2) complement-dependent cytotoxicity (CDC), 3) caspase-dependent apoptosis


Anti-CD52 monoclonal Ab: Alemtuzumab

e Lemtrada®

* 1% course : 12 mg iv daily for 5 consecutive,

214 course 12 mg iv daily for 3 consecutive

days at 12 mo apart from initial course

LEMTRADA 12 mg

Concentrate for
solution for infusion

alemtuzumab

Intravenous use

1vial

Keep out of the sight
and reach of children

A SANOFI COMPANY
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Anti-CD52 monoclonal Ab: Alemtuzumab

A1swh 18 nasAnnunavlAsSunisSnu1noe Alemtuzumab AvnsiSUSnuiluouny

’Medication Day ’ Day 1 ‘ Day 2 ‘ Day 3 ’ Day 4 ‘ Day 5 =
48 1IndU
1 > Methylprednisolone 1000 mg IV in 100 ml 0.9% | X X X X X
line, infi 60 minut i
saline, In use. over minutes . - Prior to Every Every 3
> Methylprednisolone 500 mg IV in 100 ml 0.9% X X Condition Test Annually
S i treatment | month | months
saline, infuse over 60 minutes
(optional for 5 day regimen) Autoimmune Complete blood count X X
2 | Paracetamol 500-1000 mg PO 30 minutes prior to| X X X X X cytopenia including|with differential
infusion (May also be given once as needed during immune
infusion for achiness, headache, or fever) thrombocytopenia
2 Steiphenamine ddmg et X X & . - Glomerular Serum creatinine levels X X
4 | Diphenhydramine 50 mg PO 30 minutes prior to| X X X X X nephropathies ) - ]
infusi S ’ Urinalysis with urine cell X X
infusion including
4 a ' o COUhtS
5 | Cetirizine 10 mg PO once daily #38 \nguwn aaiuad | X X X X X anti-GBM disease
Wunan 7 5u o ) .
Thyroid disease Thyroid function test X X
6 |Ranitidine 150 mg PO once daily %30 Wsuwih fa | X X X X X
Weaunan 7 Yu HPV Pap Smear X
7 | Acyclovir 200 mg PO bid pc 3o isuwi deiiles | X 3 e X X Melanoma Skin test X
atetioy 1 ifou ndminiadaduynuaumMsinm 5 =
AIRTIAANTaLIlsA |Chest X-Ray X

IV Line Care
O UseAlemtuzumab 12 mg/D dilute in 0.9% sodium chloride 100 ml infusion drip over 4 hours

or more (start within 8 hours after dilution) Rate: not more than 25 mUhr




Mitoxantrone ==

Mechanism : Anthracenedione chemotherapeutic agent causing myelosuppression.
® Subtype of MS : SPMS, worsening RRMS (3 RCTs had only 287 subjects with MS in total)

® 12 mg/m2 Intravenous infusion drip in 5-15 minutes every 3 months

® Contraindication : LVEF of <50%, neutrophil count of <1500 cells/mm3, hepatic impairment, Pregnancy

® Baseline Lab : CBC, LFT

OH O NHCH,CHNHCH,CHoOH
NOC 63323-13-12 MO 6330313915

MitoXANTRONE ¥ W WicxairRoNE Mitg

XANTRO
IN, S [l
m;“’iﬁ,ﬂ’é’,"" LU HECTION, USP NJECTION, USP OH © NHCH,CH;NHCH,CH,OH

(Concentrae)

- (2mg/mL)
! ntravenoys j n
At e :us infusiof

or
Vulile Dosoial R on

Neurology, Volume 63(12) Supplement 6.December 28, 2004.515-S18
Scott LJ, Figgitt DP. Mitoxantrone: a review of its use in multiple sclerosis. CNS Drugs. 2004;18(6):379-96
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Presentation Notes
Putative sites of action of mitoxantrone in the pathogenesis of MS. Via their T-cell receptor (TCR), proinflammatory T cells are activated in the periphery by antigens (Ag) presented on major histocompatibility complex class II (MHCII) by antigen-presenting cells. The activated T cells penetrate through the blood-brain barrier, a step mediated by adhesion molecules, proteases, and chemokines. Inside the CNS, the T cells are reactivated by CNS Ag presented on MHCII by predominantly microglia cells. The reactivated T cells secrete proinflammatory cytokines [e.g., interferon (IFN-[gamma]) or interleukin (IL)-2] and induce CNS inflammation. Macrophages and T cells attack the myelin sheath by cytotoxic mediators [e.g., tumor necrosis factor (TNF)-a, oxygen (O2) radicals, and nitric oxide (NO)]. B cells differentiate to plasma cells that secrete demyelinating antibodies. Mitoxantrone exerts inhibitory effects on autoreactive T cells, B cells, and antigen-presenting cells. 


OFF label use in MS

Azathioprine

-l-

6-methyl 6-MP —0 -thiouric acid
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® Non-aggressive : Azathioprine
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[
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o
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CM 1

® Aggressive : - Cyclophosphamide 12-24 months then Azathioprine

- Rituximab



Anti-CD20 monoclonal Ab: Rituximab 4

® Subtype of MS : RRMS, active SPMS

® Induction regimen : 1000 mg iv g 15 days*2 or 375 mg/m? iv q 1 week*4

® Maintenance regimen : 1000 mg iv g 6 months or if CD19=1% or

if CD19/CD27 = 0.05%.in first 2 years then =0.1% later

Blood tests:

Full blood count.

Liver function tests.

Immunoglobulin levels

- subnormal levels do not preclude treatment.

HBV serology (HBV surface antigen and core antibody)

- if either is positive, seek expert opinion and start anti-viral
prophylaxis before rituximab treatment.

HCV and HIV serology.

Additional pre-treatment work-up:
- If elective maintenance therapy planned (eg, NMOSD)

e Discuss contraception.

* Take immunisation history and give necessary vaccines*

- give non-live vaccines >4 weeks, live vaccines >8 weeks
prior to first infusion.

e Give pneumococcal vaccine to all patients if possible.

e Test for latent TB in high-risk groups (QuantiFERON-TB Gold
or tuberculin skin testing, followed by chest radiograph if
indicated).

e VVZV serology if there is no history of primary infection.

* In uncertain cases, antibody titres could be obtained for
important vaccines.

Whittam DH, et al. Pract Neurol 2019;19:5-20. doi:10.1136/practneurol-2018-001899

Rituximab
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*Check 1gG level after 2 years of treatment



New target

.The Bruton tyrosine kinase inhibitors (BTKIs)

® BTKis asignal transducer of various B cell
receptors, pattern recognition receptors,
chemokines, cytokines, and Fc receptors present

on all immune cells except T lymphocytes.

® Ag binding to the BCR leads to BTK activation,
which in turn, generates 2 pathways that regulate
the gene expression required for B-cell
proliferation, maturation, differentiation, and

chemokine/cytokine expression.

s
“ TH
vzzz

BTK Domains (5)

1. PH: Pleckstrin homology; recruits BTK to cell membrane
2. TH: Tec homology; contains Y223 autophosphorylation residue

3. SH3: Src homology 3

4. SH2: Src homology 2; along with TH and SH3 domains, binds various proteins
5. Kinase: also known as Src homology 1 (SH1); contains (481 residue, the site
of irreversible BTK and BTKI binding, and Y551 phosphorylation activation site

BTKIs covalent B Antibody secretion =Antigen
irreversible >=

site of action ___( )= « Immune complex
Evobrutinib ‘(

Orelabrutinib L FC re;ptor 7

BCR =4

Tolerabrutinib
BTK (P)
@81

377 I 659
SH2 { —C Kinlsc ~ Kinase = C

v Y551

Fenebrutinib
reversible interaction

&
5’? NExB o NEAT NFXB  NEAT
transcription transcription
MIDIN MBI
Regulation of cellular proliferation Phagocytosis
survival and maturation (ytokine release
Antigen presentation
Cytokine production

Lakshman Arcot Jayagopal and Rana K. Zabad.PRACTICAL NEUROLOGY. FEB2022
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Presentation Notes
The structure and domains of BTK and binding sites for BTKIs (A) that block the mechanism (B) by which BTKs activate innate and adaptive immunity. 

In MS, the detrimental effects of activated macrophages and microglia, such as myelin phagocytosis and cytokine secretion, are mediated via the Fc receptor and tumor necrosis factor α (TNFα) via toll-like receptor-4 (TLR-4) on the cell surface with subsequent BTK activation,5,6 suggesting BTK inhibition as a therapeutic approach in relapsing and progressive MS.


The Bruton tyrosine kinase inhibitors (BTKIs) — Phase II Trial

“““TABLE. COMPARISON OF BRUTON TYROSINE KINASE INHIBITOR PHARMACOLOGY

Evobrutininb (M-251) Tolebrutinib Orelabrutinib (ICP-022) | Fenebrutinib (GDC-0853)
(PRN2246) (SAR442168)
Structure 7 ol ? .
L ol L Sy
\)Ol\ i | N>—o H,N i IN \\/ |
NNy NN ‘ )\ N7 NH
Oyn NH, NH, S °© NN AP
N|\¢N \ Vi = N N X N\
O\(} . | : (o] Nl\/\
Molecular weight | 429.51% 455.51% 4279% 664.80%
Chemical bond Covalent, irreversible Covalent, irreversible Covalent, irreversible Noncovalent, reversible
with BTK10
Inhibition site Kinase domain C481 Kinase domain C481 Kinase domain C481 SH2 domain K430 residue, kinase
residue residue residue domain M 477 and D539 residues
IC50 (nM)? 37.97 0.4-0.79 16 237
Inhibition of other | Minimal, targets BTK Binds 12 of 250 tyrosine | Best selectivity, BTK only; | Targets 2 of 286 kinases’
tyrosine kinases selectively’ kinases at T mcMol® > 90% inhibition?®
Abbreviations: BTK, Bruton tyrosine kinase; BTKI, BTK inhibitor; IC50, half-maximal concentration. *The IC50 for the BTKIs of interest
vary depending on the type of used cells to determine the inhibition constant; however different papers report comparable values.
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Ongoing...Stem cell in MS !

Investigators in Italy Report Stem Cell
Injections Safe and Showed Hints of Benefit in

Progressive MS R O D

January 12,2023 Asingle cell that can

Researchers at San Raffaele Hospital in Milan, Italy published results from a small clinical trial of
neural stem cells injected a single time into the spinal fluid of 12 people with secondary progressive
MS or primary progressive MS. They were followed over 2 years. The procedure was found to be safe,
which was the primary outcome studied. Other outcomes suggested that those who received the

highest dose of cells showed less brain shrinkage, as well as signs of potentially beneficial molecules FEREEEEE
in their spinal fluid 3 months after the cells were injected.

y  differenfiate ino many

~  celltypes.
v YN

“Neural stem cell transplantation in patients with progressive multiple sclerosis: an open-label, phase
1 study,” by Angela Genchi, Elena Brambilla, Francesca Sangalli and others and senior author Gianvito
Martino, was published online on January 9, 2023 in Nature Medicine.
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Milestone in NMOSD

Devic and his student
Gault describing the first
anatomopathological
findings

Condition termed Devic's

MRI used to classify NMO

Initial diagnostic criteria
published?

Serum AQP4-ab was
included into revised
MMO diagnostic
criteria®

National M5
Society (task Force
on differential
diagnosis in MS)
diagnostic criteria

Antibodies for
MOG were
observed?

International
consensus
recommendations on
patients in whom
MOG-ab should be

for NMO? tested 12

disease?

.

EOEDVEDT XN EDEIDEDY
Highly specific autoantibody

biomarker (AQP4-ab) for
distinguishing NMO from MS*

In 2005, AQP4 was shown to be
the antigenic target of AQP4-ab®

IPMD diagnostic criteria
unified the term for
disease as NMOSD with
stratification by AQP4-
ab status??

“Relapsing” course
described by Beck;
“remitting-relapsing form”
described by McAlpine in
1938®

The first FDA-
approved treatme
nt for NMOSD
positive patients®?

The term NMOSD was
introduced to include
AQP4-ab
seropositivity”

NMOSD to be
considered in any
patient being
evaluated for M5Y

Fig. 1 Timeline and relevant milestones in NMOSD. During the last two decades, significant advances have been made in NMOSD, including:
introduction of new diagnostic criteria (gray arrows), identification of biomarkers, better characterization of clinical phenotypes, improved
prognosis and new therapeutic approaches (black arrows). AQP4 aquaporin-4, AQP4-ab aquaporin-4-antibodies, IgG immunoglobulin G, IPND
International Panel for NMO Diagnosis, MOG myelin-oligodendrocyte glycoprotein, NMO neuromyelitis optica, NMOSD neuromyelitis optica
spectrum disorder, TM transverse myelitis



Current treatment for NMOSD

Acute treatment Long term relapse prevention
Methylprednisolone Azathioprine
IVIG Mycophenolate mofetil
Plasma exchange Rituximab

Tocilizumab: IL6 receptor inhibitor

Future era New approved!

*  Ubituximab: mAb bind to transmembrane e  Eailiz b: mAb AntiC5
Ag CD20 . ' .

+  Bevadzumab: Binding VEGE inhibit SatraTl?zumab. mAb AnF1—IL6 receptor
angiogenesis * Inebilizumab: mAb antiCD19

* HBM9161: mAb binding FcRn IgG Fc
binding



Acute treatment related to relapse

o 019 — nebilizumab] |
Eugxlntzmosrrbi cnzo% %@cmg % | Inebilizumab Eosinophil Neutphll 1. B cell develop to plasma cell
boemrarnneneneeed T cell [ @_' ‘.'
D? @ el asma cefk A anti-acpa ] 2. T cell activation by presence of
p /igg;';;;‘n“;gb—T LA L IL-6,IL-23, TGF-B >>Th17
@-@-@-@-@-@-m@- CEOE T e (€D enter BBB
p / { Bevacizumabi— VEGF . -
@:?%\@:3 (Recruitment of neutrophil)
< ‘ % Complement& . . .
| S @) 0@ 3. Activate complement induce
TGF- ! i .
= . A C3a, C5a, MAC with VEGF
123 !.)Thme” A les3 induce eosinophil, neutrophil,
IL-6

NK and macrophage

Astrocyte 4. Complement damage to

astrocyte, oligodendrocyte and
neuron




Acute treatment related to relapse: Future

: Ublituximabl | Rituximab —i¢p20 cD19 cett inophi i I :
i BAT4406F | O % %@ % EeslneRnt Nemph" 1. Ubituximab: mAb bind to
—— -\, Teell /@D CaSr
ey ,%B—*ce“ @ Js g - transmembrane Ag CD20
’ — - nti-
i ‘D/Satralizumab E-R‘% Plasmeicel
( Tocilizumab

2.  Bevadzumab: Binding VEGF

p & ) inhibit angiogenesis
@:?%\@:3
h

k% Complement& 3. HBM9161 mAb blndlng FCRH

TGF-B l ® Q@ IgG Fc binding
\ Astrocyte l :
IL-23 lgﬂm cell % a5 ' |

Astrocyte
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Complementk

Long term relapse prevention

% %cmg %5019 Inebilizumab| _,

Plasma cell %Anti-AQPtl

A=A A )

osinophil

@ )6 ¥ ¥ _® X 8« e ) |@ e

Neutrophil

1.

2.

E calizumab: monoclonal
Ab Anti-C5

Satralizumab: monoclonal
Ab Anti-IL6 receptor

Inebilizumab: monoclonal
Ab antatCD19



Newly approved long term treatment

Eculizumab:
Anti-C5 mADb

e PREVENT
trial

Satralizumab: An
t1-1L6 R. mADb

» SAkuraSky trial
e SAkuraStar trial

Inebilizumab:
Anti-CD19 mADb

e N-Momentum
trial




PREVENT TRIAL: Eculizumab

Rate of serious infections Adjudicated relapses

B * Eculizumab

Overall population [N = 143) . .

o i * Placebo
Storcids alona {n = 27) L] L
Azathioprns (n = 50) L -

Kyoophanolaie . -

madell {n = 25) §
Othar IBT(n=T) L] ]
Mo BT {n=234) . H -

Prrevious riwmab use g
Yes (n = 46) - .

Mo {n = 97) - .

Regian H
Amarncas (n= 44} - H
Asia-Pacdic (n = 48) - .
Ewrape (n=51) - H

Primary endpoint
« Time to first
adjudicated relapse

Secondary endpoints

* Safety and tolerability Rituximab use Concomitant  History of another
+ Relapse rate within previous IST use auteimmune disorder

Serious infections per 100 patient-years

<45 yoors (n= 71} . H -

= 45 years (n=T2) . . H
Sex I
Female (n = 130) - .

klada (n = 13) . H -
Race i
Asian (n=53 - [

EBlack o Alfncan . .

Amencan {n = 17)

‘White (n = 70) - F ™

Othar (n=4) .
Tima since chinical onset
of NMOSD :

< 5 yaars (n=T3) - HU

& S years (n = T0) - L
Basaling EDSS scom f

< 4,0 (n = 64) . : -

z4.0(n=T9) L .
Hatorical annualized relapss rale

% 1.5 {n = 65) - *

= 1.5 {n = T&) - .
Hitory of anofer H
aubaimmune deonder &

¥es (n =33) . .

Ma {n= 110) - :’

+ Disability year
+ Quality of life } E

SCREENING Meningococcal vaccination
PHASE Randomization 2:1
(1-6 weeks) (96 eculizumab: 47 placebo)

—_—_—

900 mgiweek = 4 weeks, then 1200 mg every 2 weeks
Induction Maintenance
Day Week Week Week Week Week Week Week
1 1 2 3 4 8 10 12
O O ) . . — , . ,
- - - - ) 20 a0 &0 B 100

Concomitant IST permitted B st e oes
Median study duration: 1.4 years (range, 6 weeks to 4.1 years)

PP < 2@ T

RANDOMIZED
TREATMENT PERIOD
(event-driven trial)

S. J. Pittock, A. Berthele, K. Fujihara, H. J. Kim, M. Levy, J. Palace, et al. New England Journal of Medicine 2019 Vol. 381 Issue 7 Pages 614-625.



PREVENT TRIAL: Eculizumab

A First Adjudicated Relapse (Primary End Point)
100~ . '
i -
o 904 L 197.9 196.4 196.4 Eculizumab bt
- so| ! | | : o
[’ - S
p T ! ! : 2
g 70 1632 ! i 3 9
g s o] L_ﬁ***Lﬁ 519 | s
<& 5o i ——— 145.4 ol
3 i (R PRSP RSRS - —— °
g, g 40 H 1 1 Placebo & E
= 1 I 1 o 2
8& 30 i i i S&E
5 : : | 5
5 209 Hazard ratio for relapse, 0.06 (95% Cl, 0.02-0.20) ' z
= 104 P<0.001 i i i o
1 1 1
0 T T T I T T T I T T T I T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204211
Weeks since Randomization
No. at Risk No. at Risk
Eculizumab 9% 92 83 78 68 60 58 52 46 41 32 24 22 18 14 8 2 1 Ecdﬁzunﬁab
Placebo 47 38 30 24 21 16 13 10 9 6 5 5 4 3 3 3 3 1
Placebo
B First Adjudicated Relapse in Patients Not Receiving Concomitant Immunosuppressive Therapy
100 it ; ;
! 1100.0 1100.0 1100.0 Eculizumab
) 90 1 1 1
E L I 1 1
I 804 | : i i
2 0 0 L ! ! !
g8 . 160.6 ! !
2 60+ : - . .
£35 5 ! I ! !
qu £ 4 : l___ 1404 i
b o . : _r I :
£5 ! L 0.2 Placeb
acepo
a L 2
o 104 | i i
1 1 1
0 T T T i T T T i T T T i T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204211
Weeks since Randomization
No. at Risk
Eculizumab 21 21 20 20 14 13 13 13 11 9 9 9 9 8 6 4 1 1
Placebo 13 9 6 6 4 4 3 2 2 1 1 1 1 1 1 1 1 1

S. J. Pittock, A. Berthele, K. Fujihara, H. J. Kim, M. Levy, J. Palace, et al. New England Journal of Medicine 2019 Vol

100kttt

90 &
30 —

70 .I‘II
60
50+
40+
304
204
104

0 T T T

95.4

C First Adjudicated Relapse in Patients Receiving Concomitant Immunosuppressive Therapy

95.4

Pttt —ti———++ Ecullizumab

# Placebo

-
P

55.0

0 12 24 36 43

75 71 63 58 54
34 29 24 18 17

T T T T T T T 1
60 72 8 96 108 120 132 144 156 168 180 192 204211

Weeks since Randomization

47 45 39 35 32 23 15

1210 3 7 5 4

NDC 25682-001-01
30 mL Single-Dose Vial

Soliris®
(eculizumab)

Soliri

Injection,
for Intravenous Use
Must be diluted prior to use.
R only

ALEXION

| (eculizumab) i

300mg/30 mL
(10mg/mL)

1
1
1
1
1
1
1
1
1
1
1
1
t
4

—

. 381 Issue 7 Pages 614-625.



Summary of Eculizumab

First approve treatment in NMOSD, Approved in US, EU, Japan

Dosage
« Induction: 900 mg IV weekly*4
« Maintenance: 1,200 mg IV every 2 weeks

Efficacy: 94% relapse risk reduction, 98% relapse free at 48 weeks
Safety: 1 death due to pulmonary empyema

Consideration:
« Only AQP4-IgG positive of NMO patients

* Meningococcal infection

Side effect: Headache, Increase encapsulated infection

S. J. Pittock, A. Berthele, K. Fujihara, H. J. Kim, M. Levy, J. Palace, et al. New England Journal of Medicine 2019 Vol. 381 Issue 7 Pages 614-625.



SAkuraSky and SAkuraStar: Satralizumab

SAkuraSky

SAkuraStar

Phase 3 randomized, double
blind, placebo controlled, time
to event trial

Efficacy and safety of
Satralizumab in AQP-4
positive or negative NMOSD

120 mg sc at weeks 0,2,4 then
every 4 weeks

Primary end point was
adjudicated relapsed

Phase 3 randomized, double
blind, placebo controlled, time
to event trial

Efficacy and safety of
Satralizumab in AQP-4
positive or negative NMOSD

120 mg sc at weeks 0,2,4 then
every 4 weeks

Primary end point was
adjudicated relapsed

No concomitant IST

AQPA-1gGl+)

RANDOMIZED
11
(n=52)
Adult
AQP4-1gG(+)
patients

Double-blind period*

ENSPRYMNG =C 120 mg g4

(n=41) The double-blind

period ended at 1.5 years
after randomization of

last patient.
Placebo
(n=23)

Double-blind period*®

The double-blind period
ended when the total
number of protocol-defined

relapses reached 26.
Placebo + IST
(n=26)

[

NDC 50242-007-01 Reonly
Enspryng™
(satralizumab-mwge)

Injection

6°F) in original carton to protect from light.

ch patient is required to receive the enclosed

1 prefilled syringe Genentech

https://www.enspryng-hcp.com/efficacy/trial-information.html



SAkuraStar and SAkuraSky:
Satralizumab

Satralizumab monotherapy vs placebo?

Relapse free | Relapse free Hazard ratio

48 wks 96 wks

Group Treatment

Al Satralizumab (n=63) 76.1% 72.1%
Placebo (n=32) 61.9% 51.2%

089 (P=0184)

045 957 CL0.23-

antl- | Satralizumab (n=41) 82.9% 76.5%
AQP4" | placho (n=23) 55.4% 41.1%

063 (P=0014)

0.26,95% Cl: 0.11-

Satralizumab adjunctive therapy vs placebo®

All Satralizumab (n=41) 88.9% 77.6%

Placebo (n=42) 66.0% 58.7% 0.88;, P=.0184

0.38; 95% Cl: 0.16-

anti- | Satralizumab (n=27) 91.5% 91.5%
AQP4" | placebo (n=28) 59.9% 53.3%

0.75 (P=0086)

0.27; 95% Cl: 0.06-

Abbreviation: antiAQP4", positive for antibodies to aquaporin 4.
2 data from SAkuraStar study (NCT020737279)
> data from SAkuraSky study (NCT02028884)

A Freedom from Relapse in Overall Population

1004 1 '
i 1
| '
i '
@ ; ' )
o 80 ! 74 Satralizumab
w ' I BT ——B e
2 v
£ o '
= & 60 : !
] i |
i i
5% i i
Be 4 : | :
s ! ! 1 Placebo
@ H :
5 : : |
3] 20+ .
a Hazard ratio for relapse, 0.38 (95% Cl, 0.16-0.88) '
\ \
1 ! 1
|
0—— T T T T T t T T T T T
Base- 12 24 36 48 72 96 120 144 168 192 216
line Time to Relapse (wk)
No. at Risk
Satralizumab 41 37 29 25 24 22 20 19 14 9 2 1
Placebo 42 34 30 22 19 16 16 12 9 4 0 —
B Freedom from Relapse among 55 AQP4-1gG-Seropositive Patients
100+ 0 '
. : | o
H ! i # +
E 80+ H ' Satralizumab
- H
53 ’
2 i : i
& 60 . L 53
T3 1 T+ +
‘5 ® 1 H
%E 40 ' ! v
‘E £ i i i Placebo
g i 1 1
E 20 Hazard ratio for relapse, 0.21 (95% Cl, 0.06—0.75) H
: : i
— T T T T T T T T
Base-12 24 36 48 72 96 120 144 168 192 216

line Time to Relapse (wk)

No. at Risk
Satralizumab 27 24 19 15 15 14 14 13 10 7 2
Placebo 28 23 20 13 10 8 8 5 5 2 0

C Freedom from Relapse among 28 AQP4-IgG-Seronegative Patients

100- . .
i i
84 1
\ i
8 80 !
s : &7
£ o ' i )
o I 56 Satralizumab
28 60 76 I ' I|- — ——
gs - -
5 & : 36 I S
95 a0 ! ' 49 Placebo
g8 i i !
g i i
8 20- Hazard ratio for relapse, 0.66 (95% CI, 0.20-2.24)
) .
'
T

i :
T T T T T T T T T T
Base- 12 24 36 48 72 96 120 144 168 192
line Time to Relapse (wk)

No. at Risk
Satralizumab 14 13 10 10 9 7 6 6 4 2 0
Placebo 14 11 10 9 9 8 8 7 4 2 0

T
216

Traboulsee A, Greenberg BM, Bennett JL, Szczechowski L, Fox E, Shkrobot S, Yamamura T, Terada Y, Kawata Y, Wright P, Gianella-Borradori A, Garren H, Weinshenker BG. Safety and efficacy of satralizumab monotherapy in neuromyelitis optica spectrum
disorder: a randomised, double-blind, multicentre, placebo-controlled phase 3 trial. Lancet Neurol. 2020 May;19(5):402-412.



Summary of Satralizumab

Approved in US, Japan, EU
Age > 12 yr
Dosage

* Initiation: 120 mg sc at week 0,2,4

« Maintenance: 120 mg sc at week 8 and every 4 week
Efficacy: 79% relapse risk reduction, 89% relapse free at 48 weeks
Safety: No death or anaphylactic reaction

Consideration:
* Increased risk of infection (Nasopharyngitis, cellulitis)
« HBV reactivation (Chronic HBV patients were excluded), Tuberculosis

 Lived vaccine should not concurrently give

Side effect: Headache, Mild elevated liver enzyme, decrease neutrophil count,

hypersensitivity reaction

https://www.enspryng-hcp.com/efficacy/trial-information.html



I[nebilizumab: N-Momentum study

I 1 15
15 =BCP OLE

]
LN 28 weaks ¥ oiacebo) 1§

T N Tala == . - .
Inebilizumab 300 mg Inebilizumab/inebilizumab group
Scraanin Inebilizumab 300 mg
ity 4 3:1 randomization * every 26 weeks
<56 days n=213

Hlacebohnebiizumab group

|
P ¢ 4
1 15 115
UPLIZNA
ML VIELABIO NDC 72677-551-01 i
ATTENTION PHARMACIST: -

Dispense the accompanying
Medication Guide to each patient, oAt

UPLIZNA™ s,

(inebilizumap- e
- INJECTIONCdon] _,_1;-;
sﬁ?mTvﬂf‘uﬂ ML (10 mg/mi) %‘,‘,?ﬁ
uu-mmm DiLuTIoN %ﬁﬂ:‘
Z.
>

Double-blinded, randomized placebo-

controlled trial
AQP4-IgG positive or negative

Randomized 3:1 to receive IV inebilizumab
300 mg (n=174) or placebo on day 1, 15

Prednisolone 20 mg/day for 14 days then 7-day

taper

Primary end point was time to NMOSD attack

M. J Tullman, A. Zabeti, S. Vuocolo and Q. Dinh Neurodegenerative Disease Management 2021 Vol. 11 Issue 5 Pages 341-352



I[nebilizumab: N-Momentum study

@ Randomized control period Open-label extension

Approved in US

Dosage

« 300 mg IV on day 1 and day 15, then every 6 months

Attack-free participants (%)

201 Efficacy: 77% relapse risk reduction, 87% relapse free at

O0 4 & 12 16 20 24 28 32 36 40 44 48 52 the end Ofbhndlng periOd

Time to attack (weeks)

Participants at risk (n)
Placebo 56 53 49 44 43 37 35 32 30 29 29 26 26 24
Inebilizumab 174 170 163 157 154 154 152 146 143 143 140 132 129 122

Safety: 2 deaths (1 severe attack, 1 related brain

Randomized control period Open-label extension

event with unclear etiology)

Consideration:
* Only AQP4-IgG positive of NMO patients

Attack-free participants (%)

0 T 1 T T T l | ! | T T T ]
0o 4 8 12 16 20 24 28 32 36 40 44 48 52
Time to attack (weeks)

Side effect: Headache, UTI, URI, back pain

Participants at risk (n)
Placebo 52 49 45 40 39 33 31 28 26 25 25 22 22 20
Inebilizumab 161 158 153 148 145 145 143 138 135 135 132 124 121 114

——1Inebilizumab — Placebo | A.QP4 +

M. J Tullman, A. Zabeti, S. Vuocolo and Q. Dinh Neurodegenerative Disease Management 2021 Vol. 11 Issue 5 Pages 341-352
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CrossMark

New therapies for neuromyelitis optica spectrum disorder

Michael Levy, Kazuo Fujihara, Jacqueline Palace

PREVENT (eculizumah)®

SAkuraSky” and SAkuraStar*® (satralizumab)

N-Momentum (inebilizumab)¥

Immunological
target

Trial design*

Background
immunotherapy

Aquaporin-4
serostatus

Relapse history

Previous rituximab

Primary endpoint

Event (relapse)
definition

Adjudication
committee for
assessment of
primary outcome

Secondary
endpoints

EDSS at baseline
Maintenance

Age

Complement component §

Phase 3 trial of eculizumab with
immunosuppressive therapy vs placebo
with immunosuppressive therapy

Background immunotherapy was
permitted

Aquaporin-4-1gG seropositive only

At least two relapses in previous year,
or at least three relapses in previous
2 yearswith at least one in previous year

Yes, but not within 3 months before
baseline

Time to event (relapse)

New or worsening symptoms persisting
for 24 h not attributable to another cause;
relapses were classified as minor or major
using Opticospinal Impairment Score

Not in original design; protocol amended after
enrollment of 88 patients; 21 relapses occurred
before amendment

ARR, EDSS, modified Rankin Scale,
Hauser Ambulation Index, EQ-5D-3L

<70
Intravenous every 2 weeks

=18 years

Interleukin-6 receptor

Phase 3 trials of satralizumab with
immunosuppressive therapy vs placebo with
immunosuppressive therapy (SAkuraSky) or
satralizumab alone vs placebo alone (SAkuraStar)

SAkuraSky: background therapy was necessary
SAkuraStar: no background immunotherapy

Aquaporin-4-1gG seropositive or seronegative

SAkuraSky: at least two relapses in previous
2 years and at least one relapse in previous year;
SAkuraStar: at least one relapse in previousyear

Yes, but not within & months before baseline

Time to event (relapse)

New orworsening symptoms persisting for 24 h
and meeting any one of four EDSS or Functional
System Score thresholds

Yes

Pain (VAS), fatigue (FACIT), SF-36, EQ-5D, timed
25-foot walk, percentage of relapse-free patients,
ARR, modified Rankin Scale, Zarit Burden
Interview, EDSS, visuval acuity

<6.5

Subcutaneous every 4weeks

12-74 years

CD19 B-cell marker

Phase 2/3 trial of inebilizumab vs
placebo

No background immunotherapy

Aquaporin-4-lgG seropositive or
seronegative

At least two relapses in previous 2 years
and at least one relapse in previousyear

Yes, but not within 6 months before
baseline or B cells below lower limit
of normalt

Time to event (relapse)

Report of neurological symptoms
attributable to NMOSD, meeting a set
of criteria specific for the area of
involvement (eg, optic neuritis,
transverse neuritis, brain)

Yes

EDSS, incidence of new MRI lesions,
disease-related admissions to hospital,
visual acuity

=8.0
Intravenous every 6 months

=18years

ARR=annualised relapse rate. EDSS=Expanded Disability Status Scale. EQ-5D(-3L)=(3-level) EuroQol-5-dimension questionnaire. FACIT=functional assessment of chronic
illness therapy. NMOSD=neuromyelitis optica spectrum disorder. SF-36=36-item Short Form survey. VAS=visual analogue scale. *All four trials were double-masked studies.
TRituximab depletes B cells for an average of 6-8 months depending on the dose; when rituximab wears off, B-cell counts start to dimb again.

Levy M, Fujihara K, Palace J. New therapies for neuromyelitis optica spectrum disorder. Lancet Neurol. 2021 Jan;20(1):60-67.



PREVENT SAkuraSky SAkuraStar N-Momentum

(eculizumab)* (satralizumab)” (satralizumab)* (inebilizumab)¥

Placebo with or Eculizumab with or Placebowith Satralizumab with or Placebo Satralizumab  Placebo Inebilizumab

without IST (n=47) without IST (n=96) orwithout IST (n=42)  without IST (n=41) (n=32) (n=63) (n=56) (n=174)
Aquaporin-4-1gG 47 (100%) 96 (100%) 28 (67%) 27 (66%) 23(72%)  41(65%) 52(91%) 161(91%)
seropositive, n (%)
Female, n (%) 42 (89%) 88 (92%) 40 (95%) 37 (90%) 31(97%) 46 (73%) 50(89%) 159 (91%)
Age, mean years (SD) 45 (13) 44(13) 43(12) 41(16) a1)  45(12) £y 83012
Age at initial clinical 39(15) 36 (14) 39(12) 35(17) 39 (13) 36(11) Mot Mot
presentation, mean reported reported
years (SD)
Baseline EDSS 40 (1-0-7-0)* 4-0 (1-0-6-5)* 36(13)f 3-8 (1-6)t 36(16)F  39(12) 4-0* 35+
Discontinuation rate, n (%) 3(6%) 16 (17%) 10 (24%) 3(7%) 4 (12%) 7 (11%) 2 (4%) 6 (4%)
Baseline ARR in previous 2 21(1.0) 1.9(0-9) 1.4 (0-5) 1.5 (0.5) 1.4 (0-6) 1.5(0-7) 1.6 (1.5) 1.7 (1.5)
years, mean (5D}
Background None: 13 (28%); MNone: 21 (22%); Corticosteroids: Corticosteroids: None: MNone: MNone: None:
immunotherapy, n (%) Corticosteroids: Corticosteroids: 16 (17%);  20(48%); 17 (41%); 32(100%) 63 (100%) CO (100%) 174 (100%)

11 (23%); Azathioprine with Azathioprine: 13 (31%); Azathioprine:

Azathioprine with or without Mycophenolate 16 (39%);

orwithout corticosteroids: 37 (39%);  mofetil: 8 (19%); Mycophenolate

corticosteroids: Mycophenolate mofetil Mycophenolate mofetil: 4 (10%);

13 (28%); with orwithout mofetil with Azathioprine with

Mycophenolate mofetil  corticosteroids: 17 (18%);  corticosteroids: 1 (2%)  corticosteroids: 3 (7%);

with orwithout Other with orwithout Mycophenclate

corticosteroids: 8 (17%); corticosteroids: § (5%) mofetil with

Other with orwithout corticosteroids: 1 (2%)

corticosteroids: 2 (4%)

ARR=annualised relapse rate. EDS5=Expanded Disability Status Scale. IST=immunosuppressive therapy. *Median. TMean.

Levy M, Fujihara K, Palace J. New therapies for neuromyelitis optica spectrum disorder. Lancet Neurol. 2021 Jan;20(1):60-67.



@ % @ New therapies for neuromyelitis optica spectrum disorder

Crosshark

Michael Levy, Kazuo Fujihara, Jacqueline Palace

Practiaal consideration: Cost and availability

Eculizumab
« High efficacy (And safety due to previous use in MG)
« Eculizumab compliance ( infusion every 2 wk — missing few days C5 restore)

« Vaccine against N.meningitidis or antibiotics until 2 weeks after immunization

Satralizumab
* Prefilled syringe, monthly subcutaneous

* Lowest price

Inebilizumab

« Tuberculosis and hepatitis screening, B-cell count twice a year

Levy M, Fujihara K, Palace J. New therapies for neuromyelitis optica spectrum disorder. Lancet Neurol. 2021 Jan;20(1):60-67.
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