Immunomodulerande behandling vid terapiresistent myastenia gravis (MG)
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Uppgivna forhallanden

FP har mottagit forskningsanslag for akademiskt initierade forskningsprojekt inom MS fran
Biogen, Genzyme and Novartis, samt personlig ersattning for uppdrag som ordférande for
DMC for tva fas Ill studier i NMO (Parexel).

FP har varit svensk huvudproévare for kliniska behandlingsstudier i MG sponsrade av
Alexion samt Argenx.

FP ar medlem i det Vetenskapliga radet vid Lakemedelsverket. De slutsatser som framfors i
denna presentation ar forfattarens egna och representerar inte nédvandigtvis
myndighetens syn.



Allman bakgrund

Vad géra om behandlingen inte fungerar ?
-Nyheter kliniska studier
-Olika behandlingsalternativ

Dags att tanka om gallande behandlingstrategi ?



84 ar sedan den forsta
effektiva behandlingen!

TREATMENT OF MYASTHENIA GRAVIS WITH
PHYSOSTIGMINE

To the Editor of THE LANCET

S1r,—The abnormal fatiguability in myasthenia
gravis has been thought to be due to curare-like
poisoning of the motor nerve-endings or of the
“myoneural junctions * in the affected muscles. It
oceurred to me recently that it would be worth while
to try the effect of physostigmine, a partial antagonist
to curare, on a case of myasthenia gravis at present
in St. Alfege’s Hospital, in the hope that it would
counteract the effect of the unknown substance which
might be exerting a curare-like effect on the myoneural
junctions. I found that hypodermic injections of
physosticmine salieylate did have a striking though
temporary effect.

Mrs. M., aged 56, had had a previous attack of myas-
thenia gravis, lasting about six months, 14 years ago.
(Gastriec uleer four wyears ago. Non-specific infective
arthritis seven months ago, now improved.

Towards the end of last February she found that she
was unable to hold her shopping bag, and that her head
used to fall forwards when she knelt to do the hearth.
She had to remain in bed after March 18th, and had
difficulty in sitting up. Her jaw then began to droop,
she had to hold it up with her hand, and the left
evelid began to droop. Speech became indistinct when
she was excited, swallowing was difficult, and fluid some-
times regurgitated through her nose. 8She was admitted
to the hospital on March 28th, and a few days later weak-
ness came on in the middle and ring fingers of both hands,
The weakness is much increased by excitement, and is
lessened by rest. It becomes worse as the day goes on.
There is no wasting, and the tendon reflexes ave all present.
The masseters respond slightly or not at all to faradism ;
a myvasthenie reaction has been obtained in the left
deltoid. Radiograms show obsolete pulmonary tuberculosis.
The thymus is not enlarged.

On April 11th treatment with hypodermie injections of
physostigmine salicylate, gr. 1/60 once a day, was begun.
In from half an hour to an hour after the injection the
left eyelid * goes up " (see Figure), arm movemenis are
much stronger, the jaw drops rather less, swallowing is
improved, and the patient feels ** less heavy.” The efiect
wears off gradually in from 2—4 hours. With injections

of gr. 1/60 the improvement is greater, and it lasts for
4—5 hours. Still greater improvement, lasting for 6—7 hours,
followed an injection of gr. 1/45, but the patient felt rather
faint and trembly, her ** inside seemed all on the work,”
and she felt as if * something were going to happen,”
These feelings did not completely disappear till an hour
after the injection. In all, 26 injections of physostigmine
salicylate have been given. The effect is not guite uniform ;
on two occasions injections of gr. 1/45 and gr. 1/60 failed

Before injection the patient cannot raise her left eyelid. ThIrty

minutes after it the eye is fully open. (The phot Ds‘rﬂl‘%sl';ﬁ
reprodunced from a cinematograph film and are reverse

for right.)
to produce any obvious effect. She feels better and more
cheerful since the injections were begun. 1/60

Given by the mouth, physostigmine salicylate gr-
produced mo obvious eﬂsct!: but-ban hour aiter grlllﬂﬂf&'
slight improvement occurred. Nao improvement mc]minf
control injections of water, pilocarpine gr. 1/20, stry holine
gr. 1/30, adrenaline T|5, ephedrine gr. 4, or scetyle
006 and 01 g. ] -

I think that this effect of physostigmin® ;o
myasthenia gravis is important, though it‘lhtrﬂd’
temporary, for it improves swallowing and ™IEE" Ly,
a patient over a respiratory crisis. It SﬂPI’UimM
opinion that the fatiguability is due to 2 p?,ﬁann-"
of the motor end-organs, or * myoneural jun

rather than to an affection of the muscle itself. It
may be significant that physostigmine inhibits the
getion of the esterase which destroys acetylcholine.
1 have mot had the opportunity of treating amother
ecase to comfirmm the findings. The administration of
other drugs whose action resembles that of physo-
stigmine is under consideration. It is also possible
that physostigmine might be of some service in
potulisn and in cobra poisoning. in both of which a
curare-like poisoning of the “* myoneural junctions *" of
the respiratory muscles has been stated to be the maain
cause of death.

I wish to thank Dr. Philip Hamill for his interest
and adwvice, and Dr. VW. D. Wiggins, medical super-
intendent of the hospital, for permission +to publish
the case. I am, Sir, yours faithfully,

M. B. WALEKER.
St. Alfege™s Hospital, Greenwioch, May 12th.



Inte en sjukdom; flera subtyper!

1. EOMG. Mest kvinnor. HLA B8-DR3. God effekt av tymektomi
2. LOMG. Mer mian. HLA DRB1*1501. Bredare antikroppsmonster; titin, ryanodin

3. Tymom-associerad MG@G. Medelalders personer. Tymektomi. Bredare antikroppsmonster;
titin, ryanodin

4., MuSK+ MG. oftare ursprung fran medelhavet. Bulbdra symptom. Svarar bra pa rituximab. Ej tymektomi.

5. LRP4+ MG. samre karaktiriserad. Mildare sjukdom? Tymektomi?

6. Trlppel seronegativ MG. vanligare hos okulir MG.

De flesta kan debutera som okular MG.
Ca 70% konverterar till generaliserad sjukdom inom 2 ar.



Antikroppsmedierad modulering av NMJ funktion
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J. Clin. Invest. 116:2843-2854 (2006).



13 domaner
Max 39 poang
Milda spt <6
Mattliga 6-12

Svara >12

Hur kvantifiera symptom objektivt - QMG

Kvantitativt MG status

13 domadner
podngsatts 0-3

. Dubbelseende vid blick uppat

Ptos vid blick uppat

3. Grimasera

8.
9.

(alt ansiktsmuskulatur): Sluter 6gonlock

Tuggning
(alt svaljfunktion vatten)

. Rakning till 100 - Dysartri

Armlyft hoger
(alt Framstrackta armar hoger)

Armlyft vanster
(alt Framstrackta armar vanster)

PEF % normalt for alder, kén (se bild baksida)

Fingerextension hoger

10. Fingerextension vanster
11. Huvudlyft
12. Benlyft hoger dynamiskt

(alt Benlyft hoger statiskt 45 grader)

13. Benlyft véanster dynamiskt

(alt. Benlyft vanster statiskt 45 grader)

Ev. Kommentarer:

Op

120s
120s
20ggr
Normalt
20ggr
Normalt
100
40ggr
180s
40ggr
180s
76-140%
70ggr
70ggr
30ggr
35ggr
60s
35ggr

60s

Cirkla korrekt ruta och skriv uppmatt varde i rutan

p

91-119s
91-119s
11-19ggr
Reducerad kraft
11-19ggr
Minimal hosta
41-100
25-39gqr
60-179s
25-39ggr
60-179s
51-75%
40-69ggr
40-69ggr
15-29ggr
21-34gqr
40-59s
21-34ggr

40-59s5

2p

11-90s
11-90s
5-11ggr
Ej mot motstand
5-11gagr
Kraftig hosta
5-40
10-24qqr
10-59s
10-24ggr
10-59s
26-50%
10-39ggr
10-39ggr
5-14gar
10-20ggr
15-39s
10-20ggr

15-39s

3p

<11s
<11s
<5ggr
Kan gj sluta
<5ggr
Kan gj svdlja
<5
<10ggr
<10s
<10ggr
<105
<26%
<10gqgr
<10ggr
<5ggr
<10gqgr
<155
<10ggr

<155



Patient-rapporterade utfall: MG-ADL

MG-skala 6ver aktiviteter i dagliga livet

Poster Grad 0 Grad 1 Grad 2 Grad 3 Poiing (0,1,2,3)
1, Tal Normalt  Infermittent  Konstant Svérighet att
sluddrigt eller  sluddrigt eller  forsta tal
nasalt tal nasalt tal, men
kan forstis
2. Tuggning Normal  Trittsamt med Tréttsamt med Ventrikelsond
fast foda mjuk foda
3. Sviljning Normal Siillan Ofta Ventrikelsond
forekommande forekommande
kvévnings- kvdvnings-
hiindelse hiindelse som
kriver dndrad
kost
4. Andning Normal  Andfiddhet  Andfidddhet Respirator-
vid vid vila beroende
anstrangning
5. Nedsatt Ingen Extra Behov av Kan inte géra
forméga att anstringning, viloperioder ~ négon av dessa
borsta tinder men inget funktioner
eller kamma behov av
héret viloperioder
6. Nedsatt Ingen Latt, anviinder Mattlig, Uttalad,
formaga att ibland armarna anviinder alltid beh&ver hjilp
resa sig frén en armarna
stol
7. Dubbelseende Inget Foérekommer, Dagligen, men Konstant
men inte inte konstant
dagligen
8. Hiangande Inget Forekommer, Dagligen, men Konstant
tgonlock men inte inte konstant

dagligen



Patient-rapporterade utfall: MG-QoL

Ange hur vil varje pastaende
stimde for dig (under de senastc 4
veckorna).

1. Jag ir frustrerad Gver mitt tillstdnd
2. Jag har svarigheler med att anvinda dgonen
3. Jag har svirigheter med atl éta

4. Jag har begriinsat mina sociala aktiviteter pi
grund av mitt tillstdnd

5. Mitt tillstdnd begrinsar min férmaga aut
finna ndje i [ritidsintressen och roliga

aktiviteter

6. Jag har svarigheter med att uppfylla min
familjs behov

7. Jag mdste planera med hiansyn till mitt
tillstand

8. Min yrkesskicklighet och min
arbetssituation har paverkats negativt

9, Jag har svirigheter att tala

10. Jag har svirigheter med att kéra bil
11. Jag &r deprimerad dver mitt tillstand
12. Jag har svérigheter med att ga

13. Jag har svérigheter med ali ta mig runt pd
allménna platser

14, Jag kinner mig-overvildigad av mitt
tillstind

15, Jag har svdrigheter med att skéta mina
kroppsviardsbehoy

Inte alis Lite Nigot Ganska Vildigt
mycket mycket
0 1 2 3 4




SNEMA behandlingsalgoritm v2 (2016)

[ Diagnos ]

L J

- Latta/mattliga symtom: kolinesterashammare

- Svarare symtom: steroider (relativt snabbt insattande

effekt) och/eller immunosupressiva (langsammare
effekt)

Myckat lindrig MG > 10 &
Aldar> 60 & Dalizt AT
[ Tymektomi ( }Ej tymektomi ]

l

L4 ¥
[ Svarare symtom steroider och eller immunosupressiva ]

[ Myasten kris: IVIG eller plasmaferes och/eller steroider i hdg dos (Solumedrol) ]

http://www.snema.se/dokument_files/MGkonsensus160412.pdf



Tymektomi

e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 AUGUST 11, 2016 VOL. 375 NO.6

Randomized Trial of Thymectomy in Myasthenia Gravis

G.I. Wolfe, H.J. Kaminski, |.B. Aban, G. Minisman, H.-C. Kuo, A. Marx, P. Strébel, C. Mazia, J. Oger, ].G. Cea,
J.M. Heckmann, A. Evoli, W. Nix, E. Ciafaloni, G. Antonini, R. Witoonpanich, J.O. King, S.R. Beydoun, C.H. Chalk,
A.C. Barboi, A.A. Amato, A.l. Shaibani, B. Katirji, B.R.F. Lecky, C. Buckley, A. Vincent, E. Dias-Tosta, H. Yoshikawa,

M. Waddington-Cruz, M.T. Pulley, M.H. Rivner, A. Kostera-Pruszczyk, R.M. Pascuzzi, C.E. Jackson,
G.S. Garcia Ramos, ).J.G.M. Verschuuren, |.M. Massey, J.T. Kissel, L.C. Werneck, M. Benatar, R.]. Barohn,
R. Tandan, T. Mozaffar, R. Conwit, J. Odenkirchen, J.R. Sonett, A. Jaretzki, IIl, J. Newsom-Davis, and G.R. Cutter,
for the MGTX Study Group*

BACKGROUND

Thymectomy has been a mainstay in the treatment of myasthenia gravis, but there is no
conclusive evidence of its benefit. We conducted a multicenter, randomized trial compar-
ing thymectomy plus prednisone with prednisone alone.

METHODS

We compared extended transsternal thymectomy plus alternate-day prednisone with al-
ternate-day prednisone alone. Patients 18 to 65 years of age who had generalized nonthy-
momatous myasthenia gravis with a disease duration of less than 5 years were included
if they had Myasthenia Gravis Foundation of America clinical class II to IV disease (on a
scale from I to V, with higher classes indicating more severe disease) and elevated circulat-
ing concentrations of acetylcholine-receptor antibody. The primary outcomes were the
time-weighted average Quantitative Myasthenia Gravis score (on a scale from 0 to 39, with
higher scores indicating more severe disease) over a 3-year period, as assessed by means
of blinded rating, and the time-weighted average required dose of prednisone over a 3-year
period.

QMG score ca 10 = mattliga symptom
Battre effekt <40 aa

Annan studie* visat extremt fa fall med
hyperplasi >60 aa (kvinnor, hoga AChR ak)

*Uzawa, J Neurol (2015) 262:1019-1023



Immunmodulerande/-suppressiv behandling

Evidensgrad 2b; _ _ ,
Aza add-on reduces maintenance dose of prednisolone. 34 MG patients followed for 3 years (!)

-A.zat|0pl’lr‘1 Neurology 1998 50(6):1778-83.

-Ciklosporin

-Cyklofosfamid

-Metotrexat No evidence of effect of methotrexate in gMG Neurology 2016 87(1):57-64
-Takrolimus

Evidensgrad 3a;

-Rituximab
-Mykofenolatmofetil MMTF not superior to placebo during prednisone tapering Neurology 2008;71:400-406



Immunmodulerande/-suppressiv behandling

Kortison ar vanligen en bra behandling, men problem med biverkningar pa sikt
Plasmabyte / Immunoglobuliner ar effektiva, men problematiska vid langtidsbehandling
Riktigt starka behandlingsdata (klass 1) saknas for p.o immunosuppressiva

Vanligt att borja med azatioprin, vid behandlingssvikt byta till ciklosporin eller mykofenolat

Starkt motiv for att utveckla battre algoritmer?



Nya behandlingar: Vad fanns pa horisonten for 5 ar sedan?

1) T cell Intracellular Signaling Pathways associated with T cell activation,
such as monoclonal antibodies against CD52, Interleukin 2-receptor (IL-2 R),
co-stimulatory molecules or compounds inhibiting Janus tyrosine kinases JAK1, JAK3;

2) B cells, against key B cell-surface molecules or trophic factors B cell activation factor (BAFF)
and a proliferating inducing ligand (APRIL);

3) Complement, against C3 or C5 that intercept membranolytic attack complex formation;
4) Cytokines and cytokine receptors, including IL-6, IL-17, the p40 subunit of I1L12/1L-23, and GM-CSF; and

5) Lymphocyte migration molecules.

Dalakas, Autoimmun Rev. 2013 Jul;12(9):936-41.



1)

2)

3)

4)

5)

Vad har hant ?

Alemtuzumab (anti-CD52) — case report tillsammans med HSCT
Daclizumab (anti-IL2R) — indragen
Tofacitinib (oral JAK hammare) — ej testad

Belimumab (anti-BLyS)— ingen effekt (NCT01480596; BEL115123: Neurology. 2018 90(16):e1425-e1434)
Eculizumab (anti-C5) — positiva RCT Il data

Tocilizumab (anti-IL6) — case report

Secukinumab (anti-IL17) — ej testad

Ustekinumab (anti-p401L12/23) - ej testad

GM-CSF — case report

Fingolimod (S1P blockerare) — ej testad



Eculizumab (Soliris™):
humaniserad monoklonal AK
mot C5 — forhindrar terminala
komplement-kaskaden.

Indikation: Paroxysmal nokturnal
hemoglobulinemi och Atypiskt
hemolytiskt syndrome.

Ges i.v. varannan vecka

Positive CHMP opinion
"Refractory generalized
myasthenia gravis (gMG) in
patients who are anti-
acetylcholine receptor
(AChR) antibody-positive (see
section 5.1)."

Safety and efficacy of eculizumab in anti-acetylcholine
receptor antibody-positive refractory generalised
myasthenia gravis (REGAIN): a phase 3, randomised,
double-blind, placebo-controlled, multicentre study

James F Howard Jr, Kimiaki Utsugisawa, Michael Benatar, Hiroyuki Murai, Richard | Barohn, Isabel Illa, Saiju Jacob, John Vissing, Ted M Burns,
JohnT Kissel, Srikanth Muppidi, Richard | Nowak, Fanny O’Brien, Jing-Jing Wang, Renato Mantegazza, in collaboration with the REGAIN Study Group™

Summary

Background Complement is likely to have a role in refractory generalised myasthenia gravis, but no approved therapies
specifically target this system. Results from a phase 2 study suggested that eculizumab, a terminal complement
inhibitor, produced clinically meaningful improvements in patients with anti-acetylcholine receptor antibody-positive
refractory generalised myasthenia gravis. We further assessed the efficacy and safety of eculizumab in this patient
population in a phase 3 trial.

Methods We did a phase 3, randomised, double-blind, placebo-controlled, multicentre study (REGAIN) in 76 hospitals
and specialised clinics in 17 countries across North America, Latin America, Europe, and Asia. Eligible patients were
aged at least 18 years, with a Myasthenia Gravis-Activities of Daily Living (MG-ADL) score of 6 or more, Myasthenia
Gravis Foundation of America (MGFA) class II-IV disease, vaccination against Neisseria meningitides, and previous
treatment with at least two immunosuppressive therapies or one immunosuppressive therapy and chronic intravenous
immunoglobulin or plasma exchange for 12 months without symptom control. Patients with a history of thymoma or
thymic neoplasms, thymectomy within 12 months before screening, or use of intravenous immunoglobulin or plasma

Findings Between April 30, 2014, and Feb 19, 2016, we randomly assigned and treated 125 patients, 62 with eculizumab
and 63 with placebo. The primary analysis showed no significant difference between eculizumab and placebo (least-
squares mean rank 56-6 [SEM 4-5] vs 68-3 [4-5]; rank-based treatment difference —-11-7, 95% CI -24-3 to 0-96;
p=0-0698). No deaths or cases of meningococcal infection occurred during the study. The most common adverse
events in both groups were headache and upper respiratory tract infection (ten [16%)] for both events in the eculizumab
group and 12 [19%] for both in the placebo group). Myasthenia gravis exacerbations were reported by six (10%) patients
in the eculizumab group and 15 (24%) in the placebo group. Six (10%) patients in the eculizumab group and 12 (19%)
in the placebo group required rescue therapy.

Lancet Neurol 2017; 16: 976—86



Ecu Plc Totalt Ecu Plc Totalt

Previous use of immunosuppressive treatments Immunosuppressive treatments at baseline (day 1)
>3 31 (50%) 34 (54%) 65 (52%) Corticosteroids 47 (76%) 51(81%) 98 (78%)
=2 61 (98%) 62 (98%) 123 (98%) Azathioprine 20 (32%) 21 (33%) 41 (33%)
Types of immunosuppressive treatments used before study enrolment Mycophenolate mofetil 18 (29%) 16 (25%)  34(27%)
Corticosteroids 58 (94%)  62(98%) 120 (96%) Cyclosporine 8 (13%) 9(14%)  17(14%)
Azathioprine 47 (76%) 47 (75%) 94 (75%) Tacrolimus 5(8%) 6 (10%) 11(9%)
Mycophenolate mofetil 27 (44%) 29 (46%) 56 (45%) Methotrexate 5 (8%) 4 (6%) 9 (7%)
Cyclosporine 18 (29%) 18 (29%) 36 (29%) Rituximab 0 0 0
Tacrolimus 9 (15%) 11 (17%) 20 (16%) Cyclophosphamide 2 (3%) 0 2(2%)
Rituximab 7 (11%) 7 (11%) 14 (11%) Previous thymectomy 37 (60%) 31(49%) 68 (54%)
Methotrexate 6 (10%) 8 (13%) 14 (11%) Mean time from thymectomy 11 (8-51) 11-3(9-67) 11.1(8-99)
Cyclophosphamide 3 (5%) 3 (5%) 6 (5%) to first dose in REGAIN (years)
Previous long-term 18 (29%) 17 (27 %) 35 (28%)
intravenous immunoglobulin
therapy
Previous long-term plasma 4 (6%) 10 (16%) 14 (11%)
exchange therapy

History of myasthenia gravis 46 (74%) 52(83%) 98 (78%)
exacerbations

History of myasthenia gravis 13 (21%) 10 (16%) 23 (18%)
crisis

Lancet Neurol 2017; 16: 976—86



Ecu Plc

Eculizumab (n=62) Placebo (n=63) Difference (95% Cl) p value*
Prespecified worst-rank ANCOVA scoret
MG-ADL* 566 (4-5) 683 (4-5) -11.7 (-24-3t0 0-96) 0-0698
QMG 547 (4-5) 707 (4-5) -16-0(-28-5t0-3-4)  0-0129
MGC 57-3 (4-5) 677 (4-5) -10-5 (-23-1t0 2-1) 01026
MG-QOL15 555 (4-6) 697 (4-5) -14-3(-27-0to -1-6) 0-0281
Prespecified sensitivity repeated-measures model analysis with immunosuppressive treatments as
covariate§
MG-ADL -41(0-5) -2:3(0-5) -1-8 (-3-2t0 -05) 0-0077
QMG -4-6 (0-6) -1.7 (0-:6) -2:9(-4-6t0-12) 0-0007
MGC -7:9(1:0) -4-6 (1.0) -33(-59t0 -06) 0-0168
MG-QOL15 ~13-8(1-6) -67(1:6) -71(-11-3to -3-0) 0-0009
Post-hoc sensitivity worst-rank ANCOVA scoref]
MG-ADL 54-8 (4-5) 70-2 (4-4) -15-4 (-27-8t0 -2.9)  0-0160
QMG 539 (4-5) 71-6 (4-4) -17-7(-30-1t0 -5-3) 0-0055
MGC 56-1 (4-5) 690 (4-4) -12.9(-25-4t0-0-5)  0-0414
MG-QOL15 546 (4-5) 70-6 (4-5) -16-0 (-28-6t0-3-4)  0-0134

Change from baseline total score (mean, 95% Cl)

Change from baseline total score (mean, 95% Cl)

p=00125

4 JA
& Qﬁé‘, &
5 55 ©
& 9@0 00"
9 &
-6 —#- Eculizumab (n=62) < |

—@- Placebo (n=63)

Time (weeks)

T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (weeks)

Lancet Neurol 2017; 16: 976—86



Eculizumab
Kraftigt 6kad risk meningokockinfektioner, 6kad risk for andra infektioner

Mycket hoga behandlingskostnader, behov av frekventa infusioner



A randomized, double-blind, placebo-controlled Phase 2 study of FcRn antagonist
efgartigimod in generalized myasthenia gravis

Efgartigimod blockerar neonatala Fc receptorn > selektiv minskning patogena antikroppar

Provningen inkluderade n=24 MG patienter med AChR* MG-ADL 25

creening period (D-15to D -1) ‘ | Treatment period (V1-V7) | | Follow-up period (immediately after lastinfusion at V7to V16) ‘

tt 1t 1

ARGX-113 (10 mg/kg) (N=12)

!

SoC

VISIT 1 (BASELINE)

PLACEBO (N=12)

VLol

ey | | |

D1 D5 DE D12 D15 D19 D22 D26 D29 D36 D43 D50 D57 D64 D71 D78
(V1) (v2*) (v3%) (va*) (vs*) (V6*) (V7*%) (VB*] (Vo¥) (VIO¥) (V11¥) (V12¥) (VI3*} (V14%) (VIS*) (V16*)

RANDOMIZATION 1: 1

ndow:+1 da y
bel od samplil g 9-V16. Op nalintermedia blocd sampling at 2,\14, V6 and V8.
-113: Investig: IM dicinal Product; D: Day; EoS: End of Study; N: sample size; SoC: Standard of Care; V: Visit

Submitted



Det mest anvanda biologiska LM vid MG: Rituximab



Meta-analys RTX i MG

MG No. of Pts Gender Age at Refractory Disease MG duration years
subtype studies M/F treatment MG severity (mean, range)
AChR-Ab+ 24 91  30/61 Range 9-81 81 (89 %) Severe 71 (78 %) 9.2 (0.5-45)
Mean 43 M/M 20
Median 40
MuSK-Ab+ 23 70 10/60 Range 16-69 68 (97 %) Severe 53 (76 %) 7 (1-27)
Mean 43 M/M 17
Median 43
SN-MG ) 7 3/4 Range 5-78 6 (86 %) Severe 5 (71 %) 12.8 (0.5-44)
Mean 38 M/M 1
Median 39 n/r 1

J Neurol 2015 262:1115-1119



Meta-analys RTX i MG

Group by Siudy rame Subgroup Seativtice for sach vhady Evemt ratw and 95% C1
Subproes wichin stugy
= Evant Lewar Upper

rate  limie limit Z-Wahes p-Valus

Bch ] Achi NEIE 045 0954 1AM 0054 = ff
o Cvemed W % 14 s O 10 oD — Verkar som om det har effekt...
Acht Dl Hurera et sl 2013 Aehl, NS08 O%6l 09ET  Al%  pon B ——
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Patient-ID: Man f

Personnummer: m
als :

E?n;nrﬁ?rﬂn: 1 948

Registreringsdatum: 2011-05-20 Matvarden @Kystatus @Vikk @MG-Qol: Poang MG-ADL: Podng
Center: Solna a5
PAL: Fredrik Piehl B - o — 8 — & — o a0
Patientsamtycke: Ja 309 A e
Q‘ Redigera basdata e —o-0 L - ¥
X7 80
— & Notering 20 0
Impaorted through import! 15 40
10 =0
- GT0.0 - Myasthenia Gravis —————————— 20
Debutdatum 2008-05-15 104r 5d o B 10
Datum for diagnos ~ 2003-11-04 gar &m 16d o . _ o o - ey o L__________—l——__. — = 0
Q‘ Redigera diagnos
2010 2012 2014 28 2018
— @& Pagaende behandling
Ciklosporin - 50 mg/ 8r £m 184 B BB E”E"m B B Bl B _ 8] el Be ) | ) 8/ | ) E‘
Prednison - “erem 2T Behandliingar @FPyri @Azat @Mety ~Ciki ®IVIG ®Pred @Riu
Pyridostigmin - 240 mgr Bar &m 16d
Rifuximab - 500 mg/ - kur 2aram 1d e o
£ 3—.3*?.__3_?_?: I -
| 2008 jul 2010 jul 2011 jul 2012 jul 2013 jul 2014 jul 2015 jul 218 jul 2017 jul 208 jul |
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Kontakidatum \ardgivare MGFA PEF | allmanhet, skulle Du vilja =8ga aft Din hilsa ar

2017-11-22 Fredrik Piehl 2b aven eller enbart mild svaghet bulbdr muskulatur 620

Dubbelseronegativ, tymektomi = atrofi



Amerikansk retrospektiv komparativ effektstudie MuSK+ MG

RTX n=24, kontroller n=31 valda med liknande sjukdomskaraktaristik

Median uppfdljning >3.5 a.

Primart utfall: antal/dos immunosuppressiva och kliniskt status

58% RTX och 16% av kontroller uppnadde forbattring (p = 0.002)

29% RTX hade Prednisolon (medel 4.5 mg/d) jamfort med 74% av kontroller (medel 13 mg/d)

Neurology. 2017 89(10):1069-1077.



Pagaende RCT med RTX for MG

Placebo-kontrollerade (add-on)

BeatMG: Phase Il Trial of Rituximab In Myasthenia Gravis
(USA, refractory MG, 375mg/m?x4, n=50)

Rinomax: Rituximab for new onset Myasthenia Gravis
(Sweden, all university clinics + 2 regional clinics,
new onset MG, 500 mg single dose, n=50 (19))
Rationale: impede build up of plasma cell pool

» Importance of treating effectively early vs stepped approach



RINOMAX: Mabthera-studie vid nydebuterad MG

Telephone
Admission/ Random-
Diagnostic ization
procedures Study drug
Rituximab 500 mg v
v v ‘
A4 v 4
Week2 4 8 12 16 20 24 ,’ 36 48
A A /’ A A
Placebo H—
Screening
Lab tests — — — — —
| studyvisit | [ Study visit Study visit Study visit | | Study visit
Neurophysiol
Prednisone Antibodies
tapering N




25

20

15

10

RINOMAX: Mabthera-studie vid nydebuterad MG

Rekryteringsstatus

e |nklusion per manad

== Totalt inkluderade

e FulIf61jt

2016-10-20 10:49:13
2016-10-25 11:05:11
2016-12-16 10:38:47
2017-01-04 08:02:43
2017-02-21 14:27:25
2017-03-07 16:00:25
2017-03-09 14:41:32
2017-05-23 15:42:53
2017-06-01 16:31:57
2017-06-15 14:42:39
2017-07-12 12:01:51
2017-09-07 15:47:36
2017-09-12 10:56:04
2017-09-15 11:05:51
2017-09-19 10:50:45
2017-10-02 10:05:12
2017-10-02 12:39:08
2017-10-04 18:23:25
2017-10-17 08:52:40
2017-11-07 14:38:59
2017-11-29 09:27:54
2017-12-13 10:58:16
2018-01-09 14:40:21
2018-04-11 09:13:23

Patientld | Rinomax-MS inklusion (datum _

Solna

Solna
Huddinge
Umed
Sahlgrenska
Huddinge
Sahlgrenska
Ryhov
Huddinge
Sahlgrenska
Solna
Sahlgrenska
Solna
Huddinge
Karlstad
Neurologiska kliniken Linkdping
Solna

Solna
Uppsala
Solna

Solna
Sahlgrenska
Solna

Solna



Exempel
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Center: Solna
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RoActemra ar godkant for

RA (nydebuterad, svar) eller minst QQTAC“M“A:?
mattligt svar RA med
bristande effekta pa DMARD/

TNF-blockerare.

Om inte RTX fungerar...

e

slL-& Fle:eptur— -_

miL-& Receptnr— ; ’
i

Ges i infusion 1gg/man alt - IL-6 Signaling

s.c. en gang/vecka

Inhébtian

DECREASES LOWERS HEDLH:ES IMPROVES INHIBITS
Acute-phase Hepcidin Profiles of bona Differantiation
reactants, production a-:th.ratiun and cartilage of T-helper calls
eg, CRP, ESR turmover markers nto Th7 cells
[I)@ % Q (m
DECREASES INCREASES BEGHEASES REDUCES INHIBITS
CRP and EGR Hb Bone resorption and  Formation of
cartiage turnover inflammmatory
Th7 cells
IL-6 driver antikroppsproduktion hos plasmablaster vid NMO
Tva fas lll studier i NMO pagar



Magert evidens hittills: Tva fall av RTX refraktar MG

CASE 1
QMG @ AChRO
RTX100mg TCZiv  RTXs00mg TCZsc
24 [ — T I
20
=100
16
12
8 =450
4
| 1
6 12 18 24 30 36 42 48 months
CASE 2
Ivl
QMG @ '_9 AChRg
lvig RTX100mg TCZiv TCZsc ud
24 1 L] ] ] L ] 1 ] ] .
7 =300
204
164
1 <200
124 / < o
T +100
4 — ’ Y
1 1 1 1 I 1 1 1 1 | 1 1 1 I 1 I
4 8 12 16 20 24 28 32 months

Jonsson, Neuromuscular Disorders 27 (2017) 565-568



FOr riktigt svara notter: Autolog hematogen stamcellstransplnatation (HSCT)




Original Investigation

Myasthenia Gravis Treated With Autologous
Hematopoietic Stem Cell Transplantation

Adam Bryant, MD; Harold Atkins, MD, FRCPC; C. Elizabeth Pringle, MD; David Allan, MD, MSc; Grizel Anstee, MD; Isabelle Bence-Bruckler, MD, FRCPC;
Linda Hamelin, MScN; Michael Hodgins, MD; Harry Hopkins, RPh, FCSHP; Lothar Huebsch, MD, FRCPC; Sheryl McDiarmid, MBA;
Mitchell Sabloff, MD, FRCPC; Dawn Sheppard, MD, MSc, FRCPC; Jason Tay, MD, MSc, FRCPC; Christopher Bredeson, MD, MSc, FRCPC

E Editorial
IMPORTANCE Some patients with myasthenia gravis (MG) do not respond to conventional Supplemental content at
treatment and have severe or life-threatening symptoms. Alternate and emerging therapies jamaneurology.com
have not yet proved consistently or durably effective. Autologous hematopoietic stem cell
transplant (HSCT) has been effective in treating other severe autoimmune neurologic
conditions and may have similar application in MG.

RESULTS Seven patients underwent autologous HSCT, 6 for MG and 1 for follicular lymphoma
with coincident active MG. Mean (SD) ages at MG diagnosis and at autologous HSCT were 37
(11) and 44 (10) years, respectively. Five patients (71%) had concurrent autoimmune or
lymphoproliferative illnesses related to immune dysregulation. All patients had distinct
clinical and electromyographic evidence of MG (MGFA clinical classification Ilb-V). All
patients achieved durable MGFA complete stable remission with no residual MG symptoms
and freedom from any ongoing MG therapy (MGFA postintervention status of complete
stable remission). Three patients (43%) experienced transient viral reactivations, and 1(14%)
developed a secondary autoimmune disease after autologous HSCT, all of which resolved or
stabilized with treatment. There were no treatment- or MG-related deaths.

JAMA Neurol. doi:10.1001/jamaneurol.2016.0113



Svensk erfarenhet av HSCT: Sveriges mest refraktara MG ?

-stralande effekt av HSCT

Table 1

Treatment for MG before AHSCT.

Drug Dose Administration Effect
Pyridostigmine 360-840 mg/day Age 27 to 64! Moderately positive

Terbutaline
Methylprednisolone
Azathioprine
Prednisolone
Sirolimus
Rituximab
Cyclosporin
Mycofenolat mofetil
Bortezomib
Cyclophosphamide
Ivig

Plasmapheresis

7.5—15 mg/day
34 g total dose
150 mg/day
10—60 mg/day
2 mg/day

2 g total dose
350 mg/day

2 g/day

25 mg total dose®

10.6 g total dose
20-30 g

Usually three to
five exchanges

Age 35 to 64° No effect™
Three times, at age 38, 46 and 51 No effect
Eight months®, age 51 No effect
Several times, for weeks to months No effect
Two months®, age 53 No effect
Age 54 No effect
Nine months’, age 54 No effect
Ten months at age 57 and 12 months at age 61° No effect
Age 59 No effect
Age 61 No effect

Numerous treatment series with 20-30 g x 1 x [1I-V and

Varying from none to good but short

several periods of 20-30 g given every third or fourth lasting.
week during the last 13 years before AHSCT.

Numerous treatment series during the last 13 years before

AHSCT.

Varying from slightly positive to very
good but short lasting.

Bortezomib (Velcade™) — multiplelt myelom, proteasom-hammare, slar ut plasmaceller, risk bl a polyneuropati

Hakansson, Neuromuscular Disorders 27 (2017) 90-93



Olika verkningsmekanismer vid autoantikroppsmedierade sjukdom
-fordel kombinera ?

Sveinsson et al, ] Neuroimmunol 2017



Reducerade livskvalitetsmatt vid generaliserad MG; incitament forbattra behandlingen?

An up-date on health-related quality of life =~ ®="
in myasthenia gravis -results from population
based cohorts

M. I. Boldingh'*", L. Dekker?, A. H. Maniaol', C. Brunborg'=, A. F. Lipka®, E. H. Niks?, J. J. G. M. Verschuuren?
and C. M. E. Tallaksen'*

Abstract

Current available therapies control Myasthenia gravis (MG) reasonably well, but Health Related Quality of life
(HRQOL) remains lower than expected. The aim was provide insights in how HRQOL in MG stands across borders
and time, compare the scores to general population controls and other chronic disorders and assess the impact of
potential predictors for quality of life such as a) clinical characteristics b) antibodies ¢) thymoma and d) treatment in
a population-based cohort.

Methods: We designed a population-based cross-sectional study including 858 patients, 373 from Norway and 485
from the Netherlands. The Short Form Health Survey 36 (SF-36) and a cross-cultural validated questionnaire were
used. Data were in addition compared to the general population, other chronic diseases and previous studies.

Results: Mean physical composite score was 594 and mental composite score 69.0 with no differences between
the countries. The mean HRQOL score was lower in patients with bulbar and generalized symptoms (p < 0.001)
compared to sex and age adjusted healthy controls, but not in patients with ocular symptoms or patients in
remission. Multivariate analysis revealed that female gender, generalized symptoms and use of secondary
immunosuppressive drugs at the time of testing were risk factors for reduced HRQOL.

Conclusions: Remission and absence of generalized symptoms were favorable factors for HRQOL in MG patients.
Historically, the HRQOL levels have not changed since 2001 and no new clinical predictors could be detected in
this exhaustive population-based study. Further studies should explore the impact of non clinical factors like ethnic
variations, socio-economic and hormonal factors on HRQOL.

Keywords: Health-related quality of life, SF-36, Myasthenia gravis, MuSK, Seronegative MG, Acetylcheline receptor,
Thymoma, Population based, Burden of disease

Boldingh et al. Health and Quality of Life Outcomes (2015) 13:115



Sammanfattning

e Signifikant andel med otillracklig effekt av p.o immunosuppressiva
-Varde av att aven registrera QoL och ADL funktionsniva

e Delvis lovande resultat med nyare biologiska LM
-Roll for eculizumab (biverkningsrisk, kostnader)?
-Rituximab sannolikt lagre risker, olika behandlingsalgoritmer
-Tocilizumab?

e Bortezomib eller HSCT vid sjukdom refraktar for biologiska LM behandlingar?
e Battre effekt av att behandla med biologiska LM tidigt i sjukdomsférloppet?



Nu dags for reklampaus....



MG registret: Hyggligt, men kan bli battre!

Svenska Neuroregister Scompos
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Viktigt ffa nyinsjuknade och de som far biologiska LM
-Viktigt fér att utveckla férbdttrade behandlingsalgoritmer

Klinik TotalPatients AktivaPatienter AvslutadePatienter Kvinnor Men KvStatus MG-ADL MG-QolL EQ5D Visits Behandling OngoingBehandling
Solna 547 458 89 327 220 744 57 37 20 829 551 304
Huddinge 78 72 6 40 38 89 19 14 14 120 196 110
Umea 33 29 4 19 14 60 0 1 0 251 156 64
Gavle 18 16 2 5 13 4 1 0 0 10 35 23
Uppsala 15 15 0 8 7 16 0 0 0 32 25 22
Vasteras 12 12 0 4 8 2 0 0 0 6 14 8
Ostersund 11 11 0 4 7 31 0 0 0 34 29 18
Danderyd 7 7 0 2 5 11 0 0 0 13 14 12
Kristianstad 7 6 1 6 1 15 0 0 0 46 28 10
Sahlgrenska 7 7 0 3 4 18 18 18 16 0 10 10
Karlskrona 6 6 0 2 4 0 0 0 0 34 0 0
Bollnas 4 3 1 2 2 6 0 0 0 6 7 2
Nyképing 3 3 0 1 2 8 1 1 2 8 2 2
Ryhov 3 3 0 2 1 4 4 4 4 2 0 0
Norrkoping 1 1 0 1 0 0 0 0 0 0 9 3
Oskarshamn 1 1 0 1 0 0 0 0 0 1 1 1
Sunderbyn 1 1 0 1 0 0 0 0 0 0 0 0
Vastervik 1 1 0 0 1 0 0 0 0 0 0 0
Riket 2017-09-09 755 652 103 428 327 1008 100 75 56 1392 1077 589
Riket 2016-09-24 709 412 297

Diff2017.2016 46 16 30



Efter EIRA och EIMS, nu dags for EIMG ?

Sjosatta nationell studie avseende miljofaktorer och genetik ?

Susanna.brauner@ki.se
Fredrik.piehl@ki.se



Tack till Svenska MG natverket
Och sarskilt de som registrerar i registret och rekryterar till Rinomax

Vara patienter fortjanar det!
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