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What Is Myasthenia Gravis (MG)?

Rare autoimmune disease Trademark: fluctuating weakness in specific muscle groups — such as
bulbar weakness, limb weakness, and ocular weakness

Often due to the presence of
antibodies against

acetylcholine (AChR-Ab+). Ocular weakness - most common initial presentation of MG

Treatment highly individualized and
often includes off-label medications

Five drugs approved by the FDA: Eculizumab
Efgartigimod
Ravulizumab
Rozanolixizumab
Zilucoplan



Symptoms and
Diagnosis

Figure adapted from Moreen JA, Li Y. Cleveland
Clin J Med. 2023; 90: 103-13. [creative commons]

Fatigable clinical symptoms suggestive of MG (e.g.,
binocular diplopia, ptosis, flaccid dysarthria, trouble
chewing/swallowing, more proximal than distal limb

weakness, dyspnea)

Examination reveals fatigable weakness with repeated
efforts, worsening ptosis with sustained up-gaze; ice-
pack testing shows improved ptosis or ocular mobility

Perform ancillary testing based on symptom severity
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Disease Burden

12

About 50% have
"~ moderate to severe
10 symptoms (MG-ADL >6)

Mean ADL: 6.2

Mean Disease
Duration: 9.9 yrs

0 5 10 15 20 0 20 40 60

MG-ADL Score MG-QOL15 Score

Distribution of MG-ADL (N=1138) and MG-QOL15 (N=1140) scores in

patients in myasthenia gravis. The majority of patients reported moderate
to severe impairment in activities of daily living.

Figures from Cutter G et al. Muscle Nerve, 2019; 60: 707-15. [creative commons]



History of Treatment Options
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Complement System
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Pathophysiology

Complement activation represents one

pathogenic mechanism in AChR+ Motor Nerve
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Pathophysiology
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Weak Correlation Between C3 and QMG
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Figure recreated from Lui A et al. Muscle Nerve, 2009; 40: 801-8.



Animal Studies
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Anti-C5 treatment in rat model for

myasthenia gravis improves clinical scores
and C9 deposits at neuromuscular junctions.

Figures from Zhou Y et al. J Immunol 2007; 179: 8562 and Soltys J et al. Ann Neurol. 2009; 65: 67-75. [creative commons]



Correlations

MG Treatments Acute and Chronic Limitations

AChEI2 Steroids? |STs13 IVIg/PLEX%24 Rituximab?2
Nausea, diarrhea, Skin atrophy, Bone marrow Allergic reactions, Infusion-related
abdominal glaucoma, mood suppression, risk of infection, headache, nausea,
cramping, increased disorders, risk of leukopenia, hypotension, high chills, hypotension,
salivation infection hypertension, Gl cost, requires long  anemia, leukopenia,
intolerance, infusion times and thrombocytopenia
infection special treatment

Added risk(s) with chronic use!?

N/A Weight gain, Long-term hepato- Nephrotoxicity, Progressive
osteoporosis, and nephrotoxicity, thrombosis multifocal
diabetes malignancy encephalopathy

Long Latency

1. Farmakidis C, et al. Neurol Clin. 2018;36:311-37. 2. Gilhus NE. N Engl J Med. 2016;375:2570-2581. 3. Gilhus NE, et al. Nat Rev Dis Primers. 2019;
5:30. 4. Heatwole C, et al. J Clin Neuromuscul Dis. 2011;13:85-94.
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Treating Myasthenia Gravis

Factor D
Za , , , (/_
C3 convenase Alternate pathway C3 convertase
<‘ (Cab2a) | (C3bBb)
("\
. Influx of fluid
C3b c7 /
¢ fic

Activated C1 \i‘
ca,
C5 convertase C5b
c5 (Cdb2a3bi

AChR-Anti-AChR IgG
complexes activate
classical pathway

Intrinsic complement regulators | Membrane attack

Muscle membrane complex (MAC)

, CD55 (DAF1)

CD46 (MCP)
NMJ destruction

CD59 (MAC-IP)

’ Complement Receptor 1

Figure from San PP, Jacob S. Front Neurol. 2023; 14: 1277596. [creative commons]



FDA Approved Treatments

Neonatal Fc receptor (FcRn) Complement system
Efgartigimod Eculizumab
FcRn antagonist Monoclonal antibody targeting C5

Ravulizumab
Long-acting monoclonal antibody
targeting C5

Efgartigimod + hyaluronidase
FcRn antagonist + endoglycosidase

Rozanolixizumab Zilucoplan
Monoclonal antibody targeting FcRn Peptide inhibitor of C5



Efgartigimod

s

.

FDA approval: 2021

e

.

Indication: To treat adults with generalized myasthenia gravis who are AChR antibody positive.

e

.

MOA: FcRn blocker.

J

.

>
Dosage: 10 mg/kg administered weekly for the first 4 weeks. Subsequent treatment cycles based

on clinical evaluation. In persons weighing 120 Kg or more, recommended dose is 1200 mg.

N\

J \\

e

.

Route of Administration: Intravenous infusion (60 minutes)

e

.

Boxed Warning: None




Efgartigimod + hyaluronidase

MOA: FcRn blocker plus an endoglycosidase.

.

a4 )
FDA approval: 2023

\ J

a4 )
Indication: To treat adults with generalized myasthenia gravis who are AChR antibody positive.

& S

a4 )

=
Dosage: 1,008 mg / 11,200 units (1,008 mg efgartigimod alfa and 11,200 units hyaluronidase) in cycles
of once weekly injections for 4 weeks. Subsequent treatment cycles based on clinical evaluation.

\

J\

J
a4 )
Route of Administration: subcutaneous injections (30 to 90 sec by a healthcare professional).
\ J
™ )
Boxed Warning: None.
\ J




Rozanolixizumab

( )
FDA approval: 2023

& J

4 )
Indication: To treat adults with generalized myasthenia gravis who are AChR or MuSK
antibody positive.

\ J

4 )
MOA: Monoclonal antibody targeting FcRn.

& J

4 )
Dosage: 420 — 840 mg (based on body weight) infusions every week for six weeks.
Subsequent treatment cycles based on clinical evaluation.

\

5 R
Route of Administration: subcutaneous infusions using an infusion pump.

& J

( )
Boxed Warning: None.

& J




Eculizumab

7

FDA approval: 2017

\

7

Indication: To treat adults with generalized myasthenia gravis.

\.

>
MOA: A terminal complement inhibitor that specifically binds to the complement protein

C5 with high affinity.
L

J

later, then 1200 mg every 2 weeks thereafter.
\_

4 )
Dosage: 900 mg weekly for the first 4 weeks, followed by 1200 mg for the fifth dose 1 week

J

7

Route of Administration: Intravenous infusion (35 minutes).

\

N\

s

Boxed Warning: Meningococcal infections.

\




Eculizumab: REGAIN Study

REGAIN Open-label study*

Eculizumab (n = 62) Eculizumab/eculizumab

900 mg weekly x 4 then Blinded
1200 mg every 2 weeks induction

BN phase: N

Placebo ke Placebo/eculizumab
(n=63) (n=61)

Screening (= 59)

2-4 weeks

Randomization

SOC Study period: 26 weeks Study drug Eculizumab infusion every 2 weeks
meningococcal infusiont (1200 mg)
vaccination W
= e e ; & |
- a oY Year 1 Year 2 Year 3 Year4 &
TS DB q
e22z22 g

Safety
follow-up

1
8 weeks?*

Eculizumab/ Placebo/ All
eculizumab, eculizumab, patients,
Variable n =56 n =61 N =117
Mean age (SD), 47.2 (15.5) 47.5(17.9) 47.4 (16.7)
y*
Sex, n (%)
Men 18 (32.1) 20 (32.8) 38 (32.5)
Women 38 (67.9) 41 (67.2) 79 (67.5)
Race, n (%)
Asian 3(5.4) 16 (26.2) 19 (16.2)
Black 0 (0.0) 2(3.3) 2(1.7)
White 47 (83.9) 41(67.2) 88 (75.2)
Multiple 1(1.8) 0(0.0) 1(0.9)
Unknown 1(1.8) 0(0.0) 1(0.9)
Other 4(7.1) 2(3.3) 6 (5.1)
MG duration, 10.7 (7.9) 9.8 (8.5) 10.2 (8.2)

mean (SD), y'

MG, myasthenia gravis; SD, standard deviation.
*0On day 1 of the open-label extension study.
™Time from MG diagnosis to first dose date in the open-label extension

study.

Figures from Muppidi S et al. Muscle Nerve. 2019;60:14-24. [creative commons]



Eculizumab: REGAIN Study

® Eculizumab Double-blind ® Eculizumab/eculizumab
® Placebo I Double-blind induction ® Placebo/eculizumab
Open-label eculizumab

>

Change from REGAIN baseline in
mean MG-ADL total score (95% Cl)

- T T T T T T T T T T T T T T T T

BL 4 8 12 16 20 ZGEM 8 12 16 20 26 40 52 78 104 130
Patients, n Weeks

Eculizumab/eculizumab 53 53 52 49 49 49 47 25 13

Placebo/eculizumab 60 57 57 55 54 54 49 25 15

O Change from REGAIN baseline in
mean QMG total score (95% Cl)

_12 T T T T T T T T T T T T T T T T

BL 4 8 12 16 20 st'fj! 8 12 16 20 26 40 52 78 104 130
Patients, n Weeks

Eculizumab/eculizumab 52 52 52 48 48 48 46 23 13

Placebo/eculizumab 60 57 57 55 53 53 48 24 15

Figure from Muppidi S et al. Muscle Nerve. 2019;60:14-24. [creative commons]



Eculizumab: Additional Studies

REGAIN REGAIN REGAIN and OLE
placebo eculizumab eculizumab
(n =61, 30.9 PY?) (n =56, 28.2 PY?) (N =117, 305.1 PY?)

Patients with event, Event rate, Patients with event, Event rate, Patients with event, Event rate,
n (%) events/100 PY? n (%) events/100 PY? n (%) events/100 PY?
13 (21.3) 77.7 4 (7.1) 35.5 34 (29.1) 23.9
Rescue therapy use 10 (16.4) 68.0 4 (7.1) 35.5 30 (25.6) 22.0

Most common AEs®¢ (> 15% of all patients)
Headache 12 (19.7) 90.6 10 (17.9) 88.7 52 (44.4) 32.8

| Headache

10 (16.4) 42.1 9 (16.1) 46.1 45 (38.5) 32.1
8 (13.1) 29.1 8 (14.3) 35.5 33 (28.2) 17.4
12 (19.7) 45.3 9 (16.1) 46.1 31 (26.5) 25.2
| Nausea | 9 (14.8) 84.1 7 (12.5) 35.5 27 (23.1) 12.1
9 (14.8) 58.3 4(7.1) 14.2 30 (25.6) 17.4
5(8.2) 29.1 1(1.8) 3.5 24 (20.5) 10.5
2 (3.3) 6.5 4(7.1) 14.2 20 (17.1) 8.5
5 (8.2) 22.7 3 (5.4) 14.2 20 (17.1) 125

Mantegazza R, et al. Neurology. 2021;96:e610-e618



Ravulizumab

( )
FDA approval: 2022

& J

4 )
Indication: To treat adults with AChR antibody-positive generalized myasthenia gravis.

\ J

4 )
MOA: A recombinant humanized monoclonal IgG antibody that binds to the human C5
complement protein and inhibits the activation of terminal complement.

& J

4 )
Dosage: Loading dose of 2,400 — 3,000 mg, and maintenance dose of 3,000 — 3,600 mg,
depending on weight.

\ J

4 )
Route of Administration: Intravenous infusion once every 8 weeks.

& J

( )
Boxed Warning: Meningococcal infections.

& J




Ravulizumab: CHAMPION-MG Study

Characteristic Ravulizumab— Placebo-ravulizumab®  All patients
ravulizumab?® (n=283) (N=161)
(n=78)
Female, n (%) 40 (51.3) 42 (50.6) 82 (50.9)
Age, years, mean+SD 582+13.6 53.6+164 559+15.2
1:1 Ravulizumab IV (n = 86) Race, n (%)
randomization White 61(78.2) 57 (68.7) 118 (73.3)
Ravulizumab IV Asian 13 (16.7) 14 (16.9) 27 (16.8)
. Black or African American 2 (2.6) 4(4.8) 6(3.7)
Meningococcal Placebo IV (n = 89) Other/unknown/not reported 2(2.6) 8 (9.6) 10 (6.2)
vaccination MGFA clinical classification, n (%)
Class ITa/b 36 (46.2) 35(4222) 71 (44.1)
2-4 weeks 26 weeks Up to 4 years Class Illa/b 37 (47.4) 43 (51.8) 80 (49.7)
sSOC Randomized controlled Open-label Class IVa/b 564 5(6.0) 10(6.2)
Screening and treatment period (double blind) extension MG-ADL total score, mean+ SD 92426 89+22 9.0+24
randomization QMG total score, mean + SD 14.8+5.2 143+5.2 145+52
period

MG-ADL, Myasthenia Gravis—Activities of Daily Living; MGFA, Myasthenia Gravis Foundation of
America; OLE, open-label extension; QMG, Quantitative Myasthenia Gravis; RCP, randomized controlled
period; SD, standard deviation

2Patients treated with ravulizumab during both the RCP and OLE. ®Patients treated with placebo during the
RCP and ravulizumab during the OLE

Figures from Meisel A et al. J Neurol. 2023;270:3862-75. [creative commons]



Ravulizumab: CHAMPION-MG Study

Changes from baseline in MG-ADL total score over time

Change from baseline in

MG-ADL total score

—s— Ravulizumab
-=e-- Placebo

-4 -
'5 L] L] L] L] L] L] T 1
012 4 10 12 18 26
Time (weeks) from randomization
Ravulizumab 868386 84 84 83 82 78
89 85 87 84 86 84 82 82

Placebo

Figure from Vu T et al. Neurol Ther. 2023;12:1435-8. [creative commons]



Ravulizumab: CHAMPION-MG Study

Changes from baseline in QMG total score over time

Change from baseline in

Ravulizumab 86 81 84
Placebo

QMG total score

Time (weeks) from randomization
79 80 73 79

76 ' S 72

Figure from Vu T et al. Neurol Ther. 2023;12:1435-8. [creative commons]
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Ravulizumab: Open Label Extension - Safety and Tolerability

Safety outcomes in all ravulizumab-treated patients during the RCP and OLE?

Patients (n=169)

GRS GE) No_of patients (%) Includes data available for all patients up to Week
Any adverse event 881 150 (88.8) 60 at data cut-off (November 9, 2021).
] ®As determined by the investigator.
Related to trial agent® 146 58 (34.3) ‘Graded according to National Cancer Institute
Any adverse event, by severity* Common Terminology Criteria for Adverse Events
version 4.03.

577 127 (75.1) 4Two deaths occurred during the RCP and two
210 82 (48.5) during the OLE
81 39 (23.1) MG, myasthenia gravis; OLE, open-label extension;

RCP, randomized-controlled period; SAE, serious

Grade 4 - 9(5.3) adverse event.
4 4 (2.4)
Any SAE 75 41 (24.3)
Related to trial agent® 6 5(3.0)
Deathd 4 4(2.4)
Adverse event reported in 210% of pts
Headache 43 28 (16.6)
Diarrhea 26 23 (13.6)

Howard JF, et al. 2022 AAN Annual Meeting, 2—7 April, 2022; Seattle, USA



Ravulizumab: Open-label Extension - Safety and Tolerability

Ravulizumab was well tolerated in both the RCP and OLE

The safety analysis set comprised 169 patients

e Ravulizumab in RCP: 86
¢ Placebo = ravulizumab: 83

Mean ravulizumab exposure

e Ravulizumab - ravulizumab: 384 days
¢ Placebo = ravulizumab: 226 davs

Six SAEs in five patients were categorized by the investigators as being related to study treatment:

* One patient each with dysphagia, tendonitis, worsening MG, and erysipelas
¢ One patient with boneumonia and mitral valve stenosis

No cases of meningococcal infection

One case of meningitis was reported; the causative organism was not identified as Neisseria meningitidis

Four deaths: three due to COVID-19, one due to cerebral hemorrhage; all assessed by investigators as unrelated to study
treatment

Howard JF, et al. 2022 AAN Annual Meeting, 2—7 April, 2022; Seattle, USA



Zilucoplan

FDA approval: 2023

Indication: To treat adults with AChR antibody-positive generalized myasthenia gravis.

MOA: Peptide inhibitor of complement C5.

Dosage: 0.3 mg/kg once daily.

Route of Administration: Subcutaneous.

Boxed Warning: None.




Zilucoplan: RAISE Study

Placebo (n=88) Zilucoplan (n=86)
Age, years 53-3 (15:7) 52.6 (14-6)
. . = Sex
\E.Ix:cét;ded screening failures ( Primary efficacy endpoint —_— — _——
Change from baseline in Male 41 (47%) 34.(40%)
= , MG-ADL score at Week 12 Bodyweight, kg 882 (26:6) 90-1(22:9)
: ~ Zilucoplan 0.3 mg/kg > Gasguphictgion
N=86 Key secondary efficacy
. . J / endpoints Europe 33 (38%) 34 (40%)
Screening period ——r O — _[ﬂ » Change from baseline in Japan 9 (10%) 7(8%)
N=239 1 Placebo -E. MG score at Wesk 12 North America 46 (52%) 45 (52%)
R —— N=88 > » Change from baseline in Race
v ' ' 1 Rendomirmiion MGC score at Week 12 White 62 (70%) 66 (77%)
4 weeks (1-1) » Change from baseline in Asian 14 (16%) 7(8%)
. ‘-: 1 .-.; 2 \c' 2 .." 5 s«' . ;'\‘:'E.J(J'o} 15r score at Black 7(8%) 6 (7%)
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Figure from Howard JF Jr et al. Lancet Neurol. 2023;22:395-406. [creative commons]



Zilucoplan: RAISE Study

A MG-ADL score (primary endpoint)
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Figure from Howard JF Jr et al. Lancet Neurol. 2023;22:395-406. [creative commons]
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Zilucoplan: RAISE Study — Secondary Endpoints
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Howard JF Jr, et al. 14th MGFA International Conference on Myasthenia and Related Disorders, Miami FL, May 10-12, 2022



Zilucoplan: Phase 3 - Additional Improvement at Week 24

(a) MG-ADL
Double-blind study RAISE-XT
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Friemer M, et al. 2022 AAN Annual Meeting, 2—7 April, 2022; Seattle, USA



Clinical Pearls

a4 )
The diagnosis of myasthenia gravis is a clinical one, based on a detailed neuromuscular history and
examination, confirmed by serology and electrodiagnostic testing

S

> R
The overarching goal of current management is that of no symptoms with Grade 1 or less adverse events

. S

a4 )
Targeted therapies offer a faster onset of action with less (better tolerated) adverse events

. S

a4 )
Complement inhibition currently targets the terminal complement pathway to reduce the formation of the
terminal complement complex; whose function is to architecturally destroy the neuromuscular junction

. S

a4 )
Complement activation is mediated by antibodies to the acetylcholine receptor (AChR) binding to the
neuromuscular junction

. J

a4 )
Complement inhibition is not efficacious in MuSK myasthenia gravis as MuSK antibody (IGG4) does not
activate complement

. J

N
All patients receiving complement inhibitors must be vaccinated against Neisseria meningitidis according to
local guidelines. In the US, both ACWY and B-serotype vaccines are used.

. J




