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Myasthenia Gravis
NMJ Alterations in MG

Engel AG, et.al., Neurology 1977, 27:307-315 (Fig 3)

Normal Myasthenia Gravis



Immune 
Therapy

First thymectomy performed in 1911 by Ernst 
Ferdinand Sauerbruch (1875–1951). Blalock 
reported improvement in myasthenic patients 
after thymectomy (1937)

Hemodialysis (1960), Lymphatic drainage(1973)

Advent of constant-care units and assisted 
respiration allowed safe trials of steroids in 
myasthenia gravis

Benefit of plasma exchange reported in 1979 by 
John Newsome-Davis

Currently there up to >10 commonly used 
treatments for Myasthenia Gravis



Pyridostigmine  
(Mestinon)

Prednisone
Azathioprine 

(Imuran)

Cyclosporine 
(Sandimmune, 

Neoral)

Mycophenolate 
mofetil/MMF 
(CellCept)

Cyclophosphamide 
(Cytoxan)

Tacrolimus (Prograf)

Rituximab (Rituxan)
Eculizumab 

(Soliris)

Ravulizumab
(Ultomiris)

Efgartigimod

(Vyvgart)

IV Immune globulinPlasmapheresis Thymectomy
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Keesey JC. A history of treatments for myasthenia gravis.  2004. Semin Neurol, 24(1):5-16. 

courtesy Gordon Smith, MD VCU) 

1900 1925 1950 1975 2000

thymectomy 

ventilatoriron lung

ephedrine

physostigmine

thymectomy 

ACTH 

pyridostigmine

autoimmune 

hypothesis 

AZA 

cyclophosphamide

cyclosporine 

MMF 

IVIg

prednisone 

PLEX 

IM gammaglobulin

EAMG, 

AchR-Ab 

Anti-striated Ab 

2025

eculizumab 

rituximab 

The Evolution of MG Therapy



What is the Immune system 

The immune system is the group of organs and special cells 
in your body that protect you from disease.

The ability of the immune system to recognize self proteins 
from foreign or abnormal proteins (bacteria, cancer, viruses) 
and only attack foreign, degenerating, or disease causing 
proteins

Immune Tolerance



Immunity System 
The Military Analogy

To maintain safety and health of system (nation and its 
territories)

Monitors, guards/defends, attacks 
◦ Foreign threats (virus, bacteria)

◦ Domestic threats (cancer)

◦ Different branches with overlapping and different functions

“The Immune System is the equivalent of an army, 

air force, marines, navy along with a national guard 

seeking out and destroying enemy invaders. It is the 

primary and sometimes secondary defense against 

both invaders and insurgents.”
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Autoimmune Myasthenia Gravis

The basic training of those T cells 
(T helper, T cytotoxic, T 
regulatory) in the thymus is 
inadequate

T cells are released for duty without 
ability to detect self from non-self 
and to ‘shut down’ the attack

Those T cells determine that AchR, 
MUSK, LRP4 proteins necessary 
for nerve –muscle communication 
and muscle function are the 
‘enemy”

Genetic and environmental factors 
may determine why and when 
autoimmune disease occurs



HLA-DQA1-Late onset AChR Ab MG

HLA-DQB1 *05:02-MUSK Ab MG MG

HLA-B*08:01-Early onset AChR Ab MG

HLA-C*07:01-Early onset AChR Ab MG MG

Genomic-Wide Association Studies

CTLA4 gene-suppresses activated T cells

TNFSR11A-regulates T cell tolerization

ZBTB10-regulates IL-10 expression

Other gene associations related to 

altered immune tolerance



Autoreactive T cell

B cell

Complement

AcHR

Antibodies

Acetylcholine

receptor

MUSK

Antibodies

MUSK

receptor

T regulatory



Myasthenia Gravis
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•Disability was less in Thymectomy + 
Prednisone group

•Average prednisone, dose at year 3 years was  
less in thymectomy group

•Less crisis, hospitalizations, rescue therapy

•Side effects similar in both groups 

◦ Prednisone naïve patients showed no 
difference with prednisone alone or with 
thymectomy.

◦ No effect in males

◦ Less effect in subjects > 40yrs (p=0.02)

Treatment

Thymectomy Trial



Myasthenia Gravis: Novel and 
Emerging therapies

Eculizumab

Zilucoplan 

Raviluzumab

Efgartigimab

Nipocalimab

Rozanolixizumab

Complement 

inhibition

Antibody 

recycling

B cell 

depleters

T cell mediated B cell 

depletion

CAR T Cell therapy & HSC





Clinical Trials

1. Abatacept (Orencia®, CTLA-4 FC Fusion Protein – prevents T cell activation)

2. Rozanolixizumab (FCRN)

3. M281 (Nipocalimab – FCRN)

4. RVT-1401 (FCRN)

5. Efgartidimod (FCRN)*

6. Ravulizumab (Monoclonal C5 inhibitor)

7. Zilucoplan (C5 peptide inhibitor)
Complement inhibition

Stops recycling of 

Immunoglobulin (antibody)



Complement Cascade





Myasthenia Gravis
Nerve Terminal Ultrastructure

NT

NT

IgG  binding to Post 

Junctional Membrane

Terminal complement 

component (C9)  

binding to membrane 

debris

Engel, A. G., Lambert, E. H., Howard, F. M. Immune complexes (IgG and C3) at the motor end-plate in myasthenia gravis: ultrastructural and light microscopic localization and

electrophysiologic correlations.  Mayo Clin. Proc. 52, 267–280 (1977).



REGAIN Study: Eculizumab in MG (Soliris)

Primary Endpoint

Change in Activities of Daily Living 

score at end of study (26 weeks)

MG-ADL-Myasthenia Gravis Activities of Daily Living; QMG-Quantitative Myasthenia Gravis;

MGC-Myasthenia Gravis  Composite; MG-QOL15-Myathenia Gravis Quality of Life 15

Selected Inclusion Criteria

Patients with disease burden (MGFA II-IV) 

Positive tests for anti-AChR antibodies 

Failed prior therapy over ≥1 year with 
▪Taking 2 or more immune suppressive drugs or at least using plasma 

exchange or IVIG 

>90% were taking  at least 2 immune suppressive therapies

Up to 50% hospitalized

+20% had crisis and/or were ventilated

All were still symptomatic despite therapy



MG-Activities of Daily Function



MG –Quality of Life 15

Not at all Very much All the time



Quantitative MG Score 
(QMG)



REGAIN and Extension Study-Eculizumab (Soliris)

Percent change from baseline in MG-ADL total score

Data cut-off, 30 September 
2016

Howard JF et.al., Presented to AANEM Scientific Session, 2017
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Patients experiencing  ‘minimal manifestations of 
disease”
◦ Placebo 14% at 26 weeks but increased to 52% when 

placed on drug at 130 weeks 

◦ Treatment group 25% at 26 weeks but increased to 60% 
when placed on drug at 130 weeks

Exacerbations and Hospitalizations dropped from 
70-100 rate calculation to 13-17 at 130 weeks

REGAIN and Extension Study-
Eculizumab (Soliris)



REGAIN and Extension Study-
Eculizumab (Soliris)
Exacerbations and Hospitalization Rates

Exacerbation ratesa MG-related hospitalization 

ratesa

Jacob S, Guptill JT, Meisel A, Fujita KP, Patra, K, Howard JF Jr: Eculizumab reduces myasthenia gravis 
exacerbation rates. Presented at the 2018 Annual Meeting of the AANEM, Washington DC, 2018



REGAIN and Extension Study-
Eculizumab (Soliris)
Safety from Extension Study

▪ 10-15% experience general aches

▪ Two patients died during clinical program:

▪ One died 89 days after discontinuation from the 301 study, due to 

complications of myasthenic crisis

▪ One died of hepatic failure 25 days after last study dose in study 302

▪ No meningococcal infections reported thus far

▪ Treatment requires  vaccination to 

prevent  bacterial meningococcal



Ravulizumab (Ultomiris®)

Phase II 1:1 DB:PC 26 week 
study in175 AchR+ Ag MG 
Patients 

MG ADL and QMG improved 
above placebo (−3.1 vs. 
−1.4; P<0.001) and QMG 
(−2.8 vs. −0.8; P<0.001) 

QMG improved  > 5 points in 
a greater proportion of 
treated patients vs. placebo 
(30.0% vs. 11.3%; P=0.005).

No notable differences in 
adverse events were 
observed.

FDA approved April 2022

Vu, 2021 NEJM Evidence

Day 1   : 2400–3000 mg 

Day 15 : 3000–3600 mg

Q8wks : 3000–3600 mg



Zilucoplan- Another complement Inhibitor in AchR positive 
MG Patients

Endpoints:

Primary: Change in Doctor measured 
disability (QMG score after 12 weeks

Enrollment:

44 patients (vs. target of 36), 25 sites

>80% on 2+ immunosuppressive treatments

50-70% on IVIG

Screening 0.1 mg/kg SC + SOC (n=15)1:1:1 Randomization Open-Label Extension (n=42)

0.3 mg/kg SC + SOC (n=14)

Placebo + SOC (n=15)

Main Study Period (12 weeks)

Long-Term Extension (12 weeks)

Placebo arm randomized 1:1 to receive
0.3 mg/kg (n=7) or 0.1 mg/kg (n=7)

Howard JF  Jr etal JAMA Neurology 2020 May 1;77(5):582-592



Zilucoplan Phase 2
QMG and MG-ADL

C
FB

 (
SE

M
) 

in
 Q

M
G

0

-2

-4

-6

-8

-10

0 1 2 4 8 12 14 16 20 24

N = 15 15 7

N = 14 14 13

Study Week Study Week

P=0.01†

C
FB

 (
SE

M
) 

in
 M

G
-A

D
L 0

-2

-4

-6

0 1 2 4 8 12 14 16 20 24

N = 15 15 7

N = 14 14 13

Study Week Study Week

P=0.05*

P=0.04*

P=0.0004†

Placebo 0.3 mg/kg Zilucoplan Placebo → 0.3 mg/kg Zilucoplan

P<0.0001‡

P<0.0001‡

/7

/13

/13

/7

*1-sided analysis of covariance for LS mean change from baseline for 0.3 mg/kg arm vs. placebo; placebo patients re-baselined to zero upon completion of 12-week main study.
†2-sided t test for LS mean change from week 12 to week 24 for placebo patients crossing over to 0.3 mg/kg (n=7).
‡2-sided t test for LS mean change from week 0 to week 24 for 0.3 mg/kg arm.
CFB, change from baseline; LS, least squares; MG-ADL, Myasthenia Gravis Activities of Daily Living; QMG, Quantitative Myasthenia Gravis; SEM, standard error of the mean.

Howard JF  Jr etal JAMA Neurology 2020 May 1;77(5):582-592



Zilucoplan  Phase 2
Minimal Symptom Expression Achieved by Week 12
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Minimal symptom expression (MSE) =  Achieving MG-ADL score of 0 or 1

JF Howard, 2020

Howard JF  Jr etal JAMA Neurology 2020 May 1;77(5):582-592



MG antibody (IgG) Target
FcrN (Neonatal Fc receptor) 



Efgartigimod
ADAPT Study Design

Treatment Cycles of 
4 weekly IV 

infusions 
(1 hour infusion)

All patients receive 
initial treatment 

cycle

Individualized treatment 
cycles 

(up to 3 cycles in 26 weeks)

Time between cycles 
determined by duration of 

clinically meaningful 
improvement (CMI)

Retreatment criteria:

• ≥8 weeks since initiation of previous 

cycle 

• Total MG-ADL ≥5 points*

• For MG-ADL responders, no CMI in MG-ADL 
(i.e., <2-point reduction compared to start 
of cycle)

DESIGN

DOSING

Open – label Extension167 AchRAB+ gMG 
patients 

MG-ADL score ≥5*

On a minimum of one 

stable gMG treatment**

2 weeks screening
26 weeks

Patients randomized 1:1 to receive 
10 mg/kg IV efgartigimod or placebo

• 151 patients who 

completed entered 

the open label cycles

• Up to 3 years 

treatmentPrimary endpoint: MG-ADL responders in 

AChR-Ab+ patients in cycle 1 (8 weeks)

Howard JF Jr et al: MGFA Scientific Session, October 3, 2020

Included 20-25% who did not have AchR positive antibodies



* The first reduction had to occur no later than 1 week after the last infusion

MG-ADL, Myasthenia Gravis Activities of Daily Living; QMG, Quantitative Myasthenia Gravis Score

Significantly more efgartigimod treated 

patients had clinically meaningful improvement 

in function and strength

Primary Secondary

MG-ADL responder: ≥2-

point improvement for 

at least four consecutive 

weeks during the 

first cycle* 

QMG responder: 

≥3-point 

improvement for at 

least four 

consecutive weeks 

during the 

first cycle*
29.…

14.…

n=44/65 n=19/64 n=41/65

MG-ADL responders QMG responders

n=9/64

Efgartigimod Placebo

63.1%
67.7%

P < 0.0001 P < 0.0001

Howard JF Jr etal: MGFA Scientific Session, October 3, 

2020
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Efgartigimod (MG-ADL Late Responders)

Durability of Response

Howard JF Jr etal: MGFA Scientific Session, October 3, 

2020



Efgartigimod (MG-ADL Responders)

AChR Ab & IgG Levels

Howard JF Jr etal: MGFA Scientific Session, October 3, 

2020
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MG Phase 2 Nipocalimab (FcRN target)

https://s24.q4cdn.com/902352448/files/doc_presentations/2020/06/004-IA-slides-analystcall-final.pdf



Phase 2 Study of Nipocalimab for Treatment of 
Generalized Myasthenia Gravis

https://s24.q4cdn.com/902352448/files/doc_presentations/2020/06/004-IA-slides-analystcall-

final.pdf

FcRn-inhibitor phase II study, in which batoclimab (RVT-1401) was evaluated in MG,

have not been published so far. (https://clinicaltrials.gov/ct2. NCT03863080)

https://clinicaltrials.gov/ct2


On the horizon….
Phase II trials on CD8 positive CAR-T-cell 
therapy directed against plasma cells) are 
underway in MG (Oh et al 2020; Descartes 
clinicaltrials.gov)

Subcutaneous immunoglobulins shown to be 

effective in mild to moderate exacerbations of 

myasthenia gravis. (Beecher et al, 2017)



Emerging Therapies and 
Advances in MG

◦ Recent advances included targeted immune therapy that has 
potentially changed clinical course symptomatic or refractory 
patients 

◦ Future advances will include identifying novel therapies for use 
in  crises

◦ Cost and 3rd party coverage is an ongoing challenge in terms of 
patient access 

◦ Role of flexible dosing for tailored patient specific therapy.

◦ Duration of effect and impact of combination therapy 



Questions 



The Ag 

(bacteria, virus, cancer)

APC-captures the Ag

and presents it 

T cell (general)



T cell (General)

T cytotoxic (killer)T helper 

(calls in more forces)

B cell

ComplementAntibodies

T cell, B cell develop memory 

in preparation for next infection 

or attack

T regulatory



Autoreactive T cell

B cell

Complement

AcH

Antibodies

Acetylcholine

receptor

MUSK

Antibodies

MUSK

receptor

T regulatory



Myasthenia Gravis

Nerve

AChRAb+

MG

AChR

Ab

Muscle

Complement



Myasthenia Gravis
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Thymoma

Thymus pathology in MG

49

85% activated thymus glands 10% have thymoma, a benign tumor 
(most common in males >60 yrs of age)

Thymic hyperplasia



50

Wolfe GI et al. N Engl J Med 2016;375:511-522

Treatment

Thymectomy Trial

•126 patients (2006 – 2012)

•Prednisone alone vs. Thymectomy + Prednisone

•Measuring disability and average prednisone dose

RESULTS

•Disability was less in Thymectomy + Prednisone group

•Average prednisone, dose at year 3 years was  less in 
thymectomy group

•Less crisis, hospitalizations, rescue therapy

•Side effects similar in both groups 


