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“Depend upon the 
fault of the explosive 

copula suffused 
everywhere from the 

blood into the 
moving fibres.”



1954 1967 1976 1984 1987 1990 1998 2000 2002 2016

Smithers launched 
concept of MG as 
autoimmune 
disease

Simpson hypothesized 
MG may be caused by 
autoantibody against 
motor end plate protein

Nastuk et al linked serum
complement levels to MG 
disease status

Fambrough et al showed post 
synaptic AchRs were reduced in MG

Patrick & Lindstrom showed 
immunizing rabbits with purified 
AchR led to muscle weakness 
reversible by AchE inhibitors

1958 1960 1973

Hoch et al reported 
Ab’s to MuSK in 

MG w/o AchR Ab

2001

Llyanage et al 
discussed targeting 
agrin/MuSK pathway

Pyridostigmine 
bromide 

Azathioprine
Cyclophosphamide

Cervical thymectomy 

Corticosteroids
PLEX

IVIG

Cyclosporine

Combined 
cervicothoracic 

thymectomy

Mycophenolate 
Mofetil

Rituximab

Tacrolimus

14 years

Thymectomy

Thymectomy: 
1950’s



Complement inhibitors
Antibody status FDA approval

Eculizumab AchR Ab (+) 2017

Ravalizumab AchR Ab (+) 2022

Zilucoplan AchR Ab (+) 2023

Neonatal Fc Receptor Antagonists
Efgartigimod AchR Ab (+), seronegative 2021

Efgartigimod alpha AchR Ab (+), seronegative 2023

Rozanolixizumab AchR Ab (+), MuSK Ab (+),
seronegative

2023

2017 – 2023: “Golden Era”



Pt with MuSK+ MG https://www.mda.org/disease/
myasthenia-gravis

Gilhus, Lancet Neurol, Oct 2015 Sanders D, Juel. V, J of Neuroimm, Sept 2008

AchR+Subtype MuSK+ LRP4+ Seronegative LEMS

Relative 
prevalence 80% 4% 2% 5% 4%

• Pattern of ext weakness: 
proximal, extensors

• Fluctuating, fatigable
• Rarely distal weakness 1st

sx – foot drop, wrist drop

15% OMG, 85% generalized MG (gMG)
1st sx onset usually ocular (2/3 of pts)

Incidence: 14-40/100,000 in US

young 
women

elderly 
men

Clinical presentation



• EMG/NCS – usually normal
• Abnl EMG activity can be seen with severe NMJ 

pathology (esp MuSK Ab+)

• 3 Hz RNS (nasalis, trapezius muscles), single fiber EMG 
(normal study does not exclude MG)

• Repeat Ab testing 
• Cell based assay (CBA): increases sensitivity (binding to 

Ag more effective when expressed on cell surface), more 
native way to test for Ab vs RIPA or ELISA

Additional workup (seronegative) DDx

• Hereditary: congenital MG, mitochondrial 
disorders, oculopharyngeal muscular dystrophy

• Botulism
• Grave’s disease
• Motor neuron disease (ie ALS)

Thapa, Journal of Medical Cases, 2017

Decrement > 10% = abnormal 

OPMD



Conti Fine et al, Journ of Clin Inves 2009 

Antigenic 
modulation

Functional 
AchR block

MAC – “molecular drill”

Complement 
binding & 
activation

IgG1/IgG3



MG goals of treatment

Sustain for >1 yearInitial presentation

https://myasthenia.org/Portals/0/MGFA%20-%20PIS.pdf

• Minimal manifestation status (MMS) = no sx 
or functional limitation

• Allows mild weakness on exam, can be on 
meds

• Remission: same, only allows eyelid closure 
weakness but no use of pyridostigmine

MGFA-Post Intervention Status (PIS)

Tx with Pyrido + 
steroids +/- IST Improved MMS, 

remission

6 – 24 mon



Targets of therapy – AChR+, seronegative

Fichtner et al, Front. Immunol, May 2020



Fichtner et al, Front. Immunol, May 2020

Targets of therapy – MuSK+



• 147 OMG w diplopia (Kupersmith et al)
• 36% progressed to gMG not on pred (13 of 36 pts) vs 7% on pred (4 of 58 pts)

• 2 yr FU
• Another retrospective study (Mittal et al): pyridostigmine alone in 59 of 97 OMG pts

• 12 developed gMG, 0 of 38 pred-treated cases developed gMG

OMG gMG
Prednisone



Traditional IST

• Expert consensus & multiple RCT support as 
1st lineAzathioprine

• Not supported by RCT, widely used
Mycophenolate 

Mofetil

• Not widely used
• Works faster, more monitoring/side effects

Cyclosporine/ 
Tacrolimus

• Not widely used, not supported by RCTMethotrexate

• Refractory dz, BEAT-MG trial didn’t show 
steroid-sparing effect for AchR+, helpful for 
MuSK+

Rituximab

• Used for exacerbation/crisis
• Also used for bridge or maintenance therapyPLEX/IVIG

General statement



Cortés-Vicente et al. Myasthenia Gravis Treatment 
Updates. Curr Treat Options Neurol, Jul 2020

?



Complement inhibition

Eculizumab: 1st FDA approved treatment for 
AchR+ gMG (2017)



• Validated outcome measure
• Simple 8 question survey of MG sx
• Easy to administer, correlates well 

with physician assessments
• Most of the time…

MG-ADL



Physician Reported Outcome Measures



• 1:1 randomization - IV eculizumab vs IV matched placebo
• Maintenance q 2 wks (after weekly infusions x 5)

Primary efficacy endpoint: 
change from baseline to wk 26 

in MG-ADL total score

Inclusion Criteria

• 18 yrs
• MG-ADL > 6
• MGFA class II-IV
• N. meningitides

vaccine
• Previous tx with >2 

IST or 1 IST + chronic 
IVIG or PLEX for 12 
mon without sx 
control

Exclusion Criteria

• Hx of 
thymoma/thymic 
neoplasms

• Thymectomy within 
12 mon before 
screening

• IVIG or PLEX within 4 
wks before 
randomization

• Rituximab within 6 
mon before screening



REGAIN: results

4.2-point improvement in mean 
MG-ADL score from baseline  wk
26 in Eculizumab group vs 2.3-pt
placebo (p=0.006)

4.6-point improvement in mean 
QMG score from baseline  wk 26 
in Eculizumab group vs 1.6-pt
placebo (p=0.0006)

Howard et al. The Lancet. Neurology. 
2017

Criteria for response: improvement of 
≥3 pts MG-ADL or ≥ 5 pts in QMG

Both exceed the minimal clinically 
important difference accepted 
(≥2 pts MG-ADL, ≥3 pts QMG)



REGAIN – pre-specified responder analysis

Howard et al. The Lancet. Neurology. 
2017



• Complement inhibitor 

• Engineered to maintain therapeutic serum 
concentrations over a longer dosing 
interval 

• Phase III CHAMPION-MG trial, OLE

• Single weight-based loading dose day 1 
weight-based maintenance dosing day 15 
 every 8 wks

• Primary endpoint: change from baseline 
MG-ADL total score wk 26 

• Did not have to be refractory to prior 
treatments

Ravulizumab CHAMPION trial

175 pts enrolled

Criteria for response: improvement of ≥3 pts on MG-ADL 
or ≥ 5 pts in QMG score



• Significantly improved score from baseline to wk 26 in 
both MG-ADL + QMG scores in Rava group

• MG-ADL [−3.1 vs. −1.4; p<0.001]
• QMG [−2.8 vs. −0.8; p<0.001] 

• Improvements in both measures occurred within 1 wk
of initiation, sustained through wk 26

• QMG score improved by >5 pts in a significantly 
greater proportion of Rav-treated pts vs placebo 
(30.0% vs. 11.3%; p=0.005)

• Abd pain, dizziness, URI - only adverse events reported 
at a higher rate in Rav group (26 wks + long-term 
extension)

Ravulizumab

Clinical deterioration events

Several pts able to 
decrease or 

discontinue steroid use 



• Daily SQ injection - little peak to trough, steadier levels
• Small molecule peptide (3.5 kDa, 15–amino acid) - 40 x 

smaller than IgG 
• Eculizumab/Ravalizumab: humanized monoclonal Ab -

molecular weight of ~148 kDa
• Binds to C5 (and C5b) w high affinity & specificity https://www.rarediseaseadvisor.com/therapies



• Achieves significant clinical 
improvements within 1 wk sustained 
12 wks

• TEAE’s same
• Gives evidence for complement 

inhibition in a broader population of pts
• Earlier in dz course, didn’t have to fail 

prior therapies, inclusive of pts with Hx
of thymoma

• C5 inhibition given earlier in course 
could reduce need for more invasive 
treatments

• Shown by reduction of rescue therapy 
need in zilucoplan arm

Zilucoplan - RAISE

Zilucoplan −6.19

Zilucoplan −8.62

placebo −3.16

placebo-2.30

MG-ADL – primary endpoint QMG score

MGC score MG-QOL15 score

placebo −3.25

Zilucoplan -4.39

placebo −5.42

Zilucoplan −5.65



https://www.news-medical.net/whitepaper/20211110/FcRn-and-its-role-as-a-therapeutic-target.aspx

FcRN extends half life of IgG - allowing 
IgG to “escape” lysosomal degradation



• First-in-class - IgG Fc fragment
• Designed to binds to FcRn, reducing circulating 

IgG Ab levels
• Blocks the IgG recycling process

• Does not affect adaptive or innate immune 
systems

• Given specificity of MOA, many side effects 
associated with immunosuppression could be 
avoided

• FcRN: one of the targets of IVIG

Efgartigimod

Zhu et al. Neural Regen Res, 2023



ADAPT

Screening 
period

1:1
randomization

N=167

2 weeks

Treatment cycle
1 dose per wk x 4 wks

Dose 
1

Dose 
2

Dose 
3

Dose 
4

Efgartigimod + current Tx
10mg/kg IV (n=84)

Placebo + current Tx
10mg/kg IV (n=83)

Treatment cycle
1 dose per wk x 4 wks

Weeks 0-3 Weeks 4-8

Weekly evaluations

Primary endpoint:
# of AChR-Ab+ who 

achieved MG-ADL >2 pt
improvement for >4 

consecutive wks

Assessed by wk 8

Weeks 9-26

Subsequent treatment 
cycles if needed

Up to 2 subsequent 
treatment cycles, 
based on clinical 

evaluation

Dose 
1

Dose 
2

Dose 
3

Dose 
4

Mean age: 46
Female: 75%

AchR Ab (+): n=65/84
Mean baseline MG-ADL: 9 (both arms)

Mean QMG: 16 (both arms)
MGFA II (mild): 40%

MGFA III (mod): 56%
MGFA IV (severe): 4%



• Clinical responses were also observed in seronegative pts
• Well-tolerated, safety profile comparable to placebo

Highlights of ADAPT

68%
of AChR-Ab+ pts treated 

with efgart achieved 
primary endpoint 

compared with 29.7% on 
placebo (p<0.0001)

63%
of AChR-Ab+ pts pts 

responded to efgart on 
QMG score compared with 

14.1% on placebo 
(p<0.0001)

40%
of AChR-Ab+ pts treated 

with efgart achieved 
minimal symptom 

expression (MG-ADL 0 or 
1), vs 11% placebo

Remember mean MG-ADL = 9



Screening 
period

1:1
randomization

N=110

2 weeks

Treatment cycle
1 dose per wk x 4 wks

Dose 
1

Dose 
2

Dose 
3

Dose 
4

Efgartigimod alfa + current Tx
1,008mg Efgartigimod alfa/11,200 
hyaluronidase SC injection (n=55)

Efgartigimod + current Tx
10mg/kg IV (n=55)

Treatment cycle
1 dose per wk x 4 wks

Weeks 0-3

Weeks 4-10

Subsequent 
evaluations

PD endpoint 
assessed at week 

4 (day 29)

Dose 
1

Dose 
2

Dose 
3

Dose 
4

• Clinical trial bridging study: Efgartigimod IV & 
Efgartigimod alfa SC (non-inferiority study)

• Essentially, outcomes same btwn both studies (MG-
ADL, QMG, MSE) as well as SE except injection site 
reaction (38% in SC group vs 1.8% in IV group)

• 6 mL injection, administered over 30 - 90 sec

SC FcRN - Efgartigimod alfa 

Buhren et al. Eur J Med Res, 2016 Uptodate.com



• SC IgG 4 mAB (not fragment), ~15 min infusion

• Approved for AchR and MuSK+ pts

• 200 pts enrolled; 1:1:1 (90% AchR, 10% MuSK)

• Reductions in MG-ADL score from baseline 
day 43 were greater in the Roz 7 mg/kg group 
(mean change –3.37) & Roz 10 mg/kg group   
(–3.40) than with placebo (–0.78)

• Most frequent TEAEs: HA & pyrexia (diarrhea, 
equivalent to placebo)

• Equivalent serious TEAE – 8 % Roz 7 mg/kg 
group, 10% in Roz 10 mg/kg group, 9% placebo

• No deaths occurred
*Minimum length of time btwn start of treatment cycles

Rozanolixizumab

6 DOSES, 
once weekly

In btwn cycles:
Track sx ( 8 wks)

6 DOSES, 
once weekly

1st TREATMENT 
CYCLE

TREATMENT 
BREAK

NEXT 
CYCLE

*9 wks (63 days)



DISCUSSION

• Complement vs FcRN – which one, when?
• What approach can induce remission?
• Combo treatments?
• When should immunosuppression be weaned?
• Predictive biomarkers for disease activity and/or 

treatment response? Ocular  gMG – conversion 
prediction?

• Currently, treatment based only on clinical status 
+ responses to treatment

• COST

Schneider-Gold et al, Therapeutic Advances in Neurological Disorders, 2021
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