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Abstract
Introduction  Ravulizumab demonstrated efficacy and an acceptable safety profile versus placebo in the randomized con-
trolled period (RCP) of the phase 3 CHAMPION MG trial in patients with anti-acetylcholine receptor antibody-positive 
generalized myasthenia gravis. We report an interim analysis of the ongoing open-label extension (OLE) designed to evaluate 
long-term treatment effects.
Methods  Following completion of the 26-week RCP, patients could enter the OLE; patients who received ravulizumab 
in the RCP continued the drug; patients who previously received placebo switched to ravulizumab. Patients receive body-
weight-based maintenance dosing of ravulizumab every 8 weeks. Efficacy endpoints up to 60 weeks included Myasthenia 
Gravis–Activities of Daily Living (MG-ADL) and Quantitative Myasthenia Gravis (QMG) scores, with least-squares (LS) 
mean change and 95% confidence intervals (95% CI) reported.
Results  Long-term efficacy and safety in the OLE were analyzed in 161 and 169 patients, respectively. Improvements in all 
scores were maintained through 60 weeks in patients who received ravulizumab during the RCP; LS mean change from RCP 
baseline in MG-ADL score was − 4.0 (95% CI: − 4.8, − 3.1; p < 0.0001). Rapid (within 2 weeks) and sustained improvements 
occurred in patients previously receiving placebo; LS mean change in MG-ADL score from OLE baseline to Week 60 was 
− 1.7 (95% CI: − 2.7, − 0.8; p = 0.0007). Similar trends were seen in QMG scores. Ravulizumab treatment was associated 
with a decreased rate of clinical deterioration events compared with placebo. Ravulizumab was well tolerated; no meningo-
coccal infections were reported.
Conclusion  Findings support the sustained efficacy and long-term safety of ravulizumab, administered every 8 weeks, in 
adults with anti-acetylcholine receptor antibody-positive generalized myasthenia gravis.
ClinicalTrials.gov identifier: NCT03920293; EudraCT: 2018-003243-39.
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Introduction

Myasthenia gravis (MG) is a rare, chronic, autoimmune 
condition that affects the neuromuscular junction [1, 2]. It 
is characterized by fatigable muscle weakness that gener-
ally worsens with activity and improves with rest [1, 2]. 
The most common initial presentation is ocular weakness, 
but progression to generalized MG (gMG) involving mus-
cles of the head, neck, trunk, limbs, and/or respiratory sys-
tem occurs within 2 years of disease onset in up to 88% of 
patients [3, 4]. The burden of MG is substantial, with many 
patients reporting major impacts on daily living and qual-
ity of life [5–8]. Approximately 15% of patients with MG 
experience myasthenic crisis, characterized by respiratory 
failure and requiring mechanical ventilation [9].

Approximately 85% of patients with gMG have auto- 
antibodies directed against the acetylcholine receptor 
(AChR) [10–12]. Complement activation is a key pathologic 
mechanism in patients who are anti-AChR antibody-positive 
[10–12]. Binding of autoantibodies to the AChR has been 
shown to lead to activation of the complement cascade and 
formation of the complement membrane attack complex, 
which results in architectural destruction of the neuromus-
cular junction post-synaptic membrane and compromised 
neuromuscular transmission [10–14].

Traditional therapies for MG include oral cholinesterase 
inhibitors and long-term immune therapies, such as corti-
costeroids and non-steroidal immunosuppressants (includ-
ing azathioprine, mycophenolate mofetil, cyclosporin, and 
tacrolimus) [15]. Long-term immune therapies are based on 
non-specific immunosuppression and are associated with 
significant side effects that can impact daily life [16–18]. 
Inhibiting the complement pathway offers a more targeted 
approach to therapy [16, 17]. Eculizumab—a humanized 
monoclonal antibody that binds specifically and with high 
affinity to terminal complement protein C5—was the first 
human C5 inhibitor to be approved for the treatment of anti-
AChR antibody-positive gMG. Efficacy and safety of ecu-
lizumab administered every 2 weeks was demonstrated in a 

phase 3 study in adults with anti-AChR antibody-positive 
refractory gMG [19, 20]. Ravulizumab was engineered from 
eculizumab via four selected amino acid substitutions to 
maintain therapeutic serum concentrations over an 8-week 
dosing interval [21]. These substitutions result in reduced 
target-mediated drug disposition (by increasing dissociation 
of the antibody from C5 in the endosome) and enhanced 
neonatal Fc receptor-mediated recycling of the unbound 
antibody, thereby extending the molecule’s elimination half-
life and its duration of action [21]. Ravulizumab is approved 
for use in patients with paroxysmal nocturnal hemoglobi-
nuria (PNH), atypical hemolytic uremic syndrome (aHUS), 
or anti-AChR antibody-positive gMG, and has been shown 
to provide complete terminal C5 complement inhibition 
throughout an 8-week dosing interval in these conditions 
[22–24]. Further investigation in patients with PNH showed 
that serum IgG concentrations, which are regulated by the 
neonatal Fc receptor, were not affected by ravulizumab treat-
ment [25].

We have previously reported data from the phase 3, ran-
domized, placebo-controlled CHAMPION MG study show-
ing that ravulizumab is well tolerated and improves clinical 
outcomes compared with placebo in patients with anti-AChR 
antibody-positive gMG [26]. Here, we report results from 
a prespecified interim analysis of the ongoing open-label 
extension (OLE) of CHAMPION MG, including data for up 
to 60 weeks of ravulizumab treatment.

Methods

Study design and patients

The CHAMPION MG study consists of a 26-week, double-
blind, randomized, placebo-controlled period (RCP), fol-
lowed by an ongoing OLE of up to 4 years (Fig. 1). The 
methodology of the RCP has been previously published 
[26] and is described in brief here. The study was con-
ducted in accordance with the International Conference on 
Harmonisation Guideline for Good Clinical Practice and 

Fig. 1   Study design. IV, intra-
venous.  From NEJM Evidence, 
Vu T, et al, Terminal comple-
ment inhibitor ravulizumab in 
generalized myasthenia gravis, 
1, EvidDoa2100066. Copy-
right © 2022 Massachusetts 
Medical Society. Reprinted with 
permission from Massachusetts 
Medical Society Up to 4 years26 weeks2–4 weeks

Randomized controlled
treatment period (double blind)

Ravulizumab IV (n = 86)1:1
randomization

Meningococcal
vaccination

Ravulizumab IV

Placebo IV (n = 89)

Open-label
extension

Screening and
randomization

period
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the Declaration of Helsinki. Institutional review board or 
independent ethics committee approval was obtained and 
patients gave written informed consent. The study is regis-
tered with ClinicalTrials.gov (NCT03920293) and EudraCT 
(2018-003243-39).

Adult patients (≥ 18  years of age), diagnosed with 
MG ≥ 6 months before screening and who were anti-AChR 
antibody-positive, were included in the study. Additionally, 
patients had to have Myasthenia Gravis Foundation of Amer-
ica class II–IV disease and a Myasthenia Gravis–Activities 
of Daily Living (MG-ADL) total score of ≥ 6 at screening 
and randomization. As patients treated with C5 inhibitors 
are at increased risk of meningococcal infection, all par-
ticipants were required to be vaccinated against Neisseria 
meningitidis within 3 years before starting trial agents; those 
who initiated a trial agent < 2 weeks after receiving a menin-
gococcal vaccine received appropriate prophylactic antibiot-
ics until 2 weeks after vaccination. Patients were excluded 
if they had received intravenous immunoglobulin or plasma 
exchange in the previous 4 weeks, rituximab treatment in the 
previous 6 months, or previous treatment with complement 
inhibitors (e.g. eculizumab).

Treatments

During the RCP, patients were randomized 1:1 to intrave-
nous ravulizumab or matching placebo. Ravulizumab dos-
ing during the study was based on patients’ body weight. In 
the RCP, patients received an initial loading dose of 2400, 
2700, or 3000 mg on Day 1, followed by a maintenance dose 
of 3000, 3300, or 3600 mg starting on Day 15 and every 
8 weeks thereafter. On completing the RCP, patients were 
invited to enter the OLE, which started for each patient when 
he or she received a dose of ravulizumab at Week 26 of the 
study. The doses and dosing schedule at the start of the OLE 
were designed to ensure that patients and study personnel 
remained blinded to the treatment assignment in the RCP. 
Therefore, at Week 26, patients who had received ravuli-
zumab during the RCP (ravulizumab–ravulizumab group) 
received ravulizumab 900 mg, and patients who had received 
placebo (placebo–ravulizumab group) received a body-
weight-based loading dose of 2400, 2700, or 3000 mg. For 
the next scheduled maintenance dose at Week 28 and every 
8 weeks thereafter for up to 4 years, all patients received 
body-weight-based doses of 3000, 3300, or 3600 mg.

Patients receiving stable therapy with cholinesterase 
inhibitors and immunosuppressants at the start of the study 
could continue them. Dose changes were not permitted dur-
ing the RCP, but were allowed during the OLE at the inves-
tigator’s discretion. Rescue therapy, including high-dose 
corticosteroids, plasma exchange, or intravenous immuno-
globulin, was permitted throughout the study for patients 
experiencing clinical deterioration.

Study endpoints

Efficacy was evaluated using the following validated meas-
ures: the MG-ADL score [27]; Quantitative Myasthenia 
Gravis (QMG) score [28]; revised 15-item Myasthenia 
Gravis Quality of Life (MG-QOL15r) score [29]; and Neuro-
logical Quality of Life (Neuro-QoL) Fatigue subscale score 
[30, 31].

The MG-ADL scale is an 8-item survey of patient-
reported MG symptom severity with a total score range 
of 0–24. The QMG is a 13-item clinician assessment of 
strength with a total score range of 0–39. The MG-QOL15r 
is a 15-item questionnaire on health-related quality of life 
with a total score range of 0–30. The Neuro-QoL Fatigue 
subscale evaluates the effect of fatigue on the quality of life 
of patients with neurologic disorders. The long form of the 
subscale used in this study comprises 19 patient-reported 
items with a total score range of 19–95. For each of the four 
measures, a reduction in scores indicates an improvement.

MG-ADL and QMG were assessed at screening, base-
line, and Weeks 1, 2, 4, 10, 12, 18, and 26 of the RCP, and 
at Weeks 28, 30, 36, 38, 44, 52, and 60 during the OLE. 
MG-QOL15r and Neuro-QoL Fatigue subscale scores were 
assessed at baseline and Weeks 4, 12, 18, and 26 of the 
RCP, and at Weeks 30, 38, 44, 52, and 60 during the OLE. 
At each assessment, the order of endpoints assessed was 
MG-ADL, QMG, MG-QOL15r, and Neuro-QoL Fatigue. 
Administration of the MG-ADL questionnaire and QMG 
and MG-QOL15r assessments was performed by trained 
clinical evaluators; preferably the same person evaluated 
each patient throughout the study. Assessment of QMG 
was performed at approximately the same time of day at 
each scheduled visit if possible. Patients who were receiv-
ing a cholinesterase inhibitor during the RCP or OLE were 
required to refrain from taking it for at least 10 h before each 
scheduled assessment.

Study endpoints were change from RCP or OLE baseline 
in MG-ADL, QMG, MG-QOL15r, and Neuro-QoL Fatigue 
scores. The primary endpoint was change in MG-ADL score 
at Week 60. In addition, a responder analysis of MG-ADL 
and QMG scores was performed, with a clinical response 
defined as an improvement from baseline of ≥ 3 points for 
MG-ADL or ≥ 5 points for QMG. Occurrence of clinical 
deterioration and the use of rescue therapy by patients expe-
riencing clinical deterioration were also assessed. Clinical 
deterioration was defined as: an MG crisis (weakness severe 
enough to necessitate intubation or to delay extubation fol-
lowing surgery); significant symptomatic worsening (wors-
ening to a score of 3, or a 2-point worsening from baseline, 
on any of the individual MG-ADL items other than double 
vision or eyelid droop, which in the investigator’s assessment 
was associated with significant symptomatic worsening); or 
use of rescue therapy for health in jeopardy (administration 
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of rescue therapy to a patient whose health, in the opinion 
of the investigator, would be in jeopardy if rescue therapy 
were not given).

Efficacy data were analyzed as follows: change from RCP 
baseline at Week 60 was assessed for all endpoints in both 
study groups (ravulizumab–ravulizumab and placebo–ravuli-
zumab); change from OLE baseline to OLE Week 2 (MG-
ADL and QMG scores), OLE Week 4 (MG-QOL15r and 
Neuro-QoL Fatigue scores), and OLE Week 34 (all end-
points) was assessed for the placebo–ravulizumab group 
only. The analysis from the RCP baseline allowed assess-
ment of endpoints throughout the entire study, while the 
analysis from the OLE baseline allowed assessment of the 
immediate and longer-term impact of switching to ravuli-
zumab in the placebo–ravulizumab group.

Changes in corticosteroid use during the OLE were also 
assessed. The safety and tolerability of ravulizumab were 
evaluated based on the incidence of adverse events, clinical 
laboratory and vital sign findings, and electrocardiogram 
abnormalities throughout the study (RCP and OLE periods). 
The potential relationship between each adverse event and 
the study agent was evaluated by the principal investigators, 
who were trained in causality assessment. Serious adverse 
events were also reviewed by the sponsor.

Statistical analysis

Sample-size calculations for the RCP have been described 
previously [26]. Efficacy was assessed in the full analysis 
set, which included all patients who were randomized to 
treatment and received at least one dose of study agent, and 
in the OLE analysis set, which comprised all patients who 
received at least one dose of ravulizumab in the OLE. Safety 
was assessed in the safety analysis set, which comprised all 
patients who received at least one dose of ravulizumab in 
the RCP or OLE by the time of data cut-off. Adverse events 
with onset after the first ravulizumab infusion are reported.

A mixed model for repeated measures (MMRM) was used 
to analyze changes from baseline, with the assumption that 
missing data were missing at random. Missing data were not 
imputed. Data are shown as least-squares (LS) mean change 
from baseline with 95% confidence intervals (CIs). The esti-
mates for the RCP were based on an MMRM that included 
treatment group, stratification factor region, baseline score, 
study visit, and study visit by treatment group interaction. 
Visits up to Week 26 were included in the model. The OLE 
estimates were based on an MMRM that included stratifica-
tion factor region, baseline score, and study visit. A model 
was fit for the ravulizumab–ravulizumab and placebo–ravuli-
zumab arms of the OLE analysis set separately.

The responder analysis calculated the proportion of 
patients who achieved a clinical response from the RCP 
baseline in patients who initiated ravulizumab in the RCP 

and from the OLE baseline in patients who initiated ravuli-
zumab in the OLE.

A generalized estimating equation Poisson regression 
repeated measures model was used to analyze clinical deteri-
oration event rates, with the number of events as the depend-
ent variable, the logarithm of patient-years as the offset vari-
able, and the study phase indicator (pre-study, placebo, or 
ravulizumab) as the explanatory factor.

The present interim analysis was prespecified. Data cut-
off was 9 November 2021, including data for up to 60 weeks 
from the RCP baseline (34 weeks from the OLE baseline 
when patients receiving placebo during the RCP switched to 
ravulizumab). All analyses were performed using Statistical 
Analysis Software Version 9.4 (SAS®, SAS Institute, Cary, 
NC, USA).

Results

A total of 175 patients were enrolled into the RCP (full anal-
ysis set) between March 2019 and November 2020 across 85 
centers in 13 countries; 86 patients received ravulizumab 
and 89 received placebo. Six patients received prophylactic 
antibiotics until ≥ 2 weeks after meningococcal vaccination. 
A total of 162 patients completed the RCP, of whom 161 
entered the OLE (OLE analysis set); 78 patients were in the 
ravulizumab–ravulizumab group and 83 were in the placebo-
ravulizumab group (Fig. 2). The safety set comprised 169 
patients who received ravulizumab at any point during the 
RCP or OLE: 86 in the ravulizumab–ravulizumab group 
who received ravulizumab during the RCP (of whom eight 
did not continue to the OLE); and 83 who received placebo 
during the RCP and switched to ravulizumab for the OLE. 
Eleven patients withdrew from the OLE before data cut-off 
(Fig. 2). A total of 55 patients in the ravulizumab–ravuli-
zumab group and 58 in the placebo–ravulizumab group com-
pleted the Week 60 visit before the data cut-off. All patients 
had entered the study at least 52 weeks before data cut-off.

Baseline (RCP entry) demographic and clinical character-
istics were similar in the two treatment groups who entered 
the OLE (Table 1). Median duration (range) of follow-up 
was 442 (243–466) days in the ravulizumab–ravulizumab 
group and 442 (269–461) days in the placebo–ravulizumab 
group. Median duration (range) of ravulizumab treatment 
at the time of data cut-off was 421 (14–442) days in the 
ravulizumab–ravulizumab group and 239 (63–258) days in 
the placebo–ravulizumab group.

Long‑term efficacy

In the ravulizumab–ravulizumab group, clinical improve-
ments observed during the RCP in the MG-ADL, QMG, 
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Randomized and treated
N = 175

Assessed for eligibility
N = 242

Placebo
N = 89

Ravulizumab
N = 86

Included in FAS and safety 
analysis sets

N = 89

Included in FAS and safety 
analysis sets

N = 86

Entered open-label
extension period

N = 83

Entered open-label
extension period

N = 78

On-going in open-label
extension period

N = 79

On-going in open-label
extension period

N = 71

Completed randomized 
controlled period

N = 83

Completed randomized 
controlled period

N = 79

Withdrawn, n = 7
• Withdrawal by patient = 3
• Physician decision = 3
• Death = 1c

Withdrawn, n = 4
• Withdrawal by patient = 2
• Physician decision = 1
• Death = 1c

Withdrawn, n = 6
• Patient decision = 1
• Physician decision = 2
• AE = 2
• Other = 1

Withdrawn, n = 7
• Death = 2b

• Patient decision = 2
• Noncompliance = 1
• Physician decision = 1
• Protocol violation = 1

Excluded, N=67a

• Did not meet inclusion criteria
 or met exclusion criteria = 65

• Unable to comply with protocol = 2
• Withdrew consent = 1
• Study site unavailable due to COVID-19 = 1

Withdrawn, n = 1
• Patient decision = 1

Fig. 2   Patient disposition. aIndividuals may have had more than one reason for exclusion. bOne death was due to COVID-19 and one was due to 
cerebral hemorrhage. cBoth deaths were related to COVID-19. AE, adverse event; COVID-19, coronavirus disease 2019; FAS, full analysis set

Table 1   Demographic and 
clinical characteristics at RCP 
entry of patients included in the 
OLE analysis set

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
a Patients treated with ravulizumab during both the RCP and OLE. bPatients treated with placebo during the 
RCP and ravulizumab during the OLE

Characteristic Ravulizumab– 
ravulizumaba

(n = 78)

Placebo–ravulizumabb 
(n = 83)

All patients
(N = 161)

Female, n (%) 40 (51.3) 42 (50.6) 82 (50.9)
Age, years, mean ± SD 58.2 ± 13.6 53.6 ± 16.4 55.9 ± 15.2
Race, n (%)
 White 61 (78.2) 57 (68.7) 118 (73.3)
 Asian 13 (16.7) 14 (16.9) 27 (16.8)
 Black or African American 2 (2.6) 4 (4.8) 6 (3.7)
 Other/unknown/not reported 2 (2.6) 8 (9.6) 10 (6.2)

MGFA clinical classification, n (%)
 Class IIa/b 36 (46.2) 35 (42.2) 71 (44.1)
 Class IIIa/b 37 (47.4) 43 (51.8) 80 (49.7)
 Class IVa/b 5 (6.4) 5 (6.0) 10 (6.2)

MG-ADL total score, mean ± SD 9.2 ± 2.6 8.9 ± 2.2 9.0 ± 2.4
QMG total score, mean ± SD 14.8 ± 5.2 14.3 ± 5.2 14.5 ± 5.2
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MG-QOL15r, and Neuro-QoL Fatigue total scores were 
sustained during the OLE through 60 weeks of ravulizumab 
treatment (Fig.  3). There was a statistically significant 
improvement from RCP baseline to Week 60 in all efficacy 
endpoints (Table 2): the LS (95% CI) mean changes in total 
MG-ADL and QMG total scores were − 4.0 (− 4.8, − 3.1; 
p < 0.0001); and − 4.1 (− 5.4, − 2.9; p < 0.0001), respec-
tively (Table 2). Changes from OLE baseline in all endpoints 
showed continued numerical improvement (Fig. 4; Table 2). 
At Week 60, compared with RCP baseline, 42 (76.4%) 
patients had experienced an improvement of ≥ 3 points on 

the MG-ADL scale and 25 (49.0%) had experienced an 
improvement of ≥ 5 points on the QMG.

In the placebo–ravulizumab group, rapid improvements 
(within 2–4 weeks) were observed in all efficacy endpoints 
following ravulizumab initiation (Figs. 3 and 4). Statistically 
significant improvements from OLE baseline were seen at the 
first OLE assessment point (2 weeks after ravulizumab initia-
tion for MG-ADL and QMG scores and 4 weeks after ravuli-
zumab initiation for MG-QOL15r and Neuro-QoL Fatigue 
scores). Improvements were sustained through Week 60, 
with LS (95% CI) mean changes from OLE baseline of 
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Fig. 3   Least-squares mean change (95% CI) from RCP baseline in 
A MG-ADL total score, B QMG total score, C MG-QOL15r total 
score and D Neuro-QoL Fatigue score. *, **, and *** indicate two-
sided p-values of < 0.05, < 0.01, and < 0.001, respectively, for the 
comparison of treatment groups in change from baseline during the 
RCP (p-values are nominal for comparisons at all timepoints except 
Week 26; endpoints at Week 26 were tested in a hierarchical manner). 
The RCP estimates are based on an MMRM that included treatment 
group, stratification factor region, baseline score, study visit, and 
study visit by treatment group interaction. Visits up to Week 26 were 
included in the model. The OLE estimates are based on an MMRM 

that included stratification factor region, baseline score, and study 
visit. A model was fit for the ravulizumab–ravulizumab and placebo–
ravulizumab arms of the OLE analysis set separately. Data for the 
full analysis set are shown for the RCP; data for the OLE analysis set 
are shown for the OLE period. Data are offset for clarity. BL, base-
line; CI, confidence interval; LS, least squares; MG-ADL, Myasthe-
nia Gravis–Activities of Daily Living; MG-QOL15r, revised 15-item 
Myasthenia Gravis Quality of Life; MMRM, mixed model for 
repeated measures; Neuro-QoL, Neurological Quality of Life; OLE, 
open-label extension; QMG, Quantitative Myasthenia Gravis; RCP, 
randomized controlled period
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− 1.7 (− 2.7, − 0.8; p = 0.0007) and − 3.1 (− 4.2, − 1.9;  
p < 0.0001) in total MG-ADL and QMG total scores, respec-
tively (Table 2). At Week 60 (34 weeks after ravulizumab 
initiation), compared with OLE baseline, 25 (43.1%) patients 
had experienced an improvement of ≥ 3 points on the MG-
ADL scale and 16 (32.7%) had experienced an improvement 
of ≥ 5 points in QMG score. At patients’ last assessments, 
such improvements were achieved by 33 (39.8%) and 23 
(29.9%) patients, respectively.

During the OLE period assessed in this interim analy-
sis, which included 161 patients, four patients in the  
placebo–ravulizumab group and six in the ravuli-
zumab–ravulizumab group discontinued corticosteroid use; 
26 patients in the placebo–ravulizumab group and 19 in the 
ravulizumab–ravulizumab group reduced their corticosteroid 
use. Two of the patients in the placebo–ravulizumab group 
initiated corticosteroid treatment and three increased their 
corticosteroid use; in the ravulizumab–ravulizumab group, 
two patients initiated corticosteroid use and six increased 
their use.

Clinical deterioration events

In the ravulizumab–ravulizumab group, eight (9%) patients 
experienced 10 clinical deterioration events during the RCP 
and eight (10%) patients experienced 10 events during the 
OLE (Table 3). In the placebo–ravulizumab group, 15 (17%) 
patients experienced 26 clinical deterioration events dur-
ing the RCP while receiving placebo compared with four 
(5%) patients experiencing five events during the OLE when 
receiving ravulizumab (Table 3).

The clinical deterioration event rate per 100 patient-
years was 44.4 in the 1-year period before the start of the 

study, 61.6 in patients receiving placebo during the RCP, 
and 17.8 in patients receiving ravulizumab in the RCP and 
OLE (Fig. 5). This corresponds to a reduction of 59.8% 
(p = 0.0019) for ravulizumab versus pre-study values and 
a reduction of 71.1% (p = 0.0011) for ravulizumab versus 
placebo (Fig. 5).

Safety

Ravulizumab was generally well tolerated during both the 
RCP and OLE (Table 4). The most common adverse events 
were headache and diarrhea. Most adverse events (89%) 
were grades 1 or 2 in severity (Table 4). Event rates per 
100 patient-years were higher in patients treated with ravuli-
zumab than in those receiving placebo for abdominal pain, 
dizziness, and upper respiratory tract infection (Table 4). A 
total of 41 (24.3%) patients experienced a serious adverse 
event, of which six events (in five patients) were classified 
by the investigator as related to study treatment: one patient 
each with dysphagia, suppurative tendonitis, worsening MG, 
or erysipelas, and one patient with pneumonia and mitral 
valve stenosis. Four deaths occurred, all in patients receiv-
ing ravulizumab: three due to COVID-19 and one due to a 
spontaneous cerebral hemorrhage. All deaths were assessed 
by the investigators and confirmed by the sponsor to be unre-
lated to study treatment. No cases of meningococcal infec-
tion were reported. One case of meningitis with unknown 
etiology occurred at approximately 63 weeks after study 
entry (after the data cut-off date); cerebrospinal fluid (CSF) 
cultures for bacteria, Mycobacterium tuberculosis, and 
fungus, as well as CSF polymerase chain reaction analysis 
and blood cultures were all negative for bacterial meningi-
tis. Serology results noted that N. meningitidis serogroup/

Table 2   Least-squares mean change (95% CI) in efficacy endpoints during the OLE (OLE analysis set)

CI, confidence interval; MG-ADL, Myasthenia Gravis–Activities of Daily Living; MG-QOL15r, revised 15-item Myasthenia Gravis Quality of 
Life; Neuro-QoL, Neurological Quality of Life; OLE, open-label extension; QMG, Quantitative Myasthenia Gravis; RCP, randomized controlled 
period
a Patients treated with ravulizumab during both the RCP and OLE. bPatients treated with placebo during the RCP and ravulizumab during the 
OLE. cOLE Week 2 for MG-ADL and QMG scores, OLE Week 4 for MG-QOL15r and Neuro-QoL Fatigue scores

Ravulizumab–ravulizumaba (n = 78) Placebo–ravulizumabb (n = 83)

RCP baseline to 
Week 60
(OLE Week 34)

OLE baseline to 
Week 60
(OLE Week 34)

RCP baseline to 
Week 60
(OLE Week 34)

OLE baseline to OLE
Week 2 or 4c

OLE baseline to 
Week 60
(OLE Week 34)

MG-ADL total score − 4.0 (− 4.8, − 3.1)
 p < 0.0001

− 0.3 (− 0.9, 0.3)
 p = 0.3095

− 3.3 (− 4.3, − 2.2)
 p < 0.0001

− 1.7 (− 2.4, − 1.0)
 p < 0.0001

− 1.7 (− 2.7, − 0.8)
 p = 0.0007

QMG total score − 4.1 (− 5.4, − 2.9)
 p < 0.0001

− 0.9 (− 1.9, 0.0)
 p = 0.0555

− 3.8 (− 5.1, − 2.4)
 p < 0.0001

− 2.1 (− 3.0, − 1.1)
 p < 0.0001

− 3.1 (− 4.2, − 1.9)
 p < 0.0001

MG-QOL15r total 
score

− 5.0 (− 6.9, − 3.1)
 p < 0.0001

− 0.8 (− 1.8, 0.3)
 p = 0.1562

− 5.4 (− 7.3, − 3.5)
 p < 0.0001

− 3.5 (− 5.1, − 1.9)
 p < 0.0001

− 3.1 (− 4.8, − 1.4)
 p = 0.0005

Neuro-QoL Fatigue 
total score

− 10.2 (− 15.1, − 5.3)
 p < 0.0001

− 1.5 (− 5.0, 1.9)
 p = 0.3831

− 14.0 (− 18.6, − 9.4)
 p < 0.0001

− 9.3 (− 13.7, − 5.0)
 p < 0.0001

− 8.0 (− 12.3, − 3.6)
 p = 0.0005
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serotype was not detected. The patient continued to partici-
pate in the study and to receive ravulizumab.

Discussion

The interim results of this long-term extension of the 
CHAMPION MG study demonstrate that the benefits of 
ravulizumab are sustained through 60 weeks in patients 
with anti-AChR antibody-positive gMG. In patients who 
received ravulizumab during the RCP, improvements in 
activities of daily living, muscle strength, fatigue, and 
quality of life were seen by Week 1 and sustained through 
60 weeks of treatment.

There was a rapid and sustained beneficial response 
to ravulizumab in patients who switched from placebo to 
ravulizumab in the OLE, consistent with that observed for 
patients treated with ravulizumab during the RCP [26]. 
Statistically significant improvements from baseline were 
seen at the first assessment timepoints: 2 weeks after the 
start of therapy for the MG-ADL and QMG scores, and 
4 weeks after the start of therapy for the MG-QOL15r 
and Neuro-QoL Fatigue scores. There were also sta-
tistically significant improvements in each scale both 
from RCP baseline to Week 60 and from OLE baseline 
to Week 60 (34 weeks of ravulizumab treatment for the  
placebo–ravulizumab group), the latter of which was 
achieved despite the high placebo response observed in 
the primary analysis of the RCP [26].
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Fig. 4   Least-squares mean change (95% CI) from OLE baseline in A 
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and D Neuro-QoL Fatigue score. *, **, and *** indicate two-sided 
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Estimates were based on an MMRM for each treatment sequence and 
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Data for the OLE analysis set are shown. Data are offset for clarity. 
BL, baseline; CI, confidence interval; LS, least squares; MG-ADL, 
Myasthenia Gravis–Activities of Daily Living; MG-QOL15r, revised 
15-item Myasthenia Gravis Quality of Life; MMRM, mixed model 
for repeated measures; Neuro-QoL, Neurological Quality of Life; 
OLE, open-label extension; QMG, Quantitative Myasthenia Gravis; 
RCP, randomized controlled period
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The criteria for response in the CHAMPION MG study 
were an improvement of ≥ 3 points on the MG-ADL scale 
or ≥ 5 points in the QMG score; both exceed the mini-
mal clinically important difference generally accepted 
for these measures (i.e. ≥ 2 points on the MG-ADL scale 
and ≥ 3 points in the QMG score) [32, 33]. In the ravuli-
zumab–ravulizumab group, 76.4% of patients were consid-
ered responders according to the study MG-ADL criterion 
and 49.0% according to the study QMG criterion at Week 60 
compared with RCP baseline. In comparison, at the 26-week 
assessment, the response rate was 56.7% for MG-ADL and 
30.0% for QMG [26]. These trends suggest that the response 
rate may increase with prolonged treatment, as seen in the 
REGAIN trial OLE with eculizumab [20, 34, 35]. In the 
placebo–ravulizumab group, 43.1% and 32.7% of patients 
were considered to be MG-ADL and QMG responders, 
respectively, at Week 60 compared with OLE baseline, 
after up to 34 weeks of treatment. These response rates are 
similar to those observed for the ravulizumab–ravulizumab 
group after 26 weeks, albeit slightly lower for MG-ADL. It 
is not clear why some patients did not respond within the 

Table 3   Clinical deterioration 
events experienced during the 
study

Data for the full analysis set are shown for the RCP; data for the OLE analysis set are shown for the OLE
MG, myasthenia gravis; OLE, open-label extension; RCP, randomized controlled period
a Per-protocol-defined criteria for clinical deterioration event; a clinical deterioration event may have met 
more than one criterion, and patients may have experienced more than one event
b Defined as weakness severe enough to necessitate intubation or to delay extubation following surgery
c Defined as worsening to a score of 3, or a 2-point worsening from baseline, on any of the individual MG-
ADL items other than double vision or eyelid droop, which in the investigator’s assessment was associated 
with significant symptomatic worsening
d Defined as the administration of rescue therapy to a patient whose health, in the opinion of the investiga-
tor, would be in jeopardy if rescue therapy were not given
e Both patients required rescue therapy
f Required rescue therapy
g Three patients (one patient on two occasions) required rescue therapy

Clinical deterioration 
eventsa

Ravulizumab–ravulizumab Placebo–ravulizumab

RCP (receiving 
ravulizumab)
(n = 86)

OLE (receiving 
ravulizumab)
(n = 78)

RCP (receiving 
placebo)
(n = 89)

OLE (receiv-
ing ravuli-
zumab)
(n = 83)

Total
 Patients, n (%) 8 (9) 8 (10) 15 (17) 4 (5)
 Events, n 10 10 26 5

MG crisisb

 Patients, n (%) 0 2 (3)e 1 (1)f 0
 Events, n 0 3 1 0

Significant symptomatic worseningc

 Patients, n (%) 1 (1) 0 5 (6)g 1 (1)f

 Events, n 1 0 6 1
Rescue therapy for health in jeopardyd

 Patients, n (%) 7 (8) 6 (8) 12 (13) 3 (4)
 Events, n 9 7 19 4
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Fig. 5   Clinical deterioration event rate per 100 patient-years. a1-year 
period, events reported by investigators. The event rates were cal-
culated using a generalized estimating equation Poisson regression 
repeated measures model with the number of events as the depend-
ent variable, the logarithm of patient-years as the offset variable, and 
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RCP + OLE) as the factors, assuming a compound symmetry corre-
lation structure. OLE, open-label extension; PY, patient-years; RCP, 
randomized controlled period
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timeframe examined in this analysis. As mentioned above, 
the response criteria applied in the study were stringent and 
exceeded the accepted minimal clinically important differ-
ence for MG-ADL and QMG scores [32, 33]. At present, no 
clinical indicators or markers are established for response to 
complement inhibitor therapy in MG and further research is 
required in this area.

Changes to immunosuppressant use were permitted only 
during the OLE. During the OLE period assessed in the 
interim analysis (up to 34 weeks of ravulizumab treatment) 

several patients were able to decrease or discontinue their 
corticosteroid use, suggesting that adults with gMG who are 
treated with ravulizumab may be able to reduce their regular 
corticosteroid dosage, and hence lessen the adverse-event 
burden associated with such treatment.

During the RCP, the proportion of patients experiencing 
a clinical deterioration event was approximately halved in 
the ravulizumab group compared with the placebo group 
[26]. After patients who received placebo in the RCP were 
switched to ravulizumab in the OLE, the number of clinical 

Table 4   Safety outcomes

AE, adverse event; COVID-19, coronavirus disease 2019; OLE, open-label extension; PY, patient-years; 
RCP, randomized controlled period; SAE, serious adverse event
a Safety set: includes data available for all patients who received ≥ 1 dose of ravulizumab in the RCP or the 
OLE, up to Week 60 at data cut-off (9 November 2021)
b As determined by the investigator
c Graded according to National Cancer Institute Common Terminology Criteria for Adverse Events ver-
sion 4.03
d Two deaths occurred during the RCP and two during the OLE (see text for details)
e Rate not calculated

AEs Patients treated with ravulizumab 
during the RCP or OLEa

Patients treated with placebo 
during the RCP

n = 169, PY = 141.6 n = 89, PY = 43.0

Patients, n (%) Events, n (rate 
per 100 PY)

Patients, n (%) Events, n 
(rate per 
100 PY)

Any AE 150 (88.8) 881 (622.0) 77 (86.5) 341 (793.1)
 Related to trial agentb 58 (34.3) 146 (103.1) 30 (33.7) 61 (141.9)

Any AE, by severityc

 Grade 1 127 (75.1) 577e 66 (74.2) 250e

 Grade 2 82 (48.5) 210e 30 (33.7) 70e

 Grade 3 39 (23.1) 81e 14 (15.7) 20e

 Grade 4 9 (5.3) 9e 1 (1.1) 1e

 Grade 5 4 (2.4) 4e 0 0
Any SAE 41 (24.3) 75 (53.0) 14 (15.7) 16 (37.2)
 Related to trial agentb 5 (3.0) 6e 4 (4.5) 4e

 Deathd 4 (2.4) 4e 0 0
AE reported in > 5% of patients in either group
 Headache 28 (16.6) 43 (30.4) 23 (25.8) 27 (62.8)
 Diarrhea 23 (13.6) 26 (18.4) 11 (12.4) 15 (34.9)
 Nausea 16 (9.5) 25 (17.7) 9 (10.1) 10 (23.3)
 Fatigue 16 (9.5) 19 (13.4) 6 (6.7) 6 (14.0)
 Back pain 16 (9.5) 16 (11.3) 5 (5.6) 5 (11.6)
 Arthralgia 15 (8.9) 23 (16.2) 7 (7.9) 8 (18.6)
 Nasopharyngitis 15 (8.9) 17 (12.0) 5 (5.6) 7 (16.3)
 Urinary tract infection 15 (8.9) 17 (12.0) 4 (4.5) 5 (11.6)
 Dizziness 14 (8.3) 19 (13.4) 3 (3.4) 3 (7.0)
 COVID-19 9 (5.3) 13 (9.2) 3 (3.4) 4 (9.3)
 Abdominal pain 9 (5.3) 11 (7.8) 0 0
 Upper respiratory tract infection 9 (5.3) 10 (7.1) 2 (2.2) 2 (4.7)
 Pyrexia 6 (3.6) 6 (4.2) 5 (5.6) 6 (14.0)
 Infusion-related reaction 1 (0.6) 2 (1.4) 5 (5.6) 5 (11.6)
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deterioration events and the proportion of patients expe-
riencing these events decreased. Moreover, statistically 
significant reductions in exposure-adjusted clinical dete-
rioration event rates were observed in ravulizumab-treated 
patients across the RCP and OLE periods compared with 
both pre-study rates and rates in patients while receiving 
placebo. Given the short- and long-term health and social 
impacts of clinical deterioration events on people with gMG, 
these results demonstrate an important potential benefit for 
patients treated with ravulizumab.

The results of this interim analysis support the efficacy 
of the weight-based dosing regimen with an 8-week dosing 
interval. This regimen is used for other approved indications 
and has been shown to provide immediate, sustained, and 
complete C5 inhibition over the whole dosing interval [36]. 
Pharmacokinetic and pharmacodynamic analyses have also 
demonstrated immediate (by end of first infusion), complete, 
and sustained inhibition of terminal complement in patients 
in the CHAMPION MG study [26]. A stable and sustained 
therapeutic effect is essential for a chronic and fluctuating 
disease such as gMG.

The safety profile of ravulizumab in the long-term exten-
sion period was consistent with that in the 26-week RCP 
[26]. Abdominal pain, dizziness, and upper respiratory tract 
infection were the only adverse events reported to occur at a 
higher rate in patients treated with ravulizumab in the RCP 
or OLE than in those receiving placebo in the RCP. Of the 
four deaths that occurred in patients receiving ravulizumab, 
three were related to COVID-19 infection; there was no 
record that any of the three patients had received COVID-19 
vaccination. There is no evidence that ravulizumab treatment 
increases the risk of mortality in patients with COVID-19 
infection. In a randomized, open-label study investigating 
ravulizumab plus best supportive care versus best supportive 
care alone in patients with severe COVID-19, no difference 
in overall survival was observed between the two groups 
[37]. The fourth death that occurred during the CHAMPION 
MG study was due to cerebral hemorrhage and occurred in a 
patient with a medical history of atrial fibrillation, diabetes 
mellitus, hyperlipidemia, and hypertension, who was receiv-
ing therapy with an oral anticoagulant. None of these deaths 
was considered to be related to ravulizumab treatment (for 
more information see Supplementary Table S1). The safety 
profile is also consistent with studies of ravulizumab in PNH 
and aHUS [22, 23], and with the safety profile of eculizumab 
in gMG and other disorders such as PNH, aHUS, and neuro-
myelitis optica spectrum disorder [19, 20, 38–41]. No new 
safety signals were identified in the CHAMPION MG study 
and no cases of meningococcal infection were reported.

The findings of the CHAMPION MG study of ravuli-
zumab are consistent with those of the REGAIN study of 
eculizumab in anti-AChR antibody-positive gMG [19, 20]. 

In that study, rapid and statistically significant improve-
ments versus placebo in outcomes including activities of 
daily living, muscle strength, and functional ability were 
seen during the randomized, placebo-controlled period of 
the study [19]. These efficacy findings were sustained for 
up to 3 years during the open-label extension period [20]. 
The results of both CHAMPION MG and REGAIN pro-
vide evidence that inhibiting complement protein C5 is an 
efficacious and rational therapeutic target in patients with 
anti-AChR antibody-positive gMG. Ravulizumab provides 
the additional benefit that therapeutic serum concentra-
tions are maintained over an 8-week dosing interval [21], 
potentially improving convenience by reducing the number 
of annual infusions from 26 with eculizumab to 6–7 with 
ravulizumab.

Strengths of the CHAMPION MG study have been pre-
viously described [26]. A wide variety of patients were 
enrolled, with broad ranges of disease severity, standard 
treatments received before the trial, disease duration, and 
geographic background. Also, in contrast to REGAIN, 
patients enrolled in CHAMPION MG were not required 
to meet criteria defining them as being refractory to previ-
ous MG treatments. The relevance of the outcome meas-
ures used, including both patient- and physician-reported 
assessments, was also a strength. The main limitation of 
the long-term extension is its open-label design, which 
might contribute to an over-estimation of effectiveness. 
However, the dosing schedule at the start of the OLE 
was designed to preserve study blinding when the initial 
response to ravulizumab was being measured in patients 
who had previously received placebo. Selection bias is 
a potential limitation of extension studies, whereby only 
patients who respond well to therapy during the main 
study go forward to the extension phase. However, 161 
patients out of 162 who completed the RCP elected to 
enter the OLE, so it is unlikely that this type of selection 
bias substantially influenced the results.

In conclusion, the interim analysis demonstrates that 
patients who initiated ravulizumab at RCP baseline sus-
tained their improvements for up to 60  weeks, while 
patients who switched from placebo to ravulizumab at 
OLE baseline achieved a rapid and sustained improvement 
in their MG symptoms, consistent with that observed in 
patients who initiated ravulizumab treatment at the start 
of the study. The study also demonstrates that ravuli-
zumab has the potential to decrease the rate of clinical 
deteriorations. The safety profile was consistent with the 
known safety profile of ravulizumab and no new safety 
signals were identified. Overall, these findings support the 
sustained clinical effectiveness and long-term safety of 
ravulizumab, administered every 8 weeks, in adults with 
anti-AChR antibody-positive gMG.



3873Journal of Neurology (2023) 270:3862–3875	

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​023-​11699-x.

Acknowledgements  We thank the patients who took part in the study 
and their families, as well as the CHAMPION MG principal investiga-
tors, sub-investigators, and study coordinators. We also thank Sivani 
Paskaradevan (Alexion, AstraZeneca Rare Disease) for critical review 
of the manuscript; Kathleen Beasley (Alexion, AstraZeneca Rare 
Disease) for contributions to trial execution and data interpretation; 
Alice Zangrandi (Alexion, AstraZeneca Rare Disease) for clinical trial 
oversight; Ahmed Enayetallah, Sam Gokhale, Fanny O’Brien, Rod-
rigo Pavani, Nishi Rampal (all formerly of Alexion, AstraZeneca Rare 
Disease), and Nader Najafian (Alexion, AstraZeneca Rare Disease) 
for their contributions to the trial design, trial execution, and/or data 
interpretation. Medical writing support was provided by Mary Greena-
cre and Julie Ponting of Piper Medical Communications, funded by 
Alexion, AstraZeneca Rare Disease. A list of CHAMPION MG Study 
Group members is provided in the Supplementary Information.

Authors’ contribution  AM, DA, TV, RM, MK, JFH Jr contributed to 
study data acquisition. GF and LG contributed to study design and/or 
execution. RA provided statistical analyses. All authors contributed to 
data interpretation and to the critical revision of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study and all costs associated with development of this 
publication were funded by Alexion, AstraZeneca Rare Disease.

Data availability  Alexion, AstraZeneca Rare Disease will consider 
requests for disclosure of clinical study participant-level data pro-
vided that participant privacy is assured through methods like data 
de-identification, pseudonymization, or anonymization (as required by 
applicable law), and if such disclosure was included in the relevant 
study informed consent form or similar documentation. Qualified 
academic investigators may request participant-level clinical data and 
supporting documents (statistical analysis plan and protocol) pertain-
ing to Alexion-sponsored studies. Further details regarding data avail-
ability and instructions for requesting information are available in the 
Alexion Clinical Trials Disclosure and Transparency Policy at https://​
alexi​oncli​nical​trials.​com/​Discl​osure-​and-​Trans​paren​cy-​Policy. Link to 
Data Request Form: https://​alexi​on.​com/​conta​ct-​alexi​on/​medic​al-​infor​
mation.

Declarations 

Conflict of  interest  Andreas Meisel has received speaker honoraria, 
consulting fees, or financial research support (paid to institution) from 
Alexion, AstraZeneca Rare Disease, Argenx, Axunio, Grifols, Hor-
mosan, Janssen, Merck, Octapharma, and UCB. He serves as chairman 
of the medical advisory board of the German Myasthenia Gravis Soci-
ety. Djillali Annane has received consultancy fees from Alexion, As-
traZeneca Rare Disease. Tuan Vu is the USF Site Principal Investigator 
for MG clinical trials sponsored by Alexion, AstraZeneca Rare Dis-
ease, argenx, Ra/UCB Pharma, Horizon/Viela Bio, Janssen/Momenta, 
Sanofi, Regeneron, and Cartesian Therapeutics; he receives speaker 
and/or consultant honoraria from Alexion, AstraZeneca Rare Disease, 
UCB, and argenx. Renato Mantegazza serves on advisory boards for 
Alexion, AstraZeneca Rare Disease, UCB, argenx, Catalyst, and Sa-
nofi. He has received speaker’s honoraria from Alexion, AstraZeneca 
Rare Disease, UCB, and argenx, and consultancy fees from Catalyst. 
Masahisa Katsuno has received speaker honoraria from Biogen Japan, 
Chugai, and Eisai, and financial research support from Alexion, As-
traZeneca Rare Disease, argenx, Eisai, and Mitsubishi-Tanabe. Rasha 
Aguzzi and Glen Frick are employees of and own stock in Alexion, 
AstraZeneca Rare Disease. Laura Gault was an employee of Alexion, 

AstraZeneca Rare Disease at the time the study and analysis were con-
ducted. James F Howard Jr has received research support (paid to in-
stitution) from Alexion, AstraZeneca Rare Disease, argenx, Cartesian 
Therapeutics, the Centers for Disease Control and Prevention (Atlanta, 
GA, USA), the Myasthenia Gravis Foundation of America, the Muscu-
lar Dystrophy Association, the National Institutes of Health (including 
the National Institute of Neurological Disorders and Stroke, and the 
National Institute of Arthritis and Musculoskeletal and Skin Diseases), 
PCORI, Ra Pharmaceuticals (now UCB Pharma), and Takeda Pharma-
ceuticals; honoraria from Alexion, AstraZeneca Rare Disease, argenx, 
Immunovant Inc., Ra Pharmaceuticals (now UCB Pharma), Regen-
eron Pharmaceuticals, Sanofi US, and Viela Bio Inc. (now Horizon 
Therapeutics); and non-financial support from Alexion, AstraZeneca 
Rare Disease, argenx, Ra Pharmaceuticals (now UCB Pharma), and 
Toleranzia AB.

Ethics approval  The trial protocol was approved by the independent 
ethics committee or institutional review board at each participating 
institution. The trial was conducted in accordance with the provisions 
of the World Medical Association Declaration of Helsinki, the Interna-
tional Conference on Harmonisation E6 Guidelines for Good Clinical 
Practice, and all applicable regulatory requirements.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Gilhus NE, Tzartos S, Evoli A, Palace J, Burns TM, Verschuuren 
J (2019) Myasthenia gravis. Nat Rev Dis Primers 5:30. https://​doi.​
org/​10.​1038/​s41572-​019-​0079-y

	 2.	 Dresser L, Wlodarski R, Rezania K, Soliven B (2021) Myasthe-
nia gravis: epidemiology, pathophysiology and clinical manifesta-
tions. J Clin Med 10:2235. https://​doi.​org/​10.​3390/​jcm10​112235

	 3.	 Grob D, Brunner N, Namba T, Pagala M (2008) Lifetime course 
of myasthenia gravis. Muscle Nerve 37:141–149. https://​doi.​org/​
10.​1002/​mus.​20950

	 4.	 Gilhus NE (2016) Myasthenia gravis. N Engl J Med 375:2570–
2581. https://​doi.​org/​10.​1056/​NEJMr​a1602​678

	 5.	 Harris L, Aban IB, Xin H, Cutter G (2019) Employment in refrac-
tory myasthenia gravis: a Myasthenia Gravis Foundation of Amer-
ica Registry analysis. Muscle Nerve 60:700–706. https://​doi.​org/​
10.​1002/​mus.​26694

	 6.	 Lehnerer S, Jacobi J, Schilling R, Grittner U, Marbin D, Ger-
ischer L, Stascheit F, Krause M, Hoffmann S, Meisel A (2022) 
Burden of disease in myasthenia gravis: taking the patient’s 
perspective. J Neurol 269:3050–3063. https://​doi.​org/​10.​1007/​
s00415-​021-​10891-1

	 7.	 Frost A, Svendsen ML, Rahbek J, Stapelfeldt CM, Nielsen 
CV, Lund T (2016) Labour market participation and sick leave 
among patients diagnosed with myasthenia gravis in Denmark 

https://doi.org/10.1007/s00415-023-11699-x
https://alexionclinicaltrials.com/Disclosure-and-Transparency-Policy
https://alexionclinicaltrials.com/Disclosure-and-Transparency-Policy
https://alexion.com/contact-alexion/medical-information
https://alexion.com/contact-alexion/medical-information
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41572-019-0079-y
https://doi.org/10.1038/s41572-019-0079-y
https://doi.org/10.3390/jcm10112235
https://doi.org/10.1002/mus.20950
https://doi.org/10.1002/mus.20950
https://doi.org/10.1056/NEJMra1602678
https://doi.org/10.1002/mus.26694
https://doi.org/10.1002/mus.26694
https://doi.org/10.1007/s00415-021-10891-1
https://doi.org/10.1007/s00415-021-10891-1


3874	 Journal of Neurology (2023) 270:3862–3875

1 3

1997–2011: a Danish nationwide cohort study. BMC Neurol 
16:224. https://​doi.​org/​10.​1186/​s12883-​016-​0757-2

	 8.	 Twork S, Wiesmeth S, Klewer J, Pöhlau D, Kugler J (2010) Qual-
ity of life and life circumstances in German myasthenia gravis 
patients. Health Qual Life Outcomes 8:129. https://​doi.​org/​10.​
1186/​1477-​7525-8-​129

	 9.	 Ciafaloni E (2019) Myasthenia gravis and congenital myasthenic 
syndromes. Continuum (Minneap Minn) 25:1767–1784. https://​
doi.​org/​10.​1212/​con.​00000​00000​000800

	10.	 Mantegazza R, Vanoli F, Frangiamore R, Cavalcante P (2020) 
Complement inhibition for the treatment of myasthenia gravis. 
Immunotargets Ther 9:317–331. https://​doi.​org/​10.​2147/​itt.​s2614​
14

	11.	 Ha JC, Richman DP (2015) Myasthenia gravis and related disor-
ders: Pathology and molecular pathogenesis. Biochim Biophys 
Acta 1852:651–657. https://​doi.​org/​10.​1016/j.​bbadis.​2014.​11.​022

	12.	 Phillips WD, Vincent A (2016) Pathogenesis of myasthenia gravis: 
Update on disease types, models, and mechanisms. F1000Res 
https://​doi.​org/​10.​12688/​f1000​resea​rch.​8206.1

	13.	 Obaid AH, Zografou C, Vadysirisack DD, Munro-Sheldon B, 
Fichtner ML, Roy B, Philbrick WM, Bennett JL, Nowak RJ, Con-
nor KC (2022) Heterogeneity of acetylcholine receptor autoanti-
body-mediated complement activity in patients with myasthenia 
gravis. Neurol Neuroimmunol Neuroinflamm 9:e1169. https://​doi.​
org/​10.​1212/​nxi.​00000​00000​001169

	14.	 Rose N, Holdermann S, Callegari I, Kim H, Fruh I, Kappos L, 
Kuhle J, Müller M, Sanderson NSR, Derfuss T (2022) Receptor 
clustering and pathogenic complement activation in myasthenia 
gravis depend on synergy between antibodies with multiple subu-
nit specificities. Acta Neuropathol 144:1005–1025. https://​doi.​org/​
10.​1007/​s00401-​022-​02493-6

	15.	 Sanders DB, Wolfe GI, Benatar M, Evoli A, Gilhus NE, Illa I, 
Kuntz N, Massey JM, Melms A, Murai H, Nicolle M, Palace J, 
Richman DP, Verschuuren J, Narayanaswami P (2016) Interna-
tional consensus guidance for management of myasthenia gravis: 
executive summary. Neurology 87:419–425. https://​doi.​org/​10.​
1212/​wnl.​00000​00000​002790

	16.	 Mantegazza R, Antozzi C (2020) From traditional to targeted 
immunotherapy in myasthenia gravis: prospects for research. 
Front Neurol 11:981. https://​doi.​org/​10.​3389/​fneur.​2020.​00981

	17.	 Menon D, Barnett C, Bril V (2020) Novel treatments in myas-
thenia gravis. Front Neurol 11:538. https://​doi.​org/​10.​3389/​fneur.​
2020.​00538

	18.	 Bacci ED, Coyne KS, Poon JL, Harris L, Boscoe AN (2019) 
Understanding side effects of therapy for myasthenia gravis and 
their impact on daily life. BMC Neurol 19:335. https://​doi.​org/​10.​
1186/​s12883-​019-​1573-2

	19.	 Howard JF Jr, Utsugisawa K, Benatar M, Murai H, Barohn RJ, Illa 
I, Jacob S, Vissing J, Burns TM, Kissel JT, Muppidi S, Nowak 
RJ, O’Brien F, Wang JJ, Mantegazza R (2017) 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. Lancet Neurol 16:976–986. https://​doi.​org/​10.​1016/​s1474-​
4422(17)​30369-1

	20.	 Muppidi S, Utsugisawa K, Benatar M, Murai H, Barohn RJ, 
Illa I, Jacob S, Vissing J, Burns TM, Kissel JT, Nowak RJ, 
Andersen H, Casasnovas C, de Bleecker JL, Vu TH, Mantegazza 
R, O’Brien FL, Wang JJ, Fujita KP, Howard JF Jr, (2019) Long-
term safety and efficacy of eculizumab in generalized myas-
thenia gravis. Muscle Nerve 60:14–24. https://​doi.​org/​10.​1002/​
mus.​26447

	21.	 Sheridan D, Yu ZX, Zhang Y, Patel R, Sun F, Lasaro MA, 
Bouchard K, Andrien B, Marozsan A, Wang Y, Tamburini P 
(2018) Design and preclinical characterization of ALXN1210: 
a novel anti-C5 antibody with extended duration of action. PLoS 

One 13:e0195909. https://​doi.​org/​10.​1371/​journ​al.​pone.​01959​
09

	22.	 Rondeau E, Scully M, Ariceta G, Barbour T, Cataland S, Heyne N, 
Miyakawa Y, Ortiz S, Swenson E, Vallee M, Yoon SS, Kavanagh 
D, Haller H (2020) The long-acting C5 inhibitor, ravulizumab, is 
effective and safe in adult patients with atypical hemolytic uremic 
syndrome naïve to complement inhibitor treatment. Kidney Int 
97:1287–1296. https://​doi.​org/​10.​1016/j.​kint.​2020.​01.​035

	23.	 Lee JW, Sicre de Fontbrune F, Wong Lee Lee L, Pessoa V, 
Gualandro S, Füreder W, Ptushkin V, Rottinghaus ST, Volles 
L, Shafner L, Aguzzi R, Pradhan R, Schrezenmeier H, Hill A 
(2019) Ravulizumab (ALXN1210) vs eculizumab in adult patients 
with PNH naive to complement inhibitors: the 301 study. Blood 
133:530–539. https://​doi.​org/​10.​1182/​blood-​2018-​09-​876136

	24.	 Vu T, Ortiz S, Katsuno M, Annane D, Mantegazza R, Beasley KN, 
Aguzzi R, Howard JF Jr (2023) Ravulizumab pharmacokinetics 
and pharmacodynamics in patients with generalized myasthenia 
gravis. J Neurol. https://​doi.​org/​10.​1007/​s00415-​023-​11617-1

	25.	 Alashkar F, Rottinghaus S, Vance C, Herich-Terhürne D, Düh-
rsen U, Assert R, Röth A (2020) No evidence for hypogamma-
globulinemia in patients with paroxysmal nocturnal hemoglobi-
nuria (PNH) chronically treated with ravulizumab. PLoS ONE 
15:e0230869. https://​doi.​org/​10.​1371/​journ​al.​pone.​02308​69

	26.	 Vu T, Meisel A, Mantegazza R, Annane D, Katsuno M, Aguzzi 
R, Enayetallah A, Beasley KN, Rampal N, Howard JF Jr (2022) 
Terminal complement inhibitor ravulizumab in generalized myas-
thenia gravis. NEJM Evidence 1:EVIDoa2100066. https://​doi.​org/​
10.​1056/​EVIDo​a2100​066

	27.	 Wolfe GI, Herbelin L, Nations SP, Foster B, Bryan WW, Barohn 
RJ (1999) Myasthenia gravis activities of daily living profile. Neu-
rology 52:1487–1489. https://​doi.​org/​10.​1212/​wnl.​52.7.​1487

	28.	 Barohn RJ, McIntire D, Herbelin L, Wolfe GI, Nations S, Bryan 
WW (1998) Reliability testing of the quantitative myasthenia 
gravis score. Ann N Y Acad Sci 841:769–772. https://​doi.​org/​10.​
1111/j.​1749-​6632.​1998.​tb110​15.x

	29.	 Burns TM, Sadjadi R, Utsugisawa K, Gwathmey KG, Joshi A, 
Jones S, Bril V, Barnett C, Guptill JT, Sanders DB, Hobson-Webb 
L, Juel VC, Massey J, Gable KL, Silvestri NJ, Wolfe G, Cutter 
G, Nagane Y, Murai H, Masuda M, Farrugia ME, Carmichael C, 
Birnbaum S, Hogrel JY, Nafissi S, Fatehi F, Ou C, Liu W, Cona-
way M (2016) International clinimetric evaluation of the MG-
QOL15, resulting in slight revision and subsequent validation of 
the MG-QOL15r. Muscle Nerve 54:1015–1022. https://​doi.​org/​
10.​1002/​mus.​25198

	30.	 Gershon RC, Lai JS, Bode R, Choi S, Moy C, Bleck T, Miller 
D, Peterman A, Cella D (2012) Neuro-QOL: quality of life item 
banks for adults with neurological disorders: item develop-
ment and calibrations based upon clinical and general popula-
tion testing. Qual Life Res 21:475–486. https://​doi.​org/​10.​1007/​
s11136-​011-​9958-8

	31.	 National Institute of Neurological Disorders and Stroke (2015) 
User manual for the Quality of Life in Neurological Disorders 
(Neuro-QoL) measures, Version 2.0, March 2015

	32.	 Muppidi S (2012) The myasthenia gravis-specific activities of 
daily living profile. Ann N Y Acad Sci 1274:114–119. https://​doi.​
org/​10.​1111/j.​1749-​6632.​2012.​06817.x

	33.	 Katzberg HD, Barnett C, Merkies IS, Bril V (2014) Minimal clini-
cally important difference in myasthenia gravis: outcomes from a 
randomized trial. Muscle Nerve 49:661–665. https://​doi.​org/​10.​
1002/​mus.​23988

	34.	 Mantegazza R, Wolfe GI, Muppidi S, Wiendl H, Fujita KP, 
O’Brien FL, Booth HDE, Howard JF Jr (2021) Post-intervention 
status in patients with refractory myasthenia gravis treated with 
eculizumab during REGAIN and its open-label extension. Neu-
rology 96:e610–e618. https://​doi.​org/​10.​1212/​wnl.​00000​00000​
011207

https://doi.org/10.1186/s12883-016-0757-2
https://doi.org/10.1186/1477-7525-8-129
https://doi.org/10.1186/1477-7525-8-129
https://doi.org/10.1212/con.0000000000000800
https://doi.org/10.1212/con.0000000000000800
https://doi.org/10.2147/itt.s261414
https://doi.org/10.2147/itt.s261414
https://doi.org/10.1016/j.bbadis.2014.11.022
https://doi.org/10.12688/f1000research.8206.1
https://doi.org/10.1212/nxi.0000000000001169
https://doi.org/10.1212/nxi.0000000000001169
https://doi.org/10.1007/s00401-022-02493-6
https://doi.org/10.1007/s00401-022-02493-6
https://doi.org/10.1212/wnl.0000000000002790
https://doi.org/10.1212/wnl.0000000000002790
https://doi.org/10.3389/fneur.2020.00981
https://doi.org/10.3389/fneur.2020.00538
https://doi.org/10.3389/fneur.2020.00538
https://doi.org/10.1186/s12883-019-1573-2
https://doi.org/10.1186/s12883-019-1573-2
https://doi.org/10.1016/s1474-4422(17)30369-1
https://doi.org/10.1016/s1474-4422(17)30369-1
https://doi.org/10.1002/mus.26447
https://doi.org/10.1002/mus.26447
https://doi.org/10.1371/journal.pone.0195909
https://doi.org/10.1371/journal.pone.0195909
https://doi.org/10.1016/j.kint.2020.01.035
https://doi.org/10.1182/blood-2018-09-876136
https://doi.org/10.1007/s00415-023-11617-1
https://doi.org/10.1371/journal.pone.0230869
https://doi.org/10.1056/EVIDoa2100066
https://doi.org/10.1056/EVIDoa2100066
https://doi.org/10.1212/wnl.52.7.1487
https://doi.org/10.1111/j.1749-6632.1998.tb11015.x
https://doi.org/10.1111/j.1749-6632.1998.tb11015.x
https://doi.org/10.1002/mus.25198
https://doi.org/10.1002/mus.25198
https://doi.org/10.1007/s11136-011-9958-8
https://doi.org/10.1007/s11136-011-9958-8
https://doi.org/10.1111/j.1749-6632.2012.06817.x
https://doi.org/10.1111/j.1749-6632.2012.06817.x
https://doi.org/10.1002/mus.23988
https://doi.org/10.1002/mus.23988
https://doi.org/10.1212/wnl.0000000000011207
https://doi.org/10.1212/wnl.0000000000011207


3875Journal of Neurology (2023) 270:3862–3875	

1 3

	35.	 Howard JF Jr, Karam C, Yountz M, O’Brien FL, Mozaffar T 
(2021) Long-term efficacy of eculizumab in refractory generalized 
myasthenia gravis: responder analyses. Ann Clin Transl Neurol 
8:1398–1407. https://​doi.​org/​10.​1002/​acn3.​51376

	36.	 Peffault de Latour R, Brodsky RA, Ortiz S, Risitano AM, Jang 
JH, Hillmen P, Kulagin AD, Kulasekararaj AG, Rottinghaus ST, 
Aguzzi R, Gao X, Wells RA, Szer J (2020) Pharmacokinetic and 
pharmacodynamic effects of ravulizumab and eculizumab on 
complement component 5 in adults with paroxysmal nocturnal 
haemoglobinuria: results of two phase 3 randomised, multicentre 
studies. Br J Haematol 191:476–485. https://​doi.​org/​10.​1111/​bjh.​
16711

	37.	 Annane D, Pittock SJ, Kulkarni HS, Pickering BW, Khoshnevis 
MR, Siegel J, Powell CA, Castro P, Fujii T, Dunn D, Smith K, 
Mitter S, Kazani S, Kulasekararaj A (2023) Intravenous ravuli-
zumab in mechanically ventilated patients hospitalised with severe 
COVID-19: a randomised, controlled, open-label, phase 3 trial. 
Lancet Respir Med https://​doi.​org/​10.​1016/​S2213-​2600(23)​
00082-6

	38.	 Wingerchuk DM, Fujihara K, Palace J, Berthele A, Levy M, Kim 
HJ, Nakashima I, Oreja-Guevara C, Wang KC, Miller L, Shang S, 
Sabatella G, Yountz M, Pittock SJ (2021) Long-term safety and 
efficacy of eculizumab in aquaporin-4 IgG-positive NMOSD. Ann 
Neurol 89:1088–1098. https://​doi.​org/​10.​1002/​ana.​26049

	39.	 Hillmen P, Young NS, Schubert J, Brodsky RA, Socié G, Muus 
P, Röth A, Szer J, Elebute MO, Nakamura R, Browne P, Risitano 
AM, Hill A, Schrezenmeier H, Fu CL, Maciejewski J, Rollins 
SA, Mojcik CF, Rother RP, Luzzatto L (2006) The complement 
inhibitor eculizumab in paroxysmal nocturnal hemoglobinuria. N 
Engl J Med 355:1233–1243. https://​doi.​org/​10.​1056/​NEJMo​a0616​
48

	40.	 Brodsky RA, Young NS, Antonioli E, Risitano AM, Schrezen-
meier H, Schubert J, Gaya A, Coyle L, de Castro C, Fu CL, 
Maciejewski JP, Bessler M, Kroon HA, Rother RP, Hillmen P 
(2008) Multicenter phase 3 study of the complement inhibitor ecu-
lizumab for the treatment of patients with paroxysmal nocturnal 
hemoglobinuria. Blood 111:1840–1847. https://​doi.​org/​10.​1182/​
blood-​2007-​06-​094136

	41.	 Licht C, Greenbaum LA, Muus P, Babu S, Bedrosian CL, Cohen 
DJ, Delmas Y, Douglas K, Furman RR, Gaber OA, Goodship T, 
Herthelius M, Hourmant M, Legendre CM, Remuzzi G, Sheerin 
N, Trivelli A, Loirat C (2015) Efficacy and safety of eculizumab 
in atypical hemolytic uremic syndrome from 2-year extensions 
of phase 2 studies. Kidney Int 87:1061–1073. https://​doi.​org/​10.​
1038/​ki.​2014.​423

https://doi.org/10.1002/acn3.51376
https://doi.org/10.1111/bjh.16711
https://doi.org/10.1111/bjh.16711
https://doi.org/10.1016/S2213-2600(23)00082-6
https://doi.org/10.1016/S2213-2600(23)00082-6
https://doi.org/10.1002/ana.26049
https://doi.org/10.1056/NEJMoa061648
https://doi.org/10.1056/NEJMoa061648
https://doi.org/10.1182/blood-2007-06-094136
https://doi.org/10.1182/blood-2007-06-094136
https://doi.org/10.1038/ki.2014.423
https://doi.org/10.1038/ki.2014.423

	Long-term efficacy and safety of ravulizumab in adults with anti-acetylcholine receptor antibody-positive generalized myasthenia gravis: results from the phase 3 CHAMPION MG open-label extension
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and patients
	Treatments
	Study endpoints
	Statistical analysis

	Results
	Long-term efficacy
	Clinical deterioration events
	Safety

	Discussion
	Anchor 18
	Acknowledgements 
	References




