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Abstract: The terminal complement C5 inhibitor ravulizumab was engineered from the humanized monoclonal antibody eculizumab 
to have an extended half-life and duration of action. It binds to human terminal complement protein C5, inhibiting its cleavage into 
C5a and C5b, thus preventing the cascade of events that lead to architectural destruction of the postsynaptic neuromuscular junction 
membrane by the membrane attack complex, and consequent muscle weakness in patients with anti-acetylcholine receptor (AChR) 
antibody-positive generalized myasthenia gravis (gMG). The 26-week randomized, placebo-controlled period (RCP) of the phase 3 
CHAMPION MG study demonstrated the rapid efficacy of ravulizumab in reducing MG symptoms. Weight-based dosing of 
ravulizumab every 8 weeks provided sustained efficacy, in terms of patient-reported (Myasthenia Gravis–Activities of Daily Living) 
and clinician-reported (Quantitative Myasthenia Gravis) endpoints in patients with anti-AChR antibody-positive gMG. 
Pharmacokinetic and pharmacodynamic analyses showed therapeutic serum ravulizumab concentrations (>175 µg/mL) were achieved 
immediately after the first dose and were maintained throughout 26 weeks, irrespective of patient body weight; inhibition of serum free 
C5 was immediate, complete (<0.5 μg/mL), and sustained in all patients. Interim results from the open-label extension (OLE) showed 
that after 60 weeks, efficacy was maintained in patients continuing on ravulizumab. Rapid and sustained improvements in efficacy, 
similar to those seen in patients initiating ravulizumab in the RCP, were observed after initiation of ravulizumab treatment in patients 
who switched from placebo in the RCP to ravulizumab in the OLE. The findings from the RCP and OLE support ravulizumab’s 
favorable safety profile. In conclusion, ravulizumab has a simple weight-based administration and long dosing interval. Its targeted 
mechanism of action without generalized immunosuppression is reflected in its rapid onset of symptom improvement, sustained 
efficacy and good safety profile in the treatment of patients with anti-AChR antibody-positive gMG. 

Plain Language Summary:  
Ravulizumab in anti-AChR antibody-positive gMG 

● Ravulizumab was engineered from eculizumab to have an extended half-life and longer duration of action. It binds to terminal 
complement protein C5 to inhibit anti-AChR antibody-mediated activation of terminal complement and destruction of the 
neuromuscular junction.

● Pharmacokinetic/pharmacodynamic analyses support a simple weight-based administration and long dosing interval and show that 
therapeutic ravulizumab concentrations and complete inhibition of C5 were achieved immediately after the first dose.

● The 26-week randomized placebo-controlled period (RCP) of the CHAMPION MG study in patients with anti-AChR antibody- 
positive gMG showed that ravulizumab has rapid and sustained efficacy with good safety and tolerability across a broad range of 
patients.

● Ravulizumab’s efficacy, safety, and tolerability were confirmed in interim analyses of the open-label extension study (including data 
for up to 60 weeks from the RCP baseline): efficacy was maintained in patients remaining on ravulizumab; rapid and sustained 
efficacy was established in patients switching from placebo to ravulizumab.

Keywords: acetylcholine receptor antibody, complement, membrane attack complex, monoclonal antibody, terminal complement 
complex
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Introduction
Myasthenia Gravis
Myasthenia gravis (MG) is a chronic autoimmune disease that affects the neuromuscular junction (NMJ) and is 
characterized by exertional muscle fatigability and fluctuating muscle weakness.1–5 It most commonly presents initially 
as localized weakness in the peri-orbital/extraocular muscles. Overall, approximately 10–15% of patients have ocular 
symptoms only; the remainder have generalized MG (gMG), additionally involving muscles of the head, neck, trunk/ 
thorax, and limbs, frequently within 2–3 years of disease onset.1–3,6 The fluctuating muscle weakness and fatigability 
lead to ptosis, diplopia, impairment of facial expression, exertion intolerance, dysarthria, dysphagia, and dyspnea that can 
progress to respiratory failure.1,3–5,7–10 Indeed, approximately 15–20% of patients with gMG experience myasthenic 
crisis during their disease course, requiring intensive care and respiratory support.11

The burden of MG is considerable. If not adequately controlled, MG symptoms may have a significant impact on 
patients’ daily personal and work activities, their emotional, social, and economic well-being, and their quality of 
life.7,12–17 The side effects of treatment for MG also have similar major impacts in these areas:7,15,18 most patients require 
treatment with corticosteroids or nonsteroidal immunosuppressive therapies with a known serious side-effect profile.13 

Myasthenic exacerbations and crises impose a particularly high burden on patients, with substantial morbidity and 
mortality.19 Myasthenic crises are also associated with long-term physical and mental health consequences and sub-
stantial health care resource utilization.20,21

Epidemiology
MG is a rare disease, affecting men and women approximately equally overall, although age of onset peaks earlier in 
women (age 30–50 years) than in men (age over 60 years).1,22–26 The prevalence of MG is estimated to range from 150 to 
250 cases per million and the annual incidence from 4 to 30 cases per million person-years.1,3 The estimated prevalence 
has been increasing over the last 50 years, partially as a result of improved recognition and diagnosis and a general 
increase in lifespan, but also possibly as part of a general increase observed in the prevalence of autoimmune 
diseases.1,3,27 MG may be associated with thymic tumors: approximately 30% of patients with a thymoma develop 
MG, and 10–20% of patients with MG have a thymoma.1,3

MG Autoantibodies and the Complement System
The majority (80–90%) of patients diagnosed with gMG have autoantibodies directed against the nicotinic acetylcholine 
receptor (AChR) on the postsynaptic NMJ membrane.3,28–31 The remaining patients may have autoantibodies against 
other antigens, including muscle-specific tyrosine kinase (MuSK) or low-density lipoprotein receptor-related protein 4 
(LRP4), or no antibodies detectable with current assays.3,29,32

Anti-AChR antibodies are predominantly of the immunoglobulin (Ig) G1 and IgG3 subclasses, and among a range of 
possible mechanisms by which these antibodies give rise to gMG, there is good evidence that a significant factor is 
activation of the classical complement cascade on binding of anti-AChR antibodies to the AChR.4,5,29,30,32–34 Activation 
of the complement system leads to cleavage of complement C5 into C5a and C5b.4,29 C5a is a potent pro-inflammatory 
peptide. C5b combines with other complement proteins (C6, C7, C8, and multiple copies of C9) to form the terminal 
membrane attack complex (MAC; also known as the terminal complement complex) (Figure 1). Deposition of the MAC 
on the NMJ leads to destruction of the postsynaptic membrane, and ultimately a reduction in the number of functional 
AChRs, thereby reducing the neuromuscular transmission safety factor. Thus, impaired neuromuscular transmission and 
muscle weakness and fatigability ensue.1,3,4,29,32 Inhibition of terminal complement activation is therefore a rational 
approach to prevent formation of the MAC – and hence destruction of the NMJ – in patients with anti-AChR antibody- 
positive gMG.35

MG associated with anti-MuSK autoantibodies is less common, with a somewhat different clinical phenotype.36,37 Anti- 
MuSK antibodies are predominantly of the IgG4 subclass, which is not (or only weakly) complement activating,38–40 and 
complement deposition on endplates is detected in only a minority of anti-AChR antibody-negative gMG patients with anti- 
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MuSK antibodies.41 Patients with anti-MuSK antibody-positive MG were not included in the pivotal complement inhibitor 
trials, and these therapies are unlikely to have significant benefit in most patients with anti-MuSK antibody-positive MG.

A small subpopulation of patients have MG associated with anti-LRP4 autoantibodies.1,3 Anti-LRP4 antibodies are 
predominantly of the IgG1/IgG2 subclass and may therefore activate complement, although this remains to be 
demonstrated.1

Current Treatments
Current treatment for gMG includes oral acetylcholinesterase inhibitors, plasma exchange, intravenous immunoglobulin 
therapy (IVIg), and immunosuppression with established therapies such as corticosteroids and nonsteroidal 
immunosuppressants.42,43 However, most immunosuppressive therapies are nonspecific without directly targeting the 
complement system,38,44 and their long-term use can be associated with serious side effects.45,46 Furthermore, the long 
delay from drug initiation to onset of therapeutic effect with many of these drugs47 can be a significant source of 
dissatisfaction for patients. More targeted approaches to the treatment of gMG have therefore been developed, including 

Figure 1 Complement cascade. The complement system plays a key role in enhancing antibody response as part of the immune system’s defense against infection. Activation 
of the complement cascade occurs via three main pathways: the classical pathway, the lectin pathway, and the alternative pathway, with each having a different initiation 
mechanism but all converging at the cleavage of complement protein C5 and the activation of the terminal complement cascade. The classical pathway is the pathway that is 
primarily activated in anti-AChR antibody-positive gMG. In anti-AChR antibody-positive gMG, activation of the C1 complex occurs when C1 binds to the antigen–antibody 
complexes formed by autoantibodies binding to AChRs. Activation of C1 then results in the cleavage of C2 and C4 to form C4b2a, a C3 convertase, which splits C3 into 
C3a and C3b. C3b then combines with C4b2a to form the C5 convertase C4b2a3b, which cleaves C5 to form C5a and C5b. C5b combines with other complement proteins 
(C6, C7, C8, and multiple C9 molecules) to form C5b–9 (the MAC), which causes architectural destruction of the NMJ, leading to impaired neuromuscular transmission and 
muscle weakness. Ravulizumab binds specifically with high affinity to C5, blocking its cleavage and thus preventing the cascade of events that leads to MAC-mediated 
destruction of the NMJ postsynaptic membrane. 
Abbreviations: AChR, acetylcholine receptor; Cn, complement component n; FB, Factor B; FD, Factor D; gMG, generalized myasthenia gravis; MAC, membrane attack 
complex; MBL, mannose-binding lectin; NMJ, neuromuscular junction.
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inhibition of complement activation by humanized monoclonal antibodies such as eculizumab48 and ravulizumab49 or by 
the macrocyclic-peptide complement C5 inhibitor zilucoplan,50 inhibition of IgG recycling by neonatal Fc receptor 
(FcRn) antagonists such as efgartigimod and rozanolixizumab,51–53 and B-cell depletion by anti-CD20 antibodies such as 
rituximab.54–56

Complement Inhibition in MG
Eculizumab (Soliris®; Alexion, AstraZeneca Rare Disease) was the first human terminal complement C5 inhibitor to be 
approved for the treatment of gMG. Eculizumab is a humanized monoclonal antibody that binds specifically with high 
affinity to the human terminal complement protein C5, blocking its cleavage to C5a and C5b and thus preventing the 
cascade of events that leads to MAC-mediated architectural destruction of the NMJ postsynaptic membrane and 
consequent muscle weakness and fatigability. The REGAIN study (ClinicalTrials.gov ID: NCT01997229) and its open- 
label extension (OLE; ClinicalTrials.gov ID: NCT02301624) demonstrated the ability of eculizumab to improve clinical 
outcomes and to be well tolerated in patients with anti-AChR antibody-positive refractory gMG.48,57–59

Ravulizumab
Ravulizumab (Ultomiris®; Alexion, AstraZeneca Rare Disease), also a C5 inhibitor, was developed from eculizumab and 
engineered to have a longer half-life, maintaining therapeutic serum concentrations over an 8-week dosing interval.60 

Four specific amino acid substitutions were incorporated: two that largely eliminate the target-mediated drug disposition 
(ie, the increased clearance of the drug following binding to the C5 target) seen with eculizumab and two that further 
extend the half-life by increasing the affinity for human FcRn, thus increasing the efficiency of FcRn-mediated recycling 
of unbound antibody (Figure 2). These modifications yielded an extended half-life and duration of action, delivering 
immediate, complete, and sustained inhibition of terminal complement activity.60 In contrast to FcRn inhibitors such as 
efgartigimod,51,52 ravulizumab does not block FcRn but binds long enough to be recycled through the FcRn pathway, 
rather than undergoing lysosomal degradation, and without changing general FcRn function.60,61 In a longitudinal 
analysis of serum concentrations of IgG and IgG subclasses regulated by FcRn in patients with paroxysmal nocturnal 
hemoglobinuria (PNH), endogenous IgG concentrations were shown to be unaffected by ravulizumab treatment.61

The phase 3 CHAMPION MG study showed that ravulizumab, administered every 8 weeks, provided rapid and 
sustained improvements of symptoms in adults with anti-AChR antibody-positive gMG, as determined by both patient- 
reported and clinician-rated outcomes, and was well tolerated.49 Ravulizumab was approved by the US Food and Drug 
Administration in April 2022 for the treatment of adults with anti-AChR antibody-positive gMG,62 and in Japan in 
August 2022 for the treatment of adults with anti-AChR antibody-positive gMG whose symptoms are difficult to control 
with high-dose IVIg or plasmapheresis. It was approved in the EU in September 2022 as an add-on to standard therapy 
for the treatment of adult patients with anti-AChR antibody-positive gMG. In addition, ravulizumab is approved for the 
treatment of patients with PNH and in those with atypical hemolytic uremic syndrome (aHUS) and is approved in the EU 
and Japan for the treatment of anti-aquaporin-4 antibody-positive neuromyelitis optica spectrum disorder. These are all 
conditions associated with abnormal complement activation.

Phase 3 CHAMPION MG Study
The CHAMPION MG study was a phase 3 study of ravulizumab in patients with anti-AChR antibody-positive gMG 
(ClinicalTrials.gov ID: NCT03920293). The randomized placebo-controlled period (RCP) was 26 weeks in duration and 
was followed by an OLE of up to 4 years. The study enrolled adults (≥18 years) who had an MG diagnosis ≥6 months 
before study entry (screening visit). Other inclusion criteria were as follows: anti-AChR antibody-positive at screening, 
Myasthenia Gravis Foundation of America (MGFA) Disease Class II–IV disease at screening, Myasthenia Gravis– 
Activities of Daily Living (MG-ADL) total score ≥6 at screening and randomization, and no previous treatment with 
a complement inhibitor. The CHAMPION MG study population was not restricted to refractory patients, in contrast to 
the population in the REGAIN study of eculizumab in anti-AChR antibody-positive gMG (REGAIN defined patients 
with refractory gMG as those who had received treatment with two or more immunosuppressive therapies, or at least one 
immunosuppressive therapy with IVIg or plasma exchange given at least four times per year, for 12 months without 
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Figure 2 Differences in mechanisms of clearance of ravulizumab and eculizumab, leading to extended duration of action of ravulizumab. Schematic illustration showing the 
mechanism of ravulizumab’s extended duration of action and the differences in recycling pathways between ravulizumab and eculizumab. (A) Eculizumab binds with high 
affinity to terminal complement protein C5 in the blood and the eculizumab–C5 complex undergoes pinocytosis by vascular endothelial cells. Once the internalizing vesicle 
closes off from the cell surface and becomes acidified, eculizumab binds to FcRn. Although there is some dissociation of the eculizumab–C5 complex, the majority of the 
complex undergoes lysosomal degradation or FcRn-mediated recycling to the cell surface and release into the blood as a bound complex. (B) Ravulizumab also binds with 
high affinity to terminal complement protein C5, with the ravulizumab–C5 complex undergoing pinocytosis by vascular endothelial cells and binding to FcRn in the acidified 
internalizing vesicle. As a result of two amino acid substitutions in ravulizumab compared with eculizumab, dissociation of the ravulizumab–C5 complex is increased in the 
acidic conditions of the early endosome relative to that of the eculizumab–C5 complex so that more free antibody is regenerated, with the concomitantly released C5 
undergoing lysosomal degradation. Lysosomal degradation of the ravulizumab–C5 complex (and thus clearance of the bound antibody) is therefore reduced relative to that 
seen for the eculizumab–C5 complex. Two additional amino acid substitutions increase ravulizumab’s affinity for human FcRn, enhancing the efficiency of FcRn-mediated 
recycling of ravulizumab (largely without bound C5) to the blood, where it is available to bind further, newly synthesized C5 molecules. The net effects of these modifications 
to the C5-binding antibody are an extended half-life and duration of action for ravulizumab, compared with eculizumab. For simplicity the illustration shows recycling of 
eculizumab and ravulizumab in 1:1 complexes with C5. Both eculizumab and ravulizumab may pass through the endocytic pathway in a number of different states (as free 
antibody, in a 1:1 complex with C5, or in a 1:2 complex with C5). Solid lines indicate major pathways; dashed lines indicate minor pathways. 
Abbreviations: C5, complement component 5; FcRn, neonatal Fc receptor.
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symptom control). The CHAMPION MG study also included patients with a history of treated thymoma, whereas such 
patients were excluded from the study population in the REGAIN trial.

The ravulizumab dose regimen used in the CHAMPION MG study was based on the patient’s body weight,63,64 with 
initial loading doses of 2400 mg (body weight ≥40 kg to <60 kg), 2700 mg (body weight ≥60 kg to <100 kg), or 3000 mg 
(body weight ≥100 kg) at baseline (Day 1), and maintenance doses of 3000 mg (body weight ≥40 kg to <60 kg), 3300 mg 
(body weight ≥60 kg to <100 kg), or 3600 mg (body weight ≥100 kg) on Day 15 (Week 2) and then every 8 weeks.

Patients who completed the RCP of the CHAMPION MG study could enter the OLE, in which they would receive 
weight-based ravulizumab treatment every 8 weeks for up to 4 years while remaining blinded to their original treatment.

Ravulizumab Pharmacokinetics and Pharmacodynamics
The pharmacokinetics (PK), pharmacodynamics (PD), and potential immunogenicity of ravulizumab were analyzed in 
86 adult patients with anti-AChR antibody-positive gMG who received ravulizumab (weight-based dosing) in the RCP 
of the CHAMPION MG study.65 Therapeutic serum ravulizumab concentrations (>175 µg/mL) were achieved 
immediately after the first ravulizumab dose and maintained throughout the 26-week RCP irrespective of patient 
body weight. No clinically significant differences were noted between weight categories.

The PK findings were consistent with ravulizumab’s mean elimination half-life of 56.6 days (8.1 weeks),62 which is 
substantially longer than that of eculizumab (18.2 days) in patients with anti-AChR antibody-positive gMG.66 With 
ravulizumab treatment, inhibition of serum free C5 was immediate (within 30 minutes of the end of infusion), complete 
(serum free C5 <0.5 μg/mL), and sustained throughout the 26-week RCP in 100% of patients at all time points,65 

supporting ravulizumab’s mechanism of action. In comparison, eculizumab achieved complete inhibition of terminal 
complement activation at all time points in 92% of patients.66 No treatment-emergent anti-drug antibodies were detected, 
suggesting that the long-term efficacy of ravulizumab is unlikely to be diminished by anti-drug immunogenicity.

Concomitant administration of plasma exchange, plasmapheresis or IVIg treatment has been shown to reduce serum 
ravulizumab concentrations; therefore, a supplemental dose of ravulizumab is required to compensate for the intervention.62

The PK/PD evidence thus supports the use of ravulizumab every 8 weeks for immediate (by the end of the initial 
infusion), complete, and sustained inhibition of terminal complement in treating patients with anti-AChR antibody- 
positive gMG. The ability of ravulizumab to provide consistent suppression of complement activation over periods of at 
least 8 weeks is of significance for the clinical management of gMG given the chronic but fluctuating nature of the 
disease and its propensity for unpredictable exacerbations and crises if inadequately controlled.

Ravulizumab Efficacy Data
CHAMPION MG Randomized Controlled Period
Primary and Secondary Outcomes
The 26-week RCP of the phase 3 CHAMPION MG study established the efficacy and favorable safety and 
tolerability profile of ravulizumab in patients with anti-AChR antibody-positive gMG.49 To address multiplicity, 
the primary endpoint (change from baseline in MG-ADL total score at 26 weeks) in the CHAMPION MG study was 
statistically tested first, followed by the secondary endpoints in a fixed-sequence hierarchical testing procedure.49 

The first secondary endpoint was the change from baseline in Quantitative Myasthenia Gravis (QMG) total score at 
26 weeks, followed in the testing hierarchy by responder analysis of the QMG total score (improvement from 
baseline of 5 points or greater), change from baseline in revised 15-item Myasthenia Gravis Quality of Life (MG- 
QOL15r) questionnaire score at 26 weeks, change from baseline in Neurological Quality of Life (Neuro-QoL) 
Fatigue subscale score at 26 weeks, and responder analysis of the MG-ADL total score (improvement from baseline 
of 3 points or more). If a given endpoint did not reach statistical significance, the procedure deemed that endpoints 
below it in the testing hierarchy should not be regarded as being statistically significant.

Ravulizumab treatment was associated with significantly greater mean improvements from baseline to Week 26 in 
MG-ADL total score compared with placebo (−3.1 vs −1.4; p = 0.0009; the primary endpoint).49 The mean improvement 
in MG-ADL total score with ravulizumab treatment was greater than the minimum clinically important difference 
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(MCID) for MG-ADL total score, reported to be 2 points.67 Improvement was observed within 1 week (first observation 
point) of ravulizumab treatment initiation and was sustained through Week 26 (Figure 3).

Ravulizumab was also associated with significantly greater mean improvements from baseline to Week 26 in QMG 
total score versus placebo (−2.8 vs −0.8; p = 0.0009; the first secondary endpoint).49 Similar to the rapid onset and 
durability of improvement seen with MG-ADL total score, the QMG total score improved within 1 week of the start of 
ravulizumab treatment and was maintained throughout the 26-week RCP.

With regard to the health-related quality-of-life (HR-QoL) measures, although there were numerically greater changes 
from baseline to Week 26 in the ravulizumab group versus the placebo group for both MG-QOL15r total and Neuro-QoL 
Fatigue subscale scores, neither between-group difference reached statistical significance.49 It is worth noting that the 
CHAMPION MG study was conducted in part during the COVID-19 pandemic, and deterioration of HR-QoL in patients 

Figure 3 Change from baseline in (A) MG-ADL and (B) QMG total scores in the randomized, placebo-controlled period of the CHAMPION MG study. From NEJM Evid. Vu T, 
Meisel A, Mantegazza R, et al. Terminal complement inhibitor ravulizumab in generalized myasthenia gravis. 1(5):EVIDoa2100066; Copyright © (2022) Massachusetts Medical 
Society. Reprinted with permission from Massachusetts Medical Society.49 

Abbreviations: MG-ADL, Myasthenia Gravis–Activities of Daily Living; QMG, Quantitative Myasthenia Gravis.
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with MG during the pandemic has been reported.68,69 When the analysis of changes in MG-QOL15r score in the RCP was 
repeated, excluding patients affected by COVID-19, the difference between ravulizumab and placebo in terms of improve-
ment in MG-QOL15r score was statistically significant (p = 0.0424),49 suggesting that COVID-19 may have been 
a confounding factor in the study and may have masked the true beneficial impact of ravulizumab treatment on HR-QoL.

Compared with the MCIDs for MG-ADL and QMG total scores (2 points67 and 3 points,70 respectively), the 
thresholds used in the CHAMPION MG study to determine MG-ADL and QMG “response” were conservative (greater 
improvement required; a 5-point or greater improvement in QMG total score or a 3-point or greater improvement in MG- 
ADL total score). QMG total scores improved by 5 points or more in a significantly greater proportion of ravulizumab- 
treated patients than of those receiving placebo (30.0% vs 11.3%; p = 0.0052) (Figure 4).49 The proportion of patients in 
whom MG-ADL total score improved by 3 points or more was higher in the ravulizumab group than in those receiving 
placebo (56.7% vs 34.1%; p = 0.0049); however, this last secondary endpoint was subjected to hierarchical statistical 
testing and as previous endpoints in the hierarchy (changes from baseline in MG-QOL15r score and in Neuro-QoL 
Fatigue score) did not reach statistical significance, this p-value should be regarded as nominal.49

Figure 4 Pyramid plots showing minimum point reductions from baseline in (A) MG-ADL and (B) QMG total score at Week 26 in the randomized, placebo-controlled 
period of the CHAMPION MG study. From NEJM Evid. Vu T, Meisel A, Mantegazza R, et al. Terminal complement inhibitor ravulizumab in generalized myasthenia gravis. 1(5): 
EVIDoa2100066; Copyright © (2022) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.49 

Abbreviations: MG-ADL, Myasthenia Gravis–Activities of Daily Living; QMG, Quantitative Myasthenia Gravis.
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Subgroup Analyses
In the RCP of the CHAMPION MG study, ravulizumab was shown to be effective and well tolerated across a broad age 
range of male and female patients.49 Further analysis showed that ravulizumab provided generally consistent therapeutic 
benefits in terms of changes from baseline in MG-ADL and QMG total scores across all subgroups defined by sex 
(prespecified analysis) and age at diagnosis (<50 vs ≥50 years; threshold defined post hoc).71 Changes from baseline in 
MG-ADL total score were statistically significantly greater in patients receiving ravulizumab compared with those 
receiving placebo, both in patients aged <50 years and in those aged ≥50 years at diagnosis. For QMG, change from 
baseline was significantly greater in the ravulizumab group than in those receiving placebo in patients aged <50 years at 
diagnosis. In patients aged ≥50 years at diagnosis, the difference favored ravulizumab but did not reach statistical 
significance.

A post hoc analysis was also conducted based on the time from MG diagnosis to entry into the study: a threshold 
of 2 years since diagnosis was used as the cut-off (≤2 vs >2 years at study entry).72 Regardless of when patients began 
ravulizumab treatment after their MG diagnosis, there was a significantly greater improvement in MG-ADL total score 
from baseline to Week 26 for ravulizumab versus placebo. Overall, a trend was observed toward greater reduction in 
MG-ADL total scores in patients who initiated ravulizumab earlier after MG diagnosis compared with later.

Although further studies are needed to confirm the findings, the results from this post hoc analysis suggest that 
treatment with ravulizumab earlier in the course of the disease may result in greater therapeutic benefit for patients.

CHAMPION MG Open-Label Extension
In total, 161 of the 162 patients who completed the RCP entered the OLE; 78 had received ravulizumab in the RCP 
(RAV–RAV) and 83 had received placebo (PBO–RAV). An interim analysis was performed of data collected up to 
60 weeks from the RCP initiation.73–75 Although not all patients had reached Week 60 by the cut-off date, all 
patients had entered the study at least 52 weeks before data cut-off.

Primary and Secondary Outcomes
The sustained efficacy of ravulizumab was confirmed in patients continuing ravulizumab treatment (RAV–RAV group). 
Improvements in MG-ADL score were maintained in the OLE (least-squares mean change [95% confidence interval] 
from RCP baseline at Week 60: −4.0 [−4.8, −3.1]; p < 0.0001). Improvements were also maintained in QMG total, 
MG-QOL15r total, and Neuro-QoL Fatigue scores through Week 60.73–76 Rapid and sustained improvements, similar 
to those seen in patients initiating ravulizumab in the RCP, were observed in all efficacy endpoints after initiation of 
ravulizumab treatment in patients who switched from placebo in the RCP to ravulizumab in the OLE (PBO–RAV). 
The improvement in MG-ADL score on switching to ravulizumab (least-squares mean change [95% confidence 
interval] from OLE baseline at OLE Week 2: −1.7 [−2.4, −1.0]; p < 0.0001) was sustained through OLE Week 34 
(−1.7 [−2.7, −0.8]; p = 0.0007).

Overall, the interim analysis of data from the CHAMPION MG study OLE supports the sustained clinical effective-
ness of ravulizumab.

Timing of Response
The timing of first response to ravulizumab in patients was assessed post hoc by analyzing data from the RCP and OLE 
of the CHAMPION MG study.77 “Response” was defined as ≥3-point improvement in MG-ADL total score. Patients 
were included in the analysis if they had an MG-ADL total score of 6 or greater at ravulizumab initiation (this included 
all patients in the RAV–RAV group, as an MG-ADL score ≥6 was required for study entry, and PBO–RAV patients who 
had an OLE baseline MG-ADL score of ≥6).

Median time to MG-ADL first response, as determined by ≥3-point improvement in MG-ADL score, was 29.0 
(interquartile range 170.0) days (4.1 weeks).77 The cumulative response rates indicate that the first MG-ADL response 
was achieved by 45.3% of patients after one ravulizumab infusion (ie, by Week 2). It is interesting to note in this regard 
that, in the REGAIN study, although most patients with gMG that was defined as refractory achieved clinical response by 
12 weeks of treatment with eculizumab, some patients took longer to respond.78
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As in the prespecified analyses in the RCP, more rigorous definitions of MG-ADL and QMG response than the 
MCIDs were applied; therefore, the results of this analysis should be considered conservative. It would be interesting to 
explore further whether there are patient and/or disease characteristics that may predict early or late response to 
ravulizumab, and whether it is possible to use the data to determine how long a drug trial should be continued in an 
individual patient. With regard to stopping treatment with C5 inhibitors, there is currently no documented evidence of 
any rebound symptoms.

Clinical Deterioration
Ravulizumab treatment was associated with fewer clinical deteriorations (exacerbations and crises) compared with 
placebo during the RCP.49,79,80 In the 1-year period before the start of the study, the clinical deterioration event rate 
(adjusted for treatment exposure) in patients who entered the study was 44.4 per 100 patient-years. This increased to 
61.6 per 100 patient-years in patients receiving placebo during the RCP but decreased to 17.8 per 100 patient-years in 
patients receiving ravulizumab in the RCP and/or OLE.80 Ravulizumab treatment was associated with a reduction in the 
exposure-adjusted clinical deterioration event rate per 100 patient-years of 59.8% versus the pre-study rate (p = 0.0019) 
and a reduction of 71.1% versus placebo (p = 0.0011).80

Post-Intervention Status
A prespecified exploratory analysis examined whether ravulizumab helped patients achieve improved MG-related 
clinical status and reach the goal of minimal manifestations (MM), as evaluated by a modified version of the MGFA Post- 
intervention Status (MGFA-PIS) classification.81 The proportions of patients with each modified MGFA-PIS classifica-
tion (improved and achieved MM, improved without MM, unchanged, worsened) were assessed at Week 26 in those who 
completed the RCP and had Week 26 MGFA-PIS data and at Week 60 in those who received ≥1 ravulizumab dose during 
the OLE and had Week 60 MGFA-PIS data. Ravulizumab-treated patients were significantly more likely than those 
receiving placebo to have achieved MGFA-PIS of improved, with or without MM at Week 26 (treatment effect across the 
four MGFA-PIS classifications: p = 0.01; adjusted odds ratio, 2.24 [95% confidence interval: 1.21, 4.13]). At Week 60, 
improved status, with/without MM, was achieved by 34%/32%, respectively, of patients who continued ravulizumab 
treatment, and by 32%/42%, respectively, of patients who had switched to ravulizumab after receiving placebo for 26 
weeks in the RCP.

Ravulizumab Safety Data
The findings of the CHAMPION MG study RCP demonstrate that ravulizumab was well tolerated over the 26-week 
course, with no notable differences in adverse events being observed between the ravulizumab and placebo groups.49 

The proportions of patients who experienced adverse events, or adverse events that were considered by the 
investigator to be related to trial drug, were similar between the ravulizumab and placebo groups. The most frequent 
adverse event in the RCP was headache, experienced by 19% of patients receiving ravulizumab and 26% of those 
receiving placebo; the next most frequent adverse events were diarrhea (ravulizumab group: 15% of patients; 
placebo group: 12% of patients) and nausea (10% of patients in each group). During the RCP, serious adverse 
events were reported for 23% of patients (35 events in 20 patients) in the ravulizumab group and 16% in the placebo 
group (16 events in 14 patients). The most frequent were related to worsening of MG (one with ravulizumab, three 
with placebo) and COVID-19 (two with ravulizumab, one with placebo). Two serious adverse events in two patients 
in the ravulizumab group and four serious adverse events in four patients in the placebo group in the RCP were 
classified by the investigators as being related to study treatment.49 Longer-term treatment in the OLE did not reveal 
any new safety concerns.73–7576 No patients who were receiving ravulizumab withdrew from the study due to 
adverse events related to study treatment in the RCP or OLE (up to the Week 60 data cut-off). During the RCP and 
OLE, four deaths occurred in patients treated with ravulizumab, none of which was considered by investigators as 
related to ravulizumab treatment: three were due to COVID-19, one to spontaneous cerebral hemorrhage.73 There 
were no deaths in patients receiving placebo. A recent analysis82 showed a high death rate in patients with MG who 
contracted COVID-19, with a mortality rate that was three times higher in patients with MG than in those without 

https://doi.org/10.2147/NDT.S374694                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2023:19 2648

Vu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


MG (10.6% vs 3.0%); this was not statistically significant after adjusting for covariates. Whether the mortality rate 
in such cases is influenced by recent treatment such as higher corticosteroid doses (as it is in more common diseases 
such as rheumatoid arthritis or multiple sclerosis) is currently undetermined.

It should be noted that, as ravulizumab inhibits terminal complement activation, patients may have an increased 
susceptibility to infections with encapsulated bacteria, including serious meningococcal infections that may potentially 
result in septicemia and/or meningitis. Meningococcal vaccination before initiation of ravulizumab treatment – with 
antibacterial drug prophylaxis if necessary – should be instigated according to local prescribing information. All patients 
should be closely monitored for early signs and symptoms of meningococcal infection. No cases of meningococcal 
infection have been reported, either in the RCP or the OLE of the CHAMPION MG trial.

Ravulizumab’s safety and tolerability profile in patients with anti-AChR antibody-positive gMG is consistent with 
that observed in previous phase 3 studies in PNH63 and aHUS64 and with that of eculizumab in patients with MG defined 
as refractory.48,58 The findings from the OLE support ravulizumab’s long-term safety and confirm the safety profile 
observed in the RCP of the CHAMPION MG study.49

Discussion
The efficacy, safety, and tolerability of ravulizumab for the treatment of gMG have been established in the RCP of the 
CHAMPION MG study, with rapid and sustained improvements in MG-ADL and QMG scores and a favorable safety 
profile; interim analysis of data from the OLE provides reassurance of longer-term maintenance of these benefits. 
Ravulizumab’s longer half-life, with dosing every 8 weeks, lowers the burden of administration relative to eculizumab. 
As data accumulate from real-world practice, it will be interesting to see whether this translates into a patient preference.

The PK/PD data show that in all patients treated with ravulizumab in the RCP, 8-weekly dosing delivered therapeutic 
concentrations of ravulizumab throughout the 26 weeks of the RCP, with complete terminal complement inhibition 
observed in all patients throughout the study. This consistent long-term suppression of complement activity is important 
in a chronic but fluctuating disease subject to exacerbations and crises.

As body weight is a clinically significant covariate affecting ravulizumab PK,62,83 a weight-based dosing regimen was 
developed for use in phase 3 studies of ravulizumab in PNH and aHUS.63,64 This was then implemented in the 
CHAMPION MG study.49 Without dosing based on weight, higher body-weight patients may experience lower 
exposures to ravulizumab than those with lower body weight; thus, body weight-based dosing limited inter-patient 
variability in exposure across a wide range of patient body weights.

Outstanding Questions in Clinical Practice
Long-Term Efficacy and Safety
The OLE of the CHAMPION MG trial and real-world evidence will provide further long-term data on the impact of 
ravulizumab on exacerbations and crises, response durability, use of concomitant medication, and safety. Longer-term 
treatment effects may become evident, as was seen in the OLE of the REGAIN study of eculizumab, in which 88% of 
patients achieved an MGFA post-intervention status of “improved” and 57% of patients achieved a post-intervention 
status of “minimal manifestations” after 130 weeks’ treatment.84

Comparison with Eculizumab and Transition from Eculizumab to Ravulizumab
Although there have been no direct head-to-head clinical-trial comparisons between ravulizumab and eculizumab in 
MG, the PD analysis of CHAMPION MG data showed some potential advantages for ravulizumab. Ravulizumab 
inhibited terminal complement completely in all patients at all time points;65 in comparison, an earlier PD analysis 
showed that eculizumab achieved complete inhibition of terminal complement at all time points in 92% of patients.66 

Comparisons of ravulizumab and eculizumab in patients with PNH have shown that (in patients who were naïve to 
complement inhibitor therapy) ravulizumab treatment given every 8 weeks was noninferior to eculizumab (adminis-
tered every 2 weeks) for all efficacy endpoints studied, with a similar safety and tolerability profile.63,85 In a further 
study, ravulizumab administered every 8 weeks was also noninferior to eculizumab administered every 2 weeks in 
patients with PNH who were clinically stable during previous eculizumab therapy, with the investigators concluding 
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that patients with PNH could be safely and effectively switched from eculizumab to ravulizumab.85 A follow-up study 
showed consistent efficacy of ravulizumab treatment in patients who had originally been treated with eculizumab, with 
patients who had experienced incomplete complement C5 inhibition on eculizumab all showing complete C5 inhibition 
and improved suppression versus eculizumab after switching to ravulizumab.86

The PK of both eculizumab66 and ravulizumab65 are affected by body weight; as mentioned above, the weight-based 
dosing recommended for ravulizumab mitigates the potential inter-patient variability in exposure.

Combination with Other Drugs
Although an interaction with IVIg is noted in the ravulizumab prescribing information62,87 (the combination may lead to 
a reduction in serum ravulizumab concentrations and require administration of a supplemental dose of ravulizumab), data 
on use in combination with other therapies are needed to optimize use of ravulizumab. It is not known whether 
ravulizumab could be administered concomitantly with drugs with a different mode of action such as FcRn inhibitors; 
the current US prescribing information advises that FcRn inhibitors may interfere with the endosomal FcRn recycling 
mechanism of monoclonal antibodies and that co-administration with ravulizumab may lower systemic exposures and 
reduce effectiveness of ravulizumab.62

Pregnancy
gMG affects women of child-bearing age but does not affect fertility; therefore, pregnancy can be expected in women 
with gMG. Data on the use of ravulizumab during pregnancy in women with gMG are not yet available, and only sparse 
data on C5 inhibition have been published. A recent case report of successful pregnancy in a patient with refractory MG 
treated with eculizumab throughout the course of her pregnancy suggests a potential role for complement inhibition 
during pregnancy in women with gMG.88 The use of eculizumab in pregnant patients for the management of PNH 
showed maternal benefits throughout pregnancy with a low rate of maternal complications, largely good pregnancy 
outcomes, and a high rate of fetal survival.89,90

Biomarkers to Predict Response
Further research into biomarkers or other predictive factors could be useful in determining the likelihood of optimal 
response in an individual patient and support tailoring of ravulizumab and other anti-complement therapies for improved 
treatment of MG, or selection of patients who may best benefit from ravulizumab treatment. A recent study has revealed 
more details of the complement biomarker profile (reduced C2 and C5, increased C3, C3b, C5a) in patients with anti- 
AChR antibody-positive MG.32 Furthermore, the currently used biomarker (AChR autoantibody titer) does not necessa-
rily correlate with disease severity, and it has been suggested that there is synergistic interaction between antibodies 
targeting different subunits of the AChR.34 Assays that specifically evaluate AChR autoantibody-mediated complement 
activity, rather than measuring autoantibody binding as do current clinical assays used to diagnose patients with MG, may 
provide a better understanding of AChR autoantibody mechanisms and the opportunity to better predict treatment 
response.33,91 Ideally, such an assay would provide rapid results to allow monitoring of treatment response and would 
be readily commercially available.

Place in Treatment Algorithm/Future of Ravulizumab in gMG
The time-from-diagnosis analysis conducted on data from CHAMPION MG suggests that treatment with ravulizumab 
earlier in the course of the disease may result in greater therapeutic benefit for patients.72 However, the optimal place of 
ravulizumab in the treatment algorithm for gMG remains to be determined, requiring data on health outcomes and costs – 
not only of treatment but of administration, adverse events, and societal costs such as reducing the impact of MG on 
employment. As real-world evidence accumulates in a broader population of patients, this will supplement the clinical 
trial data. The future place of ravulizumab in the treatment of MG also depends on the relative effectiveness, safety, and 
tolerability of other novel approaches such as the use of FcRn antagonists to reduce IgG levels by blockade of FcRn- 
mediated recycling of IgG.92

As therapeutic serum concentrations of ravulizumab (>175 µg/mL) were achieved immediately after the first dose,65 

the use of ravulizumab in acute treatment of MG is also of potential interest. Although there have been a few case reports 
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and anecdotal reports of eculizumab used in myasthenic crisis with acceptable outcomes,93–95 there are as yet no data for 
ravulizumab.

Conclusions
In contrast to many immunosuppressive therapies, ravulizumab has a rapid onset of action, with treatment benefit 
demonstrated within 1 week as measured by clinically meaningful endpoints. The targeted mechanism of action without 
general immunosuppressive properties is reflected in ravulizumab’s significant efficacy in the treatment of patients with 
anti-AChR antibody-positive gMG with a good safety profile. Ravulizumab’s weight-based administration and long 
redosing interval are favorable for outpatient treatment including newly diagnosed patients. Further data from the OLE 
are eagerly awaited.
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