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IMPORTANCE Many patients with generalized myasthenia gravis (gMG) have substantial
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clinical disability, persistent disease burden, and adverse effects attributable to chronic
immunosuppression. Therefore, there is a significant need for targeted, well-tolerated
therapies with the potential to improve disease control and enhance quality of life.
OBJECTIVE To evaluate the clinical effects of zilucoplan, a subcutaneously (SC)

self-administered macrocyclic peptide inhibitor of complement component 5, in a broad
population of patients with moderate to severe gMG.
DESIGN, SETTING, AND PARTICIPANTS This randomized, double-blind, placebo-controlled
phase 2 clinical trial at 25 study sites across North America recruited participants between
December 2017 and August 2018. Fifty-seven patients were screened, of whom 12 did not
meet inclusion criteria and 1 was lost to follow-up after randomization but before receiving
study drug, resulting in a total of 44 acetylcholine receptor autoantibody (AChR-Ab)–positive
patients with gMG with baseline Quantitative Myasthenia Gravis (QMG) scores of at least 12,
regardless of treatment history.
INTERVENTIONS Patients were randomized 1:1:1 to a daily SC self-injection of placebo,
0.1-mg/kg zilucoplan, or 0.3-mg/kg zilucoplan for 12 weeks.
MAIN OUTCOMES AND MEASURES The primary and key secondary end points were the change
from baseline to week 12 in QMG and MG Activities of Daily Living scores, respectively.
Significance testing was prespecified at a 1-sided α of .10. Safety and tolerability were also
assessed.
RESULTS The study of 44 patients was well balanced across the 3 treatment arms with
respect to key demographic and disease-specific variables. The mean age of patients across
all 3 treatment groups ranged from 45.5 to 54.6 years and most patients were white (average
proportions across 3 treatment groups: 78.6%-86.7%). Clinically meaningful and statistically
significant improvements in primary and key secondary efficacy end points were observed.
Zilucoplan at a dose of 0.3 mg/kg SC daily resulted in a mean reduction from baseline of 6.0
points in the QMG score (placebo-corrected change, –2.8; P = .05) and 3.4 points in the MG
Activities of Daily Living score (placebo-corrected change, –2.3; P = .04). Clinically meaningful
and statistically significant improvements were also observed in other secondary end points,
the MG Composite and MG Quality-of-Life scores. Outcomes for the 0.1-mg/kg SC daily dose
were also statistically significant but slower in onset and less pronounced than with the
0.3-mg/kg dose. Rescue therapy (intravenous immunoglobulin or plasma exchange) was
required in 3 of 15, 1 of 15, and 0 of 14 participants in the placebo, 0.1-mg/kg zilucoplan, and
0.3-mg/kg zilucoplan arms, respectively. Zilucoplan was observed to have a favorable safety
and tolerability profile.
CONCLUSIONS AND RELEVANCE Zilucoplan yielded rapid, meaningful, and sustained
improvements over 12 weeks in a broad population of patients with moderate to severe
AChR-Ab–positive gMG. Near-complete complement inhibition appeared superior to
submaximal inhibition. The observed safety and tolerability profile of zilucoplan was
favorable.
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Key Points

yasthenia gravis (MG) is a rare autoimmune disease
characterized by the production of autoantibodies
targeting proteins that are critical for normal neuromuscular synaptic transmission.1 The most common target of
autoantibodies in MG is the nicotinic acetylcholine receptor
(AChR), with approximately 80% to 88% of all patients with
generalized MG (gMG) having detectable anti-AChR
antibodies.2-5
There is substantial evidence supporting a role for the terminal complement cascade in the pathogenesis of all patients with AChR autoantibody (AChR-Ab)–positive gMG. Activation of the classical complement cascade is initiated by
AChR-specific autoantibodies (typically complementactivating immunoglobulin [IgG1 and IgG3 isotypes]) but not
by anti–muscle-specific kinase autoantibodies (typically IgG4
isotype, which does not bind complement).2,6,7 Complementmediated structural disruption and simplification of the postsynaptic membrane and reduced AChR density at the postsynaptic membrane are the ultrastructural correlates of
impaired neuromuscular signal transduction in gMG.8,9 A phase
3 clinical trial with eculizumab, a monoclonal antibody complement component 5 (C5) inhibitor, restricted to patients considered refractory to prior therapies, validated complement inhibition as a new therapeutic approach in AChR-Ab–positive
gMG that led to its approval by the US Food and Drug Administration in 2017.10-12
Zilucoplan is a small (3.5 kDa), 15–amino acid macrocyclic peptide that binds to C5 with high affinity and specificity.
This prevents the cleavage of C5 into complement components C5a and C5b. Zilucoplan binds to the domain of C5 that
corresponds to C5b and thereby blocks binding of C5b to
complement component C6.13 This dual mechanism of action prevents activation of the terminal complement pathway and prevents assembly of the terminal complement complex (previously known as membrane attack complex [C5b9]), a large hydrophilic pore that can damage and destroy the
postsynaptic membrane, disrupt ionic channel conductance,
and impair neuromuscular transmission.2,14 Complement inhibition represents a targeted approach toward addressing the
main mechanism of tissue damage in gMG. This contrasts with
existing therapies, which focus on nonspecifically augmenting the AChR signal (eg, pyridostigmine) or nonspecifically suppressing the autoimmune response (eg, corticosteroids and
other immunosuppressants).15 These treatments lack strong
evidence from clinical trials to support their efficacy,15 are often poorly tolerated, and can be associated with considerable
long-term toxicities.1 Nonspecific depletion of circulating antibodies by plasma exchange (PLEX) or intravenous immunoglobulin (IVIg), with the latter also considered to have broader
immunomodulatory effects,16 carries a significant treatment
burden and can only partially and transiently reduce autoantibody load, given that complete antibody elimination is not
feasible and would incur significant safety risk. While these
medications have had a meaningful effect on survival and quality of life of patients with gMG over the last 30 years, they are
fraught with significant short-term and long-term toxicities and
considerable treatment burden, and improved treatment options are needed for patients with gMG.1
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Question What are the clinical effects of zilucoplan, a
subcutaneously self-administered macrocyclic peptide inhibitor of
complement component 5, in a broad population of patients with
moderate to severe acetylcholine receptor autoantibody–positive
generalized myasthenia gravis?
Findings In a randomized, double-blind, placebo-controlled,
multicenter phase 2 trial, zilucoplan yielded rapid, clinically
meaningful, statistically significant, and sustained improvements
in the primary and key secondary end points. Near-complete
complement inhibition was associated with a faster onset and
greater magnitude of benefit than submaximal complement
inhibition, and favorable safety and tolerability were observed.
Meaning The findings support a potential therapeutic role for
zilucoplan in generalized myasthenia gravis and further evaluation
in a phase 3 study.

We conducted a randomized, double-blind, placebocontrolled, multicenter phase 2 clinical trial to explore the
clinical effect of self-administered subcutaneous (SC) zilucoplan, at 0.1 mg/kg or 0.3 mg/kg daily, in adult patients with
AChR-Ab–positive gMG. In addition, this study was designed
to determine whether near-complete complement inhibition
is necessary to achieve maximal clinical benefit in patients with
gMG, as well as whether complement inhibition can be
effective across a broad spectrum of patients with AChR-Ab–
positive gMG regardless of duration of disease, treatment history, or response to prior therapies (ie, including both refractory and nonrefractory patients).

Methods
Trial Design
This was a randomized, double-blind, placebo-controlled, multicenter phase 2 clinical trial designed to explore the clinical
effects of zilucoplan in adult patients with AChR-Ab–positive
gMG. Participants were randomly assigned 1:1:1 to zilucoplan, 0.1 mg/kg or 0.3 mg/kg, or placebo daily over 12 weeks.
A study period of 12 weeks was considered of appropriate and
sufficient duration based on the characteristics of response to
complement inhibition observed in prior MG studies.10,17 Eligible participants had the opportunity to enter an open-label
extension thereafter. Participants were evaluated at baseline
and weeks 1, 2, 4, 8, and 12.
Participants were required to continue taking their existing standard-of-care treatments for MG, with no change in dose,
during the 12-week placebo-controlled study period. In the
event of worsening MG, administration of IVIg or PLEX was
allowed as rescue therapy per investigator discretion.
The study was conducted in accordance with the International Conference on Harmonisation Guideline for Good Clinical Practice and applicable regulatory standards in the United
States and Canada. Independent ethics committees or institutional review boards provided written approval for the study
protocol and all amendments. The formal trial protocol can be
found in Supplement 1.
jamaneurology.com
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Participants
Twenty-five study sites across North America recruited participants. All participants were required to provide written informed consent. Participants were enrolled between December 2017 and August 2018.
Key eligibility criteria included age 18 to 85 years; clinically confirmed diagnosis of MG (Myasthenia Gravis Foundation of America [MGFA] Class II-IVa)18; presence of AChR-Ab;
Quantitative Myasthenia Gravis (QMG) score of at least 12 points
with at least 4 items having a score of 2 or more; no change in
standard-of-care therapy for MG, including pyridostigmine,
corticosteroids, and immunosuppressive therapy, for 4 weeks
before randomization; no thymectomy within the past 6
months; no IVIg or PLEX administration for 4 weeks before randomization; and no rituximab treatment for 6 months before
randomization. A full list of inclusion and exclusion criteria can
be found in the protocol.

Intervention
The study drug (0.1-mg/kg or 0.3-mg/kg zilucoplan or matching placebo) was provided in identical prefilled syringes (BD
UltraSafe PLUS; BD Medical) for daily SC self-injection, using
a 29-gauge autoretracting needle. Nominal doses of zilucoplan were provided in 3 weight-bracketed presentations. Dosing was based on each participant’s weight at screening. Each
prefilled syringe contained a single dose of zilucoplan in a volume less than 1 mL. Participants were instructed and trained
on how to self-inject the study drug at the baseline visit and
subsequently continued to self-administer the study drug at
home throughout the 12-week study period. Electronic device–
based reminders were used to enhance compliance with daily
self-administration.

Randomization and Blinding
Participants were randomized 1:1:1 to placebo, 0.1-mg/kg
zilucoplan, or 0.3-mg/kg zilucoplan using a central computerized randomization algorithm at an independent vendor
(Bioclinica). Randomization was stratified based on the screening QMG score (≤17 vs ≥18). All site investigators, participants, and study personnel, including the sponsor and their
representatives, remained blinded to treatment assignment for
the study duration and until after database lock.

Outcome Measures
Efficacy Assessments
The prespecified primary end point was the change in QMG
score19 from baseline to week 12. The QMG score is a 13-item
categorical scale assessing muscle weakness, with each item
scored from 0 to 3 points. A total score of 0 represents no weakness, and a score of 39 represents severe weakness. Improvements in the QMG score of 2 to 3 points may be considered
clinically meaningful depending on baseline disease
severity.19,20 Participants were required to be not receiving pyridostigmine for at least 10 hours before performing each QMG
assessment.
The key secondary end point was the change in MG
Activities of Daily Living (MG-ADL) score21 from baseline to
week 12. The MG-ADL is an 8-item categorical scale that
jamaneurology.com
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assesses the effect of MG on daily functions that are typically affected by the disease, with each item scored from 0
to 3 points. A total score of 0 represents normal function,
and a score of 24 represents a severe effect on activities of
daily living from MG (total score of 0-24). The MG-ADL has
been shown to correlate with other validated MG outcome
measures including the QMG, the MG Composite (MGC),
and the 15-item Myasthenia Gravis Quality-of-Life Revised
Scale (MG-QoL15r).21-24 A 2-point improvement in MG-ADL
score is considered clinically meaningful.24
Additional secondary end points included the change in
MGC25 and MG-QoL15r23,26 scores from baseline to week 12;
the proportion of patients with at least a 3-point improvement in the QMG score; and the proportion of participants
requiring rescue therapy with PLEX or IVIg. In addition, the
proportion of patients with minimal symptom expression
(MSE; defined as MG-ADL of 0 or 1),27 a newly defined end
point published after finalization of the protocol, was added
as a predefined end point in the statistical analysis plan
before database lock. All clinical evaluators underwent standardized training on the measurement of the primary and
secondary end points, and patients were expected to be
assessed by the same evaluator throughout the study.
Pharmacodynamic and Safety Assessments
Plasma samples were analyzed for the ability of zilucoplan
to inhibit classical complement pathway-mediated hemolysis ex vivo in an antibody-sensitized sheep red blood cell
lysis assay.28 Safety assessments included clinical evaluations, adverse event (AE) collection, standard laboratory
assessments, evaluation of injection-site reactions (ISRs),
and immunogenicity. Long-term pharmacologic inhibition
of C5 with eculizumab, as well as inherited deficiencies of
terminal complement pathway proteins, are both known to
increase the susceptibility to infection with encapsulated
bacteria, in particular Neisseria meningitidis.29,30 Therefore,
all participants were required to receive meningococcal vaccination according to local standard of care at least 2 weeks
before starting study treatment.

Statistical Methods and Sample Size Calculation
For the primary efficacy end point (change from baseline to
week 12 in QMG score), group differences were assessed
using an analysis of covariance model, with treatment as a
factor and baseline QMG score as a covariate. For the continuous primary and secondary efficacy end points, leastsquares means are presented. Observations occurring after
rescue medication use were censored and imputed using
the last observation carried forward method. The primary
comparison was 0.3-mg/kg zilucoplan vs placebo at a
1-sided α of .10. Continuous secondary end points were analyzed similarly. Categorical end points were analyzed using
Fisher exact test.
The planned enrollment of 36 participants provided approximately 81% power to detect a difference between groups
on the primary end point (mean change from baseline to week
12 in QMG score), assuming a group mean difference of 4.5 in
the QMG score and an SD of 5.0.
(Reprinted) JAMA Neurology Published online February 17, 2020
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Figure 1. CONSORT Diagram of the Zilucoplan Phase 2 Study in Patients With Acetylcholine Receptor
Autoantibody (AChR-Ab)–Positive Generalized Myasthenia Gravis
57 Assessed for eligibility
12 Excluded for not meeting inclusion criteria

45 Randomized

E4

15 Randomized to 0.1-mg/kg
zilucoplan and received drug

15 Randomized to 0.3-mg/kg
zilucoplan
14 Received drug
1 Lost to follow-up (did not
return for dosing visit)

15 Randomized to placebo and
received drug

15 Included in analysis

14 Included in analysis

15 Included in analysis

Two patients discontinued the study
drug before week 12: 1
placebo-treated patient discontinued
owing to an adverse event of
worsening myasthenia gravis and 1
patient receiving zilucoplan, 0.3
mg/kg, discontinued because of a
prolonged admission at an outside
hospital owing to exacerbation of
preexisting diverticulitis with
paracolic abscess.

Results

0.1-mg/kg zilucoplan arm than in the other 2 arms at
baseline.

Baseline Data

Efficacy Analyses

Forty-five of 57 screened patients were randomized
(Figure 1). One patient was lost to follow-up shortly after
randomization but before receiving the study drug. Owing
to high demand for participation and a rapid surge in
screenings over the last 2 months of the enrollment period,
the study recruited more participants (n = 45) than originally planned (n = 36). A total of 44 patients received doses
in the study, all of whom were included in the analyses
(Figure 1). All participants completed the 12-week study
period with no early withdrawals.
The study population was representative of a broad
range of patients with gMG and was well balanced across
the 3 treatment arms with respect to key demographic and
disease-specific variables (Table 1). Time since diagnosis of
MG ranged widely, from 1 month to 26 years. Except for 1
patient who was naive to all standard-of-care therapies for
MG (Table 1), patients had previously received pyridostigmine (93% to 100% for the 3 treatment arms), corticosteroids (87% to 100%), and/or immunosuppressive treatment
(64% to 80%). More than one-half of patients had also been
treated with IVIg (53% to 71%) and/or PLEX (47% to 60%). A
small number of patients had previously received less frequently used immunosuppressive therapies, including
cyclosporine (n = 4), rituximab (n = 3), methotrexate (n = 2),
tacrolimus (n = 2), cyclophosphamide (n = 1), and eculizumab (n = 1; remote history of exposure 8 years before randomization during a clinical trial). One-third of patients had
a history of thymoma (27% to 33%), and fewer than half had
undergone thymectomy (33% to 53%).
Mean baseline QMG, MG-ADL, MGC, and MG-QoL15r scores
confirmed that, as intended, moderately to severely affected
patients were enrolled (mean [SD] baseline QMG score,
18.8 [4.3]), with approximately half of the population being
MGFA class III or IV at baseline. All disease severity measures
were well balanced across treatment arms except for the
MG-QoL15r, which was approximately 3 points higher in the

The study met its prespecified primary efficacy end point,
showing a rapid, statistically significant and clinically meaningful difference in the QMG score between the 0.3-mg/kg zilucoplan and placebo arms, favoring zilucoplan (Figure 2A).
The mean change from baseline to week 12 in the QMG score
was –6.0 points in the 0.3-mg/kg zilucoplan arm compared with
–3.2 points in the placebo arm, with a mean difference of –2.8
(P = .05; Table 2). The onset of action was rapid, with separation of the 0.3-mg/kg arm from the placebo arm beginning after 1 week (Figure 2A).
The magnitude of the response with 0.1-mg/kg zilucoplan, although still clinically meaningful and statistically significant, was less pronounced and exhibited a slower onset of
action, with separation from placebo beginning only after
4 weeks of therapy (eFigure 1A in Supplement 2).
Consistent with the primary end point, the MG-ADL
showed a rapid, clinically meaningful, and statistically significant mean reduction from baseline of 3.4 points (placebocorrected change, –2.3; P = .04), favoring 0.3-mg/kg zilucoplan at week 12 (Table 2 and Figure 2B). Similarly, the response
with the 0.1-mg/kg zilucoplan dose was delayed and less pronounced, although still statistically significant when
compared with placebo at week 12 (Table 2; eFigure 1B in
Supplement 2).
The MG-QoL15r and MGC followed a similar pattern
(Table 2 and Figure 2C and D; eFigure 1C and D in Supplement 2), although the MG-QoL15r showed a reversal of the dose
response, perhaps a result of higher baseline scores in the
0.1-mg/kg zilucoplan arm (Table 1). An analysis of covariance
sensitivity analysis evaluated the relevance of additional covariates on QMG and MG-ADL response and found that only
the baseline value of each outcome variable proved significant (data not shown). Additional covariates, including age, sex,
duration of disease, treatment history, prior thymectomy, and
history of thymoma, were not significant in the analysis of covariance model (eTable 1 in Supplement 2).
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Table 1. Demographics and Baseline Characteristics
No. (%)
Zilucoplan
Characteristic

Placebo (n = 15)

0.1 mg/kg (n = 15)

0.3 mg/kg (n = 14)

Age, mean (SD), y

48.4 (15.7)

45.5 (15.7)

54.6 (15.5)

Male

4 (26.7)

7 (46.7)

10 (71.4)

Weight, mean (SD), kg

85.3 (21.44)

93.7 (24.72)

110.9 (30.79)

BMI, mean (SD)

30.9 (7.39)

32.8 (6.55)

36.0 (8.24)

Race/ethnicity
White

12 (80.0)

13 (86.7)

11 (78.6)

Asian

1 (6.7)

0

1 (7.1)

Black/African American

2 (13.3)

2 (13.3)

2 (14.3)

II

7 (46.7)

5 (33.3)

5 (35.7)

III

8 (53.3)

10 (66.7)

5 (35.7)

IV

0

0

4 (28.6)

Age at disease onset, mean (SD), y

40.3 (17.79)

37.3 (16.04)

46.9 (19.48)

Duration of disease, median (range), y

6.3 (0.1-20.9)

6.5 (1.6-24.1)

5.3 (0.5-26.0)

QMG

18.7 (4.0)

18.7 (4.0)

19.1 (5.1)

MG-ADL

8.8 (3.6)

6.9 (3.3)

7.6 (2.6)

MGC

18.7 (5.7)

14.5 (6.3)

14.6 (6.3)

MG-QoL15r

15.9 (7.4)

19.1 (5.0)

16.5 (7.3)

Pyridostigmine

14 (93.3)

15 (100.0)

14 (100.0)

Corticosteroids

13 (86.7)

13 (86.7)

14 (100.0)

Immunosuppressants

12 (80.0)

12 (80.0)

9 (64.3)

9 (60.0)

8 (53.3)

10 (71.4)

MGFA class at screening

Baseline score, mean (SD)

Prior MG therapies (standard of care)

Prior IVIg
Prior plasma exchange

7 (46.7)

9 (60.0)

7 (50.0)

Diagnosis of thymoma

4 (26.7)

5 (33.3)

4 (28.6)

Prior thymectomy

5 (33.3)

8 (53.3)

7 (50.0)

Prior MG crisis requiring intubation

3 (20.0)

4 (26.7)

2 (14.3)

Pyridostigmine

14 (93.3)

14 (93.3)

13 (92.9)

Prednisone

11 (73.3)

9 (60.0)

11 (78.6)

Azathioprine

3 (20.0)

3 (20.0)

3 (21.4)

Mycophenolate mofetil

5 (33.3)

6 (40.0)

1 (7.1)

Cyclosporine

0

1 (6.7)

0

Tacrolimus

1 (6.7)

0

0

MG therapy at baseline

A remarkable consistency in the response with zilucoplan was observed across all continuous clinical outcome measures tested (QMG, MG-ADL, MGC, and MG-QoL15r) with continued improvement through week 8 (eFigure 2A in
Supplement 2). This contrasted with the placebo arm, where
the effect was most pronounced during the first week, with
some fluctuations thereafter (eFigure 2B in Supplement 2).
A higher proportion of patients achieved at least a
3-point difference in the QMG score with zilucoplan compared with placebo, although this difference did not reach
statistical significance. More patients receiving zilucoplan
improved by progressively higher scores, and, in contrast to
jamaneurology.com
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Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IVIg, intravenous immunoglobulin;
MG, myasthenia gravis; MG-ADL,
Myasthenia Gravis Activities of Daily
Living; MGC, Myasthenia Gravis
Composite; MGFA, Myasthenia Gravis
Foundation of America; MG-QoL15r,
Myasthenia Gravis Quality-of-Life
Revised Scale; QMG, Quantitative
Myasthenia Gravis.

placebo, none in the 0.3-mg/kg zilucoplan arm experienced
worsening (Figure 3A). The proportion of participants
achieving MSE (defined as MG-ADL of 0 or 1) was also
higher with 0.3-mg/kg zilucoplan (n = 5 [35.7%]) than with
0.1-mg/kg zilucoplan (n = 4 [26.7%]) or placebo (n = 2
[13.3%]) (Figure 3B), although this did not reach statistical
significance.
All participants remained receiving stable doses
of their prior gMG therapy. Rescue therapy (IVIg or PLEX
only) was administered per investigator’s discretion in 3 of
15 participants (20%) receiving placebo, 1 of 15 (7%) receiving 0.1-mg/kg zilucoplan, and none (0 of 14) receiving
(Reprinted) JAMA Neurology Published online February 17, 2020
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Figure 2. Change From Baseline Over 12 Weeks for 0.3-mg/kg Zilucoplan vs Placebo in Quantitative Myasthenia Gravis (QMG), Myasthenia Gravis
Activities of Daily Living (MG-ADL), Myasthenia Gravis Quality-of-Life Revised Scale (MG-QoL15r), and Myasthenia Gravis Composite (MGC)
A QMG

B

2

MG-ADL
2

0
0

CFB in MG-ADL, SEM

CFB in QMG, SEM

Placebo
–2

–4
a

a

–6

Placebo

–2
a
a

–4
0.3-mg/kg Zilucoplan

–8

0.3-mg/kg Zilucoplan

–10

–6
0

1

2

4

8

12

0

1

2

4

8

Time, wk
C

D MGC

MG-QoL15r
2

2

0

0
Placebo

–2

CFB in MGC, SEM

CFB in MG-QoL15r, SEM

12

Time, wk

–4
a

–6

–2
Placebo
–4
a

–6

a

0.3-mg/kg Zilucoplan
–8

a

–8
0.3-mg/kg Zilucoplan

–10

–10
0

1

2

4

8

12

0

1

2

4

Time, wk

8

12

Time, wk

CFB indicates change from baseline.
a

P < .10.

Table 2. Clinical Efficacy Outcomes at Week 12

E6

Variable

Placebo, Mean
(SEM)

0.3-mg/kg
Zilucoplan, Mean
(SEM)

No.

15

QMG

0.3-mg/kg Zilucoplan vs Placebo

0.1-mg/kg Zilucoplan vs Placebo

P Valuea

0.1-mg/kg
Zilucoplan, Mean
(SEM)

Difference, Mean
(SEM)

NA

15

NA

NA

–2.8 (1.7)

.05

–5.5 (1.2)

–2.3 (1.7)

.09

–3.4 (0.9)

–2.3 (1.3)

.04

–3.3 (0.9)

–2.2 (1.3)

.05

–5.9 (1.7)

–3.7 (2.4)

.06

–7.4 (1.7)

–5.3 (2.4)

.02

–3.3 (1.6)

–7.4 (1.6)

–4.1 (2.2)

.04

–5.3 (1.5)

–2.0 (2.2)

.19

QMG decrease ≥3,
No. (%)

8 (53.3)

10 (71.4)

NA

.27

10 (66.7)

NA

.36

Rescue received,
No. (%)

3 (20.0)

0

NA

.12

1 (6.7)

NA

.30

Difference, Mean
(SEM)

14

NA

–3.2 (1.2)

–6.0 (1.2)

MG-ADL

–1.1 (0.9)

MG-QoL15r

–2.1 (1.7)

MGC

Abbreviations: MG-ADL, Myasthenia Gravis Activities of Daily Living; MGC,
Myasthenia Gravis Composite; MG-QoL15r, Myasthenia Gravis Quality-of-Life
Revised Scale; NA, not applicable; QMG, Quantitative Myasthenia Gravis.

a

0.3-mg/kg zilucoplan (Figure 3C). Although not statistically
significant, the trend in these results is consistent with
other efficacy analyses.

Pharmacodynamic Analyses
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P Valuea

One-sided P values.

Daily self-administered SC 0.3-mg/kg zilucoplan achieved
rapid, sustained, and near-complete complement inhibition
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Figure 3. Categorical End Points
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as measured in the sheep red blood cell lysis assay, with greater
than 97% inhibition at trough. In contrast, the 0.1-mg/kg zilucoplan dose achieved rapid, sustained but submaximal (approximately 88%) complement inhibition at trough (eFigure 3 in Supplement 2).

Safety Analyses
All 44 of 45 randomized patients who received the study drug
completed the 12-week placebo-controlled study. The study
drug was well tolerated, with a low incidence of local ISRs
(2 of 15, 4 of 15, and 3 of 14 patients receiving placebo,
0.1-mg/kg zilucoplan, and 0.3-mg/kg zilucoplan, respectively). The only moderate ISR occurred in a placebo-treated
patient. All other ISRs were mild, and there was no difference
in patterns between the zilucoplan and placebo arms. Thirtynine participants reported treatment-emergent AEs, with no
apparent pattern across treatment arms (eTable 2 in Supplement 2). Most events were mild, considered unrelated to the
jamaneurology.com
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0.1-mg/kg
Zilucoplan

0.3-mg/kg
Zilucoplan

Week 12

A, Responder analysis for
Quantitative Myasthenia Gravis
(QMG) score with 0.3-mg/kg
zilucoplan daily subcutaneously.
B, Minimal symptom expression
(MSE), defined as Myasthenia Gravis
Activities of Daily Living score of 0 or
1 at 12 weeks. C, Patients who
received treatment with rescue
therapy with intravenous
immunoglobulin or plasma exchange.

study drug, and resolved spontaneously without modification of study drug administration. Eight serious AEs were reported, none of which were considered related to the study
drug: 3 in the placebo arm, 0 in the 0.1-mg/kg zilucoplan arm,
and 5 in the 0.3-mg/kg zilucoplan arm. Two patients discontinued the study drug before week 12: 1 placebo-treated
patient owing to an AE of worsening MG and 1 patient receiving 0.3-mg/kg zilucoplan because of a prolonged admission at
an outside hospital owing to exacerbation of preexisting diverticulitis with paracolic abscess. There were no meningococcal infections, life-threatening AEs, or deaths during the
study. No antizilucoplan antibodies were detected.

Discussion
The SC peptide C5 inhibitor zilucoplan met the prespecified
primary efficacy end point and demonstrated a favorable safety
(Reprinted) JAMA Neurology Published online February 17, 2020
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and tolerability profile in this multicenter, randomized, doubleblind, placebo-controlled phase 2 clinical trial, assessing a broad
spectrum of patients with moderate to severe gMG regardless
of their treatment history.
Consistent with the primary efficacy analysis, all continuous secondary end points also demonstrated clinically meaningful and statistically significant improvements except for the
MGC score between the 0.1-mg/kg zilucoplan and placebo arms.
The proportion of participants requiring rescue therapy (a proxy
for patients’ use of health care resources) and the proportion
of participants achieving MSE also favored zilucoplan over placebo. The totality of the clinical efficacy data supports further investigation of the 0.3-mg/kg daily SC dose of zilucoplan, which showed a more rapid and profound improvement
in clinical disease measures compared with the 0.1-mg/kg dose.
Although none of the partic ipants receiving the
0.3-mg/kg dose deteriorated, and most improved significantly, it is interesting that 28% of participants did not improve by the minimal clinically important difference of 3 points
on the QMG. We speculate that failure to respond to nearcomplete C5 inhibition in this subset of patients may be attributed to one or more of the following factors: insensitivity
of the outcome measures to detect clinical improvement; previously unrecognized fixed weakness; or the complementindependent effects of blocking or modulating autoantibodies that sterically hinder binding of ACh to the receptor or
decrease AChR density, respectively.2,31
Until this study, to our knowledge, it was not known
whether complete inhibition of the terminal complement pathway is necessary to achieve optimal clinical response in patients with AChR-Ab–positive gMG. Our data suggest that maximal complement inhibition is necessary to provide rapid and
pronounced disease suppression, although submaximal inhibition was still superior to placebo.
Although cross-study comparisons of clinical effects must
be made with caution, the magnitude of the clinical effect of
zilucoplan in this study appears similar to that observed in prior
studies of the complement inhibitor eculizumab conducted in
a restricted population of patients defined as having refractory gMG.10,17 Importantly, this study provides evidence for the
efficacy of C5 inhibition in a broader population of patients with
moderate to severe gMG than were enrolled in the eculizumab studies, including those early in their disease course,
without regard to failure of prior therapies, and inclusive of
patients with a history of thymoma. This observation is important because in gMG, disease severity frequently peaks
within the first few years after diagnosis, before all treatment
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Strengths and Limitations
As a self-administered C5 inhibitor, zilucoplan was well tolerated, and the safety profile was similar across the zilucoplan
and placebo arms. All participants were vaccinated against
N meningitidis, and no cases of Neisseria infection were observed during the study. However, the overall exposure was
too limited to allow for a complete characterization of the risk
profile given that the absolute incidence rate of Neisseria infection associated with C5 inhibition is extremely low.30 Furthermore, it is noteworthy that zilucoplan administration was
not associated with any AEs suggestive of local or systemic inflammatory reactions.
Our phase 2 study was designed to provide an initial assessment of clinical activity and to support dose selection for
phase 3. Given the similarity in the safety profile for both doses,
as well as the more rapid and pronounced clinical effect seen
with 0.3-mg/kg zilucoplan, this dose has been selected for further testing in a pivotal phase 3 study (ClinicalTrials.gov Identifier: NCT04115293).

Conclusions
In summary, our study suggests that complement inhibition
appears to be effective across a broad spectrum of patients with
moderate to severe AChR-Ab–positive gMG, regardless of prior
therapies; that near-complete complement inhibition is superior to submaximal complement inhibition; and that the
safety and tolerability profile of zilucoplan in gMG appears to
be favorable. Confirmation of the clinical effect of zilucoplan
in gMG will be further assessed through the open-label longterm extension of the phase 2 study and an upcoming registrational phase 3 clinical program.
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options have been exhausted32 and before patients may be formally declared treatment refractory. A 2019 analysis33 of the
MGFA Patient Registry showed that many patients with MG,
including those who have not yet been treated with multiple
immunosuppressive therapies, experience considerable disease burden.33 Taken together, these findings indicate that
there is no biologic relevance of refractory disease with respect to complement inhibition and no scientific rationale for
C5 inhibitors to be reserved for use as a last-line option only.
Indeed, C5 inhibition deployed earlier in the disease course may
have the potential to reduce or eliminate the need for more invasive treatments, as reflected by abrogation of the need for
rescue therapy in the high-dose zilucoplan arm.
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