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ABSTRACT

ARTICLE HISTORY

Introduction: Generalized myasthenia gravis (QMG) is an autoimmune disorder in which pathogenic
autoantibodies damage the neuromuscular junction, causing disabling or life-threatening muscle
weakness. Most treatments nonspecifically inhibit aspects of the immune system, do not directly
address the causal mechanisms of tissue damage, and often have side-effect profiles that negatively
impact patients. Understanding of the central pathogenic role of the complement cascade in gMG is
advancing, and a new complement-targeting treatment is under investigation.

Areas covered: We provide an overview of gMG etiology, the complement cascade, current treatments,
and the investigational gMG therapy zilucoplan. Zilucoplan is a small, subcutaneously administered,
macrocyclic peptide that inhibits cleavage of complement component C5 and the subsequent forma-
tion of the membrane attack complex.

Expert opinion: In a randomized, double-blind, placebo-controlled, phase 2 clinical trial, zilucoplan
demonstrated clinically meaningful complement inhibition in patients with acetylcholine receptor-
positive gMG. Zilucoplan, a first-of-its-kind cyclic peptide targeting C5, appears to be a therapeutic
option for the treatment of gMG based on available pharmacokinetic/pharmacodynamic data and
phase 1 and 2 efficacy, safety, and tolerability data with limited long-term follow-up. Zilucoplan use
earlier in the treatment paradigm would be suitable in this population should phase 3 efficacy and
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safety data be equally favorable.

1. Introduction
1.1. Generalized Myasthenia Gravis

Myasthenia gravis (MG) is an autoimmune disease characterized
by chronic generalized or localized muscle weakness that is
worsened by exercise or repetitive muscle use [1]. The preva-
lence of MG varies globally from an estimated 15 to 179 -
per million people [2]. Ocular weakness (eg, ptosis and
diplopia) is the first presenting symptom in up to 86% of cases,
and 80% of these patients will progress to generalized MG (gMG)
[3,4]. Although the disease course varies, most patients with gMG
reach maximum disease severity within 1 to 2 years of symptom
onset with no further progression thereafter [3,5].

The symptoms of gMG impair daily functioning and the
work, leisure, and social activities of most patients, leading to
reduced income, emotional burden, frequent use of health-
care resources, and a decreased quality of life (QoL) [6-11].
Prolonged muscle weakness can potentially increase the risk
of obesity, osteoporosis, and respiratory infections [12]. At

some point in the evolution of their disease, approximately
20% of patients experience respiratory muscle weakness that
progresses to a life-threatening state known as myasthenic
crisis [5,6,13]. In addition to gMG disease burdens, patients
must frequently navigate comorbidities such as thymic malig-
nancies and related conditions; other autoimmune diseases
such as thyroid disease, pernicious anemia, systemic lupus
erythematosus, rheumatoid arthritis, neuromyelitis optica
spectrum disorder, and inflammatory myopathies; and toxici-
ties associated with long-term use of corticosteroids and
immunosuppressants [14-19].

Normal neuromuscular transmission is mediated by the bind-
ing of presynaptic acetylcholine to acetylcholine receptors (AChRs)
in the postsynaptic membrane of the neuromuscular junction
(NMJ). In MG, this transmission is impaired by autoantibodies
that bind to AChRs or to functionally related molecules [1]. Anti-
AChR antibodies are present in 80% to 88% of patients with MG,
and contribute to early-onset (i.e., prior to 50 years of age), late-
onset (i.e., 250 years), thymoma-associated, and ocular MG disease
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subtypes [5,20,21]. A smaller proportion of patients (<10%) harbor
autoantibodies against muscle-specific kinase (MuSK) or lipopro-
tein-related protein 4 or are seronegative for all three autoantibo-
dies [22-25]. The differences in MG antibody subtype have a major
impact on treatment decisions [12]. This article focuses primarily
on patients with anti-AChR antibody-positive (AChR*) gMG.

A key mechanism of signal impairment in gMG involves the
anti-AChR antibody-mediated activation of the complement cas-
cade, which has been shown to induce architectural changes to
the postsynaptic membrane [5,26,27]. Detailed evidence for the
role of complement in MG in humans and animal models has been
recently reviewed [28,29]. Other anti-AChR antibody-mediated
mechanisms of signal impairment include functional AChR block-
ade and the process of receptor cross-linking, internalization, and
degradation (i.e., antigenic modulation) [5,30,31].

1.2. The Terminal Complement Cascade

Complement-mediated destruction of the NMJ, initiated by the
presence of pathogenic autoantibodies, is a major cause of MG
pathology [26,28,32,33]. The complement cascade is a critical
part of the immune system that is initiated by any one of three
separate pathways (alternative, classical, and lectin; Figure 1A).
All three pathways first converge at complement component 3
(C3), with a second convergence point at C5. C5 is cleaved to
produce C5a and C5b, with subsequent recruitment of C6, C7, C8,
and C9 to yield the pore-like terminal complement complex C5b-
9, also known as the membrane attack complex (MAC) [32,34].
Accumulation of the MAC on the postsynaptic plasma mem-
brane of the NMJ mediates tissue damage and destruction of
the delicate cytoarchitecture and electrochemical integrity of the
postsynaptic membrane (Figure 1B) [27,32]. The complement
cascade is implicated as a key mediator of cell and tissue damage
in numerous other inflammatory and autoimmune disorders
including immune-mediated necrotizing myopathies [35], parox-
ysmal nocturnal hemoglobinuria [36], neuromyelitis optica [37],
and atypical hemolytic uremic syndrome [38]. It has been
hypothesized that complement and inflammation also play
a role in amyotrophic lateral sclerosis [39].

2. Overview of the Market
2.1. Treatment options

Symptomatic treatment with acetylcholinesterase inhibitors is
recommended as a first-line treatment for MG. Pyridostigmine
is the most widely used drug in this class. Some patients with
mild disease experience adequate symptom control with this
class of drugs alone, requiring no further treatment [1].
However, in patients with moderate or severe MG, the efficacy
of these agents is usually limited and/or temporary, requiring
concomitant use of immunotherapeutic interventions. Side
effects of acetylcholinesterase inhibitors include nausea, diar-
rhea, abdominal pain, urinary urgency, increased salivation,
sweating, and/or increased weakness [1,17,40,41].

Many patients with anti-AChR" MG present with thymus
pathology [5]. International consensus guidance recommends
thymectomy in patients with thymoma and in patients
<60 years of age with anti-AChR* antibodies irrespective of thy-
mus pathology [5,42,43]. While differences in regional treatment

approaches exist, thymectomy may also be considered in select
patients with ocular symptoms only and, in rare cases, in serone-
gative patients who do not respond to initial treatment [5,17,43].

Oral prednisone, prednisolone, or other glucocorticoids are
commonly used immunotherapeutic options after first-line ther-
apy and may also be used as alternatives or additions to sympto-
matic and other immunosuppressive treatments initiated as first-
line therapy [5,17,43]. The benefits of corticosteroid agents for
patients with MG are well established; however, long-term use
often leads to side effects such as weight gain, osteoporosis,
hypertension, diabetes, acne, and mood disorders [17,44].
Nonsteroidal immunosuppressive drugs, such as purine inhibitors
(e.g., azathioprine and mycophenolate mofetil) and the cyclophi-
lins (e.g., cyclosporine and tacrolimus), provide clinical benefit
without corticosteroid-related adverse effects [17]. However,
these treatments can cause nausea, hepatic enzyme increases,
diarrhea, hypertension, leukopenia, and an increased risk of severe
infections or malignancy, especially with long-term use, as is
typical in patients with MG [17]. Potential teratogenic side effects
of some immunosuppressive treatments limit their use in women
who are or could become pregnant [12,45,46].

The anti-CD20 monoclonal antibody rituximab has emerged
as a gMG therapy [46]. Although the randomized, placebo-
controlled BeatMG trial showed no clear benefit of rituximab in
patients with AChR* gMG who were receiving steroid treatment
[47], other studies suggest potential clinical benefit in patients
with anti-MuSK* MG who had not responded to standard ther-
apy, as well as in patients with new-onset, non-MuSK* gMG
[48-51]; however, more studies are needed to better understand
the value of this treatment option.

The promise of gMG treatment strategies targeting inhibi-
tion of the complement cascade was affirmed when eculizu-
mab, an intravenous monoclonal antibody that inhibits C5,
demonstrated efficacy in patients with non-thymomatous
gMG for whom prior therapy had failed, leading to its approval
for use in the United States (anti-AChR* gMG), European Union
(anti-AChR* refractory gMG), and Japan (anti-AChR* gMG with
symptoms poorly controlled by high-dose intravenous immu-
noglobulin or plasma exchange) in 2017 [52-56]. The eculizu-
mab label contains a warning against life-threatening and fatal
meningococcal infection, thus requiring vaccination prior to
use [53,57]. Eculizumab is generally reserved for patients
whose disease is treatment-resistant, is ineffective for patients
harboring rare C5 mutations in the eculizumab-binding site,
and incurs a high financial cost [53,56-58].

Intravenous immunoglobulin (IVIg) and plasma exchange
(PLEX) are used in patients with treatment-resistant disease or
as a rescue treatment for myasthenic crisis [43,59]. Their utility
can be attributed to effects that include complement system
modulation and neutralization or removal of antibodies and
cytokines [5]. Both IVIlg and PLEX are generally considered
short-term interventions because of contraindications, treat-
ment risks, lack of long-term efficacy data, and burdensome
administration [43,59].

The MG treatment pipeline is robust and includes existing
therapeutic targets with improvement on routes of administra-
tion [60]. In addition, there are multiple agents in development
that target other components of the complement cascade
[29,60,61]. Other approaches under investigation seek to reduce
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Figure 1. The (A) complement cascade and (B) depiction of the molecular components of a normal vs AChR* gMG neuromuscular junction and the impact on
muscle contraction. Graphics are schematic representations and are not true to scale. In panel A, a truncated version of the full complement cascade is presented
with a focus on specific mechanisms relevant to zilucoplan in AChR+ gMG. ACh binds to AChR on normal postsynaptic membrane folds, allowing for normal
neuromuscular signaling and muscle contraction. In panel B, autoantibodies against AChR initiate the classical complement cascade, resulting in the deposition of
MAC on the postsynaptic membrane, damage to the membrane fold structure, and reduction of AChR expression, resulting in attenuated neuromuscular signaling
and muscle contraction. ACh, acetylcholine; AChR, acetylcholine receptor; AChR*, acetylcholine receptor positive; C[x], complement component [x]; gMG, generalized

myasthenia gravis; MAC, membrane attack complex; NMJ, neuromuscular junction.

autoantibody production via the fragment crystallizable neona-
tal receptor (FcRn), proteasomes, or proinflammatory cytokines
and chemokines, or depletion of B and plasma cells via targeting
of other cluster of differentiation antigens (e.g., anti-CD19) [62].

2.2. Unmet Treatment Needs

Despite current standard-of-care treatment, data from the MG
Patient Registry, the largest patient-reported database of patients
with MG, reflect a high degree of disease burden for many patients,
suggesting a continued need for additional treatment options [6].
Suboptimal response to initial therapy or intolerable side effects
seem to be associated with younger age and female sex [63]. These
factors may contribute to the higher disease burden experienced
by these two populations and may be reflective of clinician reluc-
tance to prescribe more aggressive treatment because of

associated side effects and long-term risks that may disproportio-
nately impact these patients [6]. In a cross-sectional study of
neurological centers in Japan, patients with MG reported
decreases in employment or income due to their disease, as well
as reduced social positivity and activity [7]. In a cross-sectional
study of Norwegian and Dutch patients with MG, current treat-
ment with non-steroidal immunosuppressive therapies negatively
impacted health-related QoL [64]. Taken together, these data
suggest there is room for improvement in patients’ disease-
related QoL that may be enhanced with novel treatment options.

3. Introduction to Zilucoplan
3.1. Primary Characteristics

Zilucoplan is an investigational, small (3.5 kDa), 15-amino acid
macrocyclic peptide designed to inhibit terminal complement
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activation, a consequence of anti-AChR-mediated initiation of
the complement cascade (Figure 2A; Box 1). Zilucoplan binds
C5 with high affinity and specificity to prevent downstream
assembly of the MAC by a dual mechanism: 1) inhibiting the
cleavage of C5 by C5 convertase into C5a and C5b (Figure 2B)
and 2) binding to preformed C5b to sterically block interaction
with C6. Targeting C5 preserves proximal cascade effects
including C3b-mediated opsonization, C3a inflammatory
response, and immune complex clearance. Zilucoplan is self-
administered once daily as a subcutaneous (SC) injection of
approximately 5 seconds [65].

3.2. Pharmacokinetics and Pharmacodynamics

In a phase 1 multiple-dose study, in which healthy volunteers
received single doses (0.5 to 4 mg/kg) or multiple, once-daily
SC administrations of zilucoplan 0.2 mg/kg, plasma concentra-
tions were consistent with the in silico pharmacokinetic mod-
els and between the single- and multiple-dose parts of the
human study. Exposures were consistent and showed low
variability across all participants, with maximum plasma con-
centration observed 3 hours postdose [66]. The approximate
half-life was 7 days across all dose levels [67]. Steady-state
plasma levels were predicted to be achieved at day 11 at
a 0.2-mg/kg dose level [66].

The pharmacodynamic profile of zilucoplan was explored in
the phase 1 single- and multiple-dose groups of healthy
volunteers using an ex vivo antibody-sensitized sheep red
blood cell (sRBC) lysis assay [68] to assess the classical pathway
of complement activation. Inhibition in the hemolysis assay
(i.e., suppression of complement activity) was rapid and dose-
dependent, with near-complete inhibition observed approxi-
mately 3 hours postdose [66,67].

These pharmacodynamic results were confirmed in a 12-
week phase 2 study of patients with gMG, in which
a zilucoplan 0.3-mg/kg dose resulted in 97% inhibition in the
sRBC lysis assay (Figure 3). The zilucoplan 0.1-mg/kg dose
resulted in rapid and consistent, yet submaximal, inhibition
of sRBC hemolysis at approximately 88% [65]. Furthermore,
zilucoplan exhibited equipotent binding and inhibition of
hemolysis induced by C5 variants, including the mutation
associated with poor response to eculizumab [65,69,70].

3.3. Clinical Efficacy

The efficacy of zilucoplan for the treatment of anti-AChR* gMG
was assessed in a 12-week, randomized, double-blind, placebo-
controlled phase 2 trial (ClinicalTrials.gov identifier:
NCT03315130) in patients aged 18 to 85 years with a clinically
confirmed diagnosis of Myasthenia Gravis Foundation of
America (MGFA) Class lI-IVa gMG [70,71], presence of AChR
autoantibodies, and Quantitative MG (QMG) score [72] of =12
points, with a score of =2 on at least four items [65]. Patients were
stratified based on the screening QMG score (<17 vs =18 points)
and randomized to receive once-daily SC zilucoplan 0.3 mg/kg
(n=15), zilucoplan 0.1 mg/kg (n = 15; however, only 14 received
at least 1 dose of study drug), or placebo (n = 15) [65]. Patients
maintained stable doses of standard-of-care treatments, includ-
ing pyridostigmine, corticosteroids, and immunosuppressive

drugs, throughout the study. The primary and key secondary
end points were least square means change from baseline to
week 12 in QMG score and MG-Activities of Daily Living (MG-
ADL) score [73], respectively. Reductions of at least 3 points on
the QMG and 2 points on the MG-ADL were considered clinically
meaningful [74,75]. Additional end points included change from
baseline to week 12 in the 15-item MG Quality of Life-Revised
(MG-QoL15r) [76] and MG Composite (MGC) [77] scores and the
proportion of patients who required rescue therapy with PLEX or
IVIg. Statistical analyses of the end points used zilucoplan 0.3 mg/
kg versus placebo as the primary comparison, and all efficacy
evaluations were based on a one-sided 0.10 significance
level [65].

At baseline, patients (N = 44) were considered moder-
ately to severely affected by gMG, with a mean (SD) QMG
score of 18.8 (4.3), and approximately 60% were classified
with MGFA Class lll or IV gMG. Treatment with zilucoplan
0.3 mg/kg resulted in rapid, clinically meaningful, and sta-
tistically significant improvements compared with placebo
in QMG score at 12 weeks (least squares mean [SEM] differ-
ence, -2.8 [1.7]; P = 0.05) and MG-ADL score (-2.3 [1.3];
P = 0.04; Figure 4A and 4B; Table 1). Ten of 14 patients
(71%) in the zilucoplan 0.3-mg/kg group achieved
a clinically meaningful improvement in QMG score
(=3-point decrease). A rapid onset of action was demon-
strated with separation between treatment groups as early
as 1 week after treatment. Similar trends were observed for
the MG-QoL15r and MGC scales (Figure 4C and 4D; Table 1)
[65]. No statistical interaction of the treatment effect of
zilucoplan 0.3 mg/kg with immunosuppressive therapy,
IVlg, or PLEX was found for any of the four efficacy scales.
The zilucoplan 0.1-mg/kg group showed a delayed and less-
pronounced response than the 0.3-mg/kg group, with sta-
tistically significant differences versus placebo observed for
the QMG, MG-ADL, and MG-QoL15r end points (Table 1).
Use of rescue therapy with PLEX or IVIg, administered at the
investigator’s discretion, was reduced with zilucoplan treat-
ment versus placebo (Table 1) [65].

At the end of 12 weeks, participants from the phase 2 trial
were eligible to enter an open-label extension period in which
zilucoplan-treated patients continued at the same dosage and
placebo recipients were randomized 1:1 to receive once-daily
zilucoplan 0.3 mg/kg or zilucoplan 0.1 mg/kg [65,78]. Patients
who received zilucoplan 0.3 mg/kg from the start of the
double-blind treatment period through week 24 (n = 13)
experienced sustained reductions from baseline in QMG
score (mean [SEM] difference, —7.8 [1.3]; Figure 4A) as well as
in MG-ADL, MG-QoL15r, and MGC scores (Figure 4B-D).
Further, placebo recipients who crossed over to zilucoplan
0.3 mg/kg after 12 weeks (n = 7) experienced rapid improve-
ments on all four scales that were sustained at week 24 (Figure
4). The results of this study supported the 0.3-mg/kg dose that
is currently under investigation in a pivotal phase 3 study of
zilucoplan for the treatment of gMG (RAISE; NCT04115293).

3.4. Safety and Tolerability

Zilucoplan was well tolerated in the double-blind, phase 2 con-
trolled trial, with no pattern in treatment-emergent adverse
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Figure 2. (A) Activation of the terminal complement cascade in gMG and (B) inhibition by zilucoplan. Graphics are schematic representations and are not true to
scale. In panel A, cross-linking of AChRs by anti-AChR antibodies initiates the classical complement cascade, leading to cleavage of C5 and assembly of the MAC. In
panel B, zilucoplan binds C5 at the location corresponding to C5b, thereby inhibiting both the cleavage of C5 and the binding of C6 to pre-formed C5b, thus
preventing assembly of the MAC. ACh, acetylcholine; AChR, acetylcholine receptor; C[x], complement component [x]; gMG, generalized myasthenia gravis; MAC,

membrane attack complex; NMJ, neuromuscular junction.

events (TEAEs) observed across treatment groups: zilucoplan
0.3 mg/kg, 12 (86%) of 14 patients; zilucoplan 0.1 mg/kg, 15
(100%) of 15 patients; and placebo, 12 (80%) of 15 patients.
Injection-site reactions occurred in 3 (21%) of 14, 4 (27%) of 15,
and 2 (13%) of 15 patients who received zilucoplan 0.3 mg/kg,
zilucoplan 0.1 mg/kg, and placebo, respectively. All injection-site
reactions in zilucoplan-treated patients were mild. Eight serious
TEAEs were reported (zilucoplan 0.3 mg/kg, n = 5/14 [36%];
placebo, n = 3/15 [20%)]), but none were considered study drug
related. No meningococcal infections, deaths, life-threatening
adverse events, or anti-zilucoplan antibodies were reported
[65]. These data were consistent with previous experience in
other studies [66,67]. No new safety signals were observed dur-
ing the open-label extension study.

3.5. Regulatory Status

In August 2019, the US Food and Drug Administration, which
defines rare diseases as those that affect fewer than 200,000

people in the United States, designated zilucoplan as an
orphan drug for the treatment of gMG [79]. Zilucoplan is
currently in phase 3 development (NCT04115293) and has
not been approved for use by any regulatory agency.

4. Conclusion

Anti-AChR* gMG s a rare, autoantibody-mediated disorder with
relevant pathogenic contribution of the complement system that
results in chronic fatigable muscle weakness and reduced QoL. The
current mainstays of MG treatment include acetylcholinesterase
inhibitors (e.g., pyridostigmine), immunotherapy with corticoster-
oids, nonsteroidal immunosuppressive drugs (e.g., azathioprine,
mycophenolate mofetil, cyclosporine, tacrolimus), thymectomy,
and IVIg/PLEX (mostly used to treat crisis/exacerbations).
Although none of these treatments addresses the cause of MG,
immunotherapies can attenuate the underlying immunological
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processes by various mechanisms, leading to a marked improve-
ment in most patients. Nevertheless, some patients continue to
experience muscle weakness, with subsequent risk of daily func-
tion and QoL impairments, and frequently experience negative
treatment side effects. Therapeutic targeting of the complement
cascade is a novel strategy that is based on pathological mechan-
istic rationale, thereby offering the potential for faster and
improved disease control with increased tolerability and safety as
compared to current conventional therapy. Zilucoplan, an investi-
gational macrocyclic peptide inhibitor of C5 that is self-
administered as a once-daily SC injection, produces rapid and
robust reductions of complement activity and clinically meaningful
improvements in patient- and clinician-reported disease markers,
with a favorable safety and tolerability profile based on available
phase 1 and 2 study results. Expansion of treatment results will be
forthcoming with data from the ongoing phase 3 clinical trial and
long-term extensions of the phase 2 and 3 studies.

5. Expert opinion

The available data suggest that zilucoplan may be an important
advancement in the treatment of gMG. The rapid effect of ziluco-
plan — observed with robust, sustained inhibition of complement
activity after the first dose and clinical effect after 1 week of once-
daily treatment - enhances its potential utility. The favorable
safety and tolerability profile of zilucoplan with few TEAEs in the
phase 1 and 2 trials supports a potential improvement over
current standard-of-care treatments, contingent on favorable
safety and tolerability data in phase 3 and long-term extension
studies. Zilucoplan may benefit patients (1) whose disease is sub-
optimally controlled; (2) who are considered to have treatment-
resistant disease; and/or (3) who have intolerable side effects from
other immunotherapies.

Nearly 29% of the patients treated with zilucoplan 0.3 mg/kg in
the phase 2 study did not experience clinically meaningful
improvement on the QMG at week 12. It may be that NMJ damage
in these patients had progressed such that complement inhibition
was unable to affect these structural changes. Another potential
reason for this lack of response is that 12 weeks may not have
been sufficient for improvement in some of these patients. In the
REGAIN double-blind and open-label extension study of eculizu-
mab, the percentage of eculizumab-treated patients achieving an
MGFA post-intervention status of minimal manifestations
increased from 21% to 46% between weeks 12 and 26 and
increased further to 53% at week 104, suggesting that response
may develop over time in some patients with MG [80,81]. Lastly, it
is possible that a lack of response is related to complement-
independent effects of autoantibodies such as steric hindrance
of AChR binding or reduced AChR density at the postsynaptic
membrane [65].

From a molecular perspective, zilucoplan may hold some
advantages over other gMG treatments. Zilucoplan is approxi-
mately 40 times smaller than monoclonal antibodies such as
eculizumab, which may enable greater penetration at the NMJ
[69]. In addition, unlike therapeutic anti-C5 monoclonal antibodies
that rely on the FcRn for their pharmacokinetic stability, the pep-
tide composition of zilucoplan should allow for coadministration
with IVIg or novel FcRn inhibitors that are currently in develop-
ment, without compromising pharmacokinetics.

If phase 2 clinical trial findings can be confirmed in phase 3,
complement inhibition may emerge as an essential treatment
modality in the neurology toolbox. It will be important to advance
understanding and awareness of the role of the complement
cascade in MG to supplement symptomatic and global immuno-
suppressive therapies with disease-modifying treatments. Positive
study results for the complement inhibitor eculizumab in the
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Figure 4. Change from baseline through 12 weeks in the double-blind treatment phase [65] and from weeks 12-24 in the open-label extension treatment phase
[78] in the (A) QMG, (B) MG-ADL, (C) MG-QoL15r, and (D) MGC scales. Error bars denote SEMs of least squares mean in all randomized participants who received at
least one dose of study drug. Double-blind treatment data were presented in Howard JF Jr, Nowak RJ, Wolfe Gl, et al. JAMA Neurol. 2020;77;582-592 [65]; open-label
treatment data were previously presented at the American Academy of Neurology 2019 Annual Meeting; May 4-10, 2019; Philadelphia, PA [78]. ®Prespecified
significance testing at a one-sided alpha of 0.1 with last-observation-carried-forward analysis of covariance for least squares mean CFB for zilucoplan 0.3 mg/kg vs
placebo; placebo recipients were re-baselined to zero upon completion of the 12-week double-blind treatment period. CFB, change from baseline; MG-ADL,
Myasthenia Gravis Activities of Daily Living; MGC, Myasthenia Gravis Composite; MG-QoL15r, 15-item Myasthenia Gravis Quality of Life Revised Scale; QMG,

Quantitative Myasthenia Gravis; SEM, standard error of the mean.

Table 1. Clinical efficacy outcomes at week 12.

Zilucoplan 0.3 mg/kg vs placebo

Zilucoplan 0.1 mg/kg vs placebo

Variable Placebo  Zilucoplan 0.3 mg/kg Difference P value® Zilucoplan 0.1 mg/kg Difference P value®
N 15 14 NA NA 15 NA NA
QMG -32(1.2) -6.0 (1.2) -2.8 (1.7) 0.05 -5.5(1.2) -23(1.7) 0.09
MG-ADL -1.1 (0.9 -34(0.9) -23(1.3) 0.04 -3.3(0.9) -22(13) 0.05
MG-QolL15r -2.1(1.7) -59(1.7) -3.7 (24) 0.06 -74(1.7) -5.3 (24) 0.02
MGC -33(1.6) -74(1.6) -4.1(2.2) 0.04 -53(1.5) -2.0(2.2) 0.19
QMG decrease =3, n (%) 8 (53.3) 10 (71.4) NA NS 10 (66.7) NA NS
Rescue received, n (%) 3 (20.0) 0 (0.0) NA NS 1(6.7) NA NS

Notes: Scale scores and differences are reported as least squares mean (SEM). The table includes data previously presented in Howard JF Jr, Nowak RJ, Wolfe Gl, et al.
JAMA Neurol. 2020;77;582-592 [65]. °One-sided P values based on a pre-specified significance value of 0.10.

MG-ADL, Myasthenia Gravis Activities of Daily Living; MGC, Myasthenia Gravis Composite; MG-QoL15r, 15-item Myasthenia Gravis Quality of Life

Revised Scale; NA, not applicable; NS, not significant; QMG, Quantitative Myasthenia Gravis.

treatment of gMG have initiated the acceptance of this treatment
modality, although these data are in the context of treatment-
resistant disease only: pivotal trial inclusion criteria required
>12 months of inadequate symptom control with >2 therapies,
and many eculizumab indications are for the treatment of gMG
resistant to other treatments, including IVlg and PLEX. Findings
from the zilucoplan phase 2 study, in which inadequate response
to prior treatment was not required for inclusion and in which
there was no statistical interaction of the treatment effect of
zilucoplan with prior therapies, suggest that the benefits of com-
plement inhibition need not be reserved for patients with

treatment-resistant disease. Future examination of seronegative
patients, older patients, patients with severe ocular anti-AChR*
MG, and patients receiving IVIg or FcRn inhibitors may further
expand the populations that could benefit from zilucoplan. It
stands to reason that introducing complement inhibition earlier
in the disease process may help prevent architectural damage of
the NMJ; on the contrary, it is unknown whether complement
inhibition has the potential to reverse existing architectural
damage. The rapid onset of complement inhibition and improve-
ment in symptoms with zilucoplan may suggest potential utility as
a rescue treatment for patients with impending myasthenic crisis.
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Box 1. Drug summary.

Drug name Zilucoplan (RA101495)
Phase Phase 3 ongoing study
Indication Treatment of acetylcholine receptor antibody-positive generalized myasthenia gravis
Pharmacology description/mechanism  15-amino acid macrocyclic peptide/C5 complement inhibitor
of action ~
Route of administration | ;\ -
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Pivotal trial(s) ClinicalTrials.gov identifier NCT04115293: Safety, Tolerability, and Efficacy of Zilucoplan in Subjects With Generalized
Myasthenia Gravis (RAISE)

At-home, once-daily, SC dosing of zilucoplan should make com-
plement inhibition feasible for most patients; however, the value
of SC administration may change in the face of novel treatment
options with alternate routes of administration.

Cost-effectiveness is an essential variable when addressing
gMG management. Studies on the cost-effectiveness of zilu-
coplan are needed to help physicians, patients, and payer
systems better assess the value of the drug and evaluate its
place in gMG treatment.

Data gaps remain in our understanding of pathophysiological
processes that occur at the NMJ with complement inhibition. It
will be important to develop companion biomarkers that help
assess the biologic effects of complement inhibition and the
individual relevance of the complement system in patients with
MG. Until then, given their favorable safety profile and rapid
onset of action, an empiric trial of complement inhibitor therapy
would be expected to identify most responders within a few
weeks of initiation, although late responders have also been
recently identified [80, 81]. Furthermore, it is important to better
understand whether complement inhibition has effects beyond
the attenuation of the damage caused by the terminal comple-
ment pathway in MG. Increased risk of serious infection is
a potential consequence of complement inhibition, as reflected
by prophylaxis recommendations for eculizumab; however, data
from patients receiving long-term treatment (<192 weeks) with
eculizumab suggest that risk-mitigation strategies remain effec-
tive with continued therapy [53,57,82,83]. Lastly, and as dis-
cussed previously, it is unknown whether complement
inhibition can reverse complement-mediated NMJ damage
once established.

Zilucoplan is a first-of-its-kind, novel cyclic peptide tar-
geting the complement cascade, an essential pathogenic
element of gMG. Provided that phase 3 efficacy and safety

data are favorable, zilucoplan would be suitable to be used
early in the treatment sequence, possibly as first-line
treatment.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

Funding

This research was funded by UCB Pharma. Medical writing and editorial
assistance was provided by Larry Macke, MS, ELS, and Jessica Deckman,
PhD, CMPP, of The Lockwood Group (Stamford, CT, USA), and funded by
UCB Pharma, in accordance with Good Publications Practice (GPP3) guide-
lines (http://www.ismpp.org/gpp3).

Declaration of interest

J F Howard Jr has received research support from Alexion
Pharmaceuticals, argenx BVBA, the US Centers for Disease Control and
Prevention, the Muscular 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), and Ra Pharmaceuticals (now part of UCB); honor-
aria/consulting fees from Alexion Pharmaceuticals, argenx, Ra
Pharmaceuticals (now part of UCB), Regeneron Pharmaceuticals, and
Viela Bio; and nonfinancial support from Alexion Pharmaceuticals,
argenx, Ra Pharmaceuticals (now part of UCB), and Toleranzia.
J Vissing has received research and travel support and/or speaker
honoraria from Alexion Pharmaceuticals, Edgewise Therapeutics,
Fulcrum Therapeutics, Sanofi Genzyme, and UCB Pharma, and served
on advisory boards or as a consultant for Amicus Therapeutics, Biogen,
Fulcrum Therapeutics, Lupin Limited, ML Bio Solutions, Novartis Pharma
AG, PTC Therapeutics, Roche, Sanofi Genzyme, Sarepta Therapeutics,
Stealth BioTherapeutics, Ultragenyx Pharmaceutical, and Viela Bio.
N Gilhus has received consultative honoraria from Alexion



Pharmaceuticals, argenx, Octapharma, Ra Pharmaceuticals (now part of
UCB), and UCB Pharma. M | Leite is funded by the National Health
Service National Specialised Commissioning Group for Neuromyelitis
Optica (UK) and by the National Institute for Health Research Oxford
Biomedical Research Centre (UK). She has been awarded research
grants from Myaware and the University of Oxford. She has received
speaker honoraria or travel grants from Biogen Idec, the Guthy-Jackson
Charitable Foundation, and Novartis. M | Leite serves on scientific or
educational advisory boards for argenx, UCB Pharma, and Viela Bio.
K Utsugisawa has served as a consultant for argenx, Ra
Pharmaceuticals (now part of UCB), UCB Pharma, and Viela Bio, and
has received speaker honoraria from Alexion Pharmaceuticals and the
Japan Blood Products Organization. P W Duda is an employee of UCB
Pharma and holds stock and/or stock options. R Farzaneh-Far is
a former employee of and current consultant for UCB Pharma.
H Murai has served as a consultant for Alexion Pharmaceuticals, argenx,
Ra Pharmaceuticals (now part of UCB), and UCB Pharma, and has
received speaker honoraria from the Japan Blood Products
Organization and research support from the Ministry of Health,
Labour, and Welfare, Japan. H Wiend| has served on advisory boards
for Biogen, Evgen Pharma, Genzyme, MedDay Pharmaceuticals, Merck
Serono, Novartis, Roche Pharma AG, and Sanofi-Aventis, and received
speaker honoraria and travel support from Alexion Pharmaceuticals,
Biogen, Cognomed, F. Hoffmann-La Roche Ltd., Gemeinnltzige Hertie-
Stiftung, Genzyme, Merck Serono, Novartis, Roche Pharma AG, TEVA,
and WebMD Global. H Wiendl has served as a consultant for AbbVie,
Actelion Pharmaceuticals, Alexion Pharmaceuticals, Biogen, IGES,
Johnson & Johnson, Novartis, Roche, Sanofi-Aventis, and the Swiss
Multiple Sclerosis Society, and received research funding from Biogen,
Deutsche Forschungsgemeinschaft (DFG), Else Kréner Fresenius
Foundation, Fresenius Medical Care Foundation, the German Ministry
of Education and Research (BMBF), GlaxoSmithKline GmbH, the
European Union, Hertie Foundation, Interdisciplinary Center for
Clinical Studies (IZKF) Muenster, North Rhine-Westphalia Ministry of
Education and Research, RE Children’s Foundation, Roche Pharma AG,
and Sanofi Genzyme. The authors have no other relevant affiliations or
financial involvement with any organization or entity with a financial
interest in or financial conflict with the subject matter or materials
discussed in the manuscript apart from those disclosed.

References

Papers of special note have been highlighted as either of interest (-) or of

considerable interest (s+) to readers.

1. Gilhus NE. Myasthenia gravis. N Engl J Med. 2016;375:2570-2581.

2. Carr AS, Cardwell CR, McCarron PO, et al. A systematic review of
population based epidemiological studies in myasthenia gravis.
BMC Neurol. 2010;10:46.

3. Grob D, Brunner N, Namba T, et al. Lifetime course of myasthenia
gravis. Muscle Nerve. 2008;37:141-149.

4. De Meel RHP, Tannemaat MR, Verschuuren J. Heterogeneity and
shifts in distribution of muscle weakness in myasthenia gravis.
Neuromuscul Disord. 2019;29:664-670.

5. Gilhus NE, Tzartos S, Evoli A, et al. Myasthenia gravis. Nat Rev Dis

Primers. 2019;5:30.

Detailed overview of gMG etiology, diagnosis, and treatment

principles.

6. Cutter G, Xin H, Aban |, et al. Cross-sectional analysis of the

Myasthenia Gravis Patient Registry: disability and treatment. Muscle

Nerve. 2019;60:707-715.

Patient-reported impacts of gMG and standard of care gMG

treatment.

7. Nagane Y, Murai H, Imai T, et al. Social disadvantages associated
with myasthenia gravis and its treatment: a multicentre
cross-sectional study. BMJ Open. 2017;7:e013278.

8. Twork S, Wiesmeth S, Klewer J, et al. Quality of life and life circum-
stances in German myasthenia gravis patients. Health Qual Life
Outcomes. 2010;8:129.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

EXPERT OPINION ON INVESTIGATIONAL DRUGS 491

. Kulkantrakorn K, Sawanyawisuth K, Tiamkao S. Factors correlating qual-

ity of life in patients Neurol  Sci.

2010;31:571-573.

with myasthenia gravis.

. Blum S, Lee D, Gillis D, et al. Clinical features and impact of

myasthenia gravis disease in Australian patients. J Clin Neurosci.
2015;22:1164-1169.

. Xin H, Harris LA, Aban IB, et al. Examining the impact of refractory

myasthenia gravis on healthcare resource utilization in the United
States: analysis of a Myasthenia Gravis Foundation of America
Patient Registry sample. J Clin Neurol. 2019;15:376-385.

. Gilhus NE, Verschuuren JJ. Myasthenia gravis: subgroup classifica-

tion and therapeutic strategies. Lancet Neurol. 2015;14:1023-1036.

. Ramizuddin K, Ramizuddin MK. Review on: mayasthenia gravis and

telithromycin-myasthenia crisis. IOSR J Dent Med Sci. 2014;13:67-97.

. Filosso PL, Galassi C, Ruffini E, et al. Thymoma and the increased

risk of developing extrathymic malignancies: a multicentre study.
Eur J Cardiothorac Surg. 2013;44:219-224.

. Nacu A, Andersen JB, Lisnic V, et al. Complicating autoimmune diseases

in myasthenia gravis: a review. Autoimmunity. 2015;48:362-368.

. Chang K-H, Lyu R-K, Ro L-S, et al. Coexistence of pernicious anemia

and myasthenia gravis—a rare combination of autoimmune dis-
eases in Taiwan. J Formos Med Assoc. 2006;105:946-949.

. Farmakidis C, Pasnoor M, Dimachkie MM, et al. Treatment of

myasthenia gravis. Neurol Clin. 2018;36:311-337.
Broad-based review of gMG treatments and therapeutic
strategies.

. Leite MI, Coutinho E, Lana-Peixoto M, et al. Myasthenia gravis and

neuromyelitis optica spectrum disorder: a multicenter study of 16
patients. Neurology. 2012;78:1601-1607.

. Fang F, Sveinsson O, Thormar G, et al. The autoimmune spectrum

of myasthenia gravis: a Swedish population-based study. J Intern
Med. 2015;277:594-604.

Lindstrom JM, Seybold ME, Lennon VA, et al. Antibody to
acetylcholine receptor in myasthenia gravis: prevalence, clinical
correlates, and diagnostic value. Neurology. 1976;26:1054-1059.
Vincent A, Newsom-Davis J. Acetylcholine receptor antibody as
a diagnostic test for myasthenia gravis: results in 153 validated
cases and 2967 diagnostic assays. J Neurol Neurosurg Psychiatry.
1985;48:1246-1252.

Evoli A, Tonali PA, Padua L, et al. Clinical correlates with anti-MuSK
antibodies in generalized seronegative myasthenia gravis. Brain.
2003;126:2304-2311.

Messéant J, Dobbertin A, Girard E, et al. MuSK frizzled-like domain
is critical for mammalian neuromuscular junction formation and
maintenance. J Neurosci. 2015;35:4926-4941.

Zhang B, Tzartos JS, Belimezi M, et al. Autoantibodies to
lipoprotein-related protein 4 in patients with double-seronegative
myasthenia gravis. Arch Neurol. 2012;69:445-451.

Gilhus NE, Skeie GO, Romi F, et al. Myasthenia gravis - autoantibody
characteristics and their implications for therapy. Nat Rev Neurol.
2016;12:259-268.

Overview of differences in complement activity at the NMJ and
treatment principles according to gMG subtype.

Nakano S, Engel AG. Myasthenia gravis: quantitative immunocyto-
chemical analysis of inflammatory cells and detection of comple-
ment membrane attack complex at the end-plate in 30 patients.
Neurology. 1993;43:1167-1172.

Engel AG, Lindstrom JM, Lambert EH, et al. Ultrastructural localiza-
tion of the acetylcholine receptor in myasthenia gravis and in its
experimental autoimmune model. Neurology. 1977;27:307-315.
Howard JF Jr. Myasthenia gravis: the role of complement at the
neuromuscular junction. Ann N Y Acad Sci. 2018;1412:113-128.
Overview of the complement cascade and its effects on the
NMJ in gMG.

Mantegazza R, Vanoli F, Frangiamore R, et al. Complement inhibi-
tion for the treatment of myasthenia gravis. Inmunotargets Ther.
2020;9:317-331.

Kordas G, Lagoumintzis G, Sideris S, et al. Direct proof of the in vivo
pathogenic role of the AChR autoantibodies from myasthenia
gravis patients. PLoS One. 2014;9:e108327.



492 (&) J.F. HOWARD ET AL.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Conti-Fine BM, Milani M, Kaminski HJ. Myasthenia gravis: past,
present, and future. J Clin Invest. 2006;116:2843-2854.

Tuzun E, Huda R, Christadoss P. Complement and cytokine based
therapeutic strategies in myasthenia gravis. J Autoimmun.
2011;37:136-143.

Kusner LL, Kaminski HJ, Soltys J. Effect of complement and its
regulation on myasthenia gravis pathogenesis. Expert Rev Clin
Immunol. 2008;4:43-52.

Kusner LL, Kaminski HJ. The role of complement in experimental auto-
immune myasthenia gravis. Ann N 'Y Acad Sci. 2012;1274:127-132.
Allenbach Y, Arouche-Delaperche L, Preusse C, et al. Necrosis in
anti-SRP(+) and anti-HMGCR(+) myopathies: role of autoantibodies
and complement. Neurology. 2018;90:e507-e517.

Wiedmer T, Hall SE, Ortel TL, et al. Complement-induced vesicula-
tion and exposure of membrane prothrombinase sites in platelets
of paroxysmal nocturnal hemoglobinuria. Blood.
1993;82:1192-1196.

Lucchinetti CF, Mandler RN, McGavern D, et al. A role for humoral
mechanisms in the pathogenesis of Devic’s neuromyelitis optica.
Brain. 2002;125:1450-1461.

Noris M, Remuzzi G. Atypical hemolytic-uremic syndrome. N Engl
J Med. 2009;361:1676-1687.

Kjaeldgaard AL, Pilely K, Olsen KS, et al. Amyotrophic lateral sclero-
sis: the complement and inflammatory hypothesis. Mol Immunol.
2018;102:14-25.

Skeie GO, Apostolski S, Evoli A, et al. Guidelines for treatment of
autoimmune neuromuscular transmission disorders. Eur J Neurol.
2010;17:893-902.

Sieb JP. Myasthenia gravis: an update for the clinician. Clin Exp
Immunol. 2014;175:408-418.

Wolfe Gl, Kaminski HJ, Aban IB, et al. Randomized trial of thymect-
omy in myasthenia gravis. N Engl J Med. 2016;375:511-522.
Sanders DB, Wolfe GI, Benatar M, et al. International consensus
guidance for management of myasthenia gravis: executive
summary. Neurology. 2016;87:419-425.

International MG treatment guidelines developed by a panel of
15 experts convened by the Myasthenia Gravis Foundation of
America.

Juel VC, Massey JM. Myasthenia gravis. Orphanet J Rare Dis.
2007;2:44.

Bansal R, Goyal MK, Modi M. Management of myasthenia gravis
during pregnancy. Indian J Pharmacol. 2018;50:302-308.

Banerjee S, Adcock L. CADTH rapid response reports. Rituximab for
the treatment of myasthenia gravis: a review of clinical effective-
ness, cost-effectiveness, and guidelines. Ottawa (ON): Canadian
Agency for Drugs and Technologies in Health; 2018.

Nowak RJ. B cell targeted treatment in myasthenia gravis
(BeatM@G)-a phase 2 trial of rituximab in myasthenia gravis: topline
results. Neurology. 2018;90:e2182-e2194.

Brauner S, Eriksson-Dufva A, Hietala MA, et al. Comparison between
rituximab treatment for new-onset generalized myasthenia gravis
and refractory generalized myasthenia gravis. JAMA Neurol.
2020;77:974-981.

Beecher G, Anderson D, Siddiqi ZA. Rituximab in refractory
myasthenia gravis: extended prospective study results. Muscle
Nerve. 2018;58:452-455.

Hehir MK, Hobson-Webb LD, Benatar M, et al. Rituximab as treat-
ment for anti-MuSK myasthenia gravis: multicenter blinded pro-
spective review. Neurology. 2017;89:1069-1077.

Sinclair A, Nicolau |, Xie X, et al. The effectiveness and safety of
rituximab  (anti-CD20) in neurologic autoimmune diseases.
Technology Assessment Unit (TAU) of the McGill University Health
Centre (MUHC). 2013. [cited 2020 May 20]. Available from: https://
secureweb.mcgill.ca/tau/sites/mcgill.ca.tau/files/muhc_tau_2013_
64_rituximab.pdf

Howard JF Jr, Barohn RJ, Cutter GR, et al. A randomized, double-blind,
placebo-controlled phase Il study of eculizumab in patients with refrac-
tory generalized myasthenia gravis. Muscle Nerve. 2013;48:76-84.
Phase 2 clinical trial suggesting the potential benefit of C5
blockade as a disease-modifying treatment for gMG.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

69.

70.

71.

European Medicines Agency. Soliris (eculizumab): summary of product
characteristics. Levallois-Perret, France: Alexion Europe SAS; 2020.
Howard JF Jr, Utsugisawa K, Benatar M, et al. Safety and efficacy of
eculizumab in anti-acetylcholine receptor antibody-positive refrac-
tory generalised myasthenia gravis (REGAIN): a phase 3, rando-
mised, double-blind, placebo-controlled, multicentre study.
Lancet Neurol. 2017;16:976-986.

Phase 3 clinical trial demonstrating the efficacy and safety of
eculizumab, a C5 inhibitor, for treatment-resistant AChR+
gMG.

FDA approves Soliris (eculizumab) for the treatment of patients
with generalized myasthenia gravis (JMG) [Internet]. 2017. [cited
2020 May 20]. Available from: https://ir.alexion.com/news-releases
/news-release-details/fda-approves-solirisr-eculizumab-treatment-
patients-generalized

Dhillon S. Eculizumab: a review in generalized myasthenia gravis.
Drugs. 2018;78:367-376.

US Food and Drug Administration. Soliris (eculizumab): US prescrib-
ing information. Boston, MA: Alexion Pharmaceuticals, Inc.; 2019.
Nishimura J, Yamamoto M, Hayashi S, et al. Genetic variants in C5
and poor response to eculizumab. N Engl J Med. 2014;370:632-639.
Murai H. Japanese clinical guidelines for myasthenia gravis: putting
into practice. Clin Exp Neuroimmunol. 2015;6:21-31.

Zelek WM, Xie L, Morgan BP, et al. Compendium of current com-
plement therapeutics. Mol Immunol. 2019;114:341-352.

Dalakas MC, Alexopoulos H, Spaeth PJ. Complement in neurologi-
cal disorders and emerging complement-targeted therapeutics.
Nat Rev Neurol. 2020;16:601-617.

New HR. Approaches to targeting B cells for myasthenia gravis
therapy [review]. Front Immunol. 2020;11:240.

Suh J, Goldstein JM, Nowak RJ. Clinical characteristics of refractory
myasthenia gravis patients. Yale J Biol Med. 2013;86:255-260.
Boldingh MI, Dekker L, Maniaol AH, et al. An up-date on health-
related quality of life in myasthenia gravis - results from popula-
tion based cohorts. Health Qual Life Outcomes. 2015;13:115.

. Howard JF Jr, Nowak RJ, Wolfe GI, et al. Clinical effects of the

self-administered subcutaneous complement inhibitor zilucoplan
in patients with moderate to severe generalized myasthenia gravis:
results of a phase 2 randomized, double-blind, placebo-controlled,
multicenter clinical trial. JAMA Neurol. 2020;77:582-592.

Phase 2 clinical trial demonstrating the efficacy and safety of
zilucoplan in the treatment of moderate to severe AChR+ gMG.
Johnston J, Ricardo A, Arata M, et al. A phase 1 multiple-dose
clinical study of RA101495, a subcutaneously administered syn-
thetic macrolytic peptide inhibitor of complement C5 for treatment
of paroxysmal noctural hemogloginuria [abstract LB2249].
Haematologica. 2016;101:415-416.

Johnston J, Ricardo A, Arata M, et al. A phase 1 single-ascending-
dose clinical study of RA101495, a subcutaneously administered
synthetic macrocyclic peptide inhibitor of complement C5 for
treatment of paroxysmal nocturnal hemoglobinuria [abstract
P632]. Haematologica. 2016;101:247-248.

Inglis JE, Radziwon KA, Maniero GD. The serum complement sys-
tem: a simplified laboratory exercise to measure the activity of an
important component of the immune system. Adv Physiol Educ.
2008;32:317-321.

Ricardo A, Duda PW, Farzaneh-Far R, et al. Mechanistic and phar-
macological differentiation of zilucoplan, a macrocyclic peptide
inhibitor of complement component 5 (C5), from anti-C5 mono-
clonal antibodies. Presented at American Association of
Neuromuscular & Electrodiagnostic Medicine, October 16-19,
2019; Austin, TX.

Myasthenia Gravis Foundation of America. Myasthenia gravis:
a manual for the health care provider. New York, NY: Myasthenia
Gravis Foundation of America; 2009. [cited 2020 May 20]. Available
from: https://myasthenia.org/Portals/0/Provider%20Manual_ibook
%20version.pdf.

Jaretzki A, Barohn RJ, Ernstoff RM, et al. Myasthenia gravis:
recommendations for clinical research standards. Task Force
of the Medical Scientific Advisory Board of the Myasthenia


https://secureweb.mcgill.ca/tau/sites/mcgill.ca.tau/files/muhc_tau_2013_64_rituximab.pdf
https://secureweb.mcgill.ca/tau/sites/mcgill.ca.tau/files/muhc_tau_2013_64_rituximab.pdf
https://secureweb.mcgill.ca/tau/sites/mcgill.ca.tau/files/muhc_tau_2013_64_rituximab.pdf
https://ir.alexion.com/news-releases/news-release-details/fda-approves-solirisr-eculizumab-treatment-patients-generalized
https://ir.alexion.com/news-releases/news-release-details/fda-approves-solirisr-eculizumab-treatment-patients-generalized
https://ir.alexion.com/news-releases/news-release-details/fda-approves-solirisr-eculizumab-treatment-patients-generalized
https://myasthenia.org/Portals/0/Provider%20Manual_ibook%20version.pdf
https://myasthenia.org/Portals/0/Provider%20Manual_ibook%20version.pdf

72.

73.

74.

75.

76.

77.

78.

Gravis Foundation of America. Ann  Thorac
2000;70:327-334.

Barohn RJ, McIntire D, Herbelin L, et al. Reliability testing of the
quantitative myasthenia gravis score. Ann N Y Acad Sci.
1998;841:769-772.

Wolfe GI, Herbelin L, Nations SP, et al. Myasthenia gravis activities
of daily living profile. Neurology. 1999;52:1487-1489.

Katzberg HD, Barnett C, Merkies IS, et al. Minimal clinically impor-
tant difference in myasthenia gravis: outcomes from a randomized
trial. Muscle Nerve. 2014;49:661-665.

Muppidi S, Wolfe GIl, Conaway M, et al. MG-ADL: still a relevant
outcome measure. Muscle Nerve. 2011;44:727-731.

Burns TM, Sadjadi R, Utsugisawa K, et al. International clinimetric eva-
luation of the MG-QOL15, resulting in slight revision and subsequent
validation of the MG-QOL15r. Muscle Nerve. 2016;54:1015-1022.
Burns TM, Conaway M, Sanders DB, et al. The MG composite: a valid
and reliable outcome measure for myasthenia gravis. Neurology.
2010;74:1434-1440.

Howard JF Jr, Nowak RJ, Wolfe GI, et al. Zilucoplan,
a subcutaneously self-administered peptide inhibitor of com-
plement component 5 (C5), for the treatment of generalized

Surg.

79.

80.

81.

82.

83.

EXPERT OPINION ON INVESTIGATIONAL DRUGS 493

myasthenia gravis: results of a phase 2 randomized,
double-blind, placebo-controlled trial and open-label
long-term extension [data blitz presentation 008]. Neurology.
2019;93:e530.

US Food and Drug Administration. Search orphan drug designa-
tions and approvals: zilucoplan. [cited 2020 May 20]. Available
from: https://www.accessdata.fda.gov/scripts/opdlisting/oopd/
detailedIindex.cfm?cfgridkey=699319

Mantegazza R, Wolfe Gl, Muppidi S, et al. Post-intervention status in
patients with refractory myasthenia gravis treated with eculizumab
during REGAIN and its open-label extension. Neurology. 2021;96:
e610-e618.

Howard JF Jr, Karam C, Yountz M, et al. Long-term efficacy of
eculizumab in refractory generalized myasthenia gravis: responder
analyses. Muscle Nerve. 2019;60:135.

Muppidi S, Utsugisawa K, Benatar M, et al. Long-term safety and
efficacy of eculizumab in generalized myasthenia gravis. Muscle
Nerve. 2019;60:14-24.

Wingerchuk DM, Pittock SJ, Berthele A, et al. Long-term safety and
efficacy of eculizumab in neuromyelitis optica spectrum disorder
(1494). Neurology. 2020;94:1494.


https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=699319
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=699319

	Abstract
	1.  Introduction
	1.1.  Generalized Myasthenia Gravis
	1.2.  The Terminal Complement Cascade

	2.  Overview of the Market
	2.1.  Treatment options
	2.2.  Unmet Treatment Needs

	3.  Introduction to Zilucoplan
	3.1.  Primary Characteristics
	3.2.  Pharmacokinetics and Pharmacodynamics
	3.3.  Clinical Efficacy
	3.4.  Safety and Tolerability
	3.5.  Regulatory Status

	4.  Conclusion
	5.  Expert opinion
	Reviewer disclosures
	Funding
	Declaration of interest
	References



