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Abstract
Background: Generalized myasthenia gravis (gMG) is a chronic, unpredictable disease associated with 
high treatment and disease burdens, with a need for more effective and well-tolerated treatments.
Objectives: To evaluate the long-term safety, tolerability, and efficacy of zilucoplan in a mild-
to-severe, acetylcholine receptor autoantibody-positive (AChR+) gMG population.
Design: Ongoing, multicenter, phase III open-label extension (OLE) study.
Methods: Eligible patients had completed a qualifying randomized, placebo-controlled phase 
II or phase III zilucoplan study and received daily, self-administered subcutaneous 0.3 mg/
kg zilucoplan. The primary endpoint was incidence of treatment-emergent adverse events 
(TEAEs). Secondary efficacy endpoints included change from baseline in Myasthenia Gravis 
Activities of Daily Living (MG-ADL) score.
Results: In total, 200 patients enrolled. At the cut-off date (8 September 2022), median (range) 
exposure to zilucoplan in RAISE-XT was 1.2 (0.11–4.45) years. Mean age at OLE baseline was 
53.3 years. A total of 188 (94%) patients experienced a TEAE, with the most common being 
MG worsening (n = 52, 26%) and COVID-19 (n = 49, 25%). In patients who received zilucoplan 
0.3 mg/kg in the parent study, further improvements in MG-ADL score continued through to 
Week 24 (least squares mean change [95% confidence interval] from double-blind baseline 
−6.06 [−7.09, −5.03]) and were sustained through to Week 60 (−6.04 [−7.21, −4.87]). In patients 
who switched from placebo in the parent study, rapid improvements in MG-ADL score were 
observed at the first week after switching to zilucoplan; further improvements were observed 
at Week 24, 12 weeks after switching (−6.46 [−8.19, −4.72]), and were sustained through to 
Week 60 (−6.51 [−8.37, −4.65]). Consistent results were observed in other efficacy endpoints.
Conclusion: Zilucoplan demonstrated a favorable long-term safety profile, good tolerability, 
and sustained efficacy through to Week 60 with consistent benefits in a broad AChR+ gMG 
population. Additional long-term data will be available in future analyses.

Trial registration: ClinicalTrials.gov identifier: NCT04225871 (https://clinicaltrials.gov/ct2/
show/NCT04225871)
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Introduction
Myasthenia gravis (MG) is a chronic autoim-
mune disease, characterized by fluctuating mus-
cle weakness and exertional fatigue, that affects 
between 100 and 350 patients per million people 
globally.1–3 Limitations with some current treat-
ments include a long latency before therapeutic 
effect and risk of systemic adverse events, leaving 
up to 50% of patients with inadequately con-
trolled disease, despite treatment.4,5 Patients can 
continue to experience unpredictable exacerba-
tions and myasthenic crises, especially in the first 
year after diagnosis, highlighting the need for 
additional treatments that offer rapid onset of 
action and long-term, consistent, and sustained 
symptom improvements.6

Long-term data are emerging for targeted thera-
pies for the treatment of generalized MG (gMG), 
which includes the complement component 5 
(C5) inhibitors eculizumab7 and ravulizumab.8,9 
More recently, phase III data for zilucoplan, a 
small (15-amino-acid) macrocyclic peptide C5 
inhibitor with a dual mechanism of action, self-
administered as a once-daily subcutaneous injec-
tion, have demonstrated both the efficacy of C5 
inhibition and tolerability of daily subcutaneous 
administration in patients with acetylcholine 
receptor autoantibody-positive (AChR+) gMG, 
thus supporting the potential of zilucoplan as a 
next-generation C5 inhibitor.10 In the pivotal 
12-week, phase III, randomized, double-blind 
(DB), placebo-controlled RAISE study 
(NCT04115293), treatment with zilucoplan 
resulted in rapid, consistent, sustained, statisti-
cally significant, and clinically meaningful 
improvements from baseline, compared with pla-
cebo, in several well-established and MG-specific 
patient- and clinician-reported outcomes in 
patients with AChR+ gMG. Zilucoplan was also 
well tolerated with a favorable safety profile.10

Zilucoplan targets the complement pathway by 
binding to C5 with high specificity and affinity to 
prevent C5 cleavage to C5a and C5b. In addi-
tion, zilucoplan binds to the C5b domain of C5 
to sterically hinder binding of C5b to C6, which 
prevents the subsequent assembly and activity of 
the membrane attack complex, should any C5b 
be formed.2,11 This dual mechanism of action 
differs from that of eculizumab and ravulizumab, 
which only prevent C5 cleavage to C5a and 
C5b.12,13 Further, the binding of zilucoplan is not 
affected by the C5 p.Arg885His polymorphism, 

which is present in some East Asian patients, and 
is associated with poor response to eculizumab.14 
In vitro data have found zilucoplan to inhibit 
complement activation in patients with this 
polymorphism.15,16

RAISE-XT (NCT04225871) is an ongoing open-
label extension (OLE) study of zilucoplan in adult 
patients with gMG. The primary objective is to 
evaluate the long-term safety and tolerability of 
zilucoplan. In this interim analysis, we aimed to 
assess long-term safety, tolerability, efficacy, and 
patient satisfaction with self-injection.

Methods

Study design
RAISE-XT is a multicenter OLE study of ziluco-
plan in patients with AChR+ gMG who have pre-
viously completed either the phase II11 or phase 
III10 studies of zilucoplan (Supplemental Figure 
1). Patients assigned to the placebo arm of the 
phase II study were initially re-randomized to 
receive either 0.1 or 0.3 mg/kg zilucoplan for an 
extension period of the phase II study. Following 
a protocol amendment to the phase II study in 
April 2019, all patients who continued into the 
phase II extension received 0.3 mg/kg zilucoplan, 
as the dose selected for the phase III study. 
Patients who had already started with 0.1 mg/kg 
switched to 0.3 mg/kg. Thus, on entry into 
RAISE-XT, patients were entered in one of four 
treatment groups, as shown in Figure 1 and 
Supplemental Figure 1. For the safety analysis, 
patients were also assessed in one group, regard-
less of treatment or dose in the parent study (all 
ZLP).

The data cut-off date for this prespecified interim 
analysis was 8 September 2022. An institutional 
review board or independent ethics committee for 
each participating site approved the protocol 
(Supplemental Material). This trial is registered 
with ClinicalTrials.gov (NCT04225871).

Patients
Inclusion and exclusion criteria for the phase II 
and phase III studies were similar and have been 
reported in detail elsewhere.10,11 Briefly, patients 
were adults aged ⩾18 years, diagnosed with mild-
to-severe AChR+ gMG [Myasthenia Gravis 
Foundation of America (MGFA) Disease Class 
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II–IV at screening] and had a Quantitative 
Myasthenia Gravis (QMG) score of ⩾12. One 
notable difference in inclusion criteria between 
the two qualifying studies is that the phase II 
study did not require a minimum Myasthenia 
Gravis Activities of Daily Living (MG-ADL) 
score, unlike the phase III study, in which patients 
were required to have an MG-ADL score of ⩾6 
at screening and baseline. Patients were also 
required to have a quadrivalent and, where avail-
able, serotype B meningococcal vaccine. A 
booster vaccination should also have been admin-
istered as clinically indicated, according to local 
standard of care, for patients who were previously 
vaccinated against Neisseria meningitidis.

Patients were excluded if they were pregnant, 
planning to become pregnant, or nursing; were 
concurrently participating in another clinical trial 
involving an experimental intervention, with the 
exception of a prior zilucoplan trial, observational 
studies, or registry studies; had commenced any 
disallowed medication per the exclusion criteria 
from the qualifying zilucoplan study or altered the 
dose of any other concomitant medication, unless 
medically indicated; had any new or worsening 
medical condition since entry into the qualifying 
zilucoplan study; or had developed hypersensitiv-
ity to zilucoplan, any of its excipients or placebo.

For eligible patients opting to enroll from the 
phase III study, the last visit served as their first 
visit of the OLE (Day E1), which included review 

of eligibility to continue. Eligible patients transi-
tioning from the phase II extension period could 
join the RAISE-XT OLE at their next study visit, 
without needing to repeat previously completed 
visits. All patients provided written informed con-
sent and could withdraw consent at any time.

Intervention
Subcutaneous doses of zilucoplan were self-
administered daily at home at approximately the 
same time each day. Doses were supplied as a 
sterile, preservative-free, aqueous solution in pre-
filled 1 mL glass syringes with a 29-gauge, ½-inch, 
staked needle placed within a self-administration 
device (BD Ultrasafe Plus™; BD Medical, NJ, 
USA). Patients could receive intravenous immu-
noglobulin (IVIg) or plasma exchange (PLEX) 
treatment as rescue therapy concomitantly with 
zilucoplan if, per the investigator’s judgment, 
escalation of gMG therapy became necessary due 
to deterioration of their clinical status or risk of 
MG crisis. ‘MG worsening’ could be reported as 
a treatment-emergent adverse event (TEAE) per 
the investigator’s judgment, and this was not lim-
ited to patients who received rescue therapy.

Outcome measures
During the first 12 weeks of the OLE, safety, tol-
erability, and efficacy were assessed at Extension 
Weeks E1 (Week 13; 1 week after 12-week DB 
period), E2 (Week 14), E4 (Week 16), E8 (Week 

Figure 1. Patient disposition.
*Primary reason for discontinuation.
AE, adverse event.
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20), and E12 (Week 24). From Week E12 (Week 
24), monthly visits were required for reporting of 
any changes to concomitant medication and 
adverse events, and quarterly visits were required 
from Week E24 (Week 36) for study assessments, 
including efficacy.

The primary outcome was incidence of TEAEs. 
TEAEs were defined as an adverse event starting 
on or after the time of the first administration of 
zilucoplan in the OLE and up to and including 
40 days after the final dose (or final contact, 
whichever occurred first). Safety was additionally 
assessed by vital signs, physical examinations, 
electrocardiograms, clinical laboratory tests, anti-
body titers, and the Columbia-Suicide Severity 
Rating Scale.

Secondary outcomes were change from baseline 
to Week 24 in MG-ADL, QMG, Myasthenia 
Gravis Composite (MGC), and the revised 
15-item Myasthenia Gravis Quality of Life 
(MG-QoL 15r) scores, and use of rescue therapy. 
Change from baseline to Week 60 and change 
from Week 12 to Week 60 were assessed. 
Exploratory efficacy endpoints included achieve-
ment of Minimal Manifestation Status per 
MGFA-post intervention status (MGFA-PIS; 
minimal manifestation is defined as no symptoms 
of functional limitations from MG, but with some 
weakness on examination of some muscles) with-
out rescue therapy; Work Productivity and 
Activity Impairment: Specific Health Problem 
(WPAI:SHP), EQ-5D-5L, and Quality of Life in 
Neurological Disorders (Neuro-QoL) Short Form 
fatigue scale (raw scores); proportion of patients 
achieving a ⩾3-point reduction in MG-ADL score 
(MG-ADL responder), and ⩾5-point reduction 
in QMG score from baseline (QMG responder), 
without rescue therapy; and proportion of patients 
achieving minimal symptom expression (MSE; 
defined as MG-ADL score of 0 or 1 without res-
cue therapy). MGFA-PIS, WPAI:SHP, 
EQ-5D-5L, and Neuro-QoL Short Form fatigue 
scale were not included in the phase II study.

The self-injection experience was assessed by 
the Self-Injection Assessment Questionnaire 
(SIAQ; Version 2.0 POST module) in a sub-
group of patients enrolled from sites in the 
United States only, due to a country-specific 
protocol amendment that added SIAQ as an 
additional exploratory endpoint. Patients com-
pleted the questionnaire on two occasions 

approximately 2 weeks apart, directly after self-
injection. Scores for each of the six SIAQ 
domains range from 0 (worst experience) to 10 
(best experience).17 Pharmacodynamic (PD) 
outcomes included assessment of complement 
activity using a sheep red blood cell lysis assay.18 
Antidrug antibodies (ADAs) were also assessed 
using blood samples taken at OLE baseline 
(Week 12), Week 16, Week 24, and at quarterly 
visits thereafter.

Statistical methods
While no formal power calculation was done to 
determine sample size for the OLE, it was 
assumed that approximately 200 patients would 
enroll in RAISE-XT from the qualifying parent 
studies and remain in the study for an average of 
2 years, thus providing approximately 400 patient-
years of exposure. Sample size calculations for the 
qualifying parent studies are described else-
where.10,11 Safety assessments (primary analysis) 
were performed on the Safety Set, which included 
all patients who received at least one dose of zilu-
coplan in RAISE-XT. Efficacy analyses were per-
formed on the modified intent-to-treat population, 
which included all enrolled patients in RAISE-XT 
who received at least one dose of zilucoplan and 
had at least one post-dosing MG-ADL score. 
Two baselines were used: DB study baseline 
(Week 0) and OLE baseline (Week 12; or the last 
available assessment before the first administra-
tion of zilucoplan in the OLE).

Change from baseline up to Week 60 in MG-ADL, 
QMG, MGC, and MG-QoL 15r scores was esti-
mated using a linear mixed model repeated meas-
ures (MMRM) analysis of covariance, with 
baseline MG-ADL score, baseline QMG score, 
baseline score (for MGC and MG-QoL 15r only), 
geographical region, qualifying study factor, visit 
and baseline score × visit (interaction term) as 
fixed effects, and participant as a random effect 
using an unstructured correlation structure. 
Separate models were fitted for each group (PBO/
ZLP 0.3 and ZLP 0.3/ZLP 0.3). Least squares 
(LS) means and 95% confidence intervals were 
provided at each visit, with LS mean difference to 
compare Week 24 to Week 12 (at the end of the 
DB study). All safety and efficacy data were sum-
marized by descriptive statistics. For continuous 
variables, mean and standard deviation are pre-
sented. For categorical variables, the number and 
percentage of patients in each category are 
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presented. All observed data were used regardless 
of any intercurrent event; no data were censored.

Results

Participants and baseline demographics
In total, 200 patients enrolled in RAISE-XT and 
were included in the safety and efficacy analyses 
(Figure 1). Thirty-four (17%) and 166 (83%) 
patients were enrolled from the phase II and 
phase III studies, respectively, including all 
patients who completed RAISE, and, at the time 
of data cut-off, most patients (83%) were contin-
uing to receive zilucoplan in the study. Median 
(range) exposure to zilucoplan in the OLE was 
1.2 (0.11–4.45) years, leading to a total duration 
of exposure of 321.4 patient-years. The impact of 
COVID-19 on planned visits and assessments 
was minimal during the study.

A broad gMG population with mild-to-severe 
gMG as per the MGFA disease classification was 
enrolled (Table 1, Supplemental Table 1). Mean 
MG-ADL scores at DB baseline for patients who 
enrolled from the phase II study (PBO/ZLP 0.1/
ZLP 0.3; n = 5 and ZLP 0.1/ZLP 0.1/ZLP 0.3; 
n = 12 groups) were slightly lower (8.4 and 7.2, 
respectively) than for the treatment groups 
including patients from the phase III study [10.7 
(PBO/ZLP 0.3; n = 90) and 9.9 (ZLP 0.3/ZLP 
0.3; n = 93)], as expected, since the phase II study 
did not require a minimum MG-ADL score.

Safety analyses
Overall, 188 (94%) patients experienced TEAEs, 
and 64 (32%) patients experienced serious 
TEAEs (Table 2) during the OLE. The most 
common TEAEs were MG worsening [n = 52, 
26%; of whom 22 (42%) received rescue ther-
apy], COVID-19 (n = 49, 25%), headache (n = 35, 
18%), diarrhea (n = 30, 15%), and nasopharyngi-
tis (n = 30, 15%). The most common serious 
TEAEs were MG worsening (n = 15, 8%) and 
COVID-19 pneumonia (n = 4, 2%). Treatment-
related serious TEAEs were reported in two (1%) 
patients overall: one event of esophagitis (ZLP 
0.3/ZLP 0.3 group); and one event of injection 
site infection (occurring on the right inner thigh, 
which is not a recommended injection site10; ZLP 
0.3/ZLP 0.3 group). The most common treat-
ment-related TEAE was injection site bruising, 
occurring in 12 (6%) patients.

As of the clinical cut-off date, the majority of 
TEAEs were mild (50 patients, 25%) or moder-
ate (81 patients, 41%). Seventeen (9%) patients 
had a TEAE resulting in permanent withdrawal 
from treatment or an AE of death, of whom five 
(3%) patients discontinued due to MG worsen-
ing. Two (1%) patients had treatment-related 
injection site reactions resulting in permanent 
withdrawal. One patient in the PBO/ZLP 0.3 
group discontinued due to a nonserious treat-
ment-related lipase increase that had resolved by 
the cut-off date. TEAEs resulting in death 
occurred in four (2%) patients overall, including 
cardiac arrest in two patients with major cardio-
vascular risk factors and one accidental head 
injury in the ZLP 0.3/ZLP 0.3 group, and one 
death from an unknown cause in a patient in the 
PBO/ZLP 0.3 group, who had major cardiovas-
cular risk factors and severe pneumonia that had 
started 2 days earlier. No deaths were considered 
treatment related.

Efficacy analyses
Efficacy data are reported for the PBO/ZLP 0.3 
(n = 90) and ZLP 0.3/ZLP 0.3 (n = 93) groups 
only due to low patient numbers in the PBO/ZLP 
0.1/ZLP 0.3 (n = 5) and ZLP 0.1/ZLP 0.1/ZLP 
0.3 (n = 12) groups, and in anticipation of a pos-
sible influence on efficacy after receiving 0.1 mg/
kg zilucoplan in the OLE period of the phase II 
study before the protocol amendment.

In the ZLP 0.3/ZLP 0.3 group, mean MG-ADL, 
QMG, MGC, MG-QoL 15r, and Neuro-QoL 
Short Form fatigue scores improved from DB 
baseline to Week 12, continued to improve fur-
ther through to Week 24, and were sustained 
through to Week 60 [Figure 2(a)–(e)]. In the 
PBO/ZLP 0.3 group, rapid improvements were 
observed at the first week after switching to zilu-
coplan 0.3 mg/kg (Week E1/Week 13) in 
MG-ADL, QMG, MGC, MG-QoL 15r, and 
Neuro-QoL Short Form fatigue score [Figure 
2(a)–(e)]. Further improvements were observed 
through to Week 24, after 12 weeks of active 
treatment, and sustained through to Week 60, 
and were clinically meaningful for MG-ADL, 
QMG, and MGC as per the published clinical 
meaningfulness thresholds.19–21 At the time of the 
study, no threshold for clinical meaningfulness 
for changes in the MG-QoL 15r score had been 
established. Radar plots presenting mean 
MG-ADL, QMG, MGC, and MG-QoL 15r 
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scores at baseline and at Weeks 12, 24, and 60, 
are presented in Supplemental Figure 2.

In the PBO/ZLP 0.3 group, MG-ADL and QMG 
responder rates at Week 12 increased rapidly at 
Week 13 (1 week after switching to zilucoplan at 
Week 12), increased further through to Week 24, 
and were sustained through to Week 60. In the 
ZLP 0.3/ZLP 0.3 group, MG-ADL and QMG 
responder rates also increased from Week 12 to 
Week 24 and were sustained through to Week 60 
[Figure 3(a) and (b)]. In the PBO/ZLP 0.3 and 
ZLP 0.3/ZLP 0.3 groups, MSE responder rates at 

Week 12 (8% and 19%, respectively) increased 
through Week 24 (33% and 31%, respectively), 
and were sustained through Week 60 [39% and 
35%, respectively; Figure 3(c)]. Data for other 
exploratory efficacy endpoints (WPAI:SHP, 
MGFA-PIS, and EQ-5D-5L) are reported in 
Supplemental Material (Supplemental Table 2, 
Supplemental Figure 3, and Supplemental Figure 
4, respectively).

A total of 63 patients from US sites completed the 
first SIAQ assessment during the OLE, of whom 
52 patients also completed a second assessment 

Table 1. Patient demographics and characteristics at RAISE-XT baseline.

Category Placebo/zilucoplan 
0.1 mg/kg/0.3 mg/kg 
(N = 5)

Placebo/zilucoplan 
0.3 mg/kg (N = 90)

Zilucoplan 0.1 mg/
kg/0.1 mg/
kg/0.3 mg/kg (N = 12)

Zilucoplan 
0.3 mg/kg/0.3 mg/
kg (N = 93)

All zilucoplan 
(N = 200)

Age, years, mean (SD) 60.6 (14.8) 53.7 (15.5) 50.4 (15.3) 52.9 (14.5) 53.3 (15.0)

Male, n (%) 1 (20) 42 (47) 6 (50) 41 (44) 90 (45)

Geographic region, n (%)

 North America 5 (100) 49 (54) 12 (100) 53 (57) 119 (60)

 Europe 0 32 (36) 0 33 (35) 65 (33)

 East Asia 0 9 (10) 0 7 (8) 16 (8)

Age at onset, years, mean (SD) 52.60 (12.66) 44.03 (18.70) 38.58 (16.46) 43.43 (17.61) 43.64 (17.94)

Duration of disease, years, mean (SD) 7.30 (8.09) 9.25 (10.45) 11.53 (8.19) 9.35 (9.36) 9.38 (9.73)

MGFA disease class, n (%)

 Class II 2 (40) 29 (32) 3 (25) 25 (27) 59 (30)

 Class III 3 (60) 57 (63) 9 (75) 60 (65) 129 (65)

 Class IV 0 4 (4) 0 8 (9) 12 (6)

MG-ADL score, mean (SD) 6.4 (1.5) 7.7 (4.5) 4.3 (3.1) 5.2 (3.9) 6.3 (4.3)

QMG score, mean (SD) 12.6 (2.7) 15.6 (6.0) 13.4 (6.0) 12.5 (5.6) 14.0 (5.9)

Treatment refractorya, n (%) NA 42 (50, N = 84) NA 43 (52, N = 82) 85 (51, N = 166)

Baseline gMG medicationb, n (%)

 Cholinesterase inhibitor 5 (100) 73 (81) 10 (83) 79 (85) 167 (84)

 Corticosteroids 4 (80) 53 (59) 7 (58) 60 (65) 124 (62)

 IST 3 (60) 48 (53) 6 (50) 44 (47) 101 (51)

ITT population. Baseline was defined as the last available assessment before first administration in the open-label period.
aRefractory status was not recorded for patients in the phase II study. The N for ‘placebo/zilucoplan 0.3 mg/kg’, ‘zilucoplan 0.3 mg/kg/0.3 mg/kg’, and ‘all zilucoplan’ 
groups were 84, 82, and 166 patients, respectively.
bBaseline medications include any medications that started prior to dosing in the OLE and continued after (classified as prior and concomitant medications).
gMG, generalized myasthenia gravis; IST, immunosuppressive therapy; ITT, intention-to-treat; MG-ADL, Myasthenia Gravis Activities of Daily Living; MGFA, Myasthenia 
Gravis Foundation of America; NA, not applicable; OLE, open-label extension; QMG, Quantitative Myasthenia Gravis; SD, standard deviation.
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2 weeks later. Overall, SIAQ scores indicated that 
patients had a positive experience with self-injec-
tion and were highly satisfied at both time points 
(Supplemental Figure 5).

After adjusting for exposure, the rate of rescue 
therapy use during the DB period was 31.19 
events per 100 patient-years for patients receiving 
ZLP 0.3 (n = 101) and 78.16 for patients receiv-
ing placebo (n = 103). Patients who switched 
from placebo to zilucoplan experienced a sub-
stantial decrease in rescue therapy use during the 
OLE (33.11 events per 100 patient-years) com-
pared with the DB period (78.16 events per 100 
patient-years). Thus, switching to zilucoplan in 
the OLE reduced the rate of rescue therapy by 
almost 60%, compared with the DB period. 
During the OLE, rate of rescue therapy use over-
all was 26.45 events per 100 patient-years. 
Approximately 15% of patients (n = 14 in both 
PBO/ZLP 0.3 and ZLP 0.3/ZLP 0.3 groups) had 

received rescue therapy during the OLE by the 
time of clinical data cut.

Among patients in the ZLP 0.3/ZLP 0.3 group 
who received corticosteroids (CS) at baseline and 
completed Week 60 at data cut off (n = 44), 41% 
(n = 18) patients discontinued or reduced CS 
dose relative to the DB baseline (mean DB base-
line dose = 21 mg), with a mean CS dose reduc-
tion of 14 mg. In the PBO/ZLP 0.3 group, 41% 
(n = 12) of patients who received CS at baseline 
and completed Week 60 (n = 29) discontinued or 
reduced CS dose relative to the DB baseline 
(mean DB baseline dose = 27 mg), with a mean 
CS dose reduction of 16 mg. In the overall popu-
lation, only 7 (12%) and 4 (7%) patients in the 
ZLP 0.3/ZLP 0.3 and PBO/ZLP 0.3 groups, 
respectively, increased CS dose up to Week 60 
relative to DB baseline values; the mean CS dose 
increase was approximately 12 mg in both groups 
(mean DB baseline dose = 18 mg and 3 mg, 

Table 2. Overview of treatment-emergent adverse events.

Category Placebo/zilucoplan 
0.1 mg/kg/0.3 mg/kg 
(N = 5)

Placebo/zilucoplan 
0.3 mg/kg (N = 90)

Zilucoplan 0.1 mg/
kg/0.1 mg/kg/0.3 mg/
kg (N = 12)

Zilucoplan 0.3 mg/
kg/0.3 mg/kg 
(N = 93)

All zilucoplan 
(N = 200)

Any TEAE, n (%) 5 (100) 86 (96) 12 (100) 85 (91) 188 (94)

 Myasthenia gravis 2 (40) 21 (23) 5 (42) 24 (26) 52 (26)

 COVID-19 1 (20) 20 (22) 4 (33) 24 (26) 49 (25)

 Headache 2 (40) 14 (16) 4 (33) 15 (16) 35 (18)

 Diarrhea 2 (40) 9 (10) 2 (17) 17 (18) 30 (15)

 Nasopharyngitis 0 10 (11) 6 (50) 14 (15) 30 (15)

Serious TEAE, n (%) 4 (80) 23 (26) 3 (25) 34 (37) 64 (32)

 Myasthenia gravis 0 6 (7) 0 9 (10) 15 (8)

 COVID-19 pneumonia 0 1 (1) 1 (8) 2 (2) 4 (2)

TEAE resulting in permanent 
withdrawal of study druga, n (%)

0 10 (11) 0 7 (8) 17 (9)

Treatment-related TEAE, n (%) 0 32 (36) 6 (50) 29 (31) 67 (34)

Severe TEAE, n (%) 4 (80) 24 (27) 4 (33) 25 (27) 57 (29)

Deaths, n (%) 0 1 (1) 0 3 (3) 4 (2)

Safety set. Most common TEAEs occurring in ⩾15% of patients overall and most common serious TEAEs occurring in ⩾2% patients are reported 
only. Preferred terms listed as per MedDRA Version 24.0 descriptions.
aIncludes all AEs of death.
AE, adverse event; CI, confidence interval; COVID-19, coronavirus disease 2019; TEAE, treatment-emergent adverse event.
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Figure 2. (Continued)
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Figure 2. Change from DB baseline in (a) MG-ADL, (b) QMG, (c) MGC, (d) MG-QoL 15r, and (e) Neuro-QoL fatigue* scores up to Week 60.
Changes from baseline in MG-ADL, QMG, MGC, and MG-QoL 15r were estimated using an MMRM ANCOVA with baseline score, baseline MG-ADL 
score, baseline QMG score, baseline score (for MGC and MG-QoL 15r), geographical region, parent study factor, and baseline score × visit (interaction 
term) as fixed effects and study participant as a random effect. The model included Week 1 to Week 12 (DB treatment period) and Week 13 to Week 
60 (OLE period). An unstructured correlation structure was used. Separate models were fitted for each group: PBO/ZLP 0.3 mg/kg and ZLP 0.3/ZLP 
0.3 mg/kg. p Values are nominal.
*Includes patients from phase III study only.
ANCOVA, analysis of covariance; CFB, change from baseline; CI, confidence interval; DB, double-blind; LSM, least squares mean; MG-ADL, 
Myasthenia Gravis Activities of Daily Living; MGC, Myasthenia Gravis Composite; MG-QoL 15r, Myasthenia Gravis Quality of Life 15-item revised scale; 
MMRM, mixed-model repeated measure; OLE, open-label extension; PBO, placebo; QMG, Quantitative Myasthenia Gravis; SE, standard error; ZLP, 
zilucoplan.
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Figure 3. (a) MG-ADL (⩾3-point reduction from baseline), (b) QMG (⩾5-point reduction from baseline), and (c) MSE (MG-ADL score 
of 0 or 1) responder rates without rescue therapy*.
*Patients could receive intravenous immunoglobulin or plasma exchange treatment as rescue therapy concomitantly with zilucoplan if, per the 
investigator’s judgment, escalation of gMG therapy became necessary due to deterioration of their clinical status or risk of MG crisis.
gMG, generalized myasthenia gravis; MG, myasthenia gravis; MG-ADL, Myasthenia Gravis Activities of Daily Living; MSE, minimal symptom 
expression; QMG, Quantitative Myasthenia Gravis.
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respectively). Overall, mean MG-ADL and QMG 
score reductions at Week 60 were similar in 
patients who discontinued, decreased, or 
increased CS in both treatment groups.

PD and immunogenicity analyses
Complete complement inhibition was observed 
after 1 week (first assessment) of zilucoplan 
0.3 mg/kg in the PBO/ZLP 0.3 group and was 
sustained through Week 60 (Supplemental Figure 
6), following a similar trend to the complete com-
plement inhibition at Week 1 observed in RAISE 
for the zilucoplan 0.3 mg/kg group.10 Small num-
bers of low, positive ADA titers were reported in 
both treatment groups overall (n = 5, PBO/ZLP 
0.3; n = 4, ZLP 0.3/ZLP 0.3). There was no evi-
dence of an association between positive ADA 
status and reduced efficacy or incidence of adverse 
events.

Discussion
Zilucoplan is a small, 15-amino-acid macrocyclic 
peptide, which allows for simple daily self-admin-
istration via subcutaneous injection. This interim 
analysis of RAISE-XT showed that long-term 
treatment with zilucoplan had a favorable safety 
profile and was well tolerated in patients with 
AChR+ gMG. No new safety concerns were 
identified since the phase III study of zilucoplan, 
and the pattern of overall and serious TEAEs was 
similar to that observed in RAISE.10 Notably, 
longer exposure to zilucoplan did not lead to 
higher rates of TEAEs overall.

MG worsening occurs as a result of disease fluc-
tuations, but can also be triggered by factors such 
as infection, stress, or medications and supple-
ments.22–24 During the OLE, only approximately 
a quarter of all patients had a TEAE of worsening 
of MG. Less than half (42%) of these patients 
required rescue therapy as deemed necessary by 
the investigator, suggesting that investigators 
were comfortable with a less aggressive treatment 
approach to manage disease fluctuations in the 
majority of patients. In addition, the use of rescue 
therapy decreases as time on zilucoplan increases, 
thus showing a positive effect of zilucoplan on the 
prevention of unpredictable gMG disease fluctua-
tions. Furthermore, patients who received pla-
cebo in the DB period experienced almost a 60% 
decrease in rescue therapy use after switching to 

zilucoplan. Unlike monoclonal antibody C5 
inhibitors, zilucoplan can be used concomitantly 
with IVIg and PLEX as rescue therapy, without 
the need for supplemental dosing.10,25,26

COVID-19 was the second most common TEAE 
reported during RAISE-XT and, in accordance 
with guidance from the International MG/COVID-
19 Working Group,27 it was recommended that 
patients who tested positive for COVID-19 did not 
stop receiving zilucoplan during RAISE-XT. 
While infections including COVID-19 can often 
exacerbate symptoms in patients with MG who are 
often immunocompromised due to treatment, the 
risk of stopping immunotherapy is also high.28 
Indeed, there are limited data to suggest that com-
plement inhibition, including with zilucoplan, may 
even improve clinical outcomes of patients with 
COVID-19.29,30 There were no deaths related to 
COVID-19 in this study.

Overall, RAISE-XT demonstrated consistent and 
sustained improvement of gMG symptoms with 
zilucoplan across all efficacy endpoints assessed. 
Importantly, this sustained efficacy allowed for 
tapering or discontinuation of concomitant CS. 
This ability for patients to reduce or discontinue 
concomitant CS with zilucoplan reduces their 
risk of exposure to the systemic side effects and 
long-term toxicities that are associated with CS 
use.31 In addition, MG-ADL and QMG responder 
rates increased over time to Week 60, suggesting 
that some patients will need more time to respond 
to zilucoplan. This pattern is also observed in the 
OLE studies of eculizumab and ravulizumab in 
patients with gMG,32–35 but the reasons for why 
late response occurs in some patients are not yet 
known.2 However, the RAISE-XT data demon-
strate that long-term treatment with zilucoplan 
enables more patients to achieve a clinically 
meaningful outcome beyond the DB 12-week 
period.

Zilucoplan also improved fatigue, an important 
outcome for patients that can affect everyday liv-
ing, as demonstrated by a rapid and sustained 
improvement in Neuro-QoL Short Form fatigue 
scores. In addition, the absolute changes in 
MG-ADL, QMG, MGC, and MG-QoL 15r 
scores from DB baseline to Week 60 were of high 
magnitude and are greater than those observed 
over a similar timeframe for ravulizumab, also in 
a broad mild-to-severe gMG population.8
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There are several benefits of subcutaneous self-
injection, compared with intravenous administra-
tion, including a reduced need for traveling to 
hospitals or clinics, reduced interference with 
daily plans and activities and greater independ-
ence, and avoiding the difficulties and complica-
tions associated with venous access.36,37 
Zilucoplan has the added benefit of being a daily 
medication, which can help to reduce the peaks 
and troughs in efficacy that may be associated 
with less regular infusions, and it can also be 
stored at room temperature for up to 3 months, 
which can facilitate storage at home and while 
traveling.38 However, some barriers remain, such 
as dexterity problems or injection anxiety.36,37 
While the acceptability of daily self-injected sub-
cutaneous zilucoplan was already suggested by 
the low discontinuation rate observed in RAISE 
and the high proportion of patients choosing to 
continue zilucoplan and enroll in the OLE, the 
consistent scores above 8 in the majority of SIAQ 
domains indicate a high patient satisfaction and a 
positive experience with self-injection among 
patients in the United States.

RAISE-XT has enabled the investigation of the 
safety and efficacy of zilucoplan beyond the 
12-week DB period in a broad population of 
patients with AChR+ gMG. All patients who 
completed RAISE opted to enroll into RAISE-XT, 
and at the time of the data-cut, the large majority 
of patients were still enrolled with no discontinu-
ations expressed as being due to lack of efficacy 
by the investigators. There are, however, some 
limitations to this study. RAISE-XT was designed 
to include patients from two randomized DB 
studies, each with their own inclusion criteria and 
prespecified efficacy and safety assessments, 
which resulted in some minor discrepancies when 
rolling over into the OLE study. For example, 
patients enrolled from the phase II study had 
lower average MG-ADL baseline scores (due to a 
lower MG-ADL score inclusion criterion) than 
those from the phase III study. However, results 
at Week 24 were adjusted by baseline MG-ADL 
score, so any impact on the overall outcome 
would be limited, and a post hoc analysis showed 
that results are consistent, whether patients from 
the phase II study were included or not (data not 
shown). In addition, the phase II study did not 
assess certain exploratory efficacy endpoints (e.g. 
Neuro-QoL) or ADAs, and therefore, data for 
patients enrolled from the phase II study are not 
available for the DB phase (up to Week 12) for 

these endpoints. Finally, RAISE-XT is ongoing 
and, at the time of the data-cut, some patients 
had not yet reached Week 60 and were, therefore, 
not included in the efficacy analysis at this time 
point.

Conclusion
Zilucoplan demonstrated a favorable long-term 
safety profile and was well tolerated in RAISE-XT, 
with no new safety concerns identified, and con-
sistent efficacy in multiple endpoints that was 
sustained for up to 60 weeks. These data are in 
line with the rapid and clinically meaningful 
improvements observed after 12 weeks of ziluco-
plan treatment in RAISE.10,11 RAISE-XT is 
ongoing, and additional long-term data will be 
available in future analyses.
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Marek Śmiłowski: Formal analysis; 
Investigation; Writing – review & editing.

Kimiaki Utsugisawa: Formal analysis; 
Investigation; Writing – review & editing.

Tuan Vu: Conceptualization; Formal analysis; 
Investigation; Methodology; Writing – review & 
editing.

Michael D. Weiss: Formal analysis; Inves-
tigation; Writing – review & editing.

Małgorzata Zajda: Formal analysis; Inves-
tigation; Writing – review & editing.

Jos Bloemers: Conceptualization; Formal anal-
ysis; Methodology; Writing – review & editing.

Babak Boroojerdi: Conceptualization; Formal 
analysis; Methodology; Writing – review & 
editing.

Melissa Brock: Conceptualization; Formal 
analysis; Methodology; Writing – review & 
editing.

Guillemette de la Borderie: Conceptualization; 
Formal analysis; Methodology; Writing – review 
& editing.

Petra W. Duda: Conceptualization; Formal 
analysis; Methodology; Writing – review & 
editing.

Mark Vanderkelen: Conceptualization; Formal 
analysis; Methodology; Writing – review & 
editing.

M. Isabel Leite: Formal analysis; Investigation; 
Writing – review & editing.

Acknowledgements
The authors thank the patients and their caregiv-
ers, in addition to the investigators and their 
teams, who contributed to this study. A full list of 
RAISE-XT study investigators is in Supplemental 
Table 3. The authors thank Holger Moeltgen and 
Iska Krautz of UCB Pharma for project manage-
ment of the RAISE-XT study. Medical writing 
support was provided by Rachel Price, PhD 
CMPP of Ogilvy Health, London, UK, and 
funded by UCB Pharma, in accordance with 
Good Publications Practice (GPP3) guidelines 
(http://www.ismpp.org/gpp3). The authors thank 
Veronica Porkess, PhD, CMPP, of UCB Pharma 
for publication and editorial support, and Natasa 
Savic, MD, PhD, and Hiroshi Todaka, PhD of 
UCB Pharma for critical review. The work con-
ducted in Sheffield, UK, was supported by the 
UK National Institute for Health and Care 
Research Sheffield Biomedical Research Centre 
(IS-BRC-1215-20017).

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research 
was funded by UCB Pharma. The funding source 
contributed to the design and conduct of the 
study; collection, management, analysis, and 
interpretation of the data; preparation, review, or 
approval of the manuscript; and the decision to 
submit the manuscript for publication.

Competing interests
James F. Howard Jr has received research support 
(paid to his institution) from Ad Scientiam, 
Alexion AstraZeneca Rare Disease, argenx, 
Cartesian Therapeutics, the Centers for Disease 
Control and Prevention (Atlanta, GA, USA), the 
Myasthenia Gravis Foundation of America, 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), PCORI, and 
Ra Pharmaceuticals (now UCB Biosciences); 
honoraria from AcademicCME, Alexion 
AstraZeneca Rare Disease, argenx, Biologix 
Pharma, CheckRare CME, F. Hoffman-LaRoche, 
Immunovant Inc., Medscape CME, Merck EMD 

https://journals.sagepub.com/home/tan
http://www.ismpp.org/gpp3


TherapeuTic advances in 
neurological disorders Volume 17

14 journals.sagepub.com/home/tan

Serono, NMD Pharma, Novartis Pharmaceuticals, 
PeerView CME, Physicians’ Education Resource 
(PER) CME, PlatformQ CME, Ra 
Pharmaceuticals (now UCB Biosciences), 
Regeneron Pharmaceuticals, Sanofi US, Horizon 
Therapeutics (now Amgen) and Zai Labs; and 
nonfinancial support from Alexion AstraZeneca 
Rare Disease, argenx, Ra Pharmaceuticals (now 
UCB Biosciences), and Toleranzia AB. Saskia 
Bresch has served as a paid consultant for Sanofi 
Genzyme, Merck, Alexion, UCB, Biogen, and 
Bristol Myers Squibb. Constantine Farmakidis 
has received funding for medical advisory board 
participation from argenx and UCB Pharma and 
has served as a paid Consultant for UCB Pharma. 
Miriam Freimer has served as a paid Consultant 
for argenx, UCB Pharma, and Alexion. She 
receives research support from the NIH, UCB 
Pharma, Janssen, Alnylam, Avidity, and Fulcrum. 
Angela Genge has served as a paid consultant for 
Medtronic, Atlantic Research Group, Calico, 
Apellis, Anexon, ALS Pharmaceuticals, QurAlis, 
Orion, Sanofi Genzyme, Ionis, Wave Life 
Therapies, Anelixis, Roche, Cytokinetics, 
Mitsubishi Tanabe Pharma, Amylyx, Alexion, 
UCB, Ra Pharmaceuticals (now UCB 
Biosciences), Biogen, Eli Lilly, and Amicus 
Therapeutics. Channa Hewamadduma has 
received funding for consultancy on scientific or 
educational advisory boards for UCB Pharma, 
argenx, Lupin, Roche, and Biogen; and has 
received an investigator-led research grant from 
UCB Pharma. John Hinton was a principal site 
investigator in the RAISE study and has no finan-
cial disclosures. Yessar Hussain was the principal 
site investigator in the RAISE study and has no 
financial disclosures. Raul Juntas-Morales has 
nothing to disclose. Henry J. Kaminski is a con-
sultant for Roche, Cabaletta Bio, Lincoln 
Therapeutics, Takeda, and UCB Pharmaceuticals; 
and is CEO and CMO of ARC Biotechnology, 
LLC based on US Patent 8,961,98. He is princi-
pal investigator of the Rare Disease Network for 
Myasthenia Gravis (MGNet) National Institute 
of Neurological Disorders & Stroke, U54 
NS115054, and Targeted Therapy for Myasthenia 
Gravis. R41 NS110331-01 to ARC Biotechnology. 
Angelina Maniaol has received payment for 
travel, meeting attendance, consulting honoraria, 
or advisory board participation from CSL 
Behring, argenx, and UCB. Renato Mantegazza 
has received funding for travel, meeting attend-
ance, or advisory board participation from 

Alexion, argenx, BioMarin, Catalyst, Sanofi, 
Regeneron, and UCB. Masayuki Masuda has 
served as a paid consultant for argenx and Alexion 
Pharmaceuticals, and has received speaker hono-
raria from Asahi Kasei Medical, argenx, and 
Alexion Pharmaceuticals. Richard J. Nowak 
reports research support from the National 
Institutes of Health, Genentech, Inc., Alexion 
Pharmaceuticals, Inc., argenx, Annexon 
Biosciences, Inc., Ra Pharmaceuticals, Inc. (now 
UCB S.A.), the Myasthenia Gravis Foundation 
of America, Inc., Momenta Pharmaceuticals, Inc. 
(now Janssen), Immunovant, Inc., Grifols, S.A., 
and Viela Bio, Inc. (Horizon Therapeutics plc). 
Dr. Richard J. Nowak has also served as a con-
sultant and advisor for Alexion Pharmaceuticals, 
Inc., argenx, Cabaletta Bio, Inc., COUR 
Pharmaceuticals, CSL Behring, Grifols, S.A., Ra 
Pharmaceuticals, Inc. (now UCB S.A.), 
Immunovant, Inc., Momenta Pharmaceuticals, 
Inc. (now Janssen), and Viela Bio, Inc. (Horizon 
Therapeutics plc). Kumaraswamy Sivakumar has 
nothing to disclose. Marek Śmiłowski has nothing 
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