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Abstract
Background  Fatigue is a debilitating symptom of myasthenia gravis (MG). The impact of fatigue on MG can be assessed 
by Quality of Life in Neurological Disorders (Neuro-QoL) Short Form Fatigue scale. Transformation of raw Neuro-QoL 
fatigue scores to T-scores is a known approach for facilitating clinical interpretation of clinically meaningful and fatigue 
severity thresholds.
Methods  In the Phase 3, double-blind, placebo-controlled RAISE study (NCT04115293), adults with acetylcholine recep-
tor autoantibody-positive generalised MG (MG Foundation of America Disease Class II–IV) were randomised 1:1 to daily 
subcutaneous zilucoplan 0.3 mg/kg or placebo for 12 weeks. Patients completing RAISE could opt to receive zilucoplan 
0.3 mg/kg in an ongoing, open-label extension study, RAISE-XT (NCT04225871). In this post-hoc analysis, we evaluated 
the long-term effect of zilucoplan on fatigue in RAISE patients who entered RAISE-XT. We report change in Neuro-QoL 
Short Form Fatigue T-scores and fatigue severity levels from RAISE baseline to Week 60.
Results  Mean Neuro-QoL Short Form Fatigue T-scores improved from baseline to Week 12 in the zilucoplan group 
(n = 86) with a clinically meaningful difference versus placebo (n = 88; least squares mean difference: − 3.61 (nominal 
p-value = 0.0060]), and these improvements continued further to Week 60. At Week 12, more patients on zilucoplan (n = 34, 
47.2%) experienced improvements in ≥ 1 fatigue severity level from baseline versus placebo (n = 23, 28.4%; p = 0.017). At 
Week 60, most (n = 55, 65.5%) patients had mild fatigue or none.
Conclusion  Treatment with zilucoplan demonstrated statistical and clinically meaningful improvements in fatigue scores 
and severity versus placebo during RAISE, which were sustained to Week 60 in RAISE-XT.
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Introduction

Myasthenia gravis (MG) is a debilitating autoimmune 
neuromuscular disease characterised by fluctuating muscle 
weakness with a prevalence of 100–350 people per mil-
lion globally [1, 2]. MG causes neuromuscular or muscle 
fatiguability, where patients’ symptoms worsen with sus-
tained activity [3]. However, fatigue in MG goes beyond 
neuromuscular fatiguability and is also characterised 
by sensations ranging from tiredness to an overwhelm-
ing, debilitating and sustained sense of exhaustion that 
decreases patients’ capacity for physical, functional, social 
and mental activities [4, 5]. A patient-led analysis, with 
over 114 insights from patients with MG, identified fatigue 
as one of their major challenges. Patients articulated that 
fatigue can be debilitating, and unpredictable fluctuations 
in symptoms lead to feelings of vulnerability and lack of 
control [6].

According to a systematic review by Ruiter et al. across 
21 studies, the prevalence of fatigue in patients with MG 
varied from 44 to 82% [7]. The authors suggest that the 
pathophysiology of fatigue is likely multifactorial in nature, 
and increased disease severity combined with reduced 
physical activity could result in lowered muscle strength and 
increased fatigue [7]. This correlation between disease sever-
ity and fatigue was further corroborated in a Dutch study of 
420 patients, which found a statistically significant positive 
correlation between fatigue and MG severity [8]. Fatigue is 
also associated with depression [7]. As a result of all these 
factors, fatigue can have a major impact on the day-to-day 
lives of patients with MG and is strongly associated with 
reduced quality of life (QoL) [6, 9]. Patients describe MG as 
an “invisible illness” and may find it difficult to explain their 
challenges to others, which increases the feelings of frustra-
tion, loneliness and depression [6], and such feelings can 
be exacerbated by fatigue [5, 6, 9]. In a study of real-world 
clinical practice conducted in the United States, fatigue 
was included in the five most “troublesome” symptoms for 
patients with MG together with diplopia, ocular myasthenia, 
ptosis and weakness in the legs, as reported by physician-
completed questionnaires [10]. In a recent study assessing 
daily activities of patients with MG, general fatigue was 
identified as one of the most salient symptoms, as reported 
by the patients [11]. Further, a qualitative, cross-sectional 
study in the United States with insights from 28 patients 
with generalised MG (gMG) reported that the most com-
mon patient-reported treatment goal for the management of 
their MG symptoms included reduced fatigue or weakness, 
followed by achieving symptom stability [12]. Moreover, 
as reported in another study of 73 patients with MG, treat-
ment with corticosteroids did not alleviate the symptom of 
fatigue [13].

Clinical assessments of MG, such as Myasthenia Gravis 
Activities of Daily Living (MG-ADL) and Quantitative 
Myasthenia Gravis (QMG) scores, measure muscle weak-
ness or fatiguability, but do not assess the general concept of 
fatigue [5]. Thus, more regular assessment and monitoring 
of fatigue as a symptom of MG is needed, as well as treat-
ments that can improve it, in order to ultimately improve 
QoL for patients.

Fatigue can be assessed by a self-administered patient-
reported outcome (PRO) measure known as the Quality of 
Life in Neurological Disorders (Neuro-QoL) fatigue scale 
[4]. This scale was developed as a disease-agnostic scale, 
and its development and validation have been performed 
in a range of disorders [5, 14–16]. In the Phase 3 study of 
zilucoplan in adult patients with gMG (RAISE; ClinicalTri-
als.gov identifier: NCT04115293), we used the Neuro-QoL 
Short Form Fatigue scale, a shortened version of the Neuro-
QoL fatigue scale. Questions of the Short Form scale cover 
feelings of exhaustion, frustration at being unable to do tasks 
owing to fatigue, and limitations to social activity [17]. In 
addition, Neuro-QoL Short Form Fatigue raw scores can 
be converted into T-scores, for which clinically meaningful 
change and severity thresholds have been proposed. In 2015, 
Cook et al. determined severity thresholds for the Neuro-
QoL Short Form Fatigue scale using an adapted bookmark-
ing method with an expert panel of clinicians (n = 7) and 
people living with multiple sclerosis (MS; n = 6) [18]. Then, 
in 2017, Idio Scale Judgement methodology was used to 
calculate meaningful within-patient change (MWPC) thresh-
olds, or the smallest change in a measure that is considered 
significant by patients, for Neuro-QoL Short Form Fatigue 
scores in MS, whereby changes from baseline of − 3.5 
and + 3.2 indicated improvement and worsening, respec-
tively [16]. Psychometric evidence supporting use of the 
Neuro-QoL Short Form Fatigue scale in MG was provided 
by Tran et al. in 2018, who also calculated the threshold 
for MWPC (individual-level minimal important difference) 
to be − 1.9 [5]. The improvement and worsening thresholds 
described above, based on Neuro-QoL Short Form Fatigue 
T-scores, can be applied to interpret between-group com-
parisons, within-patient (responder) comparisons, and the 
clinical meaningfulness of the fatigue measurements in our 
study [5, 16, 18].

Zilucoplan is a small macrocyclic peptide that targets the 
complement cascade by binding to complement component 
5 (C5) with high affinity and specificity [19]. It works via a 
dual mechanism of action by preventing the cleavage of C5 
to C5a and C5b, and also by hindering the formation of C5b6 
should any C5b be formed, thereby blocking its binding to 
C6 and preventing the formation of membrane attack com-
plex [20]. In the Phase 3 RAISE study, zilucoplan showed 
rapid, statistically significant and clinically meaningful 
improvements in MG-specific patient- and clinician-reported 
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outcomes compared with placebo in a broad population of 
patients with acetylcholine receptor autoantibody-positive 
(AChR +) gMG [21]. In the exploratory endpoint of change 
from baseline (CFB) to Week 12 in Neuro-QoL Short 
Form Fatigue scores, there were statistically significant 
improvements in fatigue, reflected by the larger reduction 
in the raw scores of patients who received zilucoplan versus 
placebo, with a least squares (LS) mean difference (95% 
confidence interval [CI]) of − 3.06 (− 5.27, − 0.85; nominal 
p-value = 0.0069) [21].

Here, we report the effect of zilucoplan on fatigue in 
patients with AChR + gMG using T-scores from the Neuro-
QoL Short Form Fatigue scale in RAISE and the ongoing 
open-label extension (OLE), RAISE-XT (ClinicalTrials.gov 
identifier: NCT04225871). A plain language summary of 
this study is available in Supplementary Text 1.

Methods

RAISE and RAISE‑XT study designs

RAISE was a Phase 3, multicentre, randomised, double-
blind, placebo-controlled study to assess the efficacy, safety 
and tolerability of zilucoplan in patients with gMG [21]. 
Patients self-administered subcutaneous doses of zilucoplan 
0.3 mg/kg or placebo daily at home at approximately the 
same time each day for 12 weeks. RAISE-XT is an ongo-
ing, multicentre, OLE study of zilucoplan where participants 
who completed the 12-week treatment period in either the 
Phase 2 double-blind study of zilucoplan [19] or RAISE 
could opt to receive daily subcutaneous doses of 0.3 mg/kg 
zilucoplan [22]. Full study designs of RAISE and RAISE-
XT have been described elsewhere [21, 22].

Study population

Full inclusion and exclusion criteria for RAISE have been 
described before [21]. Briefly, adults with AChR + mild-to-
severe (Myasthenia Gravis Foundation of America [MGFA] 
Disease Class II–IV) gMG at screening were included [21]. 
All patients provided written informed consent.

Assessments

Fatigue was assessed using the Neuro-QoL Short Form 
Fatigue scale at Weeks 1, 2, 4, 8 and 12 in the double-blind 
period and at Week 13 (Extension [E] Week 1), Week 14 
(Week E2), Week 16 (Week E4), Week 20 (Week E8) and 
Week 24 (Week E12) in the OLE. After Week 24, Neuro-
QoL Short Form Fatigue scores were assessed at quar-
terly visits. The Neuro-QoL Short Form Fatigue scale 
was self-administered and consisted of eight items with 

five Likert-type response options (“never” to “always”). 
Patients marked each item on a scale of 1–5 with a 7-day 
recall period [4, 17]. Raw total scores can range from 8 to 
40, with higher scores indicating more severe fatigue [4, 17]. 
These Neuro-QoL Short Form Fatigue scale raw total scores 
at each visit were transformed into T-scores [4]. Change 
from double-blind baseline in Neuro-QoL Short Form 
Fatigue T-scores up to Week 60 in RAISE-XT was assessed 
post hoc, based on the pre-specified interim analysis cut-off 
date (8 September 2022). Additional efficacy assessments 
included the percentage of Neuro-QoL Short Form Fatigue 
T-score responders at Week 12 (also defined using the 
MWPC threshold of − 3.5), and transition between fatigue 
severity status from the baseline of double-blind studies to 
Week 12 and Week 60. Safety was mainly assessed by the 
incidence of treatment-emergent adverse events (TEAEs).

Statistical design

Neuro-QoL Short Form Fatigue raw scores were transformed 
into T-scores with a mean of 50 and a standard deviation of 
10 [4] with a range of 29.5–74.1, based on a clinical refer-
ence population [16]. A normal distribution is not required 
to use the Neuro-QoL Short Form Fatigue T-score distri-
bution, as these scores are intended to be used to interpret 
the score of an individual. A clinically meaningful improve-
ment from baseline was defined as a change of − 3.5, and 
clinically meaningful worsening was defined as a change 
of + 3.2, in Neuro-QoL Short Form Fatigue T-score from 
double-blind baseline [16]. This between-group analysis was 
interpreted based on the MWPC thresholds as determined by 
Cook et al. [16] and, as between-group meaningful change 
thresholds are typically lower than MWPC thresholds [23], 
these thresholds were used to allow for a more conservative 
approach instead of the threshold of − 1.9 as defined in an 
MG sample [5]. Responders were defined as patients who 
achieved clinically meaningful CFB (a greater than − 3.5 
change) [16]. The fatigue severity level thresholds for 
T-scores used in this study have previously been defined as: 
none (“no problems”), < 45; “mild problems”, 45–55; “mod-
erate problems”, 56–65; and “severe problems”, > 65 [18], 
which have also been used in an MG study [5]. The Neuro-
QoL Analysis Set is defined as all randomised RAISE study 
participants who had a Neuro-QoL Short Form Fatigue score 
at baseline. As fatigue was not assessed in the Phase 2 study, 
patients who transitioned into RAISE-XT from the Phase 2 
study are not included in this analysis.

For the responder analysis, odds ratios were calculated 
using the Cochran–Mantel–Haenszel (CMH) test with no 
stratification variables. P-values for the comparison of treat-
ment groups are based on the CMH test from the general 
association and were nominal. Correlations were measured 
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using Pearson’s correlation coefficient and Spearman’s cor-
relation coefficient.

Psychometric properties

Construct validity for use of the Neuro-QoL Short Form 
Fatigue scale in MG was assessed by investigating known-
groups validity, in addition to convergent and divergent 
validity. A known-groups validity analysis was conducted to 
investigate the ability of the Neuro-QoL Short Form Fatigue 
scale to differentiate between groups that are expected to 
differ on this instrument, using MGFA disease classifica-
tion scores at screening. The correlation between Neuro-
QoL Short Form Fatigue T-scores and MG-ADL, QMG and 
Myasthenia Gravis Quality of Life 15-item revised (MG-
QoL 15r) scores was studied for assessing convergent and 
divergent validity. MG-ADL, QMG and MG-QoL 15r scores 
used to analyse the psychometric properties of the Neuro-
QoL Short Form Fatigue scores are described in Supple-
mentary Text 2.

Results

Patients

In RAISE, 174 patients were randomised to receive ziluco-
plan 0.3 mg/kg (n = 86) or placebo (n = 88). After Week 12, 
all patients who completed RAISE (166 [95.4%]) entered 
RAISE-XT to receive zilucoplan 0.3  mg/kg and were 
included in this analysis. Their baseline characteristics are 

described elsewhere [21]. Overall, a broad gMG population 
was included; patients had mild-to-severe gMG according 
to the MGFA disease classification criteria. Median (range) 
exposure to zilucoplan in the OLE for the patients who 
entered from both Phase 2 and Phase 3 (RAISE) studies 
(N = 200), the population used in the safety analysis, was 1.2 
(0.11–4.45) years. At the data cut-off, of all patients enroll-
ing from either the Phase 2 or Phase 3 study, 166 (83.0%) 
patients were continuing to receive zilucoplan in the RAISE-
XT study, and 34 (17.0%) patients discontinued the study. 
The most common reason for discontinuation was voluntary 
withdrawal by the patient (12 [6.0%]).

Change from baseline in Neuro‑QoL Short Form 
Fatigue T‑scores

During RAISE, in the zilucoplan group, mean Neuro-QoL 
Short Form Fatigue T-scores improved from double-blind 
baseline to Week 12, as compared with placebo, with an LS 
mean difference of − 3.61 (nominal p-value = 0.0060; Fig. 1). 
This between-group difference in CFB is considered clini-
cally meaningful as it exceeds the MWPC threshold of − 3.5. 
During RAISE-XT, these scores continued to improve fur-
ther through to Week 24, with a mean [standard error (SE)] 
CFB of − 9.81 (1.16) for the zilucoplan group, and were sus-
tained through to Week 60 [mean (SE) CFB − 9.15 (1.80)]. 
Among patients who transitioned from placebo to ziluco-
plan in the OLE (placebo-switch group), rapid improve-
ments were observed at the first week after switching to 
zilucoplan 0.3 mg/kg (Week 13) and further improvements 
were observed through to Week 24, with a mean (SE) CFB 

Fig. 1   Change from double-
blind baseline to Week 60 
in Neuro-QoL Short Form 
Fatigue T-scores. This analysis 
included only patients from the 
Phase 3 RAISE parent study. 
Statistical analysis on Week 
12 Neuro-QoL Short Form 
Fatigue T-scores was performed 
using the mITT population 
in RAISE. CFB change from 
baseline, CI confidence interval, 
E extension, LS least squares, 
mITT modified intent-to-treat, 
Neuro-QoL Quality of Life in 
Neurological Disorders, SE 
standard error.
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of − 8.63 (1.24); these improvements were sustained through 
to Week 60 with a [mean (SE) CFB − 10.71 (1.81)] (Fig. 1).

Neuro‑QoL Short Form Fatigue T‑score responder 
analysis at Week 12

More patients on zilucoplan had reductions in fatigue from 
baseline versus placebo at the end of the double-blind period 
(Week 12; Fig. 2). A higher proportion of patients on ziluco-
plan reached the clinically meaningful improvement thresh-
old (− 3.5), while a lower proportion of patients reached the 
clinically meaningful worsening threshold (+ 3.2) at Week 
12 when compared with placebo.

Fatigue severity transitions from double‑blind study 
baseline

At Week 12, more patients in the zilucoplan arm (n = 34, 
47.2%) experienced improvements by one or more fatigue 
severity levels from baseline versus placebo (n = 23, 28.4%; 
nominal p-value = 0.017; Fig.  3). The improvements in 
Neuro-QoL fatigue severity levels observed during the 
double-blind period continued further into the OLE. At 
double-blind baseline, the majority of patients had “severe” 
or “moderate” fatigue (n = 66, 78.6%; N = 84; Fig. 4a). At 
Week 60, 8 of 18 patients with “severe” fatigue at double-
blind baseline had transitioned to “mild” fatigue and another 
4 patients with “severe” fatigue at baseline had no fatigue at 
Week 60. Additionally, at Week 60, 24 of 48 patients with 

“moderate” fatigue at double-blind baseline had transitioned 
to “mild” fatigue and another 3 patients with “moderate” 
fatigue at baseline had no fatigue at Week 60. Overall, at 
Week 60, the majority of patients had “mild” or no fatigue 
(n = 55, 65.5%; Fig. 4a). These findings were consistent 
across the zilucoplan group and in the placebo-switch group 
(data not shown). The majority of patients (n = 56, 66.7%; 
N = 84) at Week 60 experienced a clinically meaningful 
improvement in fatigue from baseline (Fig. 4b).

Psychometric properties

There were positive correlations between Neuro-QoL Short 
Form Fatigue scale scores and MG-ADL, QMG and MG-
QoL 15r scores at double-blind study baseline, Week 12 and 
Week 60 (p < 0.001 for all scores at all timepoints; Table 1). 
The correlation coefficients continued to increase as the 
study progressed and were highest at Week 60 for both MG-
ADL and MG-QoL 15r scores. There was a highly positive 
correlation for MG-QoL 15r score and a moderately posi-
tive correlation for QMG and MG-ADL scores at baseline, 
which increased by Week 60. In the known-groups analy-
sis, performed using MGFA disease classification scores at 
screening, differences in the mean Neuro-QoL Short Form 
Fatigue T-scores between patients categorised as MGFA 
Disease Class II versus MGFA Disease Class III/IV were not 
significant [− 2.16, 95% CI  − 5.03, 0.71; p = 0.140 (F-test); 
p = 0.092 (Kruskal–Wallis test); Supplementary Table 1].

Fig. 2   Responder analysis in 
Neuro-QoL Short Form Fatigue 
T-scores at Week 12 in RAISE. 
The analysis was performed 
using the Neuro-QoL Analysis 
Set, which is defined as all 
patients who had a non-missing 
Neuro-QoL Short Form Fatigue 
T-score at RAISE baseline. 
For the clinically meaningful 
improvement threshold of − 3.5, 
the OR (95% CI) versus placebo 
was 1.15 (0.61, 2.17) with a 
nominal p-value of 0.659. For 
the clinically meaningful wors-
ening threshold of + 3.2, the OR 
(95% CI) versus placebo was 
0.66 (0.27, 1.64) with a nominal 
p-value of 0.372. CFB change 
from baseline, CI confidence 
interval, Neuro-QoL Quality of 
Life in Neurological Disorders, 
OR odds ratio
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Safety

Details of the safety analysis among the full RAISE-XT 
population have been described elsewhere [22]. Briefly, 
out of 200 enrolled patients, 188 (94.0%) patients experi-
enced a TEAE, and 64 (32.0%) patients experienced serious 
TEAEs. The most common TEAEs were (worsening of) MG 
(26.0%), COVID-19 (24.5%), headache (17.5%), diarrhoea 
(15.0%) and nasopharyngitis (15.0%) [22]. Seventeen (8.5%) 
patients had a TEAE resulting in permanent withdrawal from 
treatment [22]. Overall, zilucoplan had a favourable safety 
profile in the long term and was well tolerated.

Discussion

Fatigue is an important yet understudied symptom of MG 
[12]. To our knowledge, this is the first analysis of T-score 
transformation of Neuro-QoL Short Form Fatigue scores in 
patients with MG in a Phase 3 study, allowing us to assess 
the clinical meaningfulness of these data. Patients receiv-
ing zilucoplan in RAISE and its OLE experienced clini-
cally meaningful improvements in fatigue compared with 
placebo, thus demonstrating a positive effect of zilucoplan 
on fatigue. The improvements in fatigue observed during 
the double-blind period of RAISE further continued into 
RAISE-XT, the ongoing OLE study, and were sustained up 
to Week 60, indicating that zilucoplan consistently improved 
fatigue in patients with MG in the long term. Most patients 

experienced moderate to severe fatigue at the start of the 
study, but patients on zilucoplan showed significant improve-
ment in their fatigue severity at Week 12, with more patients 
on zilucoplan reporting clinically meaningful improvements 
in fatigue at Week 12 versus placebo. Furthermore, most of 
these patients with moderate or severe fatigue at baseline 
had no or mild fatigue after 60 weeks. RAISE-XT is ongo-
ing, and at the time of the data cut-off, a large majority of 
patients were still enrolled. There may be a potential effect 
of study discontinuations on the efficacy data, however, most 
discontinuations were due to voluntary withdrawal and not 
due to a lack of efficacy.

This post-hoc analysis used T-scores, transformed 
from raw Neuro-QoL Short Form Fatigue data. Meaning-
ful change thresholds, responder definitions, and sever-
ity thresholds have already been defined for T-scores and 
allow for an easier interpretation of the effect of change [5, 
16, 18]. The improvements in fatigue observed here with 
T-score data were aligned with the improvements in raw 
scores observed in RAISE [21]. Using T-scores in this way 
provides us with a way to highlight clinically meaningful 
changes in fatigue in MG, which are important for the daily 
living of patients with MG, in addition to the clinically 
established measures such as MG-ADL and QMG scores. 
Another strength of this study is that the Neuro-QoL Short 
Form Fatigue scale was used, a validated, disease-agnostic, 
easy-to-use PRO measure with only eight items.

The known-groups validity analysis used MGFA dis-
ease classification scores at screening to assess whether 

Fig. 3   Fatigue severity level 
transition from double-blind 
baseline to Week 12. n = num-
ber of patients with at least one 
fatigue severity level improve-
ment. Nsub number of patients 
with available information at 
the timepoint. Percentages are 
based on Nsub. OR calcu-
lated using CMH test with no 
stratification variables. Patients 
with “missing” Neuro-QoL 
Short Form Fatigue data at 
baseline excluded. The statisti-
cal analysis includes patients 
with baseline and Week 12 data 
who had a potential to improve 
(2 patients in the zilucoplan 
group reported “no problems” 
at baseline and were excluded 
from this analysis). BL baseline, 
CI confidence interval, CMH 
Cochran–Mantel–Haenszel, OR 
odds ratio
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the Neuro-QoL Short Form Fatigue scale differentiates 
between these groups. The mean fatigue T-scores for 
MGFA Disease Class II were lower than for the pooled 
MGFA Disease Class III/IV, but this difference was not 
statistically significant. This may be because the MGFA 
disease classification is subjective in nature, especially 
when it comes to distinction between classes [24], but in 
Tran et al., clear and significant differences were observed 
[5]. A limitation of our analysis is that it is possible that 
the inclusion criteria of our study, an MG-ADL score 
of ≥ 6 and a QMG score of ≥ 12 [21], resulted in more 

patients at the higher end of MGFA Disease Class II, mak-
ing it harder to distinguish these patients from those in 
the pooled MGFA Disease Class III/IV. This explanation 
is supported by a higher mean T-score for MGFA Dis-
ease Class II in this study as compared with Tran et al.
[5]. However, through the course of the OLE, Neuro-QoL 
Short Form Fatigue scores correlated positively with both 
the clinician-reported outcomes of QMG and the PROs 
of MG-ADL and MG-QoL 15r, highlighting the clinical 
relationship between MG-specific symptoms and fatigue. 
Fatigue is the most common patient-reported treatment 
goal for their MG [12], and therefore, should not be 
underestimated as a contributor to patients’ health-related 
QoL (HRQoL). It is important for clinicians to routinely 
measure fatigue as part of the overall assessment of MG 
symptoms in their patients, in addition to MG-specific 
outcomes.

Both Neuro-QoL Short Form Fatigue and MG-QoL 15r 
assess HRQoL and the impact MG has on patients’ lives; 
MG-QoL 15r is focused on MG more generally [25], while 
Neuro-QoL Short Form Fatigue is focused on the impact 
of fatigue specifically [17]. Both of these measures deal 
directly with the impact of MG on HRQoL and, as expected, 
there was a high correlation between them in our study at 
baseline, which further increased at Week 60. This high cor-
relation further substantiates that a reduction in fatigue leads 
to an improvement in HRQoL in patients with MG. The 
items in the QMG scale focus on muscle fatiguability, with 
items that measure how long the patient can keep their arms 
outstretched at 90 degrees while sitting, legs at 45 degrees 
while supine, and hand grip [26]. Similarly, MG-ADL cov-
ers activities of daily living, such as impairment of ability to 
brush teeth or comb hair, and impairment of ability to rise 
from a chair [27]. While these symptoms do not necessarily 
reflect fatigue and are distinct concepts from those assessed 
by the Neuro-QoL Short Form Fatigue scale, there was a 
moderate, but statistically significant, positive correlation 
at baseline, supporting the known-groups validity analysis, 
which increased during the course of the study. The correla-
tions at baseline indicate that there is a relationship between 
fatigue and muscle fatiguability, and the increase in correla-
tions observed throughout the study is likely a result of the 
treatment effect of zilucoplan, causing patients, on average, 
to report improvement on all scales [21, 22].

The differences in magnitude of the correlations between 
Neuro-QoL Short Form Fatigue and MG-ADL, QMG, and 
MG-QoL 15r scores support the convergent and diver-
gent validity of Neuro-QoL Short Form Fatigue in MG. 
The stronger correlations were observed with instruments 
assessing more comparable concepts (MG-QoL 15r assess-
ing HRQoL) and less strong correlations with instruments 
assessing more distal concepts (MG-ADL assessing symp-
toms and the impact on daily activities, and QMG assessing 

Fig. 4   Fatigue severity level transition from double-blind baseline to 
Week 60 (a) and change in Neuro-QoL Short Form Fatigue T-scores 
at Week 60 vs double-blind baseline (b). The analysis set includes 
patients from RAISE and RAISE-XT who were included in the 
RAISE mITT population and had available Neuro-QoL Short Form 
Fatigue data at RAISE baseline and Week 60 (N = 84). “Improved” 
and “worsened” categorisation is based on the thresholds for clini-
cally meaningful improvement (− 3.5) and clinically meaningful 
worsening (+ 3.2), respectively, in Neuro-QoL Short Form Fatigue 
T-scores from RAISE baseline. BL baseline, mITT modified intent-to-
treat, Neuro-QoL Quality of Life in Neurological Disorders
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muscle fatiguability). Taken together, the observed psycho-
metric properties of the Neuro-QoL Short Form Fatigue 
scale in our study support its use in gMG.

The impact of fatigue on MG has not been studied widely 
despite its substantial impact on patients’ lives. The effect 
of other complement C5 inhibitors, eculizumab and ravuli-
zumab, on fatigue in their Phase 3 and OLE studies was 
assessed using the raw scores on an alternative, longer 
instrument—the 19-item Neuro-QoL fatigue subscale—and 
variable degrees of reduction from baseline were reported, 
highlighting that complement C5 inhibitors can reduce 
fatigue in patients with MG [28–30]. However, zilucoplan is 
the first C5 inhibitor to show a clinically meaningful reduc-
tion in fatigue. To conclude, daily subcutaneous injections 
of the complement C5 inhibitor zilucoplan led to rapid and 
clinically meaningful improvements in fatigue that were 
sustained for more than a year in patients with gMG. The 
data showed rapid benefits in fatigue for patients receiving 
zilucoplan, with sustained and meaningful improvements 
across all baseline fatigue severity levels, including severe 
fatigue where the effect is especially debilitating for patients. 
The majority of patients reported no or mild fatigue at Week 
60, improving from severe or moderate fatigue at baseline. 
These data highlight that treatment with zilucoplan can 
result in a sustained reduction in fatigue, a symptom known 
to be particularly debilitating for patients with gMG.

Supplementary Information  The online version contains supplemen-
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