
Vol.:(0123456789)

Drugs (2020) 80:719–727 
https://doi.org/10.1007/s40265-020-01297-w

ADIS DRUG EVALUATION

Eculizumab: A Review in Neuromyelitis Optica Spectrum Disorder

James E. Frampton1

Published online: 7 April 2020 
© Springer Nature 2020, corrected publication 2020

Abstract 
The terminal complement protein (C5) inhibitor eculizumab  (Soliris®) is the first agent to be specifically approved in the EU, 
USA, Canada and Japan for the treatment of neuromyelitis optica spectrum disorder (NMOSD) in adults who are aquaporin-4 
water channel autoantibody (AQP4-IgG) seropositive and (in the EU only) for those with a relapsing course of disease. In 
the phase III PREVENT trial, eculizumab significantly reduced the risk of adjudicated relapse relative to placebo in patients 
with AQP4-IgG-seropositive NMOSD, approximately a quarter of whom did not receive concomitant immunosuppressive 
therapies. The beneficial effect of eculizumab was seen across all patient subgroups analysed and was accompanied by 
improvements in neurological and functional disability assessments, as well as generic health-related quality of life measures; 
it was sustained through 4 years of treatment, according to combined data from the PREVENT trial and an interim analysis of 
its ongoing open-label extension study. The safety profile of eculizumab in AQP4-IgG-seropositive NMOSD was consistent 
with that seen for the drug in other approved indications. Thus, eculizumab provides an effective, generally well tolerated 
and approved treatment option for this rare, disabling and potentially life-threatening condition.
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at https:// doi. org/ 10. 6084/ m9. figsh are. 11955 258.
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Eculizumab: clinical considerations in 
AQP4‑IgG‑seropositive NMOSD 

First agent to be specifically approved for this rare, disa-
bling and potentially life-threatening condition

Reduces relapse risk, including in patients not receiving 
other immunosuppressive therapies

Common adverse events include upper respiratory tract 
infection, headache, nasopharyngitis and nausea

Patients must be vaccinated against meningococcal dis-
ease (and administered appropriate prophylactic antibiot-
ics if necessary)

1 Introduction

Neuromyelitis optica spectrum disorder (NMOSD), a well-
defined, auto-immune, demyelinating disease of the CNS, 
is a potentially severely disabling and life-threatening con-
dition (reported mortality rate 7–32%) [1–6]. NMOSD is 
mostly characterized by recurrent attacks of optic neuritis 
and/or myelitis from which recovery is often incomplete, 
thus resulting in residual and accumulating impairment 
(e.g. blindness and paraplegia) [1–4]. However, variations 
are seen in clinical course, with some patients (a minor-
ity) not accumulating significant disability despite multiple 
attacks and others only ever experiencing a single attack 
[7]. NMOSD is a relatively rare disorder that is reported 
more frequently in non-whites and, in its relapsing form, 
in women (5- to 11-times more often than in men) [1, 2]. 
Patients ranging from 3 to 80 years of age have been diag-
nosed with the disease, although the average age at onset is 
40 years [1].

Previously considered a variant of multiple sclerosis, 
recognition of NMOSD as a separate clinical entity and its 
differential diagnosis was revolutionized by the discovery 
of a disease-specific, pathogenic immunoglobulin G (IgG) 
autoantibody directed against the aquaporin-4 water chan-
nel (AQP4) in the serum of ≈ 75–90% of patients. Detec-
tion of AQP4-IgG greatly facilitates accurate identification 
of new cases (less stringent diagnostic criteria apply in 
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AQP4-IgG-seropositive patients) and prompt initiation of 
treatment [1, 4, 7–9]. Interestingly, a sizeable minority of 
APQ4-IgG seronegative patients presenting with symptoms 
of NMOSD display an autoantibody against myelin oligo-
dendrocyte glycoprotein (MOG); increasingly, MOG-IgG is 
being regarded as a potentially pathogenic biomarker for a 
similar, but separate, disease entity (anti-MOG syndrome), 
rather than for a subgroup of NMOSD patients [1, 3, 10].

In AQP4-IgG-seropositive patients with NMOSD, 
AQP4-IgG is thought to enter the CNS through endothelial 
transcytosis or at areas of increased blood–brain barrier 
(BBB) permeability and bind to AQP4, which is primarily 
expressed on astrocyte foot processes that form part of the 
BBB. This leads to either the injury of astrocytes [predomi-
nantly via complement-dependent cytotoxicity (CDC), but 
potentially also via antibody-dependent cellular cytotoxicity 
(ADCC) when natural-killer cells are present] or to their 
activation. The ensuing BBB breakdown and secretion of 
pro-inflammatory cytokines and chemokines results in the 
recruitment of granulocytes, macrophages and eosinophils 
that further disrupt the BBB and secondarily damage oligo-
dendrocytes (which do not express AQP4), causing demy-
elination, neuron loss and consequential neurological deficit 
[1, 11–14]. Additionally, through ‘bystander’ mechanisms, 
APQ4-IgG-induced CDC and ADCC in astrocytes may also 
damage oligodendrocytes and neurons directly [15, 16].

Given the disability progression in NMOSD is largely 
due to the consequences of recurrent attacks, the goals of 
pharmacotherapy are to aggressively treat acute inflamma-
tory attacks (including the initial episode) and to prevent 
future relapses, with the overarching aims of minimizing 
CNS damage and, longer-term, preserving neurological 
function [1, 8, 17]. The current approach to treating acute 
attacks usually consists of a short course of high-dose intra-
venous (IV) corticosteroids (commonly followed by a taper-
ing course of oral corticosteroids), with prompt interven-
tion with plasmapheresis [e.g. plasma exchange (PLEX)] 
in the case of attacks that do not respond to high-dose IV 
corticosteroids within the expected time-frame [1, 8, 17]. 
To date, relapse prevention has most commonly relied on 
maintenance immunosuppression with the IV anti-CD20 
monoclonal antibody rituximab, the oral purine analog anti-
metabolites mycophenolate mofetil and azathioprine, and, to 
a lesser extent, oral corticosteroids [1, 8, 17]. However, none 
of these agents are specifically approved for the treatment of 
NMOSD and their off-label use is almost entirely supported 
by the results of uncontrolled observational studies [1, 8, 
17]. Moreover, between a third and three-quarters of patients 
receiving these agents in such studies have not remained 
relapse-free [1], highlighting an urgent need for additional 
preventive treatments with proven effectiveness [18].

The identification of the central role of the complement 
cascade in the pathogenesis of AQP4-IgG-seropositive 
NMOSD provided a rationale for evaluating an inhibitor of 
this system in the preventive treatment of the disease [17]. 
Eculizumab  (Soliris®), a humanized monoclonal antibody 
(mAb), targets human complement component 5, to which it 
binds with high affinity, thereby inhibiting activation of the 
terminal complement pathway [19]. In the EU, eculizumab 
is approved for the treatment of NMOSD in adult patients 
who are AQP4-IgG-seropositive with a relapsing course 
of disease [20]. Similarly, in the USA [21], Canada [22] 
and Japan [23], eculizumab is approved for the treatment of 
NMOSD in adult patients who are AQP4-IgG-seropositive. 
This article reviews clinical efficacy and tolerability data 
relevant to the use of eculizumab in the treatment of AQP4-
IgG-seropositive NMOSD, with the key pharmacological 
properties of the drug summarized in Table 1. Eculizumab 
is also approved for the treatment of paroxysmal nocturnal 
haemoglobinuria and atypical haemolytic uremic syndrome 
(in adults and children [20]), as well as for the treatment of 
refractory generalized myasthenia gravis in adults [21] who 
are anti-acetylcholine receptor antibody-positive [20, 21]. 
However, the use of the drug in these additional indications, 
which has been discussed in detail elsewhere [24–26], is 
beyond the scope of this article.

2  Therapeutic Efficacy of Eculizumab

The efficacy of eculizumab in the treatment of AQP4-IgG-
seropositive NMOSD has been evaluated in the phase III 
PREVENT study (Prevention of Relapses in Neuromyeli-
tis Optica) [27]. This pivotal, randomized, double-blind, 
placebo-controlled, multinational, time-to-event trial in 
143 patients with AQP4-IgG-seropositive disease was con-
ducted on the basis of encouraging findings from an earlier 
pilot study in 14 AQP4-IgG–seropositive patients [28]. 
The PREVENT study enrolled individuals aged ≥ 18 years 
with NMOSD according to 2007 diagnostic criteria [29] 
(or neuromyelitis optica according to 2006 diagnostic cri-
teria [30]) and confirmed AQP4-IgG seropositivity. They 
were also required to have a history of ≥ 2 relapses during 
the previous 12 months or 3 relapses during the previous 
24 months (with ≥ 1 relapse in the previous 12 months) 
and an Expanded Disability Status Scale (EDSS) score 
of ≤ 7. Patients receiving immunosuppressive therapies 
(ISTs) for relapse prevention were eligible for inclusion, 
provided they were on stable-dose regimens [27]. Key 
exclusion criteria included treatment with mitoxantrone 
or rituximab ≤ 3 months prior to screening, the use of IV 
immunoglobulin (IVIg) ≤ 3 weeks prior to screening, the 
receipt of prednisone doses > 20 mg/day (or equivalent) 
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at screening, and the presence of a systemic bacterial or 
other infection that was considered to be clinically signifi-
cant or inappropriately treated. Unresolved meningococcal 
disease was another exclusion criterion. Patients were vac-
cinated against Neisseria meningitidis in accordance with 
the then prevailing Advisory Committee on Immunization 
Practices (ACIP) recommendations prior to receiving a 
study medication, unless a previous vaccination provided 
adequate coverage; a 14-day course of antibiotics was 
administered if there were < 14 days between vaccination 
and starting trial treatment [27].

Participants were stratified by EDSS score and use of 
concomitant ISTs before being randomized to receive 

eculizumab (900 mg weekly for the first four doses then 
1200 mg every 2 weeks from the following week; n = 96) or 
matching placebo (n = 47) administered via IV infusion over 
≈ 35 (range 25–45) minutes. IVIg and PLEX were permitted 
as acute rescue therapies in the event of relapse [27].

The primary endpoint was (time to) the first adjudi-
cated on-trial relapse. Briefly, treating physicians identi-
fied relapses on the basis of the following criteria: a new 
onset of neurological symptoms or worsening of existing 
neurological symptoms, with an objective change on neu-
rological examination that persisted for > 24 h, signs and 
symptoms attributable to NMOSD rather than other causes, 
and onset preceded by ≥ 30 days of clinical stability. All 

Table 1  Overview of the key pharmacological properties of eculizumab

AQP4-IgG aquaporin-4 water channel antibody, AR accumulation ratio, CL clearance, Cmax maximum plasma concentration, Ctrough trough 
plasma concentration, ECU eculizumab, IV(Ig) intravenous (immunoglobulin), MAC membrane attack complex, NMOSD neuromyelitis optica 
syndrome disorder, PD pharmacodynamic, PK(s) pharmacokinetic(s), PI plasma infusion, PLEX plasma exchange, pt(s) patient(s), t½ elimina-
tion half-life, Vd1(Vd2) volume of distribution of central (peripheral) compartment, ↑ increased, ↓ decreased
a As assessed at week 24 after maintenance doses of 1200 mg IV every 2 weeks in pts with NMOSD
b Across all approved indications
c According to a population PK analysis, based on data from PREVENT
d According to a population PK analysis, based on data from studies across all approved indications
e ECU has not been studied in pediatric pts with NMOSD

Pharmacodynamic properties
Recombinant humanized IgG2/4κ monoclonal antibody comprising murine complementarity-determining regions grafted onto a human heavy 

and light chain antibody framework [20]
Terminal complement protein (C5) inhibitor
 Binds specifically and with high affinity to C5, preventing its cleavage by C5 convertases and thereby blocking the formation of the prothrom-

botic/pro-inflammatory C5a (anaphylatoxin) and C5b-9 (cytolic MAC) that are responsible for the inflammatory and cytolytic consequences of 
terminal complement activation [18, 19]

 Exact mechanism whereby ECU exerts its therapeutic effects in AQP4-IgG-seropositive NMOSD is unknown, but presumed to involve inhibi-
tion of AQP4-IgG-induced C5b-9 deposition [21]

 Preserves proximal complement proteins (i.e. proteins upstream of C5 in the complement cascade), including C3b, which are essential for 
immune complex clearance and microbial opsonization [18, 19]

 Essentially complete and sustained terminal complement inhibition seen in all analysable pts with AQP4-IgG-seropositive NMOSD who 
received IV ECU (900 mg weekly for the first four doses, then 1200 mg every 2 weeks from the following week) in PREVENT (Sect. 2); 
terminal complement inhibition was achieved immediately (by the end of the first IV infusion) in all pts [18]

Non-neutralizing antibodies to ECU detected in 2 (2%) of 96 analysable pts with AQP4-IgG-seropositive NMOSD who received the drug in 
PREVENT (Sect. 2). No correlation of antibody development to clinical response or adverse events has been observed [20]

Pharmacokinetic properties
PK properties of ECU in NMOSD consistent with those in other approved indications [20]
Human antibodies, like ECU, undergo endocytic digestion in cells of the reticuloendothelial system and are predominantly catabolized by lyso-

somal enzymes to small peptides and amino acids [20]
Mean  Cmax and  Ctrough of 877 and 429 μg/mL,  respectivelya [21]; steady-state reached in 4 weeks (AR of ≈ 2-fold)b [21]
Vd1 and  Vd2 of 2.37 and 2.16 L,  respectivelyc [18]; CL of 0.0070 L/hc [18];  t½ of 270–414  hb [21]
CL ↑ (≈ 250-fold) and  t½ ↓ (to 1.3 h) in pts receiving PLEX or PI; supplemental ECU dosing recommended in these pts [20, 21]
Special pt populations
PK properties of ECU not influenced by gender, race or age (geriatric), or by hepatic or renal impairment. Bodyweight a significant covariate 

(ECU CL ↓ in pediatric pts, requiring bodyweight-based dosing in this pt population)d,e [20]
Drug-drug interactions
No interaction studies with other medicinal products have been conducted [20]
May decrease expected PD effects of rituximab, based on potential inhibition of the complement-dependent cytotoxicity of rituximab [20]
ECU concentrations may be ↓ by IVIg treatment, which may interfere with the endosomal neonatal Fc receptor recycling mechanism of mono-

clonal antibodies, such as ECU. Drug interaction studies have not been performed with ECU in pts treated with IVIg [20, 21]
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physician-identified relapses were then adjudicated retro-
spectively using the same criteria by a blinded independent 
committee. Patients continued with their blinded treatment 
for 6 weeks following a relapse [27]. The primary end-
point and six pre-specified secondary efficacy endpoints 
were tested in a hierarchical order. Regarding the latter, the 
adjudicated annualized relapse rate (ARR) was followed 
by two assessments of neurological disability [EDSS and 
Modified Rankin Scale (mRS) score], one of functional 
disability [Hauser Ambulation Index (HAI) score] and two 
of generic health-related quality of life [European Quality 
of Life 5-Dimension 3-Level (EQ-5D-3L) visual analogue 
scale and EQ-5D-3L summary index score] [27].

Patients who completed the core study could 
enter an open-label extension (OLE) of PREVENT 
(NCT02003144), where, following a 4-week, blinded 
induction phase, they received maintenance therapy with 
eculizumab 1200 mg every 2 weeks; their concomitant 
ISTs could be changed at the discretion of the treating 
physician [27]. Some results of these trials are available 
from abstracts/posters [31–37].

At baseline in PREVENT, patients had a mean age of 
44.3 years, a mean ARR during the previous 24 months 
of 1.99, and median scores on the EDSS, mRS and HAI 
that indicated moderate-to-severe disability. Overall, the 
vast majority (91%) were women, and three-quarters (76%) 
were receiving concomitant ISTs (glucocorticoids and/or 
another drug). Approximately one-third (32%) had received 
rituximab, albeit ≥ 3 months prior to screening. The two 
treatment groups were generally well balanced in terms of 
demographic and clinical characteristics [27].

Eculizumab significantly reduced the risk of the primary 
endpoint of adjudicated relapse relative to placebo in PRE-
VENT. The trial was terminated after 23 of 24 pre-specified 
adjudicated relapses (there was uncertainty in estimating 

when the final event would occur); these relapses occurred 
in 3 (3%) of the 96 patients in the eculizumab group and 20 
(43%) of the 47 patients in the placebo group [hazard ratio 
(HR) 0.06; 95% CI 0.02–0.20; p < 0.001] (Table 2) [27]. The 
proportions of eculizumab- and placebo-treated patients who 
remained relapse-free were, respectively, 97.9% and 63.2% 
at week 48, 96.4% and 51.9% at week 96, and 96.4% and 
45.4% at week 144 (Kaplan–Meier estimates) [27].

In post hoc analyses, the treatment effect of eculizumab 
on adjudicated relapse risk reduction was robust across all 
pre-specified subgroups analysed [31]. These subgroups 
included those based on age (< 45 years; ≥ 45 years), sex, 
geographical region (Americas; Asia–Pacific; Europe) and 
ethnicity (Asian; Black or African American; White) [31]. 
Among Asian patients, an estimated 97.3% of those treated 
with eculizumab (n = 37) versus 72.2% of those treated with 
placebo (n = 15) were free from relapse at week 48 (HR 
0.054; 95% CI 0.007–0.453; p = 0.0002) [36]. In terms of 
baseline demographics and concomitant IST use, the Asian 
subgroup was similar to the overall study population [36].

Likewise, the treatment effect of eculizumab on adjudi-
cated relapse risk reduction was robust across pre-specified 
subgroups based on prior rituximab use (yes; no) and base-
line IST use [corticosteroids alone; azathioprine (with or 
without corticosteroids); mycophenolate mofetil (with or 
without corticosteroids); other] [31]. Among patients not 
receiving concomitant ISTs at baseline, adjudicated relapses 
occurred in none (0%) of 21 eculizumab recipients versus 
7 (54%) of 13 placebo recipients (p < 0.0001) [31]. Simi-
lar results were seen in a post hoc analysis of all patients 
receiving concomitant ISTs at baseline (albeit not a pre-
defined subgroup), with adjudicated relapses occurring in 
3 (4%) of 75 eculizumab recipients versus 13 (38%) of 34 
placebo recipients (between-group statistical comparison not 
reported) [27].

Table 2  Efficacy of intravenous eculizumab in the treatment of aquaporin-4 antibody-seropositive neuromyelitis optica spectrum disor-
der: intention-to-treat results from the phase III PREVENT study [18, 27]

ARR  annualized relapse rate, BL baseline, ECU eculizumab, EDSS Expanded Disability Status Scale [0 (no disability) to 10 (death)], EQ-5D-3L 
VAS/Index European Quality of Life 5-Dimension 3-Level visual analogue scale (0–100; higher scores indicate better health status)/summary 
index score (< 0 to 1 scale; higher scores indicate better health status)], HAI Hauser Ambulation Index (0–9 scale; higher scores indicate worse 
walking mobility), mRS modified Rankin Scale [0 (no disability) to 6 (death)], NR not reported, PL placebo, pts patients
*p < 0.05, **p ≤ 0.001 vs PL
a Primary endpoint
b p = 0.0597 vs PL [32]
c Nominal p value [32, 33]

Treatment  
(no. of pts)

Adjudicated 
 relapsea [no.] 
(% pts)

Adjudicated ARR  
(95% CI)

Mean change from BL [mean BL values]

EDSS mRS HAI EQ-5D-3L

VAS Index

ECU (96) 3 (3**) 0.02 (0.01–0.05)** − 0.18b [4.15] − 0.24*c [2.1] − 0.39**c [2.4] 5.42*c [NR] 0.05*c [NR]
PL (47) 20 (43) 0.35 (0.2–0.62) 0.12 [4.26] 0.09 [2.1] 0.51 [2.1] 0.57 [NR] − 0.04 [NR]
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Regarding the six pre-specified secondary endpoints, 
the adjudicated ARR significantly favoured eculizumab 
over placebo (rate ratio 0.04; 95% CI 0.01–0.15; p < 0.001) 
(Table 2) [27]. However, the mean change from baseline in 
EDSS score, the next pre-specified secondary endpoint to 
be tested hierarchically, did not differ significantly between 
the two groups; hence, no statistical inferences based on 
p-values could be made for the remaining pre-specified 
assessments of disability and quality of life in the sequence 
(Table 2) [27]. The observed lack of improvement in the 
EDSS score with eculizumab could have reflected, in part, 
the short (6-week) period of post-relapse follow-up prior to 
entering the OLE, as per the trial design.

The results of the hierarchical testing strategy notwith-
standing, improvements in disability and quality of life end-
points assessed as secondary or tertiary outcomes consist-
ently favoured eculizumab over placebo (Table 2) [27, 32, 
33]. In post hoc analyses of disability worsening, signifi-
cantly fewer eculizumab than placebo recipients experienced 
a protocol-defined increase in EDSS score (11.5 vs. 23.4%; 
p < 0.05) or HAI score (8.3 vs. 23.4%; p < 0.01) between 
baseline and study end [32]. Also in post hoc analyses, 
changes from baseline to study end in the proportions of 
patients reporting problems significantly (p < 0.05) favoured 
eculizumab over placebo for 3 of the 5 EQ-5D-3L dimension 
scores, namely self-care, pain/discomfort and usual activi-
ties [33]. Generic health-related quality of life was further 
assessed using the 36-item Short-Form Health Survey (SF-
36); improvements between baseline and study end were 
significantly (p < 0.05) greater with eculizumab than pla-
cebo for the physical component score (PCS) and 2 of the 8 
scales, namely physical functioning and role limitations due 
to physical health [33]. Based on a categorical analysis of 
clinically meaningful changes in SF-36 score, eculizumab, 
compared with placebo, significantly (p < 0.05) decreased 
the probability of PCS deterioration and increased the prob-
ability of PCS improvement [33].

Interestingly, in terms of the impact on healthcare 
resource utilization, eculizumab relative to placebo signifi-
cantly reduced the annualized rate of adjudicated relapse-
related hospitalization (0.012 vs. 0.267; p < 0.0001), as 
well as the annualized rates of use of IV methylpredniso-
lone (0.012 vs. 0.286; p < 0.0001), high-dose oral corticos-
teroids (0.012 vs. 0.114; p = 0.0021) and PLEX (0.012 vs. 
0.134; p = 0.0006) in relation to the acute treatment of such 
relapses [34].

The observed durable efficacy of eculizumab in the core 
study has been supported by findings from the ongoing 
OLE. According to the most recent interim analysis (data-
base cut-off date of 31 October 2018), 119 patients had been 
enrolled and treated in the OLE (78 and 41 who had pre-
viously received eculizumab and placebo, respectively, in 
PREVENT); the median duration on treatment during the 

study was 20 (range 0.1–198) weeks. Relative to the his-
torical ARR (i.e. based on the 24 months prior to screening 
in PREVENT; mean value: 2.013), the median reduction 
in the primary efficacy endpoint of the on-trial, physician-
determined ARR [− 1.829 (minimum, maximum: − 6.38, 
1.63)] represented a statistically significant (p < 0.0001) and 
clinically meaningful effect of eculizumab [18]. The major-
ity (95.8%) of patients in the OLE did not experience an on-
trial, adjudicated relapse, with an estimated 94.6%, 91.1% 
and 91.1% of patients being free from adjudicated relapses 
at weeks 48, 96 and 144, respectively [18].

Combined data from patients receiving at least one dose 
of eculizumab in PREVENT or the OLE (based on the same 
database cut-off date of 31 October 2018) are also available 
[35, 37]. According to this pooled analysis, only 8 (5.8%) out 
of a total of 137 patients who were treated with eculizumab 
and followed for a median of 107.8 (range 5.1–237.9) weeks 
experienced an on-trial, adjudicated relapse [three in PRE-
VENT and five in the OLE (one patient had two relapses)]. 
An estimated 96.8%, 93.9%, 93.9% and 93.9% of patients 
were relapse-free at weeks 48, 96, 144 and 192, respectively, 
and the adjudicated ARR was 0.032 (95% CI 0.017–0.062) 
[35]. On-trial, adjudicated relapse findings for the Asian 
subgroup (n = 50) were consistent with those for the overall 
study population, with an estimated 95.2% of Asian patients 
being free from relapse at week 192 [37].

3  Tolerability of Eculizumab

Eculizumab has been generally well tolerated in the short- 
and longer-term in patients with AQP4-IgG-seropositive 
NMOSD who received the drug in the PREVENT study 
and/or its OLE, which is ongoing [18, 27, 35] (Sect. 2). In 
PREVENT, similar proportions of eculizumab and placebo 
recipients (n = 96 and 47) reported treatment-emergent 
adverse events (TEAEs; 92% and 96%). However, overall 
exposure to treatment with eculizumab [in patient-years 
(PY)] was ≈ 3.3 times that to placebo [18]; the overall 
exposure-adjusted rates of TEAEs were 749 per 100 PY 
with eculizumab versus 1161 per 100 PY with placebo [745 
vs. 1127 per 100 PY, when NMOSD relapses that met the 
definition of a serious AE (SAE) were excluded] [27]. The 
most common TEAEs (incidence ≥ 15% in either group; 
excluding NMOSD relapses) were upper respiratory tract 
infection [URTI; 29% (31 events per 100 PY) with eculi-
zumab vs. 13% (19 events per 100 PY) with placebo], head-
ache [23% (55) vs 23% (38)], nasopharyngitis [21% (29) vs. 
19% (28)], nausea [17% (17) vs. 26% (36)], diarrhoea [16% 
(13) vs. 15% (36)], dizziness [15% (11) vs. 13% (11)], back 
pain [15% (10) vs. 13% (17)], urinary tract infection [UTI; 
14% (26) vs. 21% (24)], limb pain [11% (8) vs. 21% (21)], 
cough [11% (8) vs. 15% (17)] and vomiting [10% (6) vs. 
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17% (19)]. Most TEAEs were mild to moderate in severity 
(97.5 and 96.4% with eculizumab and placebo, respectively) 
and considered to be unrelated to the study medication, as 
determined by the investigator (71.7% and 85.9%, respec-
tively) [27].

Treatment-emergent SAEs (TESAEs) were reported by 
31% and 55% of eculizumab- and placebo-treated patients 
(rates of 31 and 88 per 100 PY, respectively). The most com-
mon TESAE was NMOSD relapse meeting the definition 
of an SAE; this occurred in seven (7.3%) and 16 (34.0%) of 
eculizumab and placebo recipients (rates of 4 and 34 events 
per 100 PY, respectively). The only other TESAEs reported 
in more than one patient in the eculizumab group were pneu-
monia (n = 3; also reported in one patient in the placebo 
group), cellulitis (n = 2), sepsis (n = 2) and UTI (n = 2) [27].

The adverse event profile of eculizumab was consistent 
across all patient subgroups evaluated, regardless of previ-
ous use of rituximab or use of various different concomitant 
ISTs at baseline [31]. Similarly, the adverse event profile of 
eculizumab in the subgroup of Asian patients was generally 
consistent with that seen in the overall study population [36].

Due to its mechanism of action (Sect. 1), eculizumab 
increases the risk of meningococcal and encapsulated bacte-
rial infection [20, 21]. In this regard, all PREVENT partici-
pants received meningococcal vaccination, and no cases of 
meningococcal infection were reported. Additionally, there 
were no cases of Aspergillosis [18]. Other serious infec-
tions occurred in 11 (11.5%) and 6 (12.8%) of eculizumab 
and placebo recipients (rates of 8 and 15 events per 100 PY, 
respectively) [18, 27].

No eculizumab recipient discontinued the PREVENT 
study due to TEAEs (including infusion-related reactions), 
although one (an active smoker with an extensive history 
of pulmonary disease who was receiving concomitant aza-
thioprine) died from pulmonary empyema after 108 weeks 
in the trial [20, 21, 27]. This event was considered by the 
investigator as probably related to the trial agent [27]; how-
ever, the micro-organisms that were implicated (Streptococ-
cus intermedius and Peptostreptococcus micros [27]) are not 
associated with complement deficiency. In comparison, two 
placebo recipients discontinued the study because of TEAEs 
(pneumonia in one patient and prerenal failure and pancy-
topenia in the other) [27]. As with all proteins, there is a 
potential for immunogenicity with eculizumab. However, 
both of the eculizumab recipients in PREVENT who showed 
an antidrug antibody response post-baseline were negative 
for neutralising antibodies; no correlation of antibody devel-
opment to adverse events was observed [20] (Sect. 1). The 
long-term tolerability profile of eculizumab in the ongoing 
OLE (database cut-off date of 31 October 2018) was consist-
ent with that observed in the core study [18]. In the pooled 
analysis of patients who received at least one dose of ecu-
lizumab in the PREVENT study and/or the OLE (n = 137; 

overall follow-up of 282.3 PY) [35], the rates of TEAEs and 
TESAEs were 763.1 and 37.6 per 100 PY (758.5 and 32.9 
per 100 PY, excluding NMOSD relapses); findings for Asian 
patients were consistent with those for the overall study pop-
ulation [37]. The most common TEAEs (incidence ≥ 15%) 
included headache (27.0%), URTI (25.5%), nasopharyngitis 
(22.6%), UTI (16.8%), nausea (16.1%), back pain (15.3%) 
and diarrhoea (15.3%); the most common SAEs other than 
NMOSD relapses were pneumonia (2.9%), UTI (2.9%) 
and optic neuritis (2.2%). Of note, the incidence of TEAEs 
(including infections) did not increase with increasing dura-
tion of exposure to eculizumab [35].

There were no deaths or cases of meningococcal or asper-
gillus infection in the OLE [18]. One patient developed Neis-
seria gonorrhoeae, which was considered to be related to 
eculizumab, and made a full recovery [18, 35].

4  Dosage and Administration of Eculizumab

The recommended regimen of eculizumab in adults with 
AQP4-IgG-seropositive NMOSD is 900 mg weekly for the 
first four doses, then 1200 mg every 2 weeks (± 2 days [20]) 
from the following week [20, 21]. Eculizumab should be 
administered as a 25–45 min (in the EU [20]) or 35 min (in 
the USA [21]) IV infusion, and patients should be moni-
tored for 1 h following each infusion. If an adverse event 
occurs during administration, the infusion may be slowed or 
stopped at the discretion of the physician, although the total 
infusion time may not exceed 2 h [20, 21]. Supplemental 
dosing of eculizumab is required in patients receiving con-
comitant PLEX or infusion (see local prescribing informa-
tion for further details).

The use of eculizumab is associated with an increased 
susceptibility to opportunistic meningococcal infection 
(N. meningitidis) [20, 21]; the US prescribing information 
carries a black box warning regarding the risk of serious 
(life-threatening or fatal) meningococcal infections [21]. To 
reduce the risk of meningococcal infection, all patients must 
be vaccinated ≥ 2 weeks prior to the first dose of eculizumab; 
the drug is contraindicated in patients who are not currently 
vaccinated against N. meningitidis, unless they receive 
prophylactic treatment with appropriate antibiotics until 
2 weeks after vaccination. Patients should be vaccinated in 
accordance with current national guidelines [20, 21]. Ecu-
lizumab is also contraindicated in patients with unresolved 
N. meningitidis infection [20, 21].

Local prescribing information should be consulted for 
further information, including dosage and administration 
details, contradindications, warnings and precautions.
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5  Current Status of Eculizumab 
in the Management of NMOSD

The terminal complement protein (C5) inhibitor eculizumab 
is the first drug to be approved in the EU [20], USA [21], 
Canada [22] and Japan [23] specifically for use in adults 
with NMOSD who are AQP4-IgG-seropositive [20–23] (and 
have a relapsing course of disease [20]). The EU approval 
was based on the final results of the phase III, randomized, 
double-blind, placebo-controlled, PREVENT study and 
interim data from its ongoing OLE (expected completion 
date mid-2020). In the core study, eculizumab reduced the 
risk of adjudicated relapse relative to placebo in patients 
with AQP4-IgG-seropositive NMOSD (Sect. 2). This benefit 
of eculizumab, which was seen across all patient subgroups 
analysed, including those based on ethnicity, geographi-
cal region, historic use of rituximab and concomitant use 
of ISTs, was associated with reductions in relapse-related 
hospitalizations and medication use, and was accompanied 
by improvements in neurological and functional disability 
assessments, as well as in generic quality of life measures 
(Sect. 2). Preventing relapse-related accrual of disability 
is the primary goal of maintenance therapy for NMOSD 
(Sect. 1) and in this respect, eculizumab demonstrated dura-
ble efficacy, with, for example, the vast majority (≈94%) of 
patients who received at least one dose of the drug in the 
core study or OLE remaining free from adjudicated relapse 
through 4 years of treatment (Sect. 2).

Eculizumab was generally well tolerated in PREVENT 
and/or its OLE (Sect. 3). Overall, the safety profile of ecu-
lizumab in patients with AQP4-IgG-seropositive NMOSD, 
including in the longer-term, was consistent with that seen 
for the drug in other approved indications [18, 35]; there 
were no unexpected findings, with the most common 
TEAEs being URTI, headache, nasopharyngitis and nausea 
(Sect. 3). The main safety concern with eculizumab is the 
increase in patient susceptibility to infections, especially 
with Neisseria species and encapsulated bacteria, which 
is related to its mechanism of action (Sect. 3). All patients 
receiving eculizumab should be vaccinated against menin-
gococcal infection and, if necessary, administered appro-
priate prophylactic antibiotics (Sect. 4). All PREVENT 
participants received meningococcal vaccination/appro-
priate prophylactic antibiotics and no cases of meningo-
coccal infection have been reported to date, including in 
the ongoing OLE (Sect. 3). It should be noted, however, 
that 16 cases of meningococcal disease have been identi-
fied in eculizumab-treated patients over an 8-year period 
(2008–2016) in the USA [38]. All patients had meningo-
coccemia; six also had evidence of meningitis. Fourteen 
patients had received ≥ 1 dose of meningococcal vaccine; 

11 cases were due to non-groupable strains of N. menin-
gitides, which are not impacted by vaccination [38].

Additional studies evaluating the efficacy of eculizumab 
relative to that of other ISTs commonly used (albeit off-
label) as preventative treatments for NMOSD would be 
of benefit. Comparisons with rituximab, in particular, 
are of interest, since this humanized anti-CD20 mAb is 
widely used and, increasingly, as a first-line therapy [8]. 
The availability of real-world data demonstrating the 
effectiveness of eculizumab in the treatment of AQP4-
IgG-seropositive NMOSD is also awaited with interest. 
Moreover, given that concern has been expressed over 
the cost of eculizumab in clinical practice, the conduct of 
robust pharmacoeconomic studies designed to determine 
the cost-effectiveness of the drug relative to other com-
monly used ISTs is desirable.

In conclusion, eculizumab is an effective and gener-
ally well tolerated therapy for AQP4-IgG-seropositive 
NMOSD; it is the first agent to be specifically approved 
for the treatment of this rare, debilitating and potentially 
life-threatening condition.

Data Selection Eculizumab: 105 records identified 

Duplicates removed 17

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

17

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

33

Cited efficacy/tolerability articles 9

Cited articles not efficacy/tolerability 29

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were eculizumab, 
Soliris, NMOSD, neuromyelitis optica spectrum disease, Devic’s 
disease, aquaporin-4-positive. Records were limited to those in 
English language. Searches last updated 18 March 2020
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