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Purified human C1-esterase inhibitor is
safe in acute relapses of neuromyelitis
optica

ABSTRACT

Objective: To minimize complement-mediated damage in acute relapses of neuromyelitis optica
(NMO) by adding treatment with a complement inhibitor, purified C1-esterase inhibitor, to the cur-
rent standard of care (high-dose glucocorticoids).

Method: We conducted an open-label phase 1b safety and proof-of-concept trial in 10 patients
with NMO–immunoglobulin G seropositive NMO or NMO spectrum disease (NMOSD) who pre-
sented with acute transverse myelitis and/or optic neuritis. In addition to treating with 1 g of daily
IV methylprednisolone, we infused 2,000 units of C1-esterase inhibitor daily for 3 days, begin-
ning on day 1 of hospitalization. The primary outcome measure was safety, and the secondary
efficacy measure was change in Expanded Disability Status Scale (EDSS) scores.

Results: Ten patients with NMO/NMOSD were enrolled, 7 of whom presented with acute trans-
verse myelitis and 3 with acute optic neuritis. C1-esterase inhibitor proved to be safe in all 10
patients, with no serious adverse events recorded. There were no thromboembolic events or
related lab abnormalities in any of the subjects. EDSS scores dropped from a median of 4.5 on
admission to 4.0 on discharge and then down to 2.5 on 30-day follow-up. All but 1 patient
returned to preattack EDSS or better and only 2 patients required escalation to plasmapheresis.

Conclusions: C1-esterase inhibitor is a safe add-on therapy for patients with NMO/NMOSD pre-
senting with acute transverse myelitis and optic neuritis. Preliminary evidence suggests a prom-
ising benefit with C1-esterase inhibitor in reducing neurologic damage and improving outcomes.
A placebo-controlled trial is necessary to confirm these findings.

Classification of evidence: This study provides Class IV evidence that for patients with NMO with
acute transverse myelitis or optic neuritis, C1-esterase inhibitor is safe and improves disability.
Neurol Neuroimmunol Neuroinflammation 2014;1:e5; doi: 10.1212/NXI.0000000000000005

GLOSSARY
DVT 5 deep vein thrombosis; EDSS 5 Expanded Disability Status Scale; Ig 5 immunoglobulin; NMO 5 neuromyelitis optica;
SAE 5 serious adverse event.

Neuromyelitis optica (NMO) is a recurrent neuroinflammatory disease primarily targeting the
optic nerves and spinal cord leading to blindness and paralysis.1 The role of complement in the
immunopathogenesis of an acute NMO relapse as an effector of damage in the spinal cord and
optic nerve was first proposed based on the demonstration of perivascular complement product
deposition (C9neo) in affected tissue.2 Antibody-mediated complement fixation generally in-
volves the classical complement pathway initiated by C1 binding to immunoglobulin (Ig) G,
triggering activation of C1r and C1s components of C1, which leads to subsequent downstream
activation of the membrane attack complex causing cell lysis and death.

C1-esterase inhibitor is the only known blocker of C1. It works by preventing C1r and C1s
from becoming activated and also by inactivating them once triggered by antibody binding. In
addition, C1-esterase inhibitor blocks downstream components of the mannan-binding lectin,
fibrinolytic, clotting, and kinin pathways.3 A purified human C1-esterase inhibitor has been
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tested in conditions of harmful complement
activation, including sepsis and myocardial
infarction, with promising results.4,5

The standard of care for management of
acute relapses of NMO is high-dose corticoste-
roids, but most patients are left with residual
disability following each attack despite early
and aggressive immunosuppression.6 In this
study, we added C1-esterase inhibitor to try
to mitigate the complement-mediated tissue
injury. This phase 1 open-label trial was de-
signed to test the safety and efficacy of using
purified human C1-esterase inhibitor in pre-
venting CNS damage during acute NMO
relapses.

METHODS This was a single-center, phase I, Class IV, open-

label study of C1-esterase inhibitor in NMO patients with acute

relapses. Patients with NMO or NMO spectrum disorder aged

18–65 years who presented to the Johns Hopkins Hospital

between February 2013 and June 2013 with new neurologic

symptoms were eligible for enrollment if they demonstrated a

new contrast-enhancing lesion on MRI of the spinal cord,

brainstem, or optic nerves. On days 1, 2, and 3 of admission,

patients received 1,000 mg of IV methylprednisolone plus 2,000

units of IV purified human C1-esterase inhibitor. The dose of

C1-esterase inhibitor was chosen based on successes in myocardial

infarction and sepsis.4,5 On days 4 and 5, patients received only

1,000 mg of IV methylprednisolone. Plasmapheresis was initiated

after day 5 in patients who showed no improvement with

corticosteroids and C1-esterase inhibitor; 2 additional doses of

1,000 units of C1-esterase inhibitor were infused after the 2nd

and 5th exchanges. All patients except for one were enrolled

within 10 days of symptom onset.

The primary endpoint was safety and the secondary end-

point was efficacy on reducing disability. NMO-IgG was tested

at Mayo Clinic Labs, Quest, or LabCorp. Hospitalized patients

were monitored daily for adverse events and examined on

admission, discharge, and 30-day follow-up using the standard-

ized Expanded Disability Status Scale (EDSS). Statistical analy-

sis on EDSS scores was performed using 2-tailed Wilcoxon

matched-pairs signed rank test, with significant p values defined
as , 0.05.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Johns Hopkins Institu-

tional Review Board and informed consent was obtained prior to

enrollment. The identifier for the trial on the ClinicalTrials.gov

Web site is NCT01759602.

RESULTS Ten patients were screened for eligibility,
enrolled, given the intervention, and followed up
30 days later for examination to complete the study
(figure 1). Five of the 10 patients met the Winger-
chuk 2006 clinical criteria for NMO,7 4 of whom
were positive for the NMO-IgG. The other 5 subjects
carried a diagnosis of NMO spectrum disorder, as they
were seropositive for the NMO-IgG in the context of
transverse myelitis or optic neuritis but did not meet all

clinical criteria.8 Seven of the 10 presented with acute
transverse myelitis and 3 presented with acute optic
neuritis (table).

There were no serious adverse events (SAEs) in
this study. Based on previous studies of C1-esterase
inhibitor in other conditions,9 the SAE of greatest
concern was thromboembolism manifesting as deep
vein thrombosis (DVT), acute myocardial or cerebral
infarction, or pulmonary embolism, especially in im-
mobilized hospitalized patients. None of these
occurred in this 10-patient NMO study population.
Hospitalized patients received routine prophylaxis for
DVT with subcutaneous heparin and routine hema-
tologic and metabolic screening and were monitored
daily for significant changes in vital signs and wors-
ening neurologic examination. No abnormalities were
reported among the 10 patients during or after the
study except for a mild elevation in alanine amino-
transferase liver function test to a peak of 111 mg/dL
in 1 patient; this lab abnormality resolved by the dis-
charge date. Adverse effects of C1-esterase inhibitor
were logged daily. One patient reported a mild head-
ache following an initial infusion; with fluids, the
headache resolved within 4 hours.

Although this study was not powered for efficacy
and there was no control arm, we looked for a signal
of efficacy by measuring the impact of C1-esterase
inhibitor on disability following an acute relapse.
The EDSS score was calculated for each patient at
baseline before the relapse based on previous clinic
notes, at the peak of relapse, upon discharge from
the hospital, and again 30 days later on follow-up
in the outpatient clinic. In 7 patients, the EDSS score
at the peak of relapse was higher than their baseline,
due to a combination of inflammation and tissue
damage from the new MRI-confirmed NMO lesion
(figure 2). Following a 5-day course of steroids plus

Figure 1 Flow diagram of single-center trial

Ten patients were screened, gave consent, and were
enrolled in the trial. All 10 patients received the full study
intervention and completed the trial at 30-day follow-up.
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a 3-day course of C1-esterase inhibitor, EDSS scores
declined back to baseline or better in 9 patients. The
median baseline EDSS score was 2.25, which
increased to a median of 4.5 at the peak of the attack.
The median EDSS score on discharge was 4.0, which
was 5 days after admission for 8 of the 10 patients and
19 days after admission for 2 patients. At 30-day
follow-up, the median EDSS score was 2.5, which
was not statistically different from baseline (figure 3).

DISCUSSION This single-center, phase 1, open-label
study of C1-esterase inhibitor add-on therapy in 10
patients with acute NMO relapses met its objective
to test the safety of C1-esterase inhibitor in this
patient population. There were no SAEs in the
course of this trial, including no serious thromboem-
bolic events and no significant metabolic or hemato-
logic abnormalities as a result of using a high dose
(2,000 units daily for 3 days) of C1-esterase

Figure 2 Individual EDSS scores

EDSS scores were recorded for each patient at baseline in clinic, at peak of relapse in the hospital, upon discharge, and at
30-day follow-up in clinic. In 7 patients, the EDSS score increased from baseline to the acute relapse, and in 8 patients the
EDSS score declined back to baseline or better by 30-day follow-up. Patient 7 required plasmapheresis; patients 8 and 10
showed improvement in neurologic examination with corticosteroids plus C1-esterase inhibitor not captured by the EDSS.

Table Patient characteristics

Patient
Age,
y Sex Race NMO diagnosis

Duration of
disease, y

No. of previous
relapses Clinical presentation

Background
immunotherapy

1 42 F AA NMO (Ab1) 12 10 Thoracic myelitis affecting lower limb strength Rituximab

2 57 F W NMOSD (Ab1) 1 2 Thoracic myelitis affecting strength and sensation in both arms Rituximab

3 47 M W NMO (Ab-neg) 2 4 Unilateral optic neuritis causing vision loss Mycophenolate

4 40 F W NMO (Ab1) 9 4 Thoracic myelitis affecting lower limb strength Rituximab

5 62 F W NMOSD (Ab1) 0.2 1 Thoracic myelitis causing sensory loss from chest down Azathioprine

6 31 F H NMOSD (Ab1) 0.2 0 Chiasmal optic neuritis with blindness in 1 eye None

7 21 F AA NMOSD (Ab1) 10 5 Hypothalamic narcolepsy Rituximab

8 35 F AA NMO (Ab1) 1 2 Cervical/thoracic myelitis with quadriplegia and sensory loss Prednisone

9 38 F AA NMO (Ab1) 9 3 Bilateral optic neuritis causing bilateral vision loss Rituximab

10 63 M H NMOSD (Ab1) 3 2 Thoracic myelitis affecting lower limb strength Rituximab

Abbreviations: AA 5 African American; Ab 5 antibody; H 5 Hispanic; NMO 5 neuromyelitis optica; NMOSD 5 NMO spectrum disorder; W 5 white.
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inhibitor. Although not designed for efficacy, this trial
demonstrated that neurologic disability returned to
baseline in 9 out of the 10 patients on 30-day
follow-up, suggesting C1-esterase inhibition may
prevent complement-mediated damage in the spinal
cord and optic nerve during an NMO relapse. There
are obvious limitations to making efficacy conclusions
based on this study alone. This phase 1 trial was not
controlled with a group that received standard of care
only or placebo, and the open-label design is subject
to performance and detection biases. A blinded,
randomized, placebo-controlled prospective trial is
needed to determine the accurate impact of
C1-esterase inhibition on neurologic disability.

Patients with NMO do not lack endogenous C1-
esterase inhibitor and are likely to have normal (16–
33 mg/dL) or higher circulating levels during a
relapse. Lack of C1-esterase inhibition leads to low
circulating complement C4 levels,10 but NMO relap-
ses do not generally result in low C4 levels, measured
systemically, as in sepsis or acute attacks of hereditary
angioedema (a C1 inhibitor deficiency disorder).11

Rather, complement activation is taking place in rel-
atively limited lesions within the spinal cord and/or
optic nerve in NMO. Thus, the presumed primary

mechanism of action of C1-esterase inhibition in
acute NMO relapses is the blocking of the damage
caused by localized classical and mannan-binding lec-
tin complement activation. There may be other
immunosuppressive effects mediated by C1-esterase
inhibition on T-cell proliferation and cytokine pro-
duction12 or other effects of C1-esterase inhibition on
the kallikrein and bradykinin pathways.13 Of interest,
a recent phase 2 open-label study of complement C5
inhibition in NMO showed that it was effective in
preventing relapses, suggesting that chronic comple-
ment inhibition is immunosuppressive on other auto-
immune elements of NMO, not just complement
activity.14

Although there are no placebo-controlled trials
to confirm the efficacy of glucocorticoids, they are
widely considered the standard of care. Because
of the high risk of permanent tissue damage from
a single relapse, future prospective efficacy trials
in acute NMO should be designed as random-
ized, placebo-controlled add-on studies of glucocor-
ticoids plus C1-esterase inhibitor compared to
glucocorticoids alone. In addition to measures of
disability, a good outcome measure in this patient
population would be the number of patients who
require escalated immunosuppression with plasma-
pheresis, which results in increased length of hospi-
tal stay, increased cost of care, and the potential for
additional morbidity from this intervention. A trial
in which fewer patients treated with glucocorticoids
plus experimental drug require plasmapheresis for
an acute NMO relapse compared to the control
group that received glucocorticoids plus placebo
would suggest that the experimental drug is benefi-
cial and would likely result in better long-term
outcomes.
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Figure 3 Box plot of EDSS scores

The median EDSS score at baseline was 2.25, which
increased to 4.5 at peak of relapse (p5 0.016). The median
EDSS score at discharge was 4.0 and at 30-day follow-up
was 2.5. There was a statistical difference in the EDSS
scores at peak of relapse compared to 30-day follow-up
(p 5 0.0142) but not between baseline and 30-day follow-
up (p 5 1.000). Differences were calculated using Wilcoxon
matched-pairs signed rank test for paired nonparametric
comparisons. Error bars represent the minimum and maxi-
mum data points.
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