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 Patient: Female, 67-year-old
 Final Diagnosis: Generalized myasthenia gravis
 Symptoms: Muscle weakness • slurred speech • ptosis
 Medication: Eculizumab • pyridostigmine • azathioprine • mycophenolate mofetil • onabotulinum toxin A • IVIG
 Clinical Procedure: Plasma exchange
 Specialty: Neurology

 Objective: Unusual or unexpected effect of treatment
 Background: The effectiveness of eculizumab (a terminal complement inhibitor) in acetylcholine receptor (AChR) antibody-

negative generalized myasthenia gravis (gMG) is unknown.
 Case Report: A female patient was diagnosed with AChR-antibody and muscle-specific kinase (MuSK) antibody-negative gMG 

in March 2016. In January 2017, the patient was referred for plasma exchange (PLEX) because of continuing 
symptoms. She was also receiving azathioprine, mycophenolate mofetil, and pyridostigmine (all were contin-
ued during subsequent therapies). PLEX (5 sessions over 10 days) was initially effective, but over the following 
month the patient received PLEX weekly, then twice weekly, followed by 3-times weekly because of worsening 
symptoms. In April 2018, PLEX was reduced to twice weekly following initiation of eculizumab (weekly induc-
tion dose of 900 mg 1 day after first PLEX, plus 600 mg on the day of the second PLEX session, for 4 weeks). 
The patient was then stabilized on eculizumab 1200 mg every 2 weeks and the frequency of PLEX treatment 
was reduced, until PLEX was discontinued at Week 39 after eculizumab initiation. During eculizumab treat-
ment, the patient’s Myasthenia Gravis Activities of Daily Living (MG-ADL) score decreased from 9 to 1 or 2 at 
most assessments, with a transient increase to 4 or 5 between Weeks 19 and 27 following less frequent ecu-
lizumab treatment. There were no eculizumab-related adverse events.

 Conclusions: Following transition from 3-times weekly PLEX to eculizumab in a patient with treatment-refractory, AChR anti-
body- and MuSK antibody-negative gMG, there were clinically significant improvements in everyday activities 
affected by MG symptoms. Further investigation of eculizumab in antibody-negative MG is required.
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Background

Generalized myasthenia gravis (gMG) is an autoimmune con-
dition affecting the neuromuscular junction [1]. Most patients 
with MG (~80%) harbor antibodies against the acetylcholine 
receptor (AChR), with ~4% testing positive for muscle-spe-
cific kinase (MuSK) antibodies and ~2% for low-density lipo-
protein receptor-related protein 4 (LRP4) antibodies; ~5% of 
patients are considered seronegative [2]. Treatments for MG 
include acetylcholinesterase inhibitors, immunosuppressants, 
and immunotherapies (total plasma exchange [PLEX] and in-
travenous immunoglobulin [IVIG]) [1–3]. However, ~10–15% 
of patients do not achieve full disease control or cannot tol-
erate prolonged immunosuppression [2]. One option for treat-
ment-refractory disease is eculizumab, a humanized murine 
monoclonal antibody that targets the innate immune system 
by blocking formation of the terminal complement complex [4]. 
Eculizumab was shown to be effective and well tolerated in 
patients with refractory AChR antibody-positive gMG in short-
term, placebo-controlled studies [5,6] and during long-term 
maintenance [7]. However, its effectiveness in antibody-neg-
ative MG is unknown. Here, we report the case of a patient 
with refractory AChR antibody- and MuSK antibody-negative 
MG who was transitioned from PLEX and successfully man-
aged with eculizumab.

Case Report

The female patient (now 70 years old) was diagnosed with 
gMG by a neurologist in March 2016. The patient’s serum 
was antibody-negative for both AChR (AChR-binding antibod-
ies <0.30 nmol/L; AChR-blocking antibodies <15% inhibition; 
AChR-modulating antibodies 4% [using radioimmunoassay]) 
and MuSK (using radioimmunoprecipitation assay); antibod-
ies against were not measured. The patient’s MG was man-
aged aggressively with therapies including pyridostigmine 
and azathioprine, and historically, with onabotulinum toxin A 
and IVIG, but these failed to control her symptoms. She had 
no psychiatric comorbidities, nor physical comorbidities oth-
er than those related to her gMG, and no history of tobacco 
smoking, or alcohol or substance abuse.

In January 2017, the patient was referred by her neurologist to 
the nephrology clinic for PLEX. At that time, she had symptoms 
of ptosis and slurred speech, and scored 4/5 (scale: 0, no con-
traction; 5, normal strength) for flexor and extensor strength 
in all 4 extremities. Her treatment comprised azathioprine 
50 mg twice daily, mycophenolate mofetil 1 g twice daily, and 
pyridostigmine 120 mg 3-times daily (which continued at the 
same doses during all subsequent therapies). The patient re-
ceived 5 PLEX sessions over 10 days; her condition initially im-
proved and PLEX was well tolerated. However, within 11 days 

her symptom severity regressed to pre-PLEX levels and weekly 
PLEX was instigated. Over the following month, PLEX frequen-
cy was increased to twice weekly and then 3-times weekly be-
cause of worsening symptoms.

In April 2018, the patient requested treatment with eculizumab 
because of lack of symptom improvement and the inconve-
nience of 3-times weekly PLEX. This was initially declined be-
cause of her AChR antibody-negative status, but the patient 
successfully petitioned her medical insurance company to cov-
er off-label treatment. Two weeks after meningococcal vacci-
nations, the patient started on eculizumab and PLEX was re-
duced to twice weekly. The initial eculizumab dose was 1500 mg 
per week for 4 weeks, comprising a weekly induction dose of 
900 mg 1 day after the first PLEX and a supplemental 600-mg 
dose on the day of the second PLEX. Over subsequent weeks, 
the patient was stabilized on eculizumab 1200 mg (single dose) 
every 2 weeks and PLEX frequency was reduced (Figure 1). 
The patient underwent her last PLEX in January 2019, 39 weeks 
after eculizumab initiation; the patient continued treatment 
with eculizumab 1200 mg every 2 weeks. Eculizumab was well 
tolerated, with no treatment-related adverse events.

At regular intervals during eculizumab treatment, the patient 
completed the Myasthenia Gravis Activities of Daily Living 
(MG-ADL) questionnaire [8], which assesses the impact of MG 
symptoms on 8 everyday activities on a scale of 0–24 (higher 
scores indicate greater negative impact). Before eculizumab, 
the patient’s total MG-ADL score was 9, with item scores of 
3 for talking, 2 each for swallowing, impairment of ability to 
arise from chair, and eyelid droop, and 0 [normal] for all other 
items). Within 8 weeks after initiation of eculizumab, the to-
tal score decreased to 1 or 2 and this was maintained until 
Week 17. Total scores increased to 4 or 5 at Weeks 19–27 be-
fore a decrease back to 1 or 2 at Week 29 (Figure 1). This tran-
sient increase may be related to the patient missing eculizumab 
treatment at Weeks 13 and 17 because of appointment sched-
uling errors. Item scores for talking and swallowing were lower 
than pre-treatment levels at all assessments. For eyelid droop, 
all scores were 1, except at one assessment 4 weeks after 
eculizumab initiation, when it was 2 (the same as pre-treat-
ment). Items that scored 0 before eculizumab treatment re-
mained at 0 during treatment, except for breathing (for which 
there were 2 incidences of a score of 1 [at Weeks 4 and 19]). 
There were also objective improvements in her muscle strength 
on physical examination during eculizumab treatment and the 
patient reported “feeling stronger” and “more energy” within 
2 months of eculizumab initiation.

The patient’s serum was retested (using enzyme-linked im-
munosorbent assays) in April 2019 and she was confirmed 
to be negative for both anti-AChR and anti-MuSK antibodies.
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Discussion

This case study may be familiar to some clinicians: a pa-
tient whose disease is refractory to standard MG treatments, 
undergoing frequent PLEX, but with only partial resolution of 
symptoms. Such patients have very limited treatment options. 
Eculizumab is licensed in the USA, Europe, and Japan for the 
treatment of gMG (refractory MG in Europe and symptoms 
“difficult to control with high-dose IVIG or PLEX” in Japan) in 
AChR antibody-positive patients [9–11] (i.e., the subgroup in-
cluded in key clinical trials [5–7]). In the current case, eculi-
zumab was effective and well tolerated in a patient with treat-
ment-refractory, AChR antibody- and MuSK antibody-negative 
disease. Importantly, the patient experienced substantial im-
provements in daily activities affected by MG symptoms; her 
MG-ADL score decreased to 1 or 2 at most assessments and 
although there was a transient increase to a score of 4 or 5 
between Weeks 19 and 27 (possibly related to interruptions 
in eculizumab treatment), the reduction from pre-treatment 
levels was nevertheless greater than the clinically relevant 
change of 2 points [12]. Initiation of eculizumab also permit-
ted a reduction in the frequency and eventual discontinuation 
of PLEX therapy, which had been administered 3-times week-
ly for over a year at the time of eculizumab initiation. Given 
that there were no other changes in the patient’s treatment 
regimen (azathioprine, mycophenolate mofetil, and pyridostig-
mine), the improvements in her condition appear to be asso-
ciated with the eculizumab treatment.

The patient’s antibody status was assessed using standard 
assays for AChR and MuSK antibodies. It is possible that the 
patient had AChR-antibody titers that were below the limit of 
sensitivity of the assays used. High-sensitivity assays can de-
tect AChR antibodies in 35% of patients who are “seronega-
tive” [13]. It is also possible that the patient had antibodies 
against LRP4; these were not measured at diagnosis as an as-
say was not commercially available and there are no targeted 

therapies based on presence of these antibodies. It is estimat-
ed that 6–8% of patients with “seronegative” MG are anti-LRP4 
positive, although it has been suggested that in reality, these 
patients are not truly seronegative for AChR antibodies [13]. 
Either way, patients with seronegative or anti-LRP4-positive 
MG respond to the same treatment as disease more common-
ly recognized as AChR-antibody positive [13]. The effect of ec-
ulizumab in patients with other antibodies thought to be in-
volved in MG (e.g., against agrin and titin) is unknown, but 
these antibodies occur less frequently than anti-AChR or anti-
MuSK antibodies. Concentrations of complement components 
were not measured before the patient initiated eculizumab 
treatment as she was undergoing PLEX therapy.

A number of instruments are available with which to assess 
health-related outcomes in patients with MG. The MG-ADL 
questionnaire was chosen in this case as it is a validated as-
sessment tool that can be easily used in clinical practice and 
has the advantage of evaluating disease impact from the pa-
tient’s perspective. Another tool frequently used in clinical tri-
als is the quantitative myasthenia gravis score; however, this is 
a physician-evaluated outcome measure that requires instru-
mentation and takes longer to complete [12,14,15].

The case also provides information on how to transition pa-
tients from PLEX to eculizumab. Guidance on this is lacking, 
even in AChR-positive patients. In the current case, PLEX fre-
quency was gradually reduced and eventually discontinued ap-
proximately 9 months after eculizumab initiation. It is possible 
that PLEX could have been discontinued more quickly, poten-
tially guided by combined clinical examination and MG-ADL 
scores. In a clinical-trial setting, eculizumab’s maximal effi-
cacy appears to be attained after 12 weeks of treatment [6]. 
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Figure 1.  MG-ADL score and eculizumab dose in a 
patient with treatment-refractory, AChR 
antibody- and MuSK antibody-negative 
MG being transitioned from PLEX to 
eculizumab. Published data and guidance 
are lacking on eculizumab dosing in PLEX-
treated patients; a 600 mg supplemental 
dose was administered 2 days after the 
900 mg dose (on the same days each 
week) when PLEX was conducted twice 
weekly; no supplemental eculizumab 
doses were given after PLEX frequency 
was reduced to once per week or less. 
Arrows along the x-axis indicate days 
on which PLEX was performed (note 
that it was continued until Week 
39, then discontinued [not shown in 
figure]). AChR – acetylcholine receptor; 
MG-ADL – Myasthenia Gravis Activities 
of Daily Living; MuSK – muscle-specific 
kinase; PLEX – plasma exchange.
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For this patient, however, the focus was on ensuring a safe 
transition without symptom re-emergence.

PLEX is an established therapy for MG but is usually reserved 
for patients with acute disease [16]. It is generally well toler-
ated, although excessive fluid shifts can cause hypotension 
or fluid overload [17]. PLEX is, however, associated with simi-
lar issues to those encountered with hemodialysis. Quality of 
life is affected as this therapy usually takes 2.5 hours to com-
plete and is often associated with considerable post-treat-
ment fatigue. Blood access is also a primary concern as us-
ing a Permacath often leads to infectious complications or 
the creation of an arteriovenous fistula that may cause vas-
cular complications. The procedure is expensive and, for this 
patient, imposed a significant burden that required clinic vis-
its 3 times each week for more than a year. The patient re-
ported “feeling sick after plasma treatment”. The transition to 
eculizumab, administered every 2 weeks as maintenance ther-
apy, substantially reduced this burden.

Conclusions

To conclude, a patient with treatment-refractory, AChR anti-
body- and MuSK antibody-negative gMG was successfully tran-
sitioned from 3-times weekly PLEX to eculizumab. The patient 
experienced clinically significant improvements in everyday 
activities affected by MG symptoms and eculizumab was well 
tolerated. This is the first report of eculizumab use in an anti-
body-negative patient; further investigation under more rig-
orous conditions is now required.
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