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Abstract

The recombinant humanized monoclonal antibody eculizumab has been shown to be effective
and well tolerated in patients with anti-acetylcholine receptor antibody-positive, treatment-
refractory generalized myasthenia gravis (gMG). Myasthenia gravis (MG) often affects women
of child-bearing potential. However, management can be challenging during pregnancy, and
current treatment options are limited due to potential teratogenicity. Data are currently lacking
on the use of eculizumab in pregnant women with gMG. This case report describes a successful
pregnancy in a young woman with treatment-refractory gMG treated with eculizumab before,
during, and after pregnancy. Eculizumab appeared to have a favorable benefit-risk profile in
this setting, with no treatment-related adverse effects noted in either the patient or the neo-
nate. The patient remains neurologically stable on eculizumab, which she has now been re-
ceiving for 5 years. This first report of the use of eculizumab during pregnancy in a patient with
treatment-refractory gMG suggests a potential role for eculizumab in this setting, although
further clinical experience is necessary to support its use during pregnancy in women with MG.
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Introduction

Generalized myasthenia gravis (gMG) is a chronic and debilitating autoimmune disorder
characterized by fluctuating and fatigable muscle weakness. Autoantibodies directed against
the nicotinic acetylcholine receptor (AChR) or other components of the neuromuscular junc-
tion have been identified as causing gMG [1]. In most patients, myasthenia gravis (MG) can be
managed by treatment with the acetylcholinesterase inhibitor pyridostigmine, either alone or
in combination with corticosteroids and/or other immunosuppressant drugs (e.g., methotrex-
ate, mycophenolate mofetil, and azathioprine) [1, 2]. Intravenous immunoglobulin (IVIG) or
plasma exchange (PLEX) may be administered if symptoms persist [1, 2]. However, approxi-
mately 10-15% of patients with gMG fail to respond adequately to or are intolerant of these
treatment options, and their gMG is termed “refractory” [1].

MG occurs twice as frequently in women than men and typically affects women of child-
bearing age [3]. MG does not affect fertility, and pregnancy does not appear to have a long-
term adverse impact on the course of the disease; therefore, pregnancy can be expected in
women with gMG. Guidelines exist for the management of MG during pregnancy [1, 3]. How-
ever, therapy choices are limited for use in pregnant women with refractory gMG due to the
potential risk of teratogenicity with some current treatment options [1, 3].

The complement system plays a key role in the pathogenesis of MG [4]. The recombinant
humanized monoclonal antibody eculizumab is a targeted complement inhibitor approved for
the treatment of anti-AChR antibody-positive adults with gMG in the USA, refractory gMG in
the EU, and gMG with symptoms that are difficult to control with high-dose IVIG therapy or
PLEX in Japan [5]. Eculizumab binds to C5 complement protein and inhibits the activation of
terminal complement, thereby protecting the neuromuscular junction from the effects of an-
tibody-mediated complement activation and damage [5].

Eculizumab has been shown to be effective and well tolerated in patients with anti-AChR
antibody-positive refractory gMG [5]. In the phase 3, double-blind, placebo-controlled RE-
GAIN study, eculizumab was associated with clinically meaningful improvements in activities
of daily living, muscle strength, functional ability, and health-related quality of life at 6 months
[6], and these improvements were sustained through 2 years of follow-up [7]. No data are
available on the use of eculizumab in women with refractory gMG during pregnancy. This case
report describes a successful pregnancy in a young woman with refractory gMG who was
maintained on eculizumab through her three trimesters of pregnancy.

Case Report

Data were obtained by reviewing the patient’s medical records. The patient has had anti-
AChR antibody-positive gMG since 5-6 years of age. At a routine follow-up visit in June 2015
at 19 years of age, the patient reported new dysphagia, difficulty chewing, and episodes of
choking on solid foods. She also reported continued muscle weakness, fatigue, ptosis, ophthal-
moplegia with diplopia, and difficulty sleeping. She was taking pyridostigmine (120 mg every
3 h). Previous treatment for MG included thymectomy, prednisone, mycophenolate mofetil,
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PLEX, and IVIG. Treatment with prednisone had been effective, but the patient had experi-
enced unacceptable weight gain and tremor. She could not tolerate mycophenolate mofetil
and had experienced bacteremia after PLEX. Treatment with IVIG significantly improved her
strength; however, her insurance lapsed, and she was unable to fund further treatment.

On July 13, 2015 the patient was randomized to participate in the phase 3, double-blind,
placebo-controlled REGAIN study (NCT01997229) [6]. At the time of entry into the study, her
exam showed severe bilateral ptosis, complete external ophthalmoplegia, and mild weakness
proximally in the arms (Medical Research Council [MRC] muscle strength score 4) (Table 1).
Her Myasthenia Gravis Activities of Daily Living (MG-ADL) total score was 15/24, her Quanti-
tative Myasthenia Gravis (QMG) score was 31/50, her Myasthenia Gravis Composite (MGC)
score was 30/50, and her 15-item Myasthenia Gravis Quality of Life (MG-QOL15) score was
52/60. For each of these instruments, higher scores are associated with worse disease sever-
ity. Based on individual score ranges, the patient’s scores at baseline suggested moderately
severe MG disease, with severe impact on her quality of life.

The patient completed the 6 months of double-blind treatment (placebo or eculizumab
1,200 mg by intravenous infusion every 2 weeks) and entered the open-label extension phase.
When the study closed at the end of 2018, the patient was identified as having been random-
ized to the active treatment arm during the initial double-blind period. She responded well to
eculizumab, with rapid improvements seen on all assessment scales within 28 days of treat-
ment initiation. She remained neurologically stable throughout the study and during the open-
label extension phase. She had no MG exacerbation or crisis during that time, compared with
three relapses in the 2 years before study entry. At the end of study visit (week 108), her MG-
ADL score was 7/24, her QMG score was 14 /50, her MGC score was 11/50, and her MG-QOL15
score was 2/60. Clinically significant improvements in these measures are defined as reduc-
tions of 22 points for the MG-ADL, 22-3 points for the QMG (based on baseline severity), 23
points for the MGC, and =3 points for the MG-QOL15 [8]. The patient continued to have mod-
erate ptosis and ophthalmoplegia (with some movements, in contrast to complete ophthal-
moplegia before eculizumab initiation), but limb strength normalized, and she was able to
work. Thus, this patient had achieved significant improvements in disease control and quality
of life with eculizumab.

At 23 years of age (about 3.5 years after the initiation of eculizumab therapy), the patient
became pregnant (G1P0; approximate date of last menstrual period January 10, 2019). In Feb-
ruary 2019, she presented with severe fatigue and exacerbation of MG symptoms; her MG-
ADL score was 13/24. She had severe ptosis, complete ophthalmoplegia, and muscle weak-
ness (rated MRC 4) in the hands (Table 1). She was taking pyridostigmine (120 mg every 3 h),
but had not been receiving eculizumab infusions regularly due to her work schedule and in-
surance issues. These issues were addressed, and the patient resumed regular eculizumab
treatment (1,200 mg intravenous infusion over 35 min every 2 weeks). She notified the clinic
of her pregnancy at the end of March and, after a discussion about treatment options, she
stated that she wished to continue eculizumab treatment. During subsequent follow-up visits,
the patient was found to be compliant with treatment, her MG symptoms were well controlled,
and her exam observations returned to baseline.

I~
Karger <



Case Reports in Case Rep Neurol 2021;13:65-71

DOI: 10.1159/000511957 © 2021 The Author(s). Published by S. Karger AG, Basel

Neur°|ogy www.karger.com/crn

Vu et al.: Eculizumab during Pregnancy in Myasthenia Gravis

The pregnancy was uncomplicated. Regular ultrasound scans showed normal fetal devel-
opment, with no apparent congenital issues. In August 2019 (32+3 weeks’ gestation), the pa-
tient reported suprapubic pain lasting for 2 days and 2-3 episodes of light pink/brownish
vaginal discharge. Fetal movements were reported to be normal. No vaginal bleeding or new
onset/worsening of symptoms of MG were reported. Beta-hemolytic Streptococcus group B
(>100,000 colonies) grew in her urine cultures, and she was subsequently treated with anti-
biotics.

At a routine visit in September 2019 (37 weeks’ gestation), the patient was counseled
regarding the potential for neonatal MG due to passive transmission of AChR antibodies and
the need for close observation and supportive care. She remained compliant with eculizumab
treatment, and her MG was well managed (MG-ADL score 6/24) (Table 1). Owing to hyperten-
sion, labor was induced at 38 weeks, resulting in vaginal delivery of a healthy female infant
with a birthweight of 2.47 kg and an Apgar score of 9 at 5 min.

At routine follow-up approximately 6 weeks postpartum, the patient reported worsening
of MG symptoms compared with before and during pregnancy, as well as fatigue and severe
headache. She was receiving ongoing treatment with pyridostigmine 60 mg every 3 h and ecu-
lizumab 1,200 mg every 2 weeks. She was prescribed indomethacin 25 mg three times daily
as needed for her headaches and advised to take frequent rest. Rescue therapy was not
deemed necessary at that time. The baby showed no symptoms of neonatal MG. The patient’s
exam showed persistent ophthalmoplegia and ptosis with normal limb strength (Table 1); her
MG-ADL score was 7/24. In a telemedicine follow-up in May 2020, the patient had bilateral
ptosis, almost complete ophthalmoparesis, apparently normal strength, and an MG-ADL score
of 6/24. She remains on eculizumab, which she has now been receiving for 5 years.

Discussion

To our knowledge, this is the first report of the use of eculizumab during pregnancy in a
patient with treatment-refractory gMG. In keeping with this case report, women with MG gen-
erally have uneventful pregnancies with good outcomes [3]. Nevertheless, women with MG
who are considering pregnancy should be counseled regarding the risk of complications for
both themselves and their baby. As seen in our patient, disease exacerbation may occur during
the first trimester and postpartum period; however, symptoms generally improve during the
second and third trimesters, presumably due to the normal immunosuppressive changes that
occur during late pregnancy [9].

Vaginal delivery is considered safe in pregnant women with MG and should be encour-
aged [1, 3]. Because the uterus is considered a smooth muscle, its function is not thought to be
severely affected by MG. The first stage of labor generally proceeds without complication. The
second stage of labor requires the use of striated muscles, which may cause the patient to
become tired, and use of forceps or vacuum extraction may be required to aid delivery due to
prolonged labor [3].

In general, medical treatment for MG should be continued during pregnancy. Current ev-
idence suggests that oral pyridostigmine can be safely administered throughout pregnancy in
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women with MG [1, 3]. Prednisone is currently the immunosuppressive agent of choice during
pregnancy in MG [1]. However, a slightly increased risk (<1%) of cleft palate has been associ-
ated with first-trimester exposure to corticosteroids [3]. Other potential adverse effects asso-
ciated with the use of steroids during pregnancy include higher rates of miscarriage, prema-
ture membrane rupture and preterm delivery, and lower birthweight [10]. Available evidence
suggests that azathioprine and cyclosporine are relatively safe to use in pregnant women with
MG who cannot tolerate steroids or whose symptoms are not satisfactorily controlled with
them [1]. However, azathioprine and cyclosporine have also been associated with low birth-
weight and intrauterine growth retardation and are designated category D and C medications,
respectively, by the Food and Drug Administration [3]. Mycophenolate mofetil and methotrex-
ate are associated with teratogenic effects and are contraindicated during pregnancy [3, 6].
IVIG and PLEX are useful for the management of acute exacerbations during pregnancy, but
require careful monitoring of maternal and fetal wellbeing [3].

Our experience with eculizumab is in line with current evidence concerning the use of this
drug during pregnancy in women with paroxysmal nocturnal hemoglobinuria (PNH), atypical
hemolytic uremic syndrome (aHUS), and hemolysis, elevated liver enzymes, and low platelet
count (HELLP) syndrome [11, 12]. In a 10-year pharmacovigilance analysis in patients with
PNH or aHUS, eculizumab exposure during pregnancy was reported for 434 women [12].
Pregnancy was ongoing in 136 women at the time of reporting and 38 had been lost to follow-
up. Of the 260 pregnancies with known outcomes, 182 (70.0%) resulted in live births. There
were 41 (15.8%) spontaneous abortions, 27 (10.4%) induced abortions (for medical reasons
or based on the patient’s decision), 9 (3.5%) stillbirths or fetal deaths, and 1 (0.4%) maternal
death. The overall observed rate of miscarriage was similar to the 19.7% recently reported in
a cohort of 20,000 women in the United States [13]. Serious infection was reported in one
neonate born to a mother treated with eculizumab; however, this event occurred 12 days after
delivery and was considered by the treating physician as unlikely to be related to exposure to
eculizumab [12].

As a result of passive transfer of maternal immunoglobulin G antibodies across the pla-
centa during the second and third trimesters, approximately 10-20% of infants born to moth-
ers with MG develop transient neonatal MG [3]. This phenomenon usually resolves with sup-
port over a period of 3-4 weeks. There is no evidence to suggest any correlation between the
severity of MG in the mother and the occurrence of neonatal MG [3]. Available data indicate
that eculizumab treatment during pregnancy has no adverse effects on complement activity
in the newborn, with no accumulation of the drug in fetal blood [14].

Breastfeeding is not contraindicated in women with MG; however, use of immunosup-
pressant drugs should generally be avoided. Eculizumab was not found to be present in breast
milk of lactating women with PNH receiving the drug [15].

In conclusion, this case report describes a successful pregnancy in a woman with treat-
ment-refractory gMG treated with eculizumab before, during, and after pregnancy. While ecu-
lizumab appears to have a favorable benefit-risk profile during pregnancy, further clinical ex-
perience is necessary to support the use of eculizumab during pregnancy in women with MG.
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Table 1. Findings before, during, and after pregnancy in our patient with refractory gMG

Parameter June 18, 2015 (before initiat- Pre-pregnancy (during RE- February 5,2019 September 24, 2019 November 8,2019
ing eculizumab) GAIN! open-label extension) (43 months since eculi- (50 months since eculizumab (52 months since eculi-
zumab initiation?; week 4 of initiation; week 37 of preg-  zumab initiation; 6 weeks
pregnancy) nancy) postpartum)
Muscle strength3 D, B, 1, Q: 4 bilaterally; D, B, ADM/FDI, APB, ], Q, ADM/FDI, APB, FE: 4 bilat- D, B, ADM/FDI, APB, ], Q, WE, D, B, ADM/FDI, APB, ], Q,
ADM/FDI, WE, WF, FD, FPF, WE, FE, FF, FD, FPF, TE, TF: erally; D, B, I, Q, WE, WF, FD,FE, FF, FD, FPF, TE, TF: 5 bi- WE, FE, FF, FD, FPF: 5 bi-
TE, TF: 5 bilaterally 5 bilaterally FPF: 5 bilaterally laterally laterally
Facial weakness lower facial weakness none none none none
Speech fluent, prosodic, nondysarth-fluent, prosodic, nondysarth-nondysarthric, fluent, prosodic, nondysarth- fluent, prosodic, nondys-
ric ric no hypophonia ric arthric
Respiration lungs clear lungs clear, RR 14 RR 16; lungs clear, lungs clear,
strong cough strong cough good cough effort
Gait normal normal stride and base normal normal stride and base normal stride and base

ADM/FDI, abductor digiti minimi/first dorsal interosseous; APB, abductors pollicis brevis; B, biceps; D, deltoid; FD, foot dorsiflexors; FE, finger extensors; FF, finger
flexors; FPF, foot plantar flexors; gMG, generalized myasthenia gravis; |, iliopsoas; Q, quadriceps; RR, respiratory rate; TE, toe extensors; TF, toe flexors; WE, wrist
extensors; WF, wrist flexors. 1 Phase 3, double-blind, placebo-controlled study of eculizumab in patients with refractory gMG (NCT01997229). 2 The patient had not
been receiving regular eculizumab treatment for several weeks (see text). 3 Assessed using the Medical Research Council 0-5 scale for muscle strength.
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