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Abstract

Objectives:

To evaluate the impact of treatment with
eculizumab, a terminal complement inhibitor, on
academic and employment status in patients with
refractory generalized myasthenia gravis (MG).

Methods:

Case review of 7 US patients.

Results:

Six patients were aged £65 years; one was a full-
time student and the remainder were in employ-
ment before MG diagnosis. After diagnosis, all
patients gave up work (n ¼ 3) or reduced their
study/working hours (n ¼ 4). In the 12 months
after eculizumab initiation, patients who had
stopped work resumed working in some capac-
ity, whereas those who had changed their
work/study hours returned to their original
work/study pattern. Patients also experienced a
reduction in the number of MG exacerbations,
and a clinically significant improvement in MG–
Activities of Daily Living scores, and were able to
reduce other MG medications.

Conclusions:

These results suggest that treatment with eculizu-
mab may help maintain education/employment
activity in patients with refractory generalized MG.

Key Words: myasthenia gravis, classical comple-
ment pathway, employment, academic perfor-
mance, activities of daily living

( J Clin Neuromusc Dis 2022;23:210–218)

INTRODUCTION

Myasthenia gravis (MG) is a rare chronic
autoimmune disease estimated to affect
approximately 60,000 people in the USA1

and 56,000–123,000 people in Europe.2 It is
caused by antibodies that target proteins at
the neuromuscular junction (NMJ), resulting
in localized or (in most cases) generalized mus-
cle weakness that affects the proximal muscles
of the extremities and the trunk.3,4 In approx-
imately 85% of patients with MG, the autoanti-
bodies are directed against acetylcholine
receptors (AChRs).5 Apart from causing func-
tional AChR blockade and accelerated degrada-
tion of AChRs, anti-AChR antibodies activate
the classical complement cascade, resulting
in the formation of the membrane attack com-
plex, which leads to localized damage to the
postsynaptic membrane of the NMJ.6

Motor symptoms in patients with gener-
alized MG (gMG) include diplopia, ptosis,
dysphonia, dysarthria, dysphagia, dyspnea,
and weakness in the arms, hands, fingers,
legs, and neck.7–9 Patients may also experi-
ence nonmotor symptoms, including pain,
headache, autonomic dysfunction, and sleep
disturbances,9 and physical and/or mental
fatigue is highly prevalent.10 As a result, gMG
can result in functional disability11,12 and has a
negative impact on patients’ health-related
quality of life (HRQoL).13 The burden of
the disease is even greater in the 10%–20%
of patients who have treatment-refractory
MG,14 variously defined as failure to re-
spond adequately to “conventional” therapies
(steroids and nonsteroidal immunosuppres-
sants); inability to reduce immunosuppres-
sant therapy without clinical relapse; need
for ongoing rescue therapy with intravenous
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immunoglobulin (IVIg) or plasma exchange;
frequent myasthenic crises while receiving
therapy; and/or intolerable side effects from
immunosuppressive therapy.15

Although MG can affect people of all
ages, the most common age of onset is 20–39
years in women and 50–70 years in men16—
age groups that comprise much of the gen-
eral workforce. These demographics, in the
context of the impact of MG on functioning,
raise the important question of the extent to
which MG affects individuals’ ability to study
and work. In adults, it has been shown that
MG can have a negative impact on work per-
formance and lead to unemployment, prema-
ture retirement, and reduced income.17–19

However, there is a lack of data on the
impact of MG treatments on work-related out-
comes. Eculizumab, a terminal complement
inhibitor indicated in the USA for adults with
anti-AChR antibody-positive gMG,20,21 has
been shown to improve patients’ abilities to
conduct everyday activities.21 However, its
effect on MG-related work impairment has
not been evaluated. In this case series, we
evaluated academic and employment status
following a diagnosis of gMG and assessed
whether this changed after the initiation of
eculizumab.

MATERIALS AND METHODS

This was a retrospective analysis of data
from a series of patients with treatment-
refractory gMG who started treatment with
eculizumab at a single center in the USA
between 2018 and 2020. Patients were eligi-
ble for inclusion if data were available on
their academic or employment status and
clinical condition for 12 months both before
and after treatment with eculizumab. A
patient fulfilled the criteria for having refrac-
tory disease if they had received treatment
with at least 2 immunosuppressive therapies
(including corticosteroids), or at least 1
immunosuppressive therapy with IVIg or
plasma exchange administered at least 4
times/year, for 12 months without symptom
control.21

Information extracted from each
patient’s electronic medical record included:
sex, age, and race; comorbid conditions; MG
Foundation of America disease class; concom-
itant medications for MG; MG—Activities of
Daily Living (MG-ADL) scores; number of
exacerbations (assessed by the on-call
board-certified neurologist, based on the
presence of dysphagia, acute respiratory fail-
ure, or major functional disability that pre-
vented physical activity, and other objective
examination findings22) in the 12 months
before and after eculizumab initiation;
adverse events reported after eculizumab ini-
tiation; academic/employment status before
diagnosis of MG, at the time of eculizumab
initiation, and 12 months after eculizumab
initiation; application for leave from work
or change to working hours under the US
Family and Medical Leave Act; and informa-
tion on application for Social Security disabil-
ity benefits.

All patients were vaccinated against
Neisseria meningitidis before initiating ecu-
lizumab, as recommended in the prescribing
information for the product.20 Eculizumab
was administered at an induction dose of
900 mg per week for 4 weeks (at Weeks 0,
1, 2, and 3), then at 1200 mg at Week 4,
followed by 1200 mg every 2 weeks thereaf-
ter, as per the prescribing information for the
product.20

The study was approved by the Univer-
sity of Missouri Independent Review Board
(approval number 2023301).

RESULTS

Seven patients were included in the
study; individual patient data are provided in
Table 1. All patients were White and 5
(71.4%) were women. The age range at the
time of eculizumab initiation was 18–72 years
and 6 patients (85.7%) were aged #65 years.
All 7 patients had comorbid conditions.

All patients had AChR antibody-positive
gMG and at the time of eculizumab initiation,
their disease was classified as MG Foundation
of America class 2 A (n ¼ 1), 2 B (n ¼ 1), 3 A
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TABLE 1. Demographics and Clinical Characteristics

Patient
Age
(y) Sex Race Comorbidities

MGFA
Class

Thymectomy
(timepoint)*

Thymus
Pathology

MG Duration
Before

Eculizumab
Initiation (y)

Concomitant
Treatment on
Eculizumab
Initiation†

Concomitant
Treatment 1 y

After Eculizumab
Initiation†

Adverse
Effects After
Eculizumab
Initiation

1 56 M White Asthma, GERD,
hypertension

3B Yes (2 y) Normal 3 1. Prednisone
40 mg

2. MM 1 g BID

3. Pyridostigmine
60 mg TID

1. Prednisone 5 mg

2. MM 1 g BID

3. Pyridostigmine
60 mg TID

Headache‡

2 72 M White COPD, diabetes
mellitus, GERD,
hypertension,
hypothyroidism

2A No NA 5 1. Prednisone
40 mg

2. MM 1.5 g BID

3. Pyridostigmine
60 mg TID

1. Prednisone 20 mg

2. MM 1.5 g BID

3. Pyridostigmine
60 mg TID

None

3 65 F White Anemia, COPD 2B No NA 4 1. Prednisone
30 mg

2. IVIg 1 g/kg q4w

3. Pyridostigmine
60 mg TID

1. Prednisone 10 mg Upper
respiratory
tract
infection§

4 26 F White Anemia,
hypothyroidism

3A Yes (3 y) Hyperplasia 3 1. Prednisone
40 mg

2. IVIg 1 g/kg q4w

3. Pyridostigmine
60 mg TID

1. Prednisone 10 mg

2. Pyridostigmine
60 mg TID

Upper
respiratory
tract
infection§

5 38 F White Asthma, depression,
GERD

3A Yes (1 y) Hyperplasia 2.5 1. Prednisone
20 mg

2. IVIg 1 g/kg q4w

3. Pyridostigmine
60 mg TID

1. None Upper
respiratory
tract
infection§
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TABLE 1. (Continued )

Patient
Age
(y) Sex Race Comorbidities

MGFA
Class

Thymectomy
(timepoint)*

Thymus
Pathology

MG Duration
Before

Eculizumab
Initiation (y)

Concomitant
Treatment on
Eculizumab
Initiation†

Concomitant
Treatment 1 y

After Eculizumab
Initiation†

Adverse
Effects After
Eculizumab
Initiation

6 24 F White Asthma, migraine 3A Yes (1 year) Normal 2 1. Prednisone
45 mg

2. MM 1 g BID

3. IVIg 1 g/kg q4w

4. Pyridostigmine
60 mg TID

1. Prednisone 20 mg

2. MM 1 g BID

3. Pyridostigmine
60 mg TID

Nausea¶

7 18 F White Hyperhidrosis 3A No NA 2 1. Prednisone
20 mg

2. IVIg 1 g/kg q4w

3. Pyridostigmine
60 mg TID

1. Pyridostigmine
60 mg TID

Body aches§

*Timepoint relative to eculizumab initiation.
†Daily doses unless otherwise stated.
‡Treated with acetaminophen (paracetamol).
§Self-resolving, no treatment required.
¶Treated with ondansetron.
Note that only eculizumab and pyridostigmine are licensed to treat MG in the USA.
BID, twice daily; COPD, chronic obstructive pulmonary disease; F, female; GERD, gastroesophageal reflux disease; M, male; MGFA, Myasthenia Gravis Foundation of America;

MM, mycophenolate mofetil; NA, not applicable; q4w, every 4 weeks; TID, 3 times daily.
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(n ¼ 4), and 3 B (n ¼ 1). Before initiation of
eculizumab, the duration of MG ranged from
2 to 5 years and all patients were taking med-
ication to treat the condition (Table 1).

Patients’ academic/employment status
before and after diagnosis of MG and after
initiation of eculizumab is summarized in
Table 2. Before diagnosis of MG, 6 patients
were working and 1 patient was a full-time
student. After diagnosis, all 7 patients had a
change to their status: 3 stopped work com-
pletely and 4 reduced the number of days
worked or in school per week. Among the 6
patients who were working, 3 changed their
working circumstances under the Family and
Medical Leave Act and 3 applied for disability
allowance. In the year after initiating eculizu-
mab, patients who had stopped working were
able to resume employment, in at least some
capacity, in a different job role or by reducing

the number of days worked per week,
whereas those who reduced their
work/study hours were able to return to their
original work/study pattern (see Table 2).

Compared with the 12 months before
eculizumab initiation, there was a reduction
(improvement) in MG-ADL scores and number
of MG exacerbations in the 12 months after its
initiation (Figs. 1A, B). Furthermore, after start-
ing eculizumab, 5 patients had their steroid
dose reduced and 2 stopped taking steroids
completely; and 2 patients were able to dis-
continue pyridostigmine treatment (Fig. 1C).

Eculizumab was well tolerated. There
was one case of headache (treated with
acetaminophen [paracetamol]), one case of
nausea (treated with ondansetron), one case
of body aches (which did not require treat-
ment), and 3 cases of self-resolving upper
respiratory tract infection; all occurred

TABLE 2. Academic/Employment Status

Patient

Employment

FMLA†

Disability
Application

Before MG
Diagnosis

Change After MG
Diagnosis, at Time of
Eculizumab Initiation

1 y After Eculizumab
Initiation

1 Welder
(4 d/wk)

Stopped working Shopping center
bagger*

NA Yes

2 School guard
(5 d/wk)

Reduced to 3 d/wk Resumed work as
school guard
5 d/wk

Yes No

3 High-school
teacher
(5 d/wk)

Stopped working Resumed work as
teacher 3 d/wk

NA Yes

4 Piano teacher
(5 d/wk)

Reduced to 3 d/wk Resumed work as
piano teacher
5 d/wk

Yes No

5 Customer
service
advisor
(6 d/wk)

Reduced to 3 d/wk Resumed work as
customer service
advisor 6 d/wk

Yes No

6 House maid
(7 d/wk)

Stopped working Resumed work as
house maid*

NA Yes

7 Student
preparing for
pre-law
school

Reduced school hours Full-time pre-law
school student

NA NA

*Information not available on number of days worked.
†Patients changed their working hours under the FMLA.
FMLA, Family and Medical Leave Act; NA, FMLA not available.
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within 1 week after eculizumab infusion. All
were mild in severity and resolved spontane-
ously or after standard care, and none re-
sulted in the discontinuation of eculizumab.
One patient reported no side effects.

DISCUSSION

The results from the current case series
indicate that refractory gMG greatly affects
patients’ ability to study or work. After their

FIGURE 1. (A) Total MG-ADL scores, and (B) number of exacerbations in the 12 months before and
after eculizumab initiation; and (C) concomitant medications at and 12 months after eculizumab
initiation.

Eculizumab and Study/Employment Status in MG
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MG diagnosis, all 6 patients in this cohort who
were previously employed reduced the num-
ber of days they worked or gave up work
completely, either by changing the number
of hours worked (under the Family and Med-
ical Leave Act) or claiming disability benefits.
These findings are consistent with larger stud-
ies evaluating the effect of MG on work-related
outcomes. For example, in a cross-sectional
study of 49 patients with MG, 39% became
unemployed, 47% had to retire prematurely,
and 47% had a reduction in monthly income
after diagnosis.19 In another study in .900
patients with MG, 47% reported that their
income had decreased by $50%.23 Moreover,
in a meta-analysis of data from 3600 patients
with MG, only 50% were in employment,
which is low considering that the average
age was;48 years.17 In addition to the impact
on the individual’s socioeconomic status, the
consequences of reduced productivity (pre-
senteeism), absenteeism, or early retirement
place a burden on society in terms of indirect
costs, including disability benefits and costs
incurred via the Family and Medical Leave
Act in the USA. Published data on this topic
are sparse. In a recent systematic review of the
economic impact of MG, only 2 relevant stud-
ies were identified; these reported per-patient
indirect annual costs (2018) as $80 in India
and $3550 in Germany.24

In our case series, after initiating eculi-
zumab, all previously employed patients
were able to return to work (if they had
previously given it up) or resume their
prediagnosis number of working hours. In
addition, the young woman who had to
reduce her school hours was able to enroll
in pre-law school as planned before the MG
diagnosis. These changes were also accom-
panied by improvements in clinical out-
comes. After eculizumab initiation, we
observed a reduction (improvement) in MG-
ADL scores. At Month 12, the magnitude of
the decrease was $2 points (the threshold
for a clinically relevant change25) in all
patients. We also observed a reduction in
the number of exacerbations in all patients;
4 patients had no exacerbations in the

12 months after treatment initiation (com-
pared with 2–4 events in the 12 months
before eculizumab initiation). Furthermore,
at the time of the last assessment, all patients
were able to reduce their dose of prednisone
or stop taking it completely, an important
observation given the burdensome side-
effect profile of corticosteroids.26,27 All
patients stopped maintenance IVIg treatment
shortly after initiating eculizumab. Although
it may be effective for acute MG exacerba-
tions28 and as maintenance therapy, IVIg
can cause side effects such as headache,
chills, myalgia, transient hypertension, and
fluid overload.29 In a study evaluating the
impact of MG treatment side effects on
patients’ daily lives, patients in the “refrac-
tory with IVIg” group had higher mean
scores (ie, their lives were more impacted)
than those in the “refractory without IVIg”
and nonrefractory groups.30 In addition,
maintenance IVIg is typically administered
over 2 days each month, which may be
inconvenient for patients.

Eculizumab is a recombinant human-
ized monoclonal antibody that binds to the
C5 complement protein, thus preventing
activation of the terminal complement path-
way and subsequent destruction of the
NMJ.31 In the USA, it is indicated for anti-
AChR antibody-positive gMG,20 based on
the results of the Phase 3 REGAIN study.21

Data from REGAIN and its open-label exten-
sion have also shown that eculizumab treat-
ment is associated with improvement in
patients’ HRQoL versus placebo.32 In the con-
text of the current study, it is notable that
academic/employment status affects HRQoL
in patients with MG.33–35 Likewise, the num-
ber of MG medications, presence of uncon-
trolled disease, and exacerbations during the
previous year, all of which improved after
eculizumab initiation in the current study,
have been shown to negatively affect
HRQoL.36 The demonstrated positive impact
of eculizumab on fatigue,37 a symptom of MG
that may contribute to work (and other func-
tional) impairments,17,37 is also of interest
and warrants further investigation.
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As with all case series, limitations of the
current study include the small number of
patients, the nonrandom retrospective selec-
tion of patients, and the lack of control group.
As such, it is not possible to infer a causative
association between eculizumab treatment
and improved work/study status. One may
expect that any treatment that improves
symptoms in patients with MG may positively
affect the ability to work or study, but there
is a lack of data on the effect of MG treatments
on work-related impairment. The current
results offer insights into the potential positive
impact of eculizumab, and add to the body of
data on the effects of eculizumab on tradi-
tional clinical and real-world, patient-centric
outcomes in patients with refractory gMG.

In conclusion, the results from this small
case series provide additional evidence on the
positive impact of eculizumab treatment on the
daily lives of patients with gMG, allowing them
to resume study or employment/livelihood.
Given the demographics of this disease and
the potential impact of unemployment or early
retirement on individuals and society as a
whole, this is an interesting finding that
warrants further study.
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