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ABSTRACT

Background

Eculizumab, a C5 complement inhibitor, has been approved
to manage patients with treatment-refractory acetylcholine
receptor positive (AChR+) Generalized Myasthenia Gravis
(gMG). Though most patients receiving eculizumab
experience clinical improvement, a small number of
patients may respond poorly.

Objective
To report three cases of poor response to eculizumab in
young caucasian patients with treatment refractory gMG.

Methods
Case Series

Results

All three patients were young, caucasian, thymectomized,
females with MGFA class 111, treatment-refractory MG
on multiple immunosuppressant medications. All three
patients had an initial worsening of MG- ADL score, one-
month post eculizumab, followed by an unchanged MG ADI,
and MGC score three months after eculizumab therapy. No
changes were noted in the number of acute exacerbations
of MG, pre and post-eculizumab treatment. All patients
were eventually started on maintenance Plasma-exchange
(PLEX) therapy, post eculizumab failure, and had clinical
improvementin MG-ADL and MGC scores and areduction
in the number of acute exacerbations of the disease.

Conclusion

The exact mechanism contributing to poor clinical
response to eculizumab in gMG patients remains unclear.
Further studies are warranted to undermine the underlying
pathogenesis.
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Introduction

Myasthenia gravis (MG) is an autoimmune, neuro-
muscular-junctiondisorder characterized by skeletalmuscle
weakness (1). Although established immunosuppressant
therapies are effective in most patients with MG, 10-20%
of patients are refractory to treatment (2). In Phase 3,
a randomized, double-blind, placebo-controlled study
(REGAIN) and its open-label extension, eculizumab, a
recombinant humanized monoclonal antibody, was shown
to be effective in patients with treatment-refractory AChR
antibody-positive (AChR+) ¢MG (3, 4, 5). Eculizumab
has been approved by Food and Drug Administration
(FDA) for the management of patients with paroxysmal
nocturnal hemoglobinuria (PNH), atypical hemolytic
uremic syndrome (HUS), and AChR+ ¢gMG (6-8). Though
most patients receiving eculizumab experience clinical
improvement, many patients may respond poorly to
eculizumab therapy.

In this case series, we have described three patients
with treatment-refractory MG who had poor responses to
eculizumab therapy. In addition, we reviewed the current
literature highlighting possible mechanisms for poor
response to complement inhibitor therapy.

Case Presentation

Patient 1

A 32-year-old thymectomized caucasian female with
MGFA Class I11, treatment-refractory MG on Prednisone
50 mg daily, pyridostigmine 60mg T1D and IVIG 1g/kg/
g4weeks with MG-ADL score of 9, MGC score of 30 was
started on Eculizumab after vaccination against Neisseria
meningitides, at an induction dose of 900 mg per week
for four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg at
Week 4, followed by 1200 mg every two weeks after that
(7).1-month post eculizumab initiation, her MG-ADL score
worsened to 10, and no changes were noted in the MGC
score. Her MG- ADL and MGC scores did not improve after
three months of eculizumab use (Figure 1, 2). No changes
were noted in the number of acute exacerbations of MG, pre
and post-eculizumab therapy (figure 3). Given no clinical
improvement, Eculizumab was eventually discontinued
after three months. The patient experienced nausea with
eculizumab use which was managed conservatively. The
patient was then started on PLEX therapy with three
exchange sessions every 4-6 weeks. Clinically meaningful
improvement was noted in MG-ADL score (>2) six months
post PLEX therapy which was maintained for up to 9
months. Clinically significant improvement was noted in
MGC score (>3) three months post PLEX therapy and
was maintained for up to 9 months (Figure 1, 2). Post
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Figure 1: MG-ADL scores, before and after eculizumab initiation. MG-ADL: Myasthenia gravis activity of daily living score;

PLEX: Plasma exchange.

PLEX initiation, the patient had two episodes of acute
exacerbations at three-month intervals and none at the six-
month interval (figure 3).

Patient 2

A 25-year-old thymectomized caucasian female with
MGFA Class 111, treatment-refractory MG on Prednisone
40 mg daily, pyridostigmine 60mg T1D, and Cellcept 1000
mg BID with MG-ADL score of 10, MGC score of 33 was
started on Eculizumab after vaccination against Neisseria
meningitides, at an induction dose of 900 mg per week
for four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg
at Week 4, followed by 1200 mg every two weeks after
that (7) (figure 1, 2). The MG-ADL score worsened to 11,
1-month post eculizumab initiation, and both MG- the ADL
score and MGC score did not improve after three months
of eculizumab use (Figure 1, 2). The patient experienced
no side effects with Eculizumab. In the absence of clinical
improvement, Eculizumab was discontinued after three
months, and the patient was then started on PLEX therapy
with three exchange sessions every 4-6 weeks.

After initiation of PLEX, clinically meaningful
improvement was noted in MG-ADL (>2) and MGC
score (>3) three months post-PLEX therapy, which was
maintained for up to 9 months (Figure 1, 2). The patient

had two episodes of acute exacerbations at the three-month
interval and none at the six-month interval (Figure 3).

Patient 3

A 306-year-old thymectomized caucasian female with
MGFA Class I11, treatment-refractory MG on Prednisone
30 mg daily, pyridostigmine 60mg TID, Azathioprine 200
mg BID and IVIG lg/kg/q4weeks with MG-ADI. score
of 9 and MGC score of 32. Her prednisone dose couldn’t
be increased due to side effects of weight gain and mood
changes. Azathioprine was stopped after one month due
to nausea. IVIG was stopped after three sessions due to
headaches, refractory to medications. The patient was
started on Eculizumab after vaccination against Neisseria
meningitides at an induction dose of 900 mg per week for
four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg at
Week 4, followed by 1200 mg every two weeks after that (7).

Her MG-ADL score worsened 11 1-month post
eculizumab initiation, and no improvements were noted
in both MG- ADL score and MGC score three months
post eculizumab use (Figure 1, 2). The patient experienced
nausea with managed
conservatively. Eculizumab was eventually discontinued,
and the patient was started on PLEX therapy with three
exchange sessions every 4-6 weeks.

eculizumab use which was

22



w
-4
=]
o
]
o
o
2

3 month pre Eculizumab 1 month post 3 month post P
eculizumab eculizumab  initi

izumab  initiation

New Stuff

3 months
post PLEX

TIMELINE

Patient 1

@-==Ppatient 2

e atient 3

Figure 2: MGC scores, before and after eculizumab initiation. MGC: Myasthenia gravis composite score; PLEX: Plasma

exchange.
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Figure 3: Number of exacerbations, pre and post eculizumab.

The patient had clinically meaningful improvement in
MG-ADL score (>2) and MGC score (>3) three months
post-PLEX therapy which was maintained for up to 9
months (Figure 1, 2). Post PLEX initiation, the patient
had no acute exacerbations of MG at six months intervals
(Figure 3).

Table 1 describes baseline demographics of patients
included in the analysis.

Patient 3

3 months PLEX B 6 months

Discussion

This case series highlighted poor response to
eculizumab therapy in 3 patients with treatment-refractory
MG. All patients had similar demographic and disease
profiles. All three were young, caucasian, thymectomized,
female patients with MGFA class 111, treatment-refractory
MG on multiple immunosuppressant medications. All three
patients had an initial worsening of MG- ADL score, one-
month post eculizumab, followed by an unchanged MG ADL
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Table 1: Baseline demographics of patients included in the analysis
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Duration of

Age MGFA Therapy at eculizumab  Eculizumab Therapy post
Patient (years) Gender Ethnicity class Thymectomy initiation Therapy eculizumab
Prednisone 50mg daily +
Pyridostigmine 60mg T1D + PLEX every 4-6
1 32 F Caucasian | Illa Yes IVIG 1g/kg/q4weeks 3months | weeks, 3 exchanges
Prednisone 40mg daily +
Cellcept 1000mg BID + PLEX every 4-6
2 25 It Caucasian | Illa Yes Pyridostigmine 60mg T1D 3months | weeks, 3 exchanges
Prednisone 30mg daily +
Pyridostigmine 60mg T1D,
Azathioprine 200 mg + IVIG PLEX every 4-6
3 36 F Caucasian | Illa Yes 1 gm/kg/q4 weeks 3months | weeks, 3 exchanges

BID, twice daily; I female; 1VIg, intravenous immunoglobulin; M, male; MGFA, Myasthenia Gravis Foundation of America; qgnw, every n

weeks; TID, three times daily.

and MGC score three months after eculizumab therapy. No
changes were noted in the number of acute exacerbations
of MG, pre and post-eculizumab treatment. All patients
were eventually started on maintenance PLEX therapy,
post eculizumab failure, and had clinical improvement in
MG-ADI and MGC scores and a reduction in the number
of acute exacerbations of the discase.

In the REGAIN trial, six patients (10%) in the
eculizumab group experienced acute exacerbation requiring
rescue therapy (3). One of the patients had a worsening
MG-ADL score from 13 at baseline to 18 and had to
discontinue the study due to the MG crisis (3). The patient,
unfortunately, died from crisis-related complications 90
days after the last eculizumab dose (3).

Genetic variations in the C5 complement can lead to
poor response to eculizumab (9). Nishimura et al. assessed
the sequences of the gene encoding C5 in Japanese patients
with PNH with poor response to eculizumab. They noted all
patients with inadequate response had a single missense C5
heterozygous mutation, c.2654 G->A, which predicts the
polymorphism p.Arg885His (9). Another patient of Asian
ancestry with a poor response to eculizumab had a similar
mutation

¢.2653C=T, which indicates p.Arg885Cys (9). Similar
C5polymorphismwasreportedina Dutch patient with PNH
with poor response to eculizumab who was noted as having
a single C5 heterozygous missense mutation, ¢.2653C>A,
which predicts p.Arg885Ser (10). The mutation at Arg885
results in the failure of binding and blockade of eculizumab

at the C5 domain, accounting for the poor response (9). No
similar studies have been conducted in MG patients with
inadequate response to eculizumab.

Another potential mechanism for poor response could
be the development of antidrug antibodies. However,
studies looking into this possible mechanism have thus far
been negative. The administration of any large-molecule
therapeutics potentially induces an unwanted immune
response by developing antidrug antibodies (11-14). Hillmen
et al. evaluated the immunogenicity of eculizumab in PNH
patients after long-term treatment and found no anti-
eculizamab human anti-human antibodies (HAHs) in the
enrolled patient population (11). Neutralizing antibodies
to the C5 monoclonal antibody have not been found to the
degree that inhibits the therapeutic effects of the drug (15).

The three pathogenic mechanisms for AChR antibodies
include blockade of AChR channel function, antigenic
modulation, and complement activation (15). In patients
with poor response to eculizumab, the primary mechanism
contributing to the clinical worsening of MG may not be
complement activation.

This study has several limitations, including a need for
proof of theory utilizing genetic testing. This was a case
series of medical records at a single institution, with a small
sample size and the need for a control group, limiting the
findings’ generalizability. More extensive controlled studies
with a more robust design are warranted to explore the
mechanism for poor response to eculizumab in treatment-
refractory AChR+ gMG.
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Conclusion

The exact mechanism contributing to poor clinical
response to eculizumab in generalized MG patients remains
unclear. Further studies are warranted to undermine the
underlying pathogenesis.
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