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Abstract

Antibodies against LRP4 were found in 2-4% of patients with myasthenia gravis (MG). LRP4-antibody-positive
(LRP4+) MG presents with more severe disease with bulbar involvement. No standard treatment guideline has
been established for this subtype. We identified a LRP4+MG patient with severe symptoms including bulbar
dysfunction that were refractory to standard therapy. Rituximab was started due to treatment failure with standard
therapy. At the time of initiation of rituximab, patient was on plasmapheresis every 1-2 weeks. Her work and
quality of life were greatly compromised. Six weeks after initiating rituximab therapy, remarkable improvements
in dyspnea, dysphagia, ptosis, and proximal limb muscle strength were reported without adverse events.
Improvements in 3 standardized Myasthenia Gravis scoring systems were observed. The maintenance
plasmapheresis was discontinued and pyridostigmine dose decreased by 50% because of sufficient symptom
control. Stable improvement was achieved with rituximab maintenance therapy spaced 5 months apart. Our case
demonstrates rapid onset of efficacy of rituximab in patient with refractory LRP4+MG. This response and the
proposed mechanism of action of LPR4-Ab suggest that the efficacy of rituximab in LRP4+MG may parallel that
in MuSK+MG. Further exploration of this treatment option is warranted.
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Introduction

Myasthenia gravis (MG) is an antibody-mediated autoimmune disorder
affecting the neuromuscular junction (NMJ) function leading to
fluctuating weakness of ocular, facial, bulbar, limb and respiratory
muscles.[1] Approximately 80% of patients with generalized MG have
antibodies targeting the acetylcholine receptors (AChR), and about 10%
have antibodies against the muscle specific kinase (MuSK) protein.[2]
Among the remaining seronegative MG patients, about 15% have
antibodies recognizing lipoprotein-related protein 4 (LRP4) and/or
agrin.[3] Although majority of MG patients respond to standard therapies
including cholinesterase inhibitors, corticosteroids, steroid-sparing
immunosuppressants such as mycophenolate mofetil and azathioprine, up
to 15% patients still experience insufficient control of symptoms or
intolerable side effects.[4,5] Identification of MG autoantibodies is a key
step, as it not only helps with confirming diagnosis but also guides
management of MG. For example, complement inhibitors are indicated
only for AChR+MG based on the finding that complement activation and
subsequent destruction of postsynaptic membrane by the membrane
attack complex play a critical role in pathogenesis of AChR+MG;[6,7,8]
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thymectomy is effective in young AChR+MG but not in MuSK+MG as
thymic hyperplasia rarely occurs in MuSK+MG;[10] rituximab is highly
efficacious in MuSK+MG.[9]

LRP4 autoantibodies are believed to be pathogenic for MG by disrupting
activation of MuSK.[11] LRP4+MG patients tend to report more severe
disease with increased bulbar involvement similar to MuSK+MG
patients. LRP4+MG patients are oftentimes managed with standard
therapy due to lack of studies on effective treatment regimen.[3] We
report a case of LRP4+MG patient with a refractory disease course who
had excellent response to rituximab.

Case description

The patient presented in this case is a 54-year-old Caucasian female with
relevant past medical history of depression, recurrent pulmonary
infections (on chronic prophylactic antibiotics). She presented in her late
20s with muscle fatigue, ptosis, and dyspnea followed by dysphagia, at
one point requiring parenteral feeding. Her initial work up included
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normal routine EMG, normal repetitive nerve stimulation studies, and
negative AChR and MuSK autoantibodies. Her initial single fiber EMG
(SFEMG) was nondiagnostic due to poor cooperation. She was
empirically diagnosed with MG based on her clinical presentation and
treatment response to pyridostigmine. Her MG symptoms worsened
shortly after the diagnosis that led to multiple admissions for MG crisis
and required chronic non-invasive ventilation at night and short periods
during the day due to insufficiently controlled dyspnea and de-saturation.
Prednisone offered some benefits but caused severe depression and
avascular necrosis in the right hip. She received IVIG every 2-4 weeks
for ~3 years and was switched to plasmapheresis (PLEX) due to frequent
worsening of MG symptoms leading to numerous admissions for
respiratory failure. Due to her history of recurrent pulmonary infection,
her pulmonologist was resistant to chronic immunosuppression. She
continued PLEX for 6 years; initial frequency every 3 weeks, increased
to every 1-2 weeks due to insufficient control of bulbar symptoms. She
continued to have frequent ED visits and admissions due to episodic
worsening of MG symptoms. Repeat SFEMG of the extensor digitorum
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communis 2weeks following PLEX demonstrated increased jitter in 3/20
pairs with evidence of blocking. LRP4 antibody was subsequently
checked and found to be positive for 2 times. Rituximab at 1000mg
spaced by 14 days were initiated after consultation with her
pulmonologist. The patient tolerated the infusion well. Six weeks after
rituximab infusion, she noted significant improvement in dyspnea,
dysphagia, ptosis, and proximal limb muscle strength. Plasmapheresis
was tapered off and the daytime pyridostigmine dose was decreased by
50%. Evaluation at 11 weeks post initiation of rituximab infusion
demonstrated 11-point improvement in the Myasthenia Gravis Activities
of Daily Living profile (MG-ADL), 4-point improvement in Myasthenia
Gravis Quality-of-Life 15 scale (MG-QoL15r), and 11-point
improvement in Myasthenia Gravis Composite scale (MSC) (Fig 1). She
no longer needed respiratory support during the day and reported greater
tolerance of physical activities. She was exacerbation-free for 4.5 months,
at which point rituximab therapy was repeated with similar clinical
response. She had no pulmonary infections since initiating rituximab.
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Figure 1: MGC, MG-ADL 15, MG ADL scores before and after Rituximab infusion.

Discussion

The identification of antibodies is a key step in the workup of myasthenia
gravis, as it not only confirms the diagnosis and can dictate the
appropriate treatment. Common therapeutic options such as early referral
for thymectomy should be considered for AChR+MG in patients younger
than the age of 50, while newer therapeutics such as complement
inhibitors and FcRn antagonists are indicated only for AChR+MG.[5,10]
The International Consensus Guidance for Management of Myasthenia
Gravis 2020 update recommends rituximab be considered as an early
therapeutic option in patients with MuSK+MG who have an
unsatisfactory response to initial immunotherapy, while in refractory
AChR+MG, the efficacy of rituximab is uncertain and only be considered
if patients fail or do not tolerate other immunosuppressant agents.[12]

LRP4+MG is a rare subtype of MG. Itis believed that LRP4 interacts with
agrin and MuSK to activate the kinase and initiates downstream signaling
cascades for AChR clustering.[13] Recent work in mice has demonstrated
that the presence of anti-LRP4/agrin antibodies in MG patients are
pathogenic through disruption of agrin-dependent LRP4-MuSK
interaction.[11]

No established treatment guidelines exist for LRP4+MG and there are few
published reports of effective treatments. One multicenter case series
study has demonstrated that patients with LRP4 antibodies experience
more severe symptoms than those with double seronegative MG, and that
LRP4+MG are generally managed with conventional immunosuppressant
therapy.[3] The study also had 11% of its participants undergone
treatment with rituximab, although the treatment response was not
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specified.[3] Our case demonstrates rapid onset of efficacy along with
persistent action for a duration of 4.5 months in a patient with refractory
LRP4+MG following rituximab infusion. Similar benefits were observed
with maintenance infusion every 5 months.

Considering the pathophysiologic mechanism of LRP4 and its close
interaction with the MuSK protein, the efficacy of selective B-cell
depletion agents such as rituximab in LRP4+MG may be similar to that
in MuSK+MG.[3,13] As a case report, extrapolation of this single data
point is not feasible. Being a small subset of a rare disease, enrolment of
enough patients to detect a significant therapeutic response is challenging.
Many recent clinical trials of promising new MG therapies exclude sero-
negative and LRP4+ patients, regardless of the potential efficacy.
Publication of case reports of effective treatments in this population will
help direct the development of a much-needed data-driven targeted
algorithm for managing LRP4+MG.

Conclusion:

Treatment for myasthenia gravis is rapidly evolving owing to the advance
in identification of autoantibodies, understanding of the pathogenesis both
at the neuromuscular junction and broadly the immune system, and the
development of targeted therapeutics. Most of the new therapies are for
AChR+MG. LRP4+MG represents a small portion but tends to have more
severe clinical symptoms including bulbar dysfunction that can be
refractory to standard therapies developed for AChR+MG. Guidelines
and evidence-based practice specific for LRP4+MG are missing, as a
result, obtaining approval for using non-standard therapy in patients with
LRP4 antibody can be challenging. Our case report showed that rituximab

Page 2 of 3



J. Neuroscience and Neurological Surgery

had fast onset and persistent benefits in a LRP4+MG patient with severe
and refractory disease. This opens the door for future research study of
the efficacy of rituximab either by large case series or randomised control

trial.
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