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Like a Game of Chess, Every
Move Matters: The Role of
Antibodies in the Myasthenia
Gravis Treatment Landscape

Vera Bril, MD, FRCPC; Nicholas J. Silvestri, MD, FAAN;
and Carolina Barnett-Tapia, MD, PhD

Treatment of myasthenia gravis (MG) is complicated
and must be highly individualized based on patients’
varied symptoms and disease pathophysiology and their
individual preferences and priorities. Until very recently,
clinicians and patients have had to make difficult decisions
whether to sacrifice either efficacy or tolerability when
selecting treatments. New treatments have the potential

of being both effective and well tolerated. The following
AcapeMIc HIGHLIGHTS presents an overview of a recent
webinar in which the faculty discussed the current
treatment landscape for MG and promising investigational
treatments that may become available in the future.

PRESENTATION, DIAGNOSIS,
AND CURRENT TREATMENT

The incidence rate of MG is 5 to 30 cases per million,!
and the prevalence rate is 10 to 20 cases per 100,000
population.! MG has a bimodal age distribution, with one
peak in incidence occurring around age 30 (predominantly
females) and a second around 50 or 60 years of age
(slightly more predominant in males).!

Pathophysiology

Dr Silvestri identified MG as a prototypical
autoimmune disease in which antibodies interfere with
neuromuscular transmission, causing weakness.! Three
subtypes of MG have been identified, with a small
percentage of patients who do not fall into one of these
subtypes and are identified as seronegative.

Acetylcholine receptor (AChR) antibody positive (Ab+)
MG. This is the most common subtype of MG.? Patients
with this subtype will test positive for autoantibodies
against the AChR that belong to the immunoglobulin G
(IgG) subtypes® IgG1 and IgG3. These autoantibodies
may originate in the thymus* and interfere with
nicotinic AChRs in the postsynaptic membrane of the
neuromuscular junction through 3 main mechanisms.
These are functional blockade,® antigenic modulation,*
and complement activation (Figure 1).°

Muscle-specific tyrosine kinase (MuSK) Ab+ MG.
approximately 7% of patients with MG are seropositive
for MuSK autoantibodies, which are of the IgG4 subtype.
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MuSK autoantibodies do not cause complement activation,
and patients with this subtype rarely exhibit abnormalities
of the thymus.*

Low-density lipoprotein receptor-related protein 4
(LRP4) Ab+ MG. Autoantibodies against LRP4 are of the
IgG1 subtype, which are capable of complement activation,
thus leading to damage of the muscle end plate.® It is also
involved in activation of MuSK.

Clinical Presentation

MG leads to fatigable weakness,* most commonly
fatigability of the ocular muscles, leading to eyelid droop
as well as double vision.* Bulbar muscles are also affected,
causing dysphagia, dysarthria, dysphonia, or chewing
difficulty. Patients experience generalized weakness of the
muscles of the neck and the proximal muscles of the limbs,
though there are distal forms of MG.’ In serious cases,
MG can lead to respiratory difficulties such as dyspnea,
orthopnea, or respiratory failure, which is known as a
myasthenic crisis.’

Diagnosis

A diagnosis of MG should be based on a thorough
patient history that includes onset, course, and distribution
of symptoms, as well as past medical and family history.!®
Clinicians should test for fatigability and weakness
through physical examination.'® Asking patients to
stare at something to determine if diplopia or ptosis
develop, applying an ice pack to test if ptosis improves,*
and pushing on hip and shoulder muscles until fatigue
develops to assess proximal muscle fatigability can all
indicate a diagnosis of MG. The Medical Research Council
Scale for Muscle Strength can ensure uniformity of results
and track changes over time.'?

Figure 1. Mechanisms Leading to Impaired Neuromuscular Transmission in AChR-Ab+ Generalized Myasthenia
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2Reprinted with permission from Conti-Fine et al.

Abbreviations: AChR =acetylcholine receptor, Ab+=antibody positive, NMJ=neuromuscular junction.
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Assays are available that can detect antibodies of
AChR, MuSK, and LRP4 receptors.'! In complicated
cases or in seronegative cases, electrophysiologic tests
such as repetitive nerve stimulation or single fiber
electromyography can help with diagnosis.* Edrophonium
is a short-acting intravenous acetylcholinesterase
inhibitor (AChEI) with a rapid onset of action that can
be administered to test for improvement of weakness to
confirm a diagnosis of MG.*

A person describes being diagnosed with MG:

“When it comes to coping with a chronic illness, sometimes |
think it's almost easier after you've been diagnosed because the
symptoms in advance of diagnosis can be very confusing. Once |
formally had my senior diagnosis, I felt somewhat more confident
in understanding how it would affect my life and what treatment
options were available to me.”

@ Case Practice Question

Discussion of the best response can be found at the end of the activity.

Case 1. A 25-year-old woman presented with a 4-week history of
intermittent diplopia, dysphagia, and dysarthria. Her examination
is notable for fatigable ptosis in both eyelids and fatigable
weakness proximally in her upper and lower extremities. Which of
the following laboratory tests is most likely to lead to a diagnosis?

a. Thyroid stimulating hormone

b. Creatine kinase

c. Antinuclear antibody

d. Acetylcholine receptor antibody

Current Treatments

Available pharmacologic treatments include AChEIs,
corticosteroids, oral immunosuppressants, intravenous
immunoglobulin (IVIg), and plasmapheresis, and
monoclonal antibodies have recently been developed to
treat MG.

Thymectomy. Approximately 75%-85% of patients
with MG!? have abnormalities of the thymus gland, and
thymectomy is recommended for these individuals.”
Thymectomy has been associated with improved clinical
outcomes and a reduced need for immunosuppressive
therapies in patients with MG."® Guidelines state that
thymectomy should be offered to patients aged 18 to 50
years with AChR antibodies, but benefits and risks must be
discussed.™

AChEIls. AChEIs are generally used as first-line treatment
in patients who are AChR-Ab+, older than 50 years, or not
good candidates for thymectomy.'?> The most commonly
used AChEI for MG is pyridostigmine.!> AChEIs will
occasionally be adequate to control symptoms in mild cases
of gMG, but for most patients adjunctive immunotherapy
will be needed.?

Corticosteroids. Corticosteroids are first-line agents for
immunosuppression and will likely be used at some point
in most patients with MG.*'® Most patients will achieve
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marked improvement or remission of symptoms within
the first 2 to 4 weeks of corticosteroid treatment, with
maximum benefit being achieved after 5 to 6 months of
treatment.’ Because of the association with side effects,
corticosteroids should be used in moderation and tapered
carefully.!”

Oral immunosuppressants. Oral immunosuppressants
should be a first-line treatment for patients who are
unable to take steroids, and they should be used as
adjunctive treatment for patients who do not achieve
adequate response to corticosteroid monotherapy.'® The
most commonly used oral immunosuppressants are
mycophenolate, azathioprine, tacrolimus, cyclosporine,
and methotrexate.'8

Second-line immunotherapy. IVIg and plasma exchange
are both forms of immunotherapy generally used for
short-term treatment, but these treatments can be used for
extended periods in patients with refractory MG.!® These
treatments have a rapid onset of effect and should be used
in cases of myasthenic crisis.

Monoclonal antibodies (mAbs). Eculizumab is a mAb
approved for the treatment of gMG.? Eculizumab inhibits
the complement pathway, preventing destruction of the
postsynaptic membrane. Because MuSK antibodies do not
activate the complement pathway, MuSK-Ab+ patients
have not shown benefit with eculizumab treatment.'® The
mAb rituximab has shown benefit in patients with both
MuSK and AChR antibodies, although MuSK patients
appear to experience greater benefit.> Rituximab is thought
to derive its therapeutic effect from its ability to deplete
B cells. It is not approved for treatment of MG but is used
off-label.!”

CURRENT TREATMENT GAPS FOR MG

Intubation, ventilation, and thymectomy have improved
outcomes dramatically in patients with MG, yielding a 10%
mortality rate.?® However, according to Dr Barnett-Tapia,
further progress is still needed.

Patient-Acceptable Symptom States

Most patients do get better with treatment,!~2* but
the idea of “getting better” can be highly subjective. A
more useful method of assessing improvement is to
determine patient-acceptable symptom states. A large
study conducted by Petersson and colleagues® found
that, despite receiving standard-of-care treatments, 47%
of participants continued to experience an unacceptable
burden of symptoms. Another survey found that
approximately 30% of respondents reported unacceptable
symptoms.?* According to Dr Barnett-Tapia, if symptoms
improve but the patient remains unable to work, fulfill
family responsibilities, and enjoy life, treatment has failed.

Treatment Trade-Offs
The balance between efficacy and tolerability must be
evaluated for each patient because of individual disease
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course, patient lifestyles, demands, and comorbidities.
Corticosteroids such as prednisone are effective in more
than 80% of patients with MG, but two-thirds of patients’
experience weight gain, hypertension, diabetes, bone
loss, and psychological disorders.” Immunosuppressant
therapies increase the risk of infections. A study?*
compared infection rates over 5 years in 3,832 patients
with MG and healthy comparators and found that MG was
associated with a 39% greater risk of infection, including
respiratory infections. Dr Barnett-Tapia pointed out that
increased infection risk has become more troublesome
during COVID-19.

Patient-Centered Treatment Goals

Qualitative studies exploring the experiences of
individuals living with MG reveal that patients and
providers often have different treatment priorities. For
example, swallowing issues and respiratory issues can lead
to hospital admissions, myasthenic crisis, and increased
mortality, but patients may be more concerned with
symptoms that impact their normal lives, such as double
vision.

Symptom fluctuations. A recent study by Law and
colleagues® identified the unpredictable and fluctuating
nature of symptoms as having a substantial negative impact
on patients’ lives. Patients do not know if they will be able
to complete their day of work or take their kids out to play.
By understanding the individual’s burden due to symptom
fluctuations, a clinician can prioritize a treatment that
provides stability.

Here, a person with MG describes her efforts to balance
treatment efficacy and tolerability with her physician:

"As new treatments become available, we talk about them to get

a sense of why there are medications that she is suggesting for
patients or is not suggesting for patients and why they would

be appropriate for me. ... In particular with Dr Bril, | understand
that her goal is not to overmedicate me. Her goal is to find the
appropriate level of medication that lets me lead the best life that |
can lead without overexposing me to the side effects of medication.
And it’s a very delicate balance, and it's something that | will
probably continue balancing for the rest of my life.”

Treatment inertia. In the study by Laws et al,?> patients
felt that their providers sometimes suffered from treatment
inertia and were reluctant to try innovative or more
aggressive treatments if the current treatment strategy had
led to some improvement. Dr Barnett-Tapia suggested that
treatment inertia may stem from worry of increasing side
effects. In other instances, clinicians may want to delay
making changes to give the current treatment sufficient
time to take effect. Some treatments can take up to a
year before any benefit is seen. However, patients feel as
though they have wasted a year of their lives, especially if
the treatment does not work. Ultimately, clinicians must
remember that treatment decisions should be based on the

patient’s goals and preferences.

Mental health. Approximately 41% of individuals with
MG?® have comorbid mood disorders and other mental
health problems, which often stem from the physical
burden and unpredictable nature of MG symptoms.
Unfortunately, mental health symptoms often remain
untreated, which is an important treatment gap.2®

@ Case Practice Question

Discussion of the best response can be found at the end of the activity.

Case 2. A 42-year-old woman with MG is currently treated with
prednisone 10 mg per day, azathioprine 100 mg per day, and
pyridostigmine 60 mg 3 times per day. While she has improved,
she is still experiencing double vision that affects her ability to
work, as well as severe fatigue. On examination, you see mild
ptosis and an otherwise normal examination. She asks about
counseling and treatment alternatives. Which alternatives are the
most appropriate?

a. You reassure her that her examination is essentially normal,
and there is no need to change her treatment.

b. You acknowledge that her disease is not well controlled
and discuss the potential benefit and adverse events of
increasing treatment doses.

c. You explain that increasing the doses of her treatments
conveys unacceptable risks for adverse events, and she
should maintain treatment and adjust to her symptoms.

d. You explain that azathioprine takes time to start working,
and if there is no improvement in 6 months or she requires
a higher dose of prednisone, there are other treatment
options for her.

The ultimate goal of clinicians must be to find a balance
between improving symptoms and helping patients achieve
their best quality of life (Figure 2).

FC RECEPTOR INHIBITOR THERAPY

MG is an antibody-mediated disease in which the
production of abnormal antibodies leads to a loss of
tolerance of the AChR, and new Fc receptor (FcR)
inhibitor therapies for MG target specific antibody
mechanisms underlying MG.

Fragment Crystallizable Neonatal Receptor (FCRn)
Function and Inhibition

Normally, IgG binds to the FcRn and is then
recirculated to the cell’s surface membrane. If the FcRn
is inhibited, the IgG is delivered to lysosomes, where it is
degraded rather than recycled. Thus, FcR inhibitors reduce
IgG levels by blocking the recycling mechanism that
maintains IgG levels in circulation, including the abnormal
Ig activity at AChRs in MG.? This type of therapy is
effective in not only AChR-Ab+ cases, but also MuSK cases
(Figure 3).%7

Efgartigimod. Efgartigimod is the only FcR inhibitor
currently approved for MG.?® Approval was based on the
results of the phase 3 ADAPT trial in which close to 68%
of the efgartigimod group®® were MG-ADL responsive,

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2022 Copyright Physicians Postgraduate Press, Inc.

e4 [E PRiIMARYCARECOMPANION.COM

Prim Care Companion CNS Disord 2022;24(6):AR21018AH3C



Academic Highlights

Figure 2. Factors to Consider When Balancing Efficacy and Tolerability®

Symptoms Potential adverse effects
of common treatments

o Double vision, droopy eyelids o Increased risk of infections
o Difficulty swallowing, chewing, speaking > Increased risk of cancer
o Reduced facial expression e Diabetes
e Shortness of breath e High blood pressure
o Weak arms, legs, neck @ | © Cataracts
e Osteoporosis, fractures
o Liver, kidney toxicity
o Weight gain

Restrictions in activities of daily life

2Data from Silvestri and Wolfe.?

Figure 3. Function of the FcR and FcR Inhibitors?
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2Based on Smith et al.?’

Abbreviations: FcCR=fragment crystallizable receptor, FcRn=fragment crystallizable neonatal receptor,
lgG=immunoglobulin G.

and the second cycle showed that the response was the patients receiving subcutaneous rozanolixizumab

repeatable.’” Minimal symptom expression (MG-specific showed clinical benefit, but this positive change did not

Activities of Daily Living [ADL] scale > 1) was achieved by reach statistical significance.*® Rozanolixizumab was

40% of patients.’! Treatment response endured for at least generally well tolerated.

6 weeks in more than 77% of patients, and the response

lasted more than 12 weeks in more than one-third of

patients.?? According to Dr Bril, the results of this study

are promising, but the variability in duration of effect Discussion of the best response can be found at the end of the activity.

underscores the need to individualize treatment (Figure 4). Case 3. A 40-year-old woman was diagnosed with AChR-Ab+ MG

Overall, the ADAPT study found efgartigimod to be 4 years ago. Despite therapy with thymectomy, pyridostigmine,

well tolerated, with adverse events being more common in corticosteroids, and mycophenolate mofetil 1.5 g twice daily, she

the placebo group than in the efgartigimod group (84% vs ha§ an inability.tg wo'rk, Iimited ability to care for her home and

77%)% (Figure 5). children, and.dlff'ICU|FIES VYIth most ADL. She has been depressed
over her continuing impairments and asks for better treatment.
Your next steps are to:

Investigational FcR Inhibitors

A number of FcR inhibitors are currently in clinical
trials for the treatment of MG.** Nipocalimab?? and
RVT-1401% have both completed phase 2 trials.
Rozanolixizumab recently completed a phase 3 trial and
announced positive results* in December 2021. The phase
2 trial showed that compared with those receiving placebo, d. Any of the above.

a. Start a trial of IVIg followed by maintenance doses for 3
months and reassess. Continue with her other medications
at present.

b. Add FcR inhibitor efgartigimod to her treatment.
¢. Add eculizumab to her therapy.
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Figure 4. Duration of MG-ADL Response (AChR-Ab+ Patients, Cycle 1)ab

Duration of response in MG-ADL respondersb:
time from first improvement > 2 points to loss of that improvement

12+ weeks ENEVZVL 34.1%
8to < 12 weeks EIERILYS
6 to < 8 weeks BN YZY 31.8%

2Data from Howard et al.?°
b12 patients did not require a second cycle of efgartigimod during the study due to maintained improvement.
Abbreviations: AChR-Ab+ =acetylcholine receptor antibody positive, MG-ADL = Myasthenia Gravis Activities of Daily Living.

Figure 5. Percentage of Patients Experiencing Adverse Events in Efgartigimod vs Placebo Groups?

M Efgartigimod
30
[E Placebo
25
20
15 4
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5 |
0
Headache Nasopharyngitis Nausea Diarrhea Upper Respiratory Urinary Tract
Tract Infection Infection

2Data from Howard et al.?®

CONCLUSION

Although many treatments are available for MG, patients continue to suffer as a result of inadequate
symptom control or treatment side effects. Clinicians should be mindful of the trade-off that occurs
between getting better and experiencing side effects. Ultimately, the cure will turn off abnormal antibody
production. New treatments and those under investigation are promising and may allow more patients than
ever before to achieve an asymptomatic state.

@ Clinical Points

B A diagnosis of myasthenia gravis should be based on evidence of fatigable weakness, patient history, and antibody
testing.

B Treatments consist of thymectomy, acetylcholinesterase inhibitors, corticosteroids, immunosuppressants, and
monoclonal antibodies.

B Treatment selection should be based on MG subtype and the patient’s needs and preferences.
B The efficacy of treatments must be weighed against the burden of potential side effects.
B FcRinhibitors are promising new treatments that appear to be highly effective and well tolerated.”

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2022 Copyright Physicians Postgraduate Press, Inc.
e6 [E PRIMARYCARECOMPANION.COM Prim Care Companion CNS Disord 2022;24(6):AR21018AH3C



Discussion of Case Practice Questions

Case 1: Preferred response is d. Acetylcholine receptor
antibody.

This case of fatigable ocular and bulbar-predominant
weakness in a young woman is very suggestive of a diagnosis
of MG. As 85% of patients with MG have AChR antibodies, this
test is most likely to lead to a diagnosis in this case.

Case 2: Preferred response is b. You acknowledge that her
disease is not well controlled and discuss the potential
benefit and adverse events of increasing treatment doses
and d. You explain that azathioprine takes time to start
working, and if there is no improvement in 6 months or
she requires a higher dose of prednisone, there are other
treatment options for her.

Up to 40% of people with MG report having unacceptable
symptom burden, despite treatment, and MG symptoms
fluctuate. Treatment decisions should be individualized to
assess specific risk/benefit profile of medications for each
patient, including patients’ expectations, usual activities, and
comorbidities. Many traditional immunosuppressants take
approximately 12 months to act, so an appropriate time on
treatment is needed before changing to other alternatives.

Case 3: Preferred response is d. Any of the above.

All of these therapies have shown a rapid onset of action
and benefits to patients not doing well on other therapies.
Eculizumab was tested specifically in refractory patients,

so eculizumab is a good choice but very expensive.

There is evidence that maintenance therapy with IVig or
subcutaneous infusion immunoglobulin can improve

MG status and reduce doses of corticosteroids and
immunosuppressants. The novel FcR inhibitor will act rapidly
and improve this patient’s status.

Published online: October 27, 2022.

Disclosure of off-label usage: The faculty of this educational activity
may include discussions of products or devices that are not currently
labeled for use by the US Food and Drug Administration. Faculty
members have been advised to disclose to the audience any reference
to an unlabeled or investigational use. No endorsement of unapproved
products or uses is made or implied by coverage of these products or
uses. Please refer to the official prescribing information for each product
for discussion of approved indicators, contraindications, and warnings.
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®a CME INSTITUTE PosTTEST

To obtain credit, go to CMEInstitute.com to complete the Posttest and Evaluation.

1. A 37-year-old woman is diagnosed with muscle-specific kinase (MuSK) antibody positive
generalized myasthenia gravis (MG). She was initially treated with pyridostigmine, which led to
worsening of her symptoms. She was next treated with high-dose prednisone, which controlled
her symptoms due to MG but has led to a number of side effects. She did not tolerate a trial
of mycophenolate mofetil due to diarrhea. Which of the following medications is the most
appropriate next treatment in her case?

a. Intravenous immunoglobulin (IVIg)
b. Tacrolimus
c. Rituximab
d. Eculizumab
2. A 35-year-old woman with AChR-Ab+ generalized MG diagnosed 3 months ago calls your office
because she has increasing shortness of breath and a feeling that she is “drowning.” She is being

treated with pyridostigmine 60 mg 4 times daily and had a thymectomy 1 month ago. What is
your next step?

a. Increase pyridostigmine to 60 mg 5 times daily
b. See as an emergency and arrange urgent plasma exchange

c. Book to see her in 2 weeks and reassure her

QR code

d. Start prednisone 50 mg daily and continue pyridostigmine Scan this '@'
to access. E
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