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INTRODUCTION

Myasthenia gravis (MG) is the most common acquired disorder of neuromuscular
transmission. It occurs due to the production of pathogenic autoantibodies that bind to
components of the neuromuscular junction, the most common being the acetylcholinesterase
receptor (AChR). The incidence is estimated at 0.3 to 2.8 per 100,000 and the worldwide
prevalence at 700,000.1 In 1934, cholinesterase inhibition was demonstrated as the first
effective treatment for MG.2 Until the last 20 years, most MG treatment was investigated
through retrospective clinical studies. More recently, there have been a number of
randomized controlled clinical trials (Box 1). The decades that various MG treatments were
introduced is shown in Box 2. This development has been associated with dramatic
improvements in survival and prognosis in MG.2 The primary reasons for reduced mortality
rates are the improvement in intensive respiratory care and the introduction of
immunosuppressive treatments. Although the mortality rate was previously quite high,
resulting in the name MG, the current mortality rate in MG is reported as 0.06 to 0.89 per
million person-years.# The various treatments for MG and the approximate time lag to onset
of action are outlined in Table 1.

In this review, we summarize information on most MG treatment modalities and offer
recommendations for the management of generalized MG and MG crises.

SYMPTOMATIC TREATMENT

Anticholinesterase Inhibitors

Acetylcholinesterase inhibitors were discovered and introduced into medical practice during
the 19th century.® In 1934, Walker hypothesized that physostigmine, an agent used as a
partial antagonist to curare, may counteract the curare poisoning-like features of MG and
described rapid onset and dramatic but temporary improvement in a 56-year-old woman with
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generalized MG.28 She followed this with a brief and also positive report of prostigmine for
generalized MG.” Prostigmine was the acetylcholinesterase inhibitor of the time from the
mid-1930s to the mid-1950s, when pyridostigmine was introduced.8-11 To our knowledge,
branded Prostigmin is no longer available in the United States, but generic neostigmine is.

Pyridostigmine, a synthetic acetylcholinesterase inhibitor, inhibits the hydrolysis of the
acetylcholine neurotransmitter in the synaptic cleft. This agent increases the number of
interactions between the acetylcholine and the acetylcholine receptor in the neuromuscular
junction. Pyridostigmine does not cross the blood—brain barrier, thereby limiting central
nervous system toxicity, and may be mildly effective in ocular and generalized MG.

A typical starting dose is 60 mg every 6 hours during daytime hours (see Table 1). Dosage
may be titrated up to 60 to 120 mg every 3 hours aiming to minimize symptoms, but at these
higher doses side effects are more likely to occur. Clinical effect onset is 15 to 30 minutes
and its duration is about 3 to 4 hours. For patients who awaken at night or in the morning
with impairing weakness, a 180-mg extended release formulation of pyridostigmine may be
taken before sleep. However, owing to uneven absorption and unpredictable effect, the use of
this medication has been limited.

Gastrointestinal side effects such as abdominal cramping, loose stools, and flatulence are
most common. Increased perspiration and muscle twitches and cramps are other side effects.
Acetylcholinesterase inhibitors are relatively contraindicated in myasthenic crisis because
they can increase secretions and complicate airway management. At very high doses,
acetylcholinesterase inhibitors can precipitate a paradoxic increase in weakness with
respiratory insufficiency, a condition recognized as a cholinergic crisis. However, in the
current era of effective immunotherapy, these extremely high doses are not used, and the
cholinergic crisis has become more of a theoretic concern. Pyridostigmine can be used long
term, and its effectiveness generally does not diminish over time. For the management of
intrusive muscarinic side effects, options include oral glycopyrrolate 1 mg, hyoscyamine
0.125 mg, or loperamide 2 mg. Either drug can be taken concurrently with pyridostigmine
doses, up to 3 times a day.

Data exist to guide the use of acetylcholinesterase inhibitors in different MG patient
subgroups. Patients with muscle-specific kinase (MuSK) autoantibody-positive disease have
lower response rates than patients with the AChR autoantibody.12:13 Juvenile patients with
MG may have a particularly robust acetylcholinesterase inhibitor response.1* Patients with
ocular MG, and particularly those with diplopia, frequently seem to not fully respond to
acetylcholinesterase inhibitors, although ptosis seems to be more responsive than ocular
paresis.1>16 The apparent limited response in patients with diplopia may be because, unless
the ocular motility is completely restored, some degree of diplopia will persist.

CORTICOSTEROIDS

Corticosteroid treatment was the first widely used immunosuppressive therapy introduced in
MG. The first reports of a beneficial response in MG involved high-dose prednisone (100
mg/d or every other day).17:18 Early clinical studies showed prednisone’s dramatic impact
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on myasthenic patients, with 80% or more showing either medical remission or marked
improvement.1® Although evidence from randomized controlled clinical trials remains
limited and side effects pose significant challenges in clinical use, corticosteroids are
considered the most effective oral immunosuppressive agent and are widely recommended
as a first-line agent for use in patients with MG.29-23 Although corticosteroids are known to
have a broad inhibitory effect on immune response via the reduction of endothelial adhesion
of leukocytes and a decrease in inflammatory cytokine production, the exact mechanism of
action in MG remains unknown. Studies of the effect of corticosteroids therapy on
acetylcholine receptor antibody titers have shown conflicting results with both decreased and
unchanged antibody titers. This finding possibly implies an effect on cell-mediated
immunity for corticosteroids in MG.

The clinical response to corticosteroids can start within days, and most patients experience
initial benefits within the first 2 weeks.1® Patients attain maximal improvement on
corticosteroids in the first 6 months, although some may take as long as 2 years or more.19
There are 2 prevalent approaches to oral corticosteroids administration: a high-dose, rapid
treatment induction regimen, and a low-dose and slow titration regimen (see Table 1). The
slow titration regimen is designed to reduce the risk of initial worsening seen in as many as
one-half the patients started on corticosteroids, but more commonly in the patient subset
with severe MG or marked bulbar manifestations. The high-dose regimen consists of
prednisone 1.0 to 1.5 mg/kg/d (but usually not >100 mg/d) for 2 to 4 weeks. After this
period, a decision is made to immediately switch to every other day or to continue daily
high-dose therapy. Switching immediately to alternate day high-dose corticosteroids may be
used for patients who are Myasthenia Gravis Foundation of America (MGFA) grade 2
(mild). However, higher grade patients with MG usually require daily corticosteroid dosing
for extended periods. Whether the patient is switched to a higher daily dosing at 2 to 4
weeks or left on high-dose daily therapy, the patient is usually kept on that dose (eg, 100 mg
every other day or 50 mg/d) for another 4 to 8 weeks, at which time improvement should be
noted and a slow taper by 5 to 10 mg a month can be initiated.

A low-dose and slow titration regimen is suited for patients with milder disability, including
ocular MG or in mild to moderate MG. In the low-dose approach, 10 mg/d is administered,
and the prednisone is increased by 10 mg every 5 to 7 days to a peak dose of 1.0 to 1.5
mg/kg/d (up to 60-100 mg).2* A third and more recent approach is based on the
mycophenolate mofetil study,2° and it places patients on a fixed dose of prednisone 20 mg
immediately, monitoring that dose, unless there is no response, and then the dose should be
increased. We have been using the 20 mg/d and stay approach since the mycophenolate
mofetil study, and have found that it is often successful, as in the mycophenolate study. We
believe that a comparative effectiveness study of different prednisone dosing approaches in
MG is warranted.

Daily prednisone use is also the rule for patients in myasthenic crisis and for those with
worsening symptoms but who are not yet in crisis. A switch to alternate day prednisone can
be made months later, when the patient has begun to improve significantly. A daily long-
term steroid regimen may be indicated in patients with diabetes and hypertension to avoid
wide swings in serum glucose and blood pressure, respectively.
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In ocular MG, the use of corticosteroids has been the subject of debate, weighing the
considerable functional impairment from diplopia and ptosis against the risk of significant
systemic toxicity from chronic corticosteroid use.28 A recent small randomized, double-
blind trial of prednisone 10 mg every other day titrated up to 40 mg/d over 16 weeks versus
placebo in patients with ocular MG showed that 100% of the placebo group patients (n = 5)
failed to improve, whereas only 17% of the prednisone group (n = 6) failed to improve (P=.
02).20 The strength of this evidence is limited by a small sample size, but this study indicates
that prednisone can be an effective treatment for ocular MG and should be considered in
patients that fail acetylcholinesterase inhibitors. This small but dramatically positive study is
probably the best randomized controlled trial of prednisone in MG.

Several retrospective studies have provided evidence that immunotherapy (including
treatment with corticosteroids) may reduce the risk of developing generalized MG in
patients with ocular MG.27:28 |n the largest of these studies, after 2 years of follow-up, 36%
of patients not treated on prednisone progressed to generalized MG versus only 7% of
patients treated with prednisone.2” In another retrospective study, pyridostigmine was used
without prednisone in 59 of 97 patients with ocular MG with 12 developing generalized
MG, whereas none of the 38 prednisone-treated cases developed generalized MG.16

The systemic side effects of long-term corticosteroid therapy are numerous and can be
highly impactful. They include weight gain, diabetes, hypertension, eye disease (cataract and
glaucoma), accelerated bone demineralization, and neuropsychiatric disturbances. Potential
complications should be discussed before the initiation of treatment, and prevention and
monitoring plans should be established in collaboration with the patient’s primary care
physician. We recommend placing a tuberculin skin test or obtaining a QuantiFERON-TB
Gold test to identify patients previously exposed to tuberculosis before starting
corticosteroids therapy. Prophylactic therapy is indicated in those who test positive for prior
exposure. Patients should be counseled about a low carbohydrate, low calorie, and low salt
diet. If the patient is hospitalized, this can be done by the dietician. However, dieticians are
often not available in the outpatient setting and, therefore, it is up to the neurologist to
provide some dietary guidance. The advice of “no junk food/no salt when food gets to the
table” is a good starting point, and should be reinforced on follow-up visits. A dual energy
X-ray absorptiometry scan and an ophthalmologic examination should be obtained at
baseline and repeated annually. Calcium (500 mg 2 to 3 times daily) and vitamin D (400
IU/d) supplements should be taken to reduce the risk of pathologic fractures. Patients should
also remain up to date on all vaccinations, including the flu and pneumococcal vaccines, but
no live or live attenuated vaccines should be used by patients on immunotherapy.2®

OTHER IMMUNOSUPPRESSANTS

Azathioprine

Azathioprine is a purine synthesis cytotoxic antimetabolite that inhibits DNA and RNA
synthesis, cellular replication, and lymphocyte function. The use of azathioprine for MG
therapy was pioneered in Europe in the 1970s, and azathioprine has become the most widely
accepted steroid-sparing immunosuppressant used for MG.22:30 |In comparison with other
steroid-sparing options, azathioprine has more favorable tolerability, although a major

Neurol Clin. Author manuscript; available in PMC 2019 August 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farmakidis et al.

Page 5

challenge in its clinical use is the estimated 6- to 18-month latency between treatment
initiation and therapeutic onset.3132

A number of earlier retrospective studies have suggested response rates to azathioprine
ranging from 70% to 91%.30:33 There has been 1 randomized, double-blind clinical trial of
oral prednisolone plus azathioprine 2.5 mg/kg/d versus oral prednisolone and placebo.32
Enrollment was slow, took several years to complete it. Patients were observed over 3 years
and the corticosteroid dose was adjusted up or down to the lowest dose necessary to
maintain pharmacologic remission. Thirty-four patients were enrolled, but the dropout rate
was high. At 12 months, there was no significant difference in the prednisolone dose
between both groups (N = 24; placebo 15 cases and azathioprine 9), but there was a trend for
a lower prednisolone dose in the azathioprine group. At 18 months, there was a statistically
significant difference in the prednisolone dose between the 2 groups. At 3 years, most
patients in the prednisolone plus azathioprine group (n = 8) had been successfully tapered
off steroids. Weight gain was also less in the prednisolone plus azathioprine group compared
with the prednisolone and placebo group, at 2 kg/y and 5.8 kgly, respectively. Conversely, in
the prednisolone and placebo groups, patients were more likely to fail to remit and to relapse
even with the flaws noted. This is an important positive study in the MG field and supports
the use of azathioprine. However, azathioprine may not improve an MG patient in the first
year of treatment and is used for long-term management to get patients on lower
corticosteroids doses or off corticosteroids altogether.

Aczathioprine has been used in patients with generalized MG on corticosteroids who are still
symptomatic; in patients with relative contraindications to corticosteroids treatment such as
hypertension, diabetes, and osteoporosis; and in those who experience severe side effects to
corticosteroids. Azathioprine has also been used in patients with ocular MG requiring but
not tolerating corticosteroid therapy.34

The starting dose for azathioprine is 50 mg/d (see Table 1). Dosing can be increased in 50-
mg increments every 2 to 4 weeks to a goal dose of 2 to 3 mg/kg/d. Blood counts and liver
function should be tested at baseline, and then monthly. An important monitoring parameter
of bone marrow suppression is the white blood count and leukopenia.3® Others include liver
function test evaluation (alanine aminotransferase, aspartate aminotransferase). \WWe monitor
a complete blood count and a complete metabolic panel. If the white blood cell count
decreases to less than 4000 mm3, we decrease the azathioprine dose, and if it decreases to
less than 3000 per mm3, we stop the drug. We also monitor the absolute neutrophil count to
make sure it is not affected, but expect some lymphopenia in the range of 500 to 1000 per
mm3. If the aspartate aminotransferase or alanine aminotransferase levels elevate, we stop
the drug. When the liver enzymes return to normal the patient can be rechallenged and
occasionally this measure can be effective without enzyme elevations.

In rheumatic diseases and in posttransplant care, azathioprine has been linked to a higher
risk of developing a malignancy, although a parallel phenomenon has not been described in
patients with MG.36 Although evidence from the transplant literature indicates that the risk
for adverse outcomes from azathioprine use in pregnancy is very low, we do not use
azathioprine in pregnancy.
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Of the patients placed on azathioprine, 10% to 20% have an idiosyncratic drug reaction
presenting as a flulike syndrome with fever, malaise, and loss of appetite.2° This
phenomenon occurs in the first 1 to 2 weeks after starting the drug. If it occurs, azathioprine
should be stopped immediately, and the symptoms will lessen in a day or two. If
azathioprine is restarted, these side effects almost always recur.

It has been suggested that before initiation of azathioprine, thiopurine methyltransferase
phenotype or genotype be tested as an inherited enzyme deficiency predicts an increased risk
for leukopenia. A systematic review of 55 studies found that, although diminished TMPT
activity is associated with myelotoxicity, there is insufficient evidence to support screening
patients for thiopurine methyltransferase deficiency.3’ In practice, we monitor blood cell
counts closely instead.

Mycophenolate Mofetil

Similar to other newer immunosuppressants, mycophenolate mofetil was introduced in
neuromuscular diseases after initial experience as an antirejection drug in transplant
medicine.38 Mycophenolate mofetil is a potent monophosphate dehydrogenase inhibitor. It
inhibits guanosine nucleotide synthesis that is essential for B and T lymphocytes. Initial
interest was spurred in MG after the report of a patient with treatment-refractory early-onset
myasthenia who had a rapid response to mycophenolate mofetil 3 Several retrospective
studies suggested a favorable tolerability profile, the potential for a prednisone-sparing
effect, and robust rates of disease control around 70%.4941 In addition, in comparison with
azathioprine, a more rapid initial clinical response time (11 weeks) was suggested.

However, both of 2 large multicenter, randomized, double-blinded, placebo-controlled trials
failed to show that mycophenolate mofetil in addition to prednisone was more effective in
controlling MG. In 1 study, 80 patients with mild to moderate generalized AChR antibody—
positive MG were randomized to 20 mg/d of prednisone plus 2.5 g/d mycophenolate mofetil
versus 20 mg/d prednisone and placebo and followed over 12 weeks.2® The primary
outcome was change in the Quantitative Myasthenia Gravis (QMG) score, which was
similarly decreased in both groups, indicating there was no advantage detected in the
mycophenolate mofetil group. Both groups improved which implies a significant effect of
prednisone 20 mg/d. In the international phase 111 mycophenolate mofetil study, 176 AChR
antibody—positive patients with mild to moderate MG who were already taking
corticosteroids were randomized to mycophenolate mofetil 2 g/d versus placebo.42 At the
conclusion of 36 weeks (9 months), the primary endpoint measured — which was a
composite of a favorable MGFA postintervention status and prednisone and pyridostigmine
doses below certain preset ceiling levels—did not show the mycophenolate mofetil group
outperforming the placebo group.

The discordance between the retrospective and randomized trial data of mycophenolate
mofetil has several potential explanations. The most favored is that the therapeutic potency
of 20 mg of prednisone may have been underestimated and thus overwhelmed the
therapeutic effect of mycophenolate mofetil. It is also possible that clinical trial periods were
not long enough to capture the onset of the effect of mycophenolate mofetil, or that the
disease population studied was too mildly affected to require both prednisone and
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mycophenolate mofetil for treatment. Since the publication of these negative randomized,
controlled trials, another retrospective study provided evidence of benefit for mycophenolate
mofetil, although the strength of the evidence is limited by its retrospective design.*3
Despite 2 negative studies, mycophenolate mofetil is listed as part of the international
consensus guidance for MG management.22 In our practice, although we still use
mycophenolate mofetil for some patients with MG, we do not use it quite as often since the
publication of these 2 randomized controlled trials. The most common regimens used are
1000 to 1500 mg twice daily (see Table 1). The main side effects are diarrhea, nausea,
infections, and leukopenia. Blood counts should be monitored closely at the initiation of
treatment and thereafter monthly, and we use the same guidelines for dosing adjustment
outlined for azathioprine. Mycophenolate mofetil is contraindicated in pregnancy owing to
teratogenic potential and a higher risk of miscarriage in the first 3 months.#4 Concerns exist
regarding a potential increase in the risk of lymphoproliferative disease based on isolated
case reports.45:46

Cyclosporine

Cyclosporine, an agent first used to suppress allograft rejection, interferes with calcineurin
signaling, suppresses cytokine secretion including interleukin-2 and interferon-vy, and
interferes with T-helper cell activation. Cyclosporine was the first immunosuppressant
medication shown to be effective in the treatment of generalized MG in 2 small double-
blind, randomized, controlled trials.*”:48

In the first randomized trial, newly diagnosed, thymectomy- and immunosuppression-naive
generalized patients with MG were treated with cyclosporine 6 mg/kg/d versus placebo. The
cyclosporine level was monitored, and the dose adjusted to maintain trough levels between
400 and 600 ng/mL and creatinine at 2.0 mg/dL or less. At 6 months, the cyclosporine group
had a lower QMG score compared with the placebo group, and that persisted and remained
statistically significant at 12 months.#” In a second randomized, controlled trial of
cyclosporine, a group of steroid-dependent patients (=30 mg of prednisone every other day)
with or without a thymectomy, and with varying degrees of prior immunosuppressive
therapy was treated with 5 mg/kg/d of cyclosporine versus placebo with the cyclosporine
dose adjusted to maintain trough levels between 300 and 500 ng/mL and creatinine of 2.0
mg/dL or less.#8 At the conclusion of the study at 6 months, the cyclosporine group had a
lower QMG score, had a greater reduction of AChR antibody levels, and was on a lower
prednisone dose, although this lower dose was not statistically significant. In an 18-month,
open-label extension of the study, the steroid-sparing effect of cyclosporine seemed to
increase.

Acute and more indolently progressive renal toxicity and hypertension are major factors
limiting the tolerability of cyclosporine. Serum creatinine levels in a case series increased by
a mean of 48% in more than one-quarter of treated patients and the cumulative side effects
led to the discontinuation of treatment in 35% of patients over a 2-year period.*8:49 There is
also evidence that cyclosporine is associated with increased dermatologic and other
malignancy risk.4® In addition to increased skin surveillance and measures to limit sun
exposure, the neoplasia risk of cyclosporine should be reviewed individually before
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initiating treatment. Other limiting side effects are hirsutism, tremor, gum hyperplasia,
paresthesias, headaches, and hepatotoxicity.

The starting dose of cyclosporine is usually 3 mg/kg/d (see Table 1) and it comes in 100 mg
capsules. Thus, a 70-kg person generally takes 200 mg split in 2 doses. Similar to
corticosteroids, the goal is to reduce cyclosporine to the lowest dose that maintains treatment
effect. Trough levels should be monitored (keep at <300 ng/mL) as well as serum creatinine,
blood urea nitrogen, and liver function tests. Different cyclosporine preparations should not
be mixed owing to differing pharmacokinetics, and the patient’ medication lists should be
screened before the initiation of this drug because a number of medications interact with
cyclosporine and destabilize serum drug levels.

Tacrolimus, a similar agent to cyclosporine, also seems to have a beneficial effect in MG, as
shown in a small randomized pilot study.®? In another study, a cohort of 13 children aged 7
to 13 years were treated for 1 year with tacrolimus 1 to 2 mg/d for MG poorly responsive to
prednisone.®! The prednisone dose was significantly decreased, with improvement in MG
symptoms as assessed by the QMG, MG Manual Muscle Testing, and MG Activities of
Daily Living and reduction of anti-AChR antibody titers. Most patients were able to
completely discontinue prednisone.

Methotrexate

Methotrexate is a folate antimetabolite that inhibits dihydrofolate reductase. When given in
high doses as part of a cancer chemotherapy regimen, methotrexate has a distinct cytotoxic
effect; at lower doses, methotrexate induces an immunomodulatory effect, the mechanism of
which is not fully understood.52 A small randomized, single-blinded study of methotrexate
in MG compared methotrexate 17.5 mg/wk with daily prednisone as compared with
azathioprine at 2.5 to 3.0 mg/kg/d with daily prednisone.>3 At 2 years there was a substantial
and comparable decrease in the average daily prednisone dose and the QMG scores in both
groups. These data suggested a similar efficacy between azathioprine and methotrexate over
a 2-year period, although with a cost advantage for methotrexate. A randomized, double-
blind, placebo-controlled trial of methotrexate 20 mg/wk by mouth versus placebo in
prednisone-dependent patients with MG was designed to more definitively determine if
methotrexate is effective as a corticosteroid-sparing agent.>* The results using the
predetermined intention-to-treat multiple imputation analysis showed no difference in the
prednisone area under the curve between methotrexate and placebo over a 12-month
observation period. Primary analysis of the secondary outcomes (QMG, MG Activities of
Daily Living, etc) similarly showed no difference between the 2 groups. However, there
were more patients in the placebo group that dropped out owing to worsening MG. In
addition, a post hoc analysis using other intention-to-treat methods (last-dose-carried
forward, worst/highest dose carried forward) showed methotrexate patients had significantly
lower QMG, MG Activities of Daily Living and MG Composite scores (Table 2).

As in the mycophenolate trials, this study raised the question of whether the drug is
ineffective, or whether the trial’s sensitivity was limited by concurrent corticosteroids
treatment, insufficiently long follow-up, a small study sample, or incorrectly chosen
intention-to-treat design.
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As a third-line agent, methotrexate is started at 10 mg/wk and titrated to 20 mg/wk over 2
months (see Table 1). We also give folic acid 1 mg/d to prevent stomatitis and monitor for
bone marrow suppression and liver toxicity. Methotrexate is strictly contraindicated in
women who may become pregnant and should be used cautiously in patients with lung
pathology because it is rarely associated with pulmonary fibrosis.

Cyclophosphamide

Rituximab

Cyclophosphamide is an alkylating agent that modifies the guanine base of DNA, conferring
cytotoxic properties. This action in turn suppresses bone marrow cell replication and B- and
T-cell immune function. A case series and a small, randomized double-blind clinical trial
have provided evidence that cyclophosphamide both improves weakness and also has
steroid-sparing effect in MG 5556

In a randomized, controlled trial of 500 mg/m?2 monthly intravenous cyclophosphamide
pulses, those in the cyclophosphamide arm had a significantly improved QMG score at
month 12 and a lower steroid dose at months 6 and 12.56 Drachman and associates®’
described long-lasting improvement in 3 patients with refractory disease treated with
“rebooting of the immune system” through intravenous cyclophosphamide 50 mg/kg for 4
days, followed by rescue with granulocyte colony stimulating factor. The associated toxicity
is, however, considerable with alopecia reported in 75%, leukopenia in 35%, and nausea and
vomiting in 25% of patients and the increased risk of hemorrhagic cystitis.>®
Cyclophosphamide remains an option for severe and refractory MG. However, owing to a
poor tolerability profile and the advent of alternative immunotherapy, cyclophosphamide is
used only rarely for MG.

Rituximab is a genetically engineered chimeric mouse—human monoclonal antibody directed
against CD20, a transmembrane protein selectively found on the surface of normal and
malignant B-lymphocytes.%® Rituximab decreases the number of circulating CD20* B cells
and is also thought to suppress antibody production and humoral immunity. A case of a
treatment-resistant MG patient with an apparent response to rituximab provided initial
evidence that rituximab may have a role in MG treatment.>®

Rituximab therapy in MG is supported by demonstrable defects in B-cell tolerance
checkpoints in MG.50 These investigators identified defects in B cells, some of which were
large-scale abnormalities in B-cell antibody repertoires that were unique to either AChR MG
or MuSK MG. These findings suggest that the repertoires reflect the distinct properties of
these 2 MG subtypes and that perhaps treatment response may be different in AChR MG
from MuSK MG. Nonetheless, retrospective reports have provided additional evidence for a
role for rituximab in MG.1 In patients with MuSK MG, a particular subgroup otherwise
known to be less responsive to standard therapies, retrospective data suggest that rituximab
may have a more robust and persistent treatment effect.52.63

A recent systematic review of available retrospective rituximab studies found that the
Modified MFGA postintervention scale of minimal manifestation status or better was
attained in 72% of MuSK patients, 30% of AChR antibody patients, and 44% in both groups

Neurol Clin. Author manuscript; available in PMC 2019 August 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farmakidis et al.

Page 10

combined.®® The strongest predictors for a clinical response were a positive MuSK antibody
status, less severe disease, and younger age at the time of treatment.

The optimal rituximab dosing for MG is not established. A commonly used induction
regimen is 375 mg/m? infusions given weekly for 4 weeks (see Table 1).%8:64 Another
method that we often use is to administer 1 g and in 2 weeks administer another 1-g dose.
Patients can be redosed every 4 to 6 months, but for how long is not known. Also unknown
is the benefit of measuring B-cell counts (CD20) before the next dose is given. We do not do
this routinely. Progressive multifocal encephalopathy (PML) is a feared complication of
rituximab therapy that occurs after reactivation of the JC virus. To date, only 1 patient has
been reported with PML in the setting of rituximab therapy for MG, and notably in the
setting of prior longstanding use of other immunosuppresants.5® A recent study reported a
large series of PML cases in the setting of rituximab and natalizumab therapy, mostly for
lymphoproliferative and rheumatic diseases.56 This study suggested that older age and male
sex are risk factors for developing PML.

A multicenter randomized, controlled trial of rituximab in generalized MG has completed
recruitment.%” The primary outcome measure investigated is the percent of patients
achieving a 75% or greater reduction in the mean daily steroid dose recorded over the last
month of a 12-month follow-up period and frequency of study-related adverse events.

RAPID-ACTING IMMUNOTHERAPIES

Plasma Exchange

Plasma exchange (PLEX) has garnered wide acceptance as an effective treatment in patients
with MG since initial reports of its use in the late 1970s.58:69 Unfortunately, no adequate
randomized, controlled trial has been performed to evaluate whether PLEX improves long-
or short-term outcomes in MG; however, there is indirect evidence for benefit. While early
in the use of plasmapheresis for neuromuscular disease, a randomized Guillain-Barré
Syndrome study was done in North America comparing plasmapheresis with care without
plasmapheresis.”? Such a study was never done in MG. This was highlighted in the
American Academy of Neurology Therapeutic and Technology Awareness Subcommittee,
which gave PLEX in MG crisis a level U (unknown whether it is effective or not)
recommendation based on class 111 evidence.”? Several randomized studies comparing the
efficacy of PLEX with intravenous immunoglobulin (IVIG) showed that IVIG and PLEX
had comparable therapeutic in patients with moderate to severe disease, and a few years
earlier IVIG had been shown to be independently superior to placebo in MG.7274
Indications for a short-term course of PLEX are crises (MG grade 5, on mechanical
ventilation), impending crisis in patients with severe MG (grade 4/4B) with dysphagia,
respiratory dysfunction, or generalized weakness and when a patient with mild (2/2B) or
moderate (3/3B) MG is worsening or not responding to other immunosuppressant therapies.
An additional indication is prethymectomy in symptomatic patients to treat respiratory and
bulbar weakness before surgery. In patients with highly refractory MG, chronic PLEX can
be useful in long-term disease control, although no standard chronic treatment protocols
have been evaluated systematically.
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Venous access can be peripheral or central, although when adequate peripheral venous
access is available it is preferable owing to the lower risks of peripheral vein cannulation.
One standardized regimen used in clinical studies consists of 5 PLEX procedures where 1
plasma volume is exchanged per procedure and treatments occur every other day (see Table
1).”® The replacement fluid used for plasma is 5% albumin with added calcium gluconate to
prevent hypocalcemia and its clinical sequelae, known as the citrate effect. For patients who
require central venous access, PLEX treatments may also be performed daily over 5 days to
reduce the risk of a catheter-related infection.”®

PLEX’s mechanism of action is through the removal of plasma-soluble factors, including
pathogenic autoantibodies and cytokines.”8 Clinical improvement typically starts by the
third treatment. The rapid onset of treatment effect suggests PLEX may be a preferred
intervention when a patient is rapidly worsening. The treatment effect lasts in the order of
weeks and provides a window for intensifying immunosuppressive therapy. In a controlled
trial of PLEX in patients with MG, at day 14 after a full course of PLEX, 65% of patients
improved.”3

Recently, additional considerations in the use of PLEX have emerged. A cross-sectional
analysis of patients with MG in a nationwide inpatient database from the United States
treated with PLEX suggested that a greater than 2-day delay after admission in PLEX
administration was associated with higher mortality and complication rates.”” Furthermore a
single-center, retrospective analysis of a 33-year experience with PLEX and IVIG in juvenile
MG, suggested that unlike in adult-onset MG where IVIG and PLEX are thought to be
comparable, in juvenile MG, response to PLEX is more consistent.”8

Traditionally, PLEX has been viewed as difficult to prescribe, complicated to deliver, and
limited by central catheter-related complications such as infection, pneumothorax, and
thromboembolism, in addition to milder side effects such as fever, urticaria, hypocalcemia,
and hypotension. Prospective data from 1727 successive PLEX treatments in 174 patients
(13% with MG), however, showed that complications, although not infrequent, are minor
and with very few treatment discontinuations or transitions to a higher level of care.”®
Similarly, a subanalysis of the PLEX arm in a single-center prospective PLEX and IVIG
comparison study indicated that PLEX has the potential for very good tolerability when
delivered in a center with significant expertise.”® Specifically, 90% of patients with moderate
to severe MG received PLEX as outpatients, 83% of patients completed PLEX via peripheral
venous access, and adverse reactions were generally mild. In patients who require long-term
PLEX and have difficult peripheral access, we have inserted arteriovenous fistulas in the
arms with some success (Fig. 1).80

INTRAVENOUS IMMUNOGLOBULINS

Early uncontrolled studies suggested that IVIG is a safe and effective adjunctive treatment
for MG.81-83 A first randomized trial of IVIG in MG was cut short owing to logistical
reasons (nationwide shortage of 1V1G) and was inconclusive.84 After demonstrating that
PLEX and IVIG are equivalent therapies in MG acute exacerbation,8° Gajdos and
colleagues®® reported in 2005 no superiority of IVIG 2 g/kg over 1 g/kg in treating acute
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MG exacerbation. A second randomized, double-blind, placebo-controlled trial compared
the effect of 2 g/kg of IVIG over 2 days with an equivalent volume of placebo infusion in
patients with MG with worsening weakness. The study, which was reported in 2007, found
meaningful clinical improvement at 14 days via the QMG score in the IVIG group, although
the magnitude of the improvement was surprisingly small. The potential for IVIG benefit
effect may have been underreported, however, because many patients with milder disease
were included in the study cohort. A subgroup analysis underscored this possibility, showing
that only patients with moderate to severe disease had a significant treatment effect.’#
Nevertheless, to date this is the only positive randomized, controlled trial comparing IVIG
with placebo for MG. Currently, trials are underway by the pharmaceutical industry that, if
positive, could lead to labeling indication from the US Food and Drug Administration of
IVIG for MG.

IVIG has a complex immunomodulatory mechanism of action and almost every component
of the immune system is involved: IVIG interferes with costimulatory molecules, suppresses
antibody production, hinders complement activation and MAC formation, and modulates the
expression of Fc receptors on macrophages and diminishes chemokine, cytokine and
adhesion molecule synthesis.87

The indications for the use of IVIG in MG are identical as with PLEX. The induction dose is
2 g/kg divided over 2 to 5 days (see Table 1), but typically we do the induction over 2 to 3
days, unless the patient is hospitalized. A variety of complications have been reported with
the use of IVIG in neuromuscular diseases, but most are mild to moderate in severity.88
Prospective studies of IVIG use in neuromuscular disease have shown that headache is
common, but that the incidence of serious adverse events is minimal.”* Acute renal failure is
uncommon and related to patient dehydration and the prior use of sucrose or maltose
diluents. Other severe and rare reactions are anaphylaxis, stroke, myocardial infarction, deep
venous thrombosis, and pulmonary emboli.

ECULIZUMAB

Complement has been known to have a crucial role in the pathogenesis of MG,89-91 leading
to the hypothesis that inhibiting various stages of the complement cascade could lead to
clinical improvement in MG. Eculizumab is a recombinant humanized monoclonal antibody
that binds to the C5 complement protein and inhibits its subsequent cleavage and formation
of the C5b-9 membrane attack complex. It was recently approved in late 2017 for the
treatment of adult patients with generalized MG who are AChR antibody—positive after
successful trials.%2 Candidates for this novel therapy are those in a moderate/severe status
category despite receiving adequate trials with most if not all of the discussed
immunotherapies. The drug is given via intravenous infusion with a recommended dosage
regimen of 900 mg/wk for the first 4 weeks, 1200 mg for the fifth week, and 1200 mg every
2 weeks thereafter (see Table 1). Eculizumab requires meningococcal vaccination before
starting therapy. The introduction of complement inhibition could dramatically change how
we manage patients with MG. Other drugs that inhibit complements are currently under
study for MG.
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SURGICAL TREATMENT: THYMECTOMY

Thymectomy has a central role in the treatment of MG. In thymomatous MG, the tumor
should be removed. Tumor histologic grade, excision margins, and any distal spread guide
treatment decisions regarding any subsequent radiation, chemotherapy, and monitoring.
Along with thymoma, the entirety of the thymus tissue should be removed. Improvement in
myasthenic symptoms may or may not follow. In multimorbid patients with high operative
risk, palliative radiation therapy as an alternate can also be considered.??

In nonthymomatous generalized MG, thymectomy has become the standard despite a lack of
evidence from a good prospective clinical trial. Two systematic reviews of the existing
thymectomy literature emphasized this knowledge gap and recommended the MG field
perform a randomized, controlled trial.93-9> However, owing to the difficulty of performing
controlled trials involving thoracic surgery in a rare disease, high-quality evidence about
thymectomy had been lacking. A recently completed landmark international, randomized,
rater-blinded clinical trial controlling for medical treatment was designed to address this
uncertainty.?6 One hundred twenty-six recently diagnosed patients, ages 18 through 65 with
AChR antibody—positive generalized MG were randomized to receive either extended
transsternal thymectomy plus prednisone versus medical management with prednisone. Over
a 3-year follow-up period, the time-weighted average QMG score was lower in the patients
who underwent thymectomy (6.15 vs 8.99; £<.001). Similarly, the thymectomy group had a
lower time-weighted alternate-day prednisone dose requirement (initially reported at 44 mg
vs 60 mg; A<.001), which was later corrected to 32 mg versus 54 mg (95% confidence
interval, 12-32 mg; £<.001) Fig. 2. Also in the thymectomy group, there were fewer patients
requiring additional immunosuppression, fewer adverse events, and fewer admissions for
myasthenic crises.

These data provide support for thymectomy as a first-line treatment modality that can
improve MG status and decrease the required dose and duration of immunotherapy in
generalized MG. The operation should be scheduled when the patient is neurologically
optimized, because perioperative events can exacerbate myasthenic weakness. Patients with
persistent bulbar, respiratory, or limb weakness should be treated with PLEX before surgery.
Surprisingly, the effects of the thymectomy could be observed as early as 3 to 4 months and
were maintained for the entire 3-year study.

Thymectomy in MuSK, LRP4, and agrin antibody—positive patients is not supported by
current evidence.?? Patients with MG with MuSK antibodies were not included in the recent
thymectomy study. Nevertheless, MuSK and “double-negative” antibody patients have
undergone thymectomy and have done well.1 Similarly, there is limited evidence to support
thymectomy in patients with ocular MG, although if the patient is AChR antibody positive, it
may be considered in refractory cases.%’

The recently completed thymectomy trial mandated a sternal-splitting procedure. Several
new less invasive procedures are now being used for thymus removal (Table 3). Video-
assisted thoracoscopic surgery and robotic approaches to thymectomy such as robotic video-
assisted thoracoscopic surgery offer shorter hospital durations of stay and limited morbidity
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have emerged as alternatives to the classic transsternal approach.98.99 There are no trials
comparing these surgical techniques, however, and available reports suggest comparable
results.

TREATMENT STRATEGIES FOR GENERALIZED MYASTHENIA GRAVIS

The vast majority of patients with MG improve with therapy over time. Some can often go
into remission or minimal manifestation status.1%0 For refractory patients, obtaining care in
specialized centers is likely particularly beneficial. A complete remission is defined as
having no symptoms or signs and being off all medications for 2 years. Pharmacologic
remission is also no symptoms or signs for 2 years, but on stable medication doses. Minimal
manifestation status indicates no symptoms, but includes minimal clinical signs such as mild
orbicularis oculi or hip flexor weakness (which may never fully resolve).

Fig. 3A summarizes our suggested treatment algorithm for generalized MG. First-line
treatment is acetylcholinesterase inhibitors. Simultaneously, the patient should be considered
for thymectomy. If a patient remains symptomatic on pyridostigmine, then it is probably
time to initiate corticosteroid therapy. We consider acetylcholinesterase inhibitors,
corticosteroids, and thymectomy all first-line therapies for generalized MG.

All newly diagnosed patients with MG should have a chest computed tomography scan to
assess for thymoma. For patients with thymoma, thymectomy should be done immediately
or as soon as the patient is strong enough after initiating immunomodulatory treatment to
undergo surgery. We want to emphasize that the chest computed tomography scan is done to
search for thymoma and not for thymic “hyperplasia” to decide if a thymectomy should be
done in nonthymomatous patients. The decision for thymectomy in nonthymomatous patient
is not based on the results of the chest computed tomography scan.

If the patient does not progress to a minimal manifestation status or remission, additional
immune therapy should be considered until disease control is attained. Typically, patients
with generalized disease require pyridostigmine with prednisone for the initial control of
their disease, because pyridostigmine is not enough. For patients with severe weakness at
presentation, or if they are diabetic, a steroid-sparing agent such as azathioprine may be
started simultaneously with prednisone. If the patient worsens after a prednisone taper,
second-line immunosuppressive therapy with azathioprine can be added at that time,
realizing that the full benefit of azathioprine therapy may not occur for 12 to 18 months. If
an agent that works faster is preferred, then IVIG or cyclosporine (or tacrolimus) are the
other second-line choices that have been shown to be effective in randomized, controlled
trials (Table 4). We use IVIG as a second-line immunosuppressive agent and usually in a
patient who has improved but still has symptoms and signs of MG. We do not use IVIG as a
first-line treatment, although the results of ongoing trials of IVIG could alter our practice.
Third- and fourth-line options are plasmapheresis, mycophenolate mofetil, methotrexate,
and rituximab, and can be used subsequently. In patients who have not responded to these
therapies, we discuss chronic therapy with eculizumab infusions every other week.
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At this time, we are considering eculizumab use in patients who are on prednisone and have
tried 1 or more additional immunosuppressive drugs with incomplete disease control. In
part, this decision is based on not having enough experience with the drug in our clinics and
in part owing to the significant expense of the drug. Interestingly and surprisingly the US
Food and Drug Administration approved labeling indication is for generalized MG with no
requirement that the patient is on any other immunosuppressant therapy.

There are limited trial data to guide tapering of immune therapies in patients who have
attained minimal manifestation status or pharmacologic remission. High-dose corticosteroid
therapy started early in the course of MG should be considered for tapering 1 to 2 months
after the patient has begun to improve. The goal is to try to get patients off prednisone if
possible after 1 year or so of therapy. Sometimes, this maneuver is possible, but sometimes
patients need to be left on a small dose of prednisone to prevent a relapse such as 5 to 7.5
mg/d or every other day. This determination can only be made by trial and error. After the
patient has tapered off prednisone, then the steroid-sparing agents can also be tapered.
Generally, we try to taper off prednisone first, leaving the patient on the second agent for a
period of time (a year or two) before we attempt to slowly taper off the steroid-sparing
agent.

TREATMENT STRATEGIES FOR MYASTHENIC CRISIS

MGFA grade 5 is a myasthenic crisis in which a patient is on mechanical ventilation. For
patients in impending crises requiring intubation, abnormal blood gas levels cannot be relied
on because they are insufficiently sensitive to impeding respiratory failure. Owing to the
nature of myasthenic fatigability, clinical decline can be rapid and unexpected. Patients
should be closely monitored for paradoxic breathing, orthopnea, diaphoresis, and a decline
in pulmonary function via vital capacity and negative inspiratory force testing.

The treatment of MG crisis consists of rapid immunotherapy with either IVIG or PLEX.
Concurrently, patients should be evaluated for infection and other precipitating events, such
as the use of medications that can exacerbate MG. Because the effects of IVIG or PLEX are
limited to several weeks, long-term immunosuppression should be intensified
simultaneously and most frequently with prednisone, up to 100 mg/d or the
methylprednisolone intravenous equivalent. Although acetylcholinesterase inhibitors are
available intravenously, they should not be given in the setting of a crisis because they can
increase respiratory secretions and complicate airway management. Therefore, all
acetylcholinesterase inhibitors are stopped while the patient is intubated. This step is not
because of the possibility of cholinergic crisis, which, as we stated, does not occur in the
modern era with routinely used does of acetylcholinesterase inhibitors.

We do not have optimal data on the use of IVIG versus PLEX in myasthenic crisis. Gajdos
and colleagues in France8:86 and then Bril and colleagues in Canada® performed
comparative effectiveness studies of IVIG and PLEX in moderate and severe MG and found
the treatments to be equivalent. However, a few of these patients were in actual crises on a
ventilator. A small controlled cross-over study of 1VVIG and PLEX showed similar efficacy in
MG but faster onset of improvement at 1 week with PLEX.101 In addition, a retrospective
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study in juvenile MG showed a more consistent response to PLEX that IVIG.”8 The
selection between these treatments often depends on availability and institutional experience
in addition to individual patient factors. Fig. 3B summarizes our suggested treatment
algorithm for myasthenic crisis. The pros and cons of IVIG versus PLEX are shown in Table
5.

Once a patient is on a ventilator, typically they need to be mechanically ventilated for 5 to 7
days. Extubating a patient after only a few days of mechanical ventilation often results in
reintubation. Therefore, a conservative approach to extubation is recommended in this
setting.

Emerging Therapies

There are other drugs that inhibit complement currently under study for MG. A phase 11
industry trial of belumimab, a monoclonal antibody against B-cell activating factor, was just
completed with results pending. A multicenter investigator initiated subcutaneous gamma
globulin study in MG () is underway with the University of Kansas as the primary
organizing site. A phase Il study with a drug that increases muscle contractions, tirasemtiv,
to improve strength in patients with MG was recently completed with some encouraging
results.192 As noted, the results of the National Institutes of Health—funded rituximab study
in generalized MG will be released in 2018 ().
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KEY POINTS

With advances in myasthenia gravis treatment, most patients have very good
outcomes. The bedrock of MG treatment is immunotherapy, and symptomatic
treatment with acetylcholinesterase inhibition.

A recent international, rater-blinded, randomized trial provided strong
evidence of improved clinical outcomes in acetylcholine receptor antibody
positive nonthymomatous myasthenia gravis treated with thymectomy.

In ocular disease, a randomized controlled trial found corticosteroids to be
beneficial. Another recent trial failed to show a steroid-sparing effect in
patients treated with methotrexate.

A complement inhibitor, eculizumab was recently approved for the treatment
of generalized myasthenia gravis. There are emerging therapies, including
targeted monoclonal antibody agents that are currently under investigation.

Patient recruitment continues to be a challenge in myasthenia gravis clinical
trials.
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Box 1

Blinded.

Myasthenia gravis treatment: controlled randomized trials

Mount 1964 — Adrenocorticotrophic hormone versus placebo.

Howard 1976 — Alternate day prednisone versus placeboa
Tindall 1987 — Cyclosporine versus placebo/virgin patientsa'b
Tindall 1993 — Cyclosporine versus placebo/immunosuppressed patientsa‘b

Gajdos 1997 — Plasma exchange versus intravenous immunoglobulinl7

Lindberg 1998 — Pulse methylprednisone versus placeboab

Palace 1998 — Azathioprine/prednisone versus azathioprine/placeboab

Wolfe 2002 — Intravenous immunoglobulin versus placeboa

© ® N o g k& 0w N B

Meriggioli 2003 — Mycophenolate mofetil versus placeboa
10. Gajdos 2005 — Intravenous immunoglobulin — 2 dosesa'b
11. Nagane 2005 — Tacrolimus versus placebob

12. Sanders/MSG 2008 — Mycophenolate mofetil versus placeboa
13. Sanders/Aspreva 2008 — Mycophenolate mofetil versus placeboa

14. Zinman 2007 — Intravenous immunoglobulin versus placeboa’b

15. Soliven 2008 — Terbutaline versus placeboa'b

16. Barth 2011 — Intravenous immunoglobulin versus plasma exchangeb
17. Heckmann 2011 - Methotrexate versus ::12.31thioprinea'17

18. Howard 2013 - Eculizumab versus placebob

19. Benatar 2013 — Prednisone for ocular myastheniab

20. Pasnoor/Barohn 2014: Methotrexate versus placeboa

21. Wolfe 2016 - Transsternal thymectomy in generalized myastheniab

22. Howard 2016- Eculizumab versus placebo, Phase 34 (FDA approved 2017)

bPositive trials.
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Box 2

Treatments for myasthenia gravis and decade introduced

1930s: physostigmine, neostigmine

1940s: thymectomy

1950s: mechanical ventilation, edrophonium chloride, pyridostigmine
1960s: corticosteroids and plasma exchange

1970s: azathioprine

1980s: cyclosporine, cyclophosphamide

1990s: intravenous immunoglobulin

2000s: mycophenolate mofetil, tacrolimus

2010s: rituximab, eculizumab
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Fig. 1.
Arteriovenous fistula for plasma exchange in myasthenia gravis.
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QMG Score (MeanzSE) by
Treatment Group

Pradnisone alone

" TEedeiedefegs o 4 * QMG difference: 2.85 pts
g (99.5% C1 0.47-5.22; P<.001)

Total Quantitative MG Score

R EEEEE R Tlme_Weighted Average AD
™ Prednisone Dose (MeanzxSE) by
Treatment Group

Prednizone doze (mg)

o e * Prednisone dose difference:32

. mg vs 54 mg (95% Cl 12-32 mg;

, P<.001)
Fig. 2.
Wolfe et al thymectomy in MG. (Data from New England Journal of Medicine 2016;375(6):
511-522.)
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A

ia Gravis

Diagnosis confirmed; start
pyridostigmine and adjust dose
to maximal control; consider
thymectomy

f
Minimal manifestation status? Yes
o

Start prednisone

Ie

Adequate disease control?

o

Start azathioprine

Yes

II

Adequate disease control?

l No
Add intravenous immunoglobulin
or cyclosporine or tracrolimus

Yes

II

| continue pyridostigmine;
optimize dosing

Stabilize disease. Reduce
prednisone to lowest
possible dose. Long term
can consider tapering
azathioprine as well

B

Myasthenic Crisis and Severe Exacerbation Treatment

Admission to intensive care unit;
administration of intravenous
immunoglobulin or plasma
exchange, increase steroid
dose and stop pyridostigmine

" " / \
Stabilization? Extubation? Yes

[

Administration of plasma
exchange or intravenous
immunoglobulin

|

Add or increase
prednisone; institute other

long term immunotherapy;
restart pyridostigmine

Stabilization? Extubation? Yes
I

Consider eculizumab, rituximab,
cyclophosphamide; continue high
dose steroids; continue trying other
i ive agents

Acceptable disease control?

\l/No

Add mycophenolate mofetil or
methotrexate. For severe
disease can add plasma
exchange or rituximab?

[e

Yes

¥ | continue treatment

Continue augmentation of
immunotherapy regimen

by adding new or optimizing
existing adjuvant immunotherapy;
restart pyridostigmine

Fig. 3.
Suggested algorithms for the treatment of generalized myasthenia gravis and myasthenic
crisis. (A) Generalized myasthenia gravis treatment. (8) Myasthenic crisis and severe

exacerbation treatment. 2 If not better, consider eculizumab.
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Table 3

Thymectomy Procedures

Type

Year

Sternal splitting

Early 1900s

Maximally invasive

1980s

Transcervical

1988

Video-assisted thoracoscopic surgery  Late 1990s

Robotics (DaVinci)

Early 2000s
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Treatment recommendations for myasthenia gravis

Pyridostigmine
Prednisone
Thymectomy?
2nd Line
Azathioprine
Mycophenolate mofetil
Cyclosporine
3rd Line

IVIG

Plasma exchange
4th Line

None

5th Line

None

Prior to 2007 2018
1st Line
Tensilon® Enlon®

Pyridostigmine
Prednisone

Thymectomy! YES
Azathioprine
Cyclosporine/tacrolimus

IVIG

Plasma exchange

Mycophenolate mofetil Methotrexate

Eculizumab (Soliris®) Rituximab

Cyclophosphamide
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Table 5

Advantages and disadvantages of IVIG versus PLEX in MG

Pro-PLEX Con-PLEX Pro-IVIG Con-1VIG
Probably effective No RCT Positive RCT Insurance coverage limitations; not FDA
approved for MG
Longer track record  Morbidity; need for central access Ease of use Shorter track record
May work faster Sophisticated equipment; need for Generally well-tolerated  Rare side effects: anaphylaxis, kidney injury,
trained staff thrombosis

Abbreviations: FDA, US Food and Drug Administration; IVIG, intravenous immunoglobulin; MG, myasthenia gravis; PLEX, plasma exchange;
RCT, randomized, controlled trial.
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