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ABSTRACT

A wide range of established treatment options is currently
available for myasthenia gravis. These include cholinesterase
inhibitors for symptomatic treatment and a broad spectrum of
immunosuppressive, immunomodulating or cell-depleting
options to modify the underlying immunological process. Ap-
propriate use allows the great majority of patients to lead a
normal life. Specialized centers integrating outpatient and
in-hospital resources as well as interdisciplinary competences
offerimportant advantages for optimum individualized therapy.

Introduction

Myasthenia gravis is a well-treatable disease. Under optimal stand-
ard therapy, approximately 85-90 % of all patients achieve good
treatment results with extensive remission of myasthenic symp-
toms and recovery of everyday life skills [1]. This review examines
the established therapeutic standards that include both sympto-
matic therapy with acetylcholinesterase inhibitors as well as a wide
range of immunologically-based therapies. Additional articlesin a
special issue of Aktuelle Neurologie deal with the limitations and
possibilities of drug therapy during pregnancy and lactation as well
as further therapeutic options for therapy-resistant myasthenia as
well as escalation therapy for myasthenic crisis.

Symptomatic Therapy with
Acetylcholinesterase Inhibitors

Early investigations of the use of acetylcholinesterase inhibitors
(AchEl) to treat myasthenia gravis (MG) were performed in the

1930s. In 1931 prostigmine (neostigmine) was first synthesized
and appeared to be a promising drug [2]. Lazar Remen, while work-
ing at the Miinster University Hospital, was probably the first phy-
sician to treat a patient with myasthenia gravis using prostigmine,
which resulted in an improvement of myasthenic symptoms last-
ing one hour [3]. The English physician Mary Walker recognized the
similarities between curare poisoning and myasthenia gravis. She
then treated a myasthenia gravis patient with physiostigmine and
subsequently with prostigmine, particularly to reduce CNS side ef-
fects. The patient thus treated exhibited an impressive improve-
ment of clinical symptoms. In an article published in 1934, the ef-
fects are also shown photographically with a clearimprovement in
the right-pronounced ptosis and ocular deviation [4]. Further AchEl
variants were synthesized in the following decades. In particular,
the substances still used today include pyridostigmine bromide,
ambenonium chloride, distigmine bromide and edrophonium chlo-
ride.
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Action Mechanism

Acetylcholine is degraded by acetylcholinesterase (AchE) via hy-
drolysis. Inhibition of acetylcholine by AchE inhibitors is caused by
competitive binding to the enzyme, which leads to significantly
slower hydrolysis of AchEl compared to acetylcholine, and thus to
reversible blockage of the enzyme. The degradation of acetylcho-
line is consecutively reduced, and there is an increase in acetylcho-
line in the synaptic cleft, which in turn leads to an improvementin
the neuromuscular signal transmission. The duration of the effect
depends on the stability of the temporary binding (AchE-AchEI)
[5]- The AchE inhibitors used as the hydrophilic quaternary ammo-
nium compounds do not cross the blood-brain barrier at the usual
therapeutic dose, or only in very low concentrations, so that cen-
tral nervous system side effects of these substances usually only
occur in intoxication.

Value in Therapy of Myasthenia

The effect of AchE inhibitors is clinically undisputed, but is based
only on electrophysiological studies and not on controlled clinical
studies [6-9]. Arecent meta-analysis revealed only a published ab-
stract of a controlled randomized study on the intranasal adminis-
tration of neostigmine in 10 patients [8]. However, future place-
bo-controlled randomized trials are unlikely to be expected due to
the efficacy of AchE inhibitors in routine treatment.

Information Regarding Available
Individual Substances

Pyridostigmine is the most commonly used AchE inhibitor with
fewer muscarinic side effects compared to neostigmine. General-
ly, dosage is between 60 to 90 mg tablets per single dose every 4
to 6 h, although it is useful to titrate pyridostigmine (for example,
an initial single dose of 30 mg, sometimes 3 to 4 x 20 mg for pure-
ly ocular MG, in less common cases 3 x 10 mg/d is sufficient). If there
is additional immunosuppressive therapy, the dose may be reduced
in many cases. Conversely, extraordinary physical exertion, infec-
tions or MG-aggravating comedications may also necessitate a
dose increase. Clinical effectiveness generally starts after approx.
15 to 30 min and continues for 2 to 4 h. Daily doses of less than
300 mg usually do not lead to overdose symptoms, dosages above
600 mg/d should generally be avoided due to the risk of choliner-
gic crisis. Individual patients, especially those with a still present
decrement in 3 Hz stimulation (evidence of a so-called “choliner-
gic reserve”), may benefit from higher doses without side effects.
Itis possible to pestle pyridostigmine bromide and then dissolve it
in water, thus making administration possible in the case of dys-
phagia, or via a nasogastric tube.

Additionally an extended-release form of pyridostigmine is avail-
able (dosage: 90-180 mg). The effect takes somewhat longer than
the non-extended-release form (after approx. 60 min); and the
maximum effectiveness occurs after 6 to 10 h. Extended-release
pyridostigmine bromide may be helpful in case of fluctuations of
effect or patients with nocturnal or early morning symptoms.

Pyridostigmine may also be administered parenterally (IM or
IV); it should be noted that the dosage should be reduced by a fac-
tor of 30;i.e. 1mg IV is equivalent to an oral dose of 30 mg. Gen-

erally 0.5- 2 mg/his administered via perfusion, resulting in a sig-
nificantly more rapid effect (approx. 5min) compared to oral ad-
ministration. Intravenous therapy should be performed only under
observation using a monitoring unit (ICU, IMC-Unit) [6, 7, 9].

Neostigmine has been used since the 1930s for MG therapy, but
no longer plays arole in Germany as an oral medication. However,
it is still available and used in Asia, Canada and the United States. A
single oral dose is generally 15mg; it s clinically effective after about
15 to 30 min. The effect starts after approx. 5min and achieves its
maximum 2 to 3 h later. Parenteral administration is likewise possi-
ble (IV, IM, nasal spray).Compared to an oral dose of neostigmine, IV
dosage should be reduced by a factor of 30. Compared to an oral
dose of pyridostigmine, dosage should be reduced by a factor of 120.
Parenteral intravenous therapy should be performed only under ob-
servation using a monitoring unit (ICU, IMC-Unit); in general 0.15-
0.3 mg/his administered via perfusion [6, 7, 9].

For patients who cannot tolerate bromide, ambenonium chlo-
ride may be used as an AchE inhibitor. It has been approved in
France for MG therapy and can be obtained from an international
pharmacy. In Germany ambenonium chloride is not approved, thus
reimbursement has to be clarified before use (off-label use). Am-
benonium chloride can be administered only orally. A single dose
is usually 7.5 to 10mg (5 to 25 mg, daily maximum 200 mg).The
effect starts approximately after 20 to 60 min, and the maximum
effect can be expected after 6 to 8 h. Since muscarinic side effects
occur less frequently than with pyridostigmine bromide ambeno-
nium chloride represents an alternative treatment for patients with
MuSK-positive myasthenia gravis, however, more frequent adverse
CNS effects have to considered [6, 7, 9].

Distigmine bromide (Ubretid®) is only rarely used as an AchE in-
hibitor for the treatment of MC. A single dose of 20 mg is given oral-
ly and the effect starts after 40 to 60 min. Parenteral administra-
tion (1V, IM) is likewise possible, but just as with neostigmine and
pyridostigmine, a dosage reduction is necessary (0.5 mg). Distig-
mine bromide degrades very slowly (maximum effect after 12 to
24h); therefore a high risk of accumulation and cholinergic crises
has to be considered [6, 7, 9].

Edrophonium is an intravenous, rapid-acting and short-acting
AchEl used for diagnostic purposes only; it reaches its maximum
effect after about 1-2 min and rapidly degrades again (so-called
edrophonium test, formerly known by its trade name Tensilon®
test). Additional administration under ongoing therapy with an-
other AchEl for the purpose of diagnosing a possible oral overdose
or underdose is contraindicated, as life-threatening asystole may
occur [6,7,9].

Common AchE Inhibitor Side Effects

Nicotinergic and muscarinergic side effects may occur if dosage is
too high (great individual differences) (Tab. 1). Atropine is used as
an antidote in a cholinergic crisis [5, 9]. Increased sensitivity to side
effects by MuSK-positive MG patients undergoing AchE inhibitor
therapy has been described. On the other hand, these patients
sometimes require higher dosages to improve their myasthenic
symptoms due to poorer response to AchE inhibitors. Special atten-
tion should be paid to such patients with respect to the appearance
of side effects [9].
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Immunologically-based Therapy

Immunological therapy of myasthenia gravis includes both rapidly
effective therapies to induce remission as well as long-lasting meas-
ures to sustain remission. Rapid improvement within a few days is
achieved via apheresis procedures (plasma separation, immuno-
adsorption) as well as high-dose IVimmunoglobulin therapy which
is mainly used in the treatment of myasthenic crisis. At the other
end of the spectrum, there are markedly delayed immunosuppres-
sive agents that act within months, such as azathioprine and my-
cophenolate mofetil, as well as thymectomy [10], which are classi-
fied as immunological maintenance therapies. Glucocorticoster-
oids, which induce remission within days to a few weeks are placed
between rapid and slow acting treatment regimens. Consideration
of the specific “time windows” regarding begin and duration of ef-
fectiveness of the immunological therapies is of great importance
for individualized treatment, which is usually based on an atleast
temporary combination of different immune therapies.

Glucocorticosteroids

Action mechanism

Steroids have a broad anti-inflammatory and immunosuppressive
action profile. However, the exact mechanisms of action in myas-
thenia gravis are poorly understood but is likely to include effects
on the activation and proliferation of T and B lymphocytes as well
as the activity of antigen-presenting cells.

Therapeutic value in myasthenia gravis

Although there is limited evidence from controlled studies, gluco-
corticosteroids are widely used in all stages and forms of disease
when patients do not adequately respond to purely symptomatic
treatment with AchEI[11, 12]. This includes both the purely ocular
forms and various degrees of severity of generalized MG up to my-
asthenic crisis. The use of steroids — assuming sufficient disease se-
verity - is also independent of the classification to a defined subgroup,
i.e., both early and late onset, AChR and MuSK antibody-positive, se-
ronegative and thymoma-associated myasthenia gravis are at least
temporarily treated with steroids.

Approval and reimbursement

Prednisone, prednisolone and methylprednisolone are used. Al-
though the latter is not expressly approved for MG treatment, the
costs are frequently reimbursed.

Onset of action and dosage

Based on retrospective studies, the onset of steroid effect in most
patients is expected within days to a few weeks, with an overall high
response rate of approximately 80%[11, 12]. However, a paradox-
ical deterioration may occur within the first few days, which appears
to be more frequent with a high initial dose. Therefore, most
centers initially administer a low-dose 10 mg prednisolone equiv-
alent per day as a one-time morning dose in the first week in cases
of severe, especially bulbar symptoms, even during initial inpatient
monitoring. Following this, a slow dose increase of 5 mg predniso-
lone equivalent per week can be pursued until stable remission is
achieved [13]. However, this strategy is associated with longer la-

tency until a clinically satisfactory effect is reached. In many cases,
a higher dose of 40-80 mg of prednisolone equivalent per day is
administered after the first week (0.5-1.5 mg/kg body weight).
High-dose pulse therapies (250 to 1000 mg/d), as are common in
multiple sclerosis, however, are usually obsolete because of anin-
creased risk of initial deterioration. An exception may be ongoing
intensive care in the case of myasthenic crisis treated in parallel by
apheresis or intravenous immunoglobulins.

Therapy termination or dose reduction

Once stable remission is achieved, the steroid dose is gradually re-
duced, e.g. by 5-10 mg every 3-4 weeks, depending on the indi-
vidual severity and disease progression. Abrupt cessation or rapid
reduction should be avoided, as this reqularly leads to premature
recurrence. Due to the potential long-term adverse effects, the
Cushing threshold (7.5 mg/d) should be achieved within 3 months,
when possible.

Contraindications

According to the approval, only the (rare) case of proven hypersen-
sitivity poses an absolute contraindication for glucocorticosteroid
therapy. Therapeutic limitations due to an increased risk of ster-
oid-typical side effects arise in patients with comorbidities such as
diabetes mellitus, osteoporosis, infectious diseases, ophthalmo-
logical diseases (glaucoma, corneal ulcerations) and psychosis. In
these situations, a careful benefit | risk analysis is required to balance
the need for effective myasthenia therapy and exacerbation of co-
morbidity with corresponding, potentially serious complications.
Side effects (see » Table 1)

Laboratory monitoring and other preventive
measures

Close monitoring of blood glucose levels is required especially in
high-risk patients and pre-existing diabetes. In addition, if a longer
treatment is necessary, osteoporosis prophylaxis and drug-based
gastric protection with proton pump inhibitors are advisable.

Azathioprine

Action mechanism

Azathioprine (AZT) is a purine analogon converted into active and
inactive metabolites by various enzymatic systems; the formation
of mercaptopurine by glutathione-S-transferase is of particularim-
portance. As an atypical nucleoside, mercaptopurine interferes
with DNA and RNA synthesis, thus leading to antiproliferative and
proapoptotic effects on T and B lymphocytes resulting in lym-
phopenia. AZT and its active metabolites are degraded to uric acid
via xanthine oxidase and methylated by the thiopurine S-methyl-
transferase (TPMT) and thereby inactivated.

Therapeutic value in myasthenia gravis

AZT is the drug of first choice for MG immunosuppressive mainte-
nance therapy. Its long-term stabilizing effect on disease progres-
sion has been proven by a randomized controlled trial that demon-
strated a lower steroid demand and sustained decline in AChR Ab
titersin AZT-treated patients, but only beyond the first year of treat-
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> Table 1 Relevant adverse effects of therapy.

Medication

Achetylcholinesterase inhibitors
(AchEl)

Side effects

Nicotinergic: fasciculation, muscle cramps, muscle weakness Muscarinergic: gastrointestinal: diarrhea, nausea,
vomiting, abdominal cramps; respiratory: increased bronchial secretion, bronchoconstriction; cardiovascular:

bradycardia, arterial hypertension, intermittent sinus tachycardia; ophthalmological: poor accommodation with
blurred vision, miosis; secretory: hypersalivation, increased sweating, tears; central nervous: anxiety, agitation,
disorientation, sleeplessness, headaches, epileptic seizures, loss of consciousness

Glucocorticosteroids

latrogenic Cushing's syndrome, weight gain, obesity, steroid acne, steroid diabetes, susceptibility to infection,

thrombosis, increase in blood pressure, hypokalemia, edema; especially with long-term therapy: osteoporosis,
aseptic bone necrosis, cataracts, glaucoma, gastric and duodenal ulcers, steroid myopathy, sleep disorders,

psychiatric side effects (psychosis)
Azathioprine (AZT)

hepatotoxicity, myelosuppression (leuco-, thrombocytopenia, megaloblastic anemia) — Caution comedication with

allopurinol, gastrointestinal (diarrhea, nausea, vomiting), immediate idiosyncratic reaction, arthralgia, myalgia,
pancreatitis, cholestasis, alveolitis, opportunistic infections, skin eruption, increased risk of malignancy with
increasing duration of therapy and increasing cumulative dose

Mycophenolate mofetil (MMF)

Gastrointestinal (diarrhea, nausea, vomiting, abdominal pain), edema, myelodepression (leukopenia, erythroblas-

topenia, hemolytic anemia), infections (including opportunistic infections such as progressive multifocal leucen-
cephalopathy, candidiasis, Caution hepatitis reactivation), increased risk of malignancy especially of the skin
(Caution protection in the sun and UV light exposure)

Methotrexate (MTX)

Gastrointestinal (nausea, vomiting, abdominal pain), myelodepression (leuko-thrombocytopenia), stomatitis,

anorexia, reduction of creatinine clearance, arthralgia, myalgia, alopecia, osteoporosis, retroperitoneal and
pulmonary fibrosis, mucositis, alveolitis, pneumonitis, increased risk of malignancy

Cyclosporin A (CSA)

Nephrotoxicity, hypertension, cholestasis, gastrointestinal (nausea, vomiting, diarrhea), gingival hyperplasia,

hypertrichosis, headache, rashes, acne, thrombocytopenia, anemia, allergic reactions, seizures, dysmenorrhoea,
encephalopathy, myopathy, leukopenia, pancreatitis, hyperthermia, increased malignancy risk (especially

lymphoproliferative neoplasia), tremor

Tacrolimus (TAC)

Nephrotoxicity, hypertension, cholangitis | hepatitis, neurotoxicity (dose-dependent), gastrointestinal (nausea,

vomiting, diarrhea, constipation), arthralgias, anemia, thrombocytopenia, rashes, myopathy, cardiomyopathy,
pancreatitis, allergic [ anaphylactic reactions, vasculitis, increased risk of malignancy (especially lymphoproliferative

neoplasia)

Intravenous immunoglobulin

Chills, headache, dizziness, fever, vomiting, allergic reactions, nausea, joint pain, hypotension, lumbar pain, anaphy-

lactic reactions (Caution IgA deficiency), hemolytic anemia, myocarditis, arthritis, acute renal failure, congestive
heart failure, arterial hypertension, tachycardia, thromboembolism aseptic meningitis, encephalopathy

ment [14]. AZT is primarily indicated with relevant severity of symp-
toms or in the case of long-term or repeated need for steroid treat-
ment. Patients with late-onset AChR Ab-positive myasthenia gravis
are often treated primarily with combined steroid and AZT immu-
nosuppression if the disease severity is high. In contrast, in early-on-
set AChR Ab-positive myasthenia the effect of thymectomy may be
awaited when gradually reducing steroid therapy [10,15]. AZT may
be started with relapses. For MuSK Ab-positive MG, the B cell-deplet-
ing monoclonal antibody rituximab may be more effective than the
AZT [16], and is thus frequently the first choice immunotherapy for
severely-affected MuSK Ab-positive patients.

Approval and reimbursement

AZT is an approved immunosuppressant for the treatment of my-
asthenia gravis.

Dosage

The standard dosage of AZT is 2-3 mg/kg body weight/day. In the
case of genetic TPMT hypoactivity or comedication with the xan-
thine oxidase inhibitor allopurinol, a reduction to 25 % of the stand-
ard dose must be made in order to prevent severe myelotoxicity.

In any case, the administration of a single test dose of 50 mg is rec-
ommended prior to administration of the full dose. There is an ab-
solute contraindication to the therapy if this leads to acute intoler-
ance with occurrence of fever, myalgia, vomiting and fever (idio-
syncraticimmediate reaction, <1%) [17].

Onset of effect

The onset of the effect of AZT is significantly delayed compared to
steroid therapy. A relevant effect on disease activity is expected at
the earliest after 6 months, but usually after 12 months treatment
duration. Thus, AZT therapy is usually combined with overlapping
steroid treatment.

Therapy termination or dose reduction

Once stable remission has been achieved, and steroid medication
is gradually reduced as far as possible, AZT is usually continued for
at least 5 years. Following this, slow cessation of azathioprine in
25-50mg increments every 3 to 12 months may be considered.
However, even after prolonged periods of therapy and stable re-
mission, there should be no abrupt withdrawal, as this can lead to
severe relapses of the disease [18]. Close clinical monitoring is in-
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dispensable during a gradual reduction of medication. Laboratory
controls exhibiting increasing auto-antibody titers can provide
early indication of exacerbation of the disease due to dose reduc-
tion and therefore can also be helpful for monitoring therapy.

Contraindications

Pre-existing severe liver and bone marrow damage as well as se-
vere renal insufficiency are contraindications.

Side effects (see » Table 1).

Larger studies demonstrated increased risk of malignancies
(lymphoma, non-melanoma-related skin cancer) as a result of in-
creased duration of therapy and increasing cumulative AZT dose
[19,20].

Laboratory controls

After starting AZT treatment every 1 to 2 weeks monitoring of
white blood count (WTC), liver and kidney values as well as amyl-
ase levels are recommended. In the longer term, 4 to 6-week, con-
trol intervals of 3-6 months are sufficient. As a rule, relative and
absolute lymphopenia as well as an increase of MCV are observed,
which can also be regarded as an indicator of effective therapy. On
several occasions, a therapeutic range of absolute lymphocyte
count between 600 and 1000/pl with total leukocyte num-
bers >3500/plis attempted, but this is not handled uniformly. Ad-
ditionally, a steroid induced leucocytosis has to be considered. Liver
enzyme elevations are relatively frequently observed and may, if
sustained, require cessation of AZT treatment and a change to a
second-choice immunosuppressant.

Mycophenolate Mofetil

Mechansim of action

Mycophenolate mofetil (MMF) is metabolized in the body into the
active substance mycophenolic acid. Mycophenolic acid selective-
ly and reversibly inhibits the enzyme inosine monophosphate de-
hydrogenase, resulting in a reduction of purine synthesis and re-
duced proliferation of T and B lymphocytes.

Therapeutic value in myasthenia gravis

Due to its relatively favorable risk | benefit profile, MMF now rep-
resents the first alternative in the case of intolerable side effects or
inefficacy of AZT. In contrast to clinical experience, two rand-
omized, controlled, prospective studies failed to demonstrate sig-
nificant benefit of MMF. However, these negative results are not
considered meaningful. In one study, the observation period of 3
months (2.5 g MMF/day combined with 20 mg prednisone/day)
compared to placebo combined with 20 mg prednisone/day was
clearly too short [21]. In a second study, 2 ¢ MMF/day was tested
versus placebo over nine months. Both groups additionally received
prednisone, so that the steroid-saving effect was evaluated. Criti-
cisms of this study likewise included the too-short observation pe-
riod of nine months, the insufficient MMF daily dose and that the
placebo arm reflected a higher than expected therapeutic effect of
prednisone [22].In an open-ended long-term therapy study of ACh
receptor Ab-positive patients, a steroid-sparing effect of MMF with
a median daily dose of 2 g/day (500 mg to 3 g/day) was only detec-

ted after six months, but became increasingly apparent with con-
tinued therapy [23].

Approval and reimbursement

In Germany an off-label indication for MMF exists since 2013; reim-
bursement has been based on the following prerequisites: non-tol-
erance of AZT or insufficient response to the drug, so that steroid
dose cannot be lowered under the Cushing threshold (publication
of the GBA-German national medico-economic board, 2014). As a
note of caution, the clinical data for myasthenia gravis and limited
approval relate only to MMF (prodrug of mycophenolic acid), and
not to mycophenolic acid which is commercially available as myco-
phenolate sodium (Myfortic®, produced by Novartis). 720 mg of my-
cophenolate sodium corresponds to 1 g mycophenolate mofetil.

Dosage

The optimal MMF dosage has yet to be systematically studied. The
usual dose ranges between 1-3 g/day [24]. Based on previous con-
trolled therapy studies, at the start of treatment a target dose of 2
to 2.5 g/day should desired divided into two single doses (2x 1 g or
2x1.25g/day). In the event of abdominal complaints, further di-
vision into several single doses and/or a temporary dose reduction
and gradual dosage increase is recommended. After remission and
reaching stable disease, a slow dose reduction may be attempted
after several years (e. g., five years) (see below) [25].

In transplantation medicine the target serum level is 1-2 mg|/|
when determined 12 h after the last dose (trough level). In MG,
MMF dosage is usually not directed according to serum levels (drug
monitoring) but rather according to clinical effect.

Changing from AZT or cyclosporin to MMF and
interactions

Combining MMF and AZT is pharmacologically not useful, since
both substances resultin a reduction of nucleic acid synthesis which
causes additive toxicity. When switching from AZT to MMF, a four-
week treatment break should be maintained after completion of
AZT treatment to avoid excessive immunosuppression. Unlike AZT,
there is no interaction between MMF and allopurinol.

In transplantation medicine, MMF is sometimes combined with
cyclosporin A. However, there are no meaningful data regarding
myasthenia gravis. However, when switching cyclosporin to MMF,
itisrecommended to overlap the therapy, thatis, cyclosporin ther-
apy should be continued for several months [26].

Onset of effect

In general, with MMF the treatment effect is observed somewhat
more earlier than under AZT, but can also take 6 to 12 months.
Therapy termination or dose reduction

A too-rapid dose reduction is related to an increased risk of recur-
rence [27]; therefore a slow reduction by 500 mg/day every 12
months is recommended [25].

Contraindications

MMF cannot be used if there is a known hypersensitivity to the drug
as well as during pregnancy and lactation.
Side effects (see > Table 1)
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Laboratory controls

In the first month, there should be a weekly monitoring of WTC,
liver enzymes, creatinine. In the 2nd and 3rd month controls every
2 weeks and from the 4th month onward once a month are recom-
mended.

Methotrexate

Mechanism of action

Methotrexate (MTX) is a folic acid antagonist that competitively in-
hibits the enzyme dihydrolate reductase and thus the formation of
tetrahydrofolic acid. Tetrahydrofolic acid deficiency leads to a re-
duced synthesis of thymidine and purine bases and thus results in
areduced formation of DNA and RNA with the consequence of im-
paired cell function and apoptosis. MTX also inhibits the prolifera-
tion of activated T and B lymphocytes as well as restricts the num-
ber of antibody-producing plasma cells.

Therapeutic value in myasthenia gravis

MTX represents an alternative to AZT in case of intolerance or in-
adequate effect of that drug. For elderly patients, administering
MTX once a week can improve compliance. MTX is the drug of
choice in the case of accompanying rheumatoid arthritis.

There is one 24-month randomized, single blinded study com-
paring MTXin an oral dose of 17.5 mg/week plus prednisone to AZT
(2.5-3 mg/kg body weight/day) plus prednisone [28]. This study
demonstrated a cortisone-sparing effect comparable to AZT. In con-
trast, a placebo-controlled trial using an oral dose of 20 mg MTX/
week showed no prednisone-sparing effect within 12 months com-
pared to placebo [29]. However, the study included only 25 patients
in each treatment arm, thus the too small cohort and the too short
duration allow no further conclusions regarding effectiveness.

Approval

MTX is not approved for the treatment of myasthenia gravis.

Dosage

15-20mg per week can be administered subcutaneously or orally.
Parenteral administration is related to greater bioavailability [30].
In a study by Heckmann et al. [28], the initial dose was 7.5 mg/week
and was increased by 2.5 mg/week until 17.5 mg/week was reached.
At the same time, in order to improve the tolerability of MTX, a folic
acid substitute must be established, usually at a dose of 10 mg/
week orally on the day after each MTX administration.

Changing from AZT to MTX and interactions

Combining MTX and AZT is pharmacologically not useful, since
both substances resultin a reduction of nucleic acid synthesis which
causes additive toxicity. When switching from AZT or MTX to MMF,
a four-week treatment break should be taken after completion of
AZT or MTX treatment to avoid excessive immunosuppression.
Likewise, a combination of cyclosporin and MTX is not appropriate
due to the risk of hyperimmunosuppression.

Drugs that show increased plasma protein binding or NSAIDs
can lead to increased toxicity of MTX. Sufficient hydration should
be ensured, especially in elderly patients.

Onset of effect

According to Heckmann’s data [28], the steroid sparing effect
began after about 10 months and compared to AZT was somewhat
earlier.

Therapy termination or dose reduction

There are no systematic investigations regarding ending therapy
or reducing MTX dosage. Similar to other substances (AZT, MMF),
it can be assumed that a slow decrease of MTX is also advisable to
reduce the risk of recurrence. Likewise, this should be considered
only after several years of stable remission.

Contraindications

MTX must not be used in cases of known hypersensitivity to the
drug, renal impairment with creatinine clearance <60 ml/min, se-
vere hepatic impairment, hematopoietic dysfunction, increased
alcohol consumption, immunodeficiency, active infections, stoma-
titis, gastrointestinal ulcers, pregnancy and lactation.

Side effects (see » Table 1)

Special situations

Dosage should be temporarily reduced in case of aphthous ulcers.
In the case of myelosuppression with leukocyte counts <3000/,
MTX should be paused, followed by treatment with a reduced dosage.
MTX must be discontinued if liver enzymes increase more than 3 times
the upper threshold. If creatinine clearance decreases, the MTX dose
should be adjusted according to the prescribing information.

Controls and monitoring

Data relating to the following should be available prior to initiating
therapy: WTC, liver enzymes, bilirubin, serum albumin, renal val-
ues (with creatinine clearance), hepatitis serology; if necessary; tu-
berculosis should be ruled out. For the first few weeks, monitoring
WTC should be performed weekly, then biweekly. Monthly controls
should include inspection of the oral cavity and pharynx for mu-
cosal changes (aphthous ulcers, thrush), WTC, liver enzymes, cre-
atinine, queries regarding pulmonary dysfunction.

Cyclosporin A

Mechanism of action

Cyclosporin A (CSA) inhibits the transcription of cytokines such as
interleukin-2 and interferon-gamma via binding to calcineurin,
thereby inhibiting the activation of T lymphocytes.
Therapeutic value in myasthenia gravis

Due to its spectrum of side effects, treatment requires an intensive
monitoring. Due to available drug alternatives, CSA is a reserve
drug, and therefore rarely administered in Germany.

Approval

CSAis not approved for the treatment of myasthenia gravis.

Dosage

The usualinitial dose is 3-4 mg/kg body weight with a subsequent
reduction to 2-3 mg/kg body weight, divided between two daily
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doses [31], This recommended dosage is lower than in a placebo-
controlled study using 6 mg/kg body weight [32]. The CSA target
level (trough level prior to morning intake) is <200 ng/ml and about
100 ng/ml during maintenance therapy [31]. These dosages and
serum levels are for orientation purposes only. The dosage
must be based on the clinical findings, renal values and blood
pressure.

Interactions

Displacement from plasma protein binding leads to numerous in-
teractions with other drugs, including increase of the CSA serum
level by macrolide antibiotics, calcium antagonists, narcotics, ster-
oids, or decrease in CSA levels by carbamazepine, barbiturates, phe-
nytoin, metamizole, rifampicin, St. John's wort (refer to prescribing
information).

Onset of effect

CSA can take noticeable effect after 1-2 months and reaches its
maximum effect after a median of 7 months [33].

Therapy termination or dose reduction

If creatinine increases by more than 50% or >1.5mg%, the dose
must be reduced or treatment discontinued.

Contraindications

These include known hypersensitivity to CSA, renal insufficiency,
uncontrolled high blood pressure, uncontrolled infectious diseas-
es, history of known or diagnosed malignant tumors.

Side effects (see » Table 1)

Controls and monitoring In the initial adjustment phase: CSA
level (trough level prior to morning dose): 2x/week, plus 1x/week
WTC, liver enzymes, creatinine followed by monthly controls.

Tacrolimus

Mechanism of action

Tacrolimus (TAC) has an action mechanism similar to CSA and in-
teracts with the inhibition of calcineurin with calcium-dependent
signal transduction during T lymphocyte activation.

Therapeutic value in myasthenia gravis

Unlike in Asian countries (approved in Japan), the significance of
TAC is relatively low, due to the limited trials, spectrum of side ef-
fects, high monitoring requirements and the availability of drug
alternatives. To date there are no sufficiently long-running rand-
omized, double-blind, placebo-controlled trials in myasthenia
gravis.

Approval

TAC is not approved by the EMEA for the treatment of myasthenia
gravis.

Dosage

TAC is administered at a dosage of 0.1 mg/kg body weight, divid-
ed in two individual doses [34]. The TAC target level (trough level

prior to morning intake) is 7-8 ng/ml [35]. These dosages are for
orientation purposes only.

Interactions

TAC is metabolized in the liver via CYP3A4. There are strong inter-
actions with antimycotics, macrolide antibiotics, HIV protease in-
hibitors and numerous other medications (see prescribing infor-
mation). Grapefruit juice can also raise the TAC blood level; likewise
there is frequently a rise in the potassium level.

Onset of effect

TAC can show noticeable effects after 1-2 months and reaches its
maximum effect after a median of 6 months [36].

Therapy termination or dose reduction

There are no systematic surveys regarding treatment ending or re-
ducing TAC dosage.

Contraindications

TAC may not be used if there is known hypersensitivity to the drug
or other macrolides.
Side effects (see > Table 1)

Controls and monitoring

In the initial adjustment phase: TAC level (trough level prior to
morning dose): 2x/week, plus 1x/week WTC, liver enzymes, creati-
nine, electrolytes followed by monthly controls.

Intravenous Immunoglobulins (IVIG)

Mechanism of action

Intravenous immunoglobulins are made from pooled plasma from
at least 1000 donors. The mechanism of action of intravenous im-
munoglobulins (IVIG) is not yet fully understood. Important factors
include neutralization of circulating autoantibodies, down-regula-
tion of pathological B cell clones, blockade of Fc receptors, influ-
ence on T cell function, cytokine interactions and reduced comple-
ment activation.

Therapeutic value in myasthenia gravis

The use of IVIG is an established treatment option in the case of
myasthenic crisis and crisis-related exacerbation of myasthenic
symptoms. Since 2014 the GBA has approved IVIG for off-label use
which guarantees reimbursement in the outpatient sector in the
event of a “myasthenic crisis”, or “severe exacerbation” of myas-
thenic symptoms in order to avoid critical deterioration. Refer to a
separate article in this special issue for the definition of both clini-
cal conditions. Careful documentation of the clinical findings isim-
portant. Long-term interval therapy with IVIG is not permitted. If
this appears to be necessary after exhausting other alternative ther-
apies, an application for reimbursement must be made as part of
an individual therapeutic process. There are no controlled studies
of long-term therapy, but several case series demonstrate its effi-
cacy in treatment of otherwise refractory patients or if there are
unacceptable side effects in alternative therapies [37-39].
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Dosage

Several IVIG preparations from different manufacturers are availa-
ble, but without any indication of effects or tolerability differences.
According to the GBA approval, IVIG preparations by the following
manufacturers may be prescribed for off-label use: Axicorp, Baxter,
Biotest, Behring, Grifols, Kedrion, Octapharma. In case of a myas-
thenic crisis or severe exacerbation, intravenous administration of
0.4 g/kg body weight is given daily for 5 consecutive days or 1 g/kg
divided among 2-3 days. IVIG is also an option in special situations,
e.g. to bridge the onset of immunosuppressive long-term therapy
when faced with prednisolone adverse effects or contraindications.
After proof of efficacy applying 0.4 g/kg/d over 5 days, further sin-
gle administration of 0.4 g/kg/d may be used at individually-deter-
mined intervals (generally between 4 and 12 weeks) in anticipation
of deterioration of myasthenic symptoms.

Onset of effect
Latency of IVIG efficacy is a few days.

Therapy termination or dose reduction

Therapy can terminate, for example when immunosuppressive
long-term therapy becomes effective, by extension of therapy in-
tervals or reducing treatment days.

Contraindications

IVIG must not be used if there are known previous allergic reac-
tions. Likewise, it should not be used in patients with antibodies
against IgA and those patients with selective IgA deficiency.

Side effects (see » Table 1)

Controls and monitoring

The IgA and serum creatinine levels should be determined prior
starting therapy. In elderly patients, IVIG should be administered
via slow infusion to avoid overload and hyperviscosity syndrome.
The administration of IVIG, in particular the initial dose, must be
supervised by a physician so that immediate treatment of allergic
reaction is possible.

Individualized Therapy

The basis of an individualized therapy of myasthenia gravis includes
both severity and dynamics of the clinical disease, as well as the im-
munologically-based classification to a specific subgroup.

Theinitial therapy for all patients is symptomatic treatment with
AChE inhibitors, started immediately after a diagnosis is deter-
mined as well as in ambiguous cases with lack of ancillary findings.
In such cases AChE inhibitors might be used as an aid to diagnosis.
Here, the provisional administration of pyridostigmine often re-
places the previously obligatory Tensilon or edrophonium chloride
test, especially in an outpatient setting.

If satisfactory improvement cannot be achieved with sympto-
matic therapy alone, or if severe clinical manifestation is present
from the outset, steroid therapy will usually be indispensable. In
particular, the presence of bulbar and respiratory symptoms may
require initial treatment in the hospital. Additional intervention
with apheresis or high-dose immunoglobulin administration with
intensive care treatment may be necessary when severe or rapidly
progressive symptoms are present.

In addition, the indication forimmunosuppressive orimmuno-
modulatory long-term therapy needs to be evaluated, primarily in
patients with relevant disease severity and a long-term need for
steroid therapy. First and foremost, patients with late-onset AChR
Ab-positive generalized myasthenia gravis are treated with a com-
bination of steroids and AZT, as these patients are not suitable for
thymectomy due to thymic atrophy and have an increased risk of
serious complications in high-dose monotherapy with steroids. In
the case of early-onset AChR Ab-positive MG, which is usually as-
sociated with thymic hyperplasia, attempts can first be made to
gradually eliminate steroid therapy after surgery has been per-
formed and to startimmunosuppressants only when relapses occur
in the further course of the disease.

Thymoma-associated and MuSK Ab-positive myasthenia gravis
have specific characteristics. In these conditions, disease course is
often severe and more difficult to treat. Thymoma-associated MG is
an absolute indication for thymus surgery, independent of the sever-
ity of the myasthenia. Nevertheless, many thymoma patients do not
postoperatively improve with respect to myasthenia; thus in many
cases combined immunosuppressive treatment has to be used, if nec-
essary with second-choice immunosuppressants or other therapies.
MuSK Ab-positive myasthenia gravis frequently does not respond well
to the usual symptomatic and immunosuppressive therapies, but fre-
quently shows good improvement under therapy with the B cell-de-
pleting monoclonal antibody rituximab, such that it s frequently used
as the first-choice immunotherapy for these patients. Additional ar-
ticles a special issue of Aktuelle Neurologie provide further details re-
garding these special forms of myasthenia gravis.

Purely ocular myasthenia represents a special manifestation of
MG. In many cases symptomatic treatment with AchEl is sufficient
for symptom control. In other patients a combination with steroids
is necessary, whereas the use of long-term immunosuppressive
therapy is not handled uniformly. Previous data indicate that sec-
ondary generalization of ocular myasthenia less often occurs under
steroid therapy [40]. The risk of secondary generalization was also
used as an argument for the early use of azathioprine. On the other
hand, other centers only use AZT when relapses occur after steroid
tapering. In the case of purely ocular myasthenia and absence of
thymoma, thymectomy is normally cautiously indicated.

Drug treatment of myasthenia gravis in advanced age poses fur-
ther challenges, as well as additional associated autoimmune dis-
eases and paraneoplastic forms, which due to space requirements
have not been discussed here. We therefore refer to more compre-
hensive monographs [41,42].

Special problems during pregnancy and lactation are consid-
ered in another article in the current special issue.

SUMMARY

In the majority of patients, myasthenic symptoms can be
well controlled by the drugs described in this article.
Nevertheless, an individual approach is always necessary in
consultation with a well-informed patient. Likewise, the
disease requires regular monitoring of the clinical effect and
side effects, and, if necessary, adaptation of the therapy.
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