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Abstract Myasthenia gravis (MG) is an autoimmune

antibody-mediated disorder of neuromuscular synaptic

transmission. The clinical hallmark of MG consists of

fluctuating fatigability and weakness affecting ocular,

bulbar and (proximal) limb skeletal muscle groups. MG

may either occur as an autoimmune disease with distinct

immunogenetic characteristics or as a paraneoplastic syn-

drome associated with tumors of the thymus. Impairment

of central thymic and peripheral self-tolerance mechanisms

in both cases is thought to favor an autoimmune CD4? T

cell-mediated B cell activation and synthesis of pathogenic

high-affinity autoantibodies of either the IgG1 and 3 or

IgG4 subclass. These autoantibodies bind to the nicotinic

acetylcholine receptor (AchR) itself, or muscle-specific

tyrosine-kinase (MuSK), lipoprotein receptor-related pro-

tein 4 (LRP4) and agrin involved in clustering of AchRs

within the postsynaptic membrane and structural mainte-

nance of the neuromuscular synapse. This results in dis-

turbance of neuromuscular transmission and thus clinical

manifestation of the disease. Emphasizing evidence from

clinical trials, we provide an updated overview on

immunopathogenesis, and derived current and future

treatment strategies for MG divided into: (a) symptomatic

treatments facilitating neuromuscular transmission, (b) an-

tibody-depleting treatments, and (c) immunotherapeutic

treatment strategies.

Keywords Myasthenia gravis � Pathogenesis � Treatment

guidelines

Introduction

Myasthenia gravis (MG) is regarded an autoimmune anti-

body-mediated disorder of neuromuscular synaptic trans-

mission as (a) auto-antibody depositions are detectable at

the neuromuscular junction (NMJ) [175, 176]; (b) autoan-

tibodies from MG patients cause MG symptoms when

This manuscript has partially been adopted from the clinical

guidelines ‘‘Diagnostik und Therapie der Myasthenia gravis und des

Lambert-Eaton-Syndroms’’ of the German Neurological Society

(DGN) published by some of the authors [44]. Publication has been

permitted by the German Neurological Society.
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passively transferred into rodents [175, 176]; (c) active

immunization of animals with auto-antigens reproduces the

disease [59]; and (d) antibody-depleting therapies decrease

the severity of MG symptoms [43, 120, 127].

The incidence of MG ranges from 0.25 to 2.0 per

1,000,000. Due to effective treatment strategies and normal

life expectancy, the prevalence of MG has risen in recent

years to about 72:1,000,000 (range 15–179 [15]). About

10 % of patients are children and adolescents. There is an

increased familial risk for MG. Siblings or first-grade rel-

atives of affected patients have a risk of 4.5 % for devel-

oping MG reflecting a profound genetic disposition for the

disorder [71].

The clinical hallmark of MG consists of fluctuating

fatigability and weakness affecting ocular, bulbar and

(proximal) limb skeletal muscle groups. A pragmatic clin-

ical classification distinguishes pure ocular myasthenia

from generalized myasthenia with mild, moderate and

severe manifestation. Ocular myasthenia exclusively affects

the outer ocular muscles including the M. levator palpebrae

and presents with ptosis and double vision. Ptosis and

double vision may be transient, fluctuating or progressive

during the day. Only 10–20 % of patients show muscle

fatigability and weakness persistently restricted to the outer

ocular muscles. The majority of patients proceed to gener-

alized muscle fatigability and weakness within 24 months

after the disease onset [135]. Generalized myasthenia is

defined as any clinical affection of muscle groups other than

outer ocular muscles independent of its severity.

The fluctuating muscle fatigability and weakness is

illustrated by a typical decremental response of the

amplitude and/or area under the curve of the elicited

muscle compound action potential of the fifth compared to

the first stimulus upon repetitive supramaximal stimulation

of the accessory or facial nerve with a frequency of 3 Hz

before and after isometric tetanic contraction [27]. The lack

of an incremental response of amplitudes and areas under

the curve of the compound muscle action potential upon

supramaximal repetitive nerve stimulation using a fre-

quency of 30 Hz or upon pre- and post-tetanic single

stimulation proofs the post-synaptic nature of the neuro-

muscular transmission defect [27]. Single fiber elec-

tromyography typically shows increased jitter and

intermittent conduction blocks [145, 179] reflecting insta-

ble neuromuscular transmission.

Epidemiological, immunological, and genetic
features of distinct MG subtypes

Based on clinical, epidemiological, immunological and

genetic [60, 134, 151] findings as well as thymus pathol-

ogy, MG has been further sub-classified (Table 1): pure

ocular MG (OMG; [135, 169]) is distinguished from gen-

eralized MG with early onset (\45 years ‘‘early-onset’’

MG, EOMG) and generalized MG with late onset

([45 years ‘‘late-onset’’ MG, LOMG). EOMG is often

associated with lymphofollicular hyperplasia of the thy-

mus, and LOMG is characterized by age-dependent invo-

lution of the thymus. In contrast, 10–15 % of all patients do

have thymoma (thymoma-associated MG, TAMG).

MG is due to a reduction of functional skeletal muscle

nicotinic acetylcholine receptors (AChR) at and structural

alterations of the neuromuscular endplate due to the effects

of different autoantibodies. In about 85 %, autoantibodies

against the AChR itself can be detected. The AChR is a

pentameric ligand-gated monovalent cation channel that

exists in two forms with defined stoichiometry of the

homologous alpha (a), beta (b), gamma (c), delta (d) and
epsilon (e) subunits: the fetal AChR shows an a2bdc sub-

unit composition, and the adult AChR shows an a2bde
subunit stoichiometry. The a-subunit contains two func-

tionally important domains: (a) an extracellular cystein

loop that mediates ligand (acetylcholine, ACh) binding [1];

and (b) an extracellular sequence to which most AChR

autoantibodies are binding termed the main immunogenic

region (MIR) [102, 181].

During development and following muscle innervation

the c-subunit of the fetal AChR is replaced by the e-subunit
yielding adult AChRs [146]. Normally, only skeletal

muscle cells and thymic myoid cells express functional

AChRs consisting of folded subunits [185]. In the normal

thymus, both adult and fetal AChR are expressed by non-

innervated thymic myoid cells that likely play a role in the

induction of central immunological tolerance towards

muscle proteins [148].

In addition, unfolded AChR subunits (but not whole

functional channels [157]) are expressed by thymic

epithelial cells [128], partly under the control of the

autoimmune regulator (AIRE) [55]. AIRE regulates the

presentation of AChR peptides by MHC molecules to

developing T cells and normally supports immunological

tolerance towards the AChR.

Antibodies against AChR are in part low affinity anti-

bodies (5 %) that in contrast to high affinity antibodies

(80 %) can only be detected as clusters on the cell surface

in cell-based assays (CBA) but not in solubilized from in

standard radioimmunoassays (RIA) [98]. Levels of anti-

bodies against the ‘‘main immunogenic region’’ (MIR) of

the AChR are of the complement-binding IgG1 and three

type and correlate with disease severity [109]. These

antibodies (Figs. 1, 2) may (a) block the receptor and

(b) lead to its internalization reducing the number of

available receptors in the membrane. Moreover, (c) acti-

vation of the complement cascade leads to destruction of

the endplate architecture with a widened synaptic cleft (i.e.,
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the distance between the pre-synaptic acetylcholine release

site and the post-synaptic endplate), increasing the distance

for acetylcholine molecules to diffuse from their release

sites to their receptors [109].

Upon the initiation, the humoral AChR-directed

autoimmune response in MG is usually focused on single

epitopes of the a-subunit of the AChR. However, during

the disease course, the focus may spread also to other

epitopes within the a-subunit or even other subunits or

antigens [184] due to secondary involvement (i.e., profes-

sional processing and presentation) of natural AChRs

derived from muscle or thymic myoid cells [28, 75, 103].

Antibodies against muscle-specific tyrosine kinase

(MuSK) are of the non-complement binding IgG4 type and

prevent the interaction of low-density lipoprotein receptor-

related protein 4 (LRP4) with MuSK disturbing the agrin-

induced architecture of the neuromuscular junction [23, 77,

85, 92, 110, 155, 156]. Antibodies against LRP4 are pre-

dominantly of the complement-binding IgG1 and 2 type

and are able to inhibit the LRP4-agrin interaction and thus

alter AChR clustering in muscle cells [9, 74, 125, 154, 196,

199]. Antibodies against agrin are able to inhibit agrin-

induced MuSK phosphorylation and AChR clustering in

muscle cells [51, 195]. The IgG subtype classification of

antibodies against agrin has not yet been studied [51, 195].

AChR and MuSK antibodies usually do not occur

together in a single patient [33] whereas overlap of LRP4

antibodies with both AChR and MuSK antibodies in indi-

vidual patients has been reported [199]. Moreover, agrin

antibodies have been also detected in combination with

antibodies against MuSK, LRP4, or AChR, indicating a

high incidence of autoantibodies against several neuro-

muscular proteins in the agrin-positive MG cases [51, 195].

Role of the thymus in distinct MG subtypes

MG may either manifest as an autoimmune disease with

distinct immunogenetic characteristics or as a paraneo-

plastic syndrome associated with tumors of the thymus but

only rarely with other malignancies [17, 106]. The thymus

exhibits pathological changes in the majority of patients

with AChR antibodies (most patients with OMG, EOMG,

LOMG and TAMG; Table 1), which seem to be of central

Fig. 1 Pathogenesis of early-onset MG (EOMG) with lymphofollicular hyperplasia (LFH)

1476 J Neurol (2016) 263:1473–1494
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importance for the impairment of central and peripheral

tolerance and initiation of immunopathogenesis of MG

(Figs. 1, 2) [106]. Pathological changes of the thymus have

also been reported in some patients with LRP4 antibodies

[199]. However, thymoma and other thymic pathologies

are rarely associated with MuSK antibody MG [97, 99],

and data on thymus alterations in agrin antibody MG have

not yet been described [51, 195].

Almost complete elimination of autoreactive T cells is

usually achieved via interactions between thymic stromal

cells (epithelial cells, dendritic cells and myoid cells)

expressing or presenting self-antigens and developing

thymocytes. Self-tolerant T cells continue their differenti-

ation and finally become exported to the periphery. Under

physiological conditions, the thymus contains mostly thy-

mocytes (i.e., developing T cells) and stromal cells, and the

number of B cells is very small [106].

About 70 % of patients with EOMG (Fig. 1) show lym-

phofollicular hyperplasia (LFH), i.e., thymitis with lym-

phoid follicles and germinal centers within the thymus [106].

Following an unknown initial ‘‘trigger’’, hyperplastic,MHC-

class II expressing thymic epithelial cells (TECs) seem to

present unfolded AChR subunits and activate auto-reactive

CD4? T cells. Early antibodies elicited by primed T cells are

supposed to attack nearby myoid cells expressing folded

AChRs and activate complement with subsequent release of

AChR/immune complexes. These AChR/immune com-

plexes in turn activate professional antigen presenting cells

that drive further activation of auto-reactive CD4? T cells

leading to further activation and expansion of auto-reactive

B cells with affinity maturation of their B cell receptors

leading to the production of high-affinity late AChR-anti-

bodies and subsequent epitope diversification [186].

The intrathymic autoimmune inflammatory process in

EOMG seems to be self-perpetuating likely due to dys-

functional regulatory T cells that have been described in

the EOMG thymus and blood [8, 173] Apparently, the

autoimmune process that is initiated in the thymus can later

spread to the peripheral lymphatic tissue, where skeletal

muscle-derived AChR/immune complexes in regional

lymph nodes and functionally defective regulatory T cells

may contribute to the maintenance of EOMG [106].

10–15 % of MG patients have a thymoma and about

30 % of thymoma patients have TAMG (Fig. 2).

Fig. 2 Pathogenesis of thymoma-associated (and late-onset) MG (TAMG, LOMG)
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Thymomas are neoplasms of thymic epithelial cells (TECs)

usually with mixed cortical and medullary properties [187].

According to lymphocyte content and epithelial cell fea-

tures the current histological classification distinguishes

type A, AB, B1, B2, and B3 thymomas [178]. More

than 95 % of all thymomas (except for rare type A and B3)

generate polyclonal CD4? and CD8? thymocytes from

bone marrow progenitors [178]. Such thymopoiesis plays a

central role in the pathogenesis of TAMG: MG-positive but

not MG-negative thymomas generate and export large

numbers of mature CD4? CD45RA? cells to the blood [14,

79, 164]. Accordingly, thymopoietically incompetent thy-

mic carcinomas are not associated with MG [162].

However, active thymopoiesis in thymomas occurs

under conditions favoring autoimmunity: thymomas exhi-

bit defective expression of the autoimmune regulator AIRE

[166] that normally drives ‘promiscuous’ expression of

peripheral tissue autoantigens (including the AChR a-
subunit [55]) in thymic epithelial cells, and thymomas have

reduced or absent thymic myoid cells [108]. Moreover,

neoplastic epithelial cells variably express striational anti-

gen epitopes [29], including epitopes of titin [107, 138] and

various AChR subunits (but not whole receptors) [157]

together with reduced levels of MHC-class II [147, 163,

187]. These altered properties of neoplastic epithelial cells

may profoundly interfere with (positive and negative)

selection of maturing thymocytes and the activation status

of mature T cells [103, 138]. Moreover, in concert with

reduced levels of AIRE [3], these alterations result in

defective generation of regulatory T cells by thymomas

[167]. Together, these alterations of the thymic microen-

vironment favor the export of substantial numbers of naı̈ve

and pre-primed auto-reactive T cells into the periphery,

which are expected to gradually replace the patient’s

native, more tolerant T cell repertoire in the periphery [14,

79]. In the peripheral lymphatic tissue, they apparently

stimulate the pathogenic B cell response after appropriate

activation. This usually happens before, but rarely also

after thymoma resection [164]. This impact of the thy-

moma on the peripheral immune system explains why

TAMG, once initiated, is self-sustaining even after com-

plete thymoma removal (that is typically accompanied by

resection of the residual thymus). Again skeletal muscle-

derived AChR/autoantibody complexes processed in the

absence of regulatory T cells in regional lymph nodes

might perpetuate TAMG.

While the autoimmune focus of EOMG is largely on the

AChR, the spectrum of autoantibody targets in individual

patients with TAMG can be much broader (Table 1) [108].

The spectrum of autoantigens may include: (a) Ligand- and

voltage-gated ion channels, including the skeletal muscle

AChR and, much rarer, voltage-gated Ca2? and K?

channels and other ligand-gated neurotransmitter receptors,

or proteins complexed with them. (b) Striational antigens

with titin and ryanodin receptors (RyR) being the major

autoantibody targets. (c) Cytokines including interferon-a
(IFN-a), interferon-x (IFN-x), and interleukin-12 (IL-12).

This extended spectrum of autoantigens in TAMG also

explains the much more frequent occurrence of other

autoimmune disorders in addition to MG in these patients.

Patients with LOMG (Fig. 2) show involution and

atrophy of the thymus. The lympho-epithelial tissue of the

normal aging thymus is gradually replaced by fat, but

residual parenchyma may continue to export some T cells

at least into adulthood [34]. In LOMG, this residual lym-

phoepthelial tissue may rarely show signs of expansion and

even infiltration, however, morphometric analysis did not

reveal significant differences between thymuses of patients

with LOMG and normal thymuses [165]. Thymic myoid

cells tend to be sparse in LOMG [90, 182], decline with age

and can reach a state of near-deficiency between the age of

60 and 70 years, with considerable interpersonal variation

[139]. In addition, the number of AIRE positive cells seems

to decline as well, however, with no clear difference

between LOMG thymuses and age matched controls.

LOMG patients show striking immunological parallels

with TAMG (Table 1): (a) autoantibodies against titin

occur in 70 % of patients (especially in those aged over

60 years) [14], and others have antibodies against RyR

[137]. (b) Up to 40 % have neutralizing antibodies against

IFNa and/or IL-12 [65, 91]. (c) More than 50 % share

common expansions in the peripheral T cell repertoire with

TAMG patients [79, 170, 171]. Hence, immunological

parallels between LOMG and TAMG are so close that it

appears that aberrations in the aged thymus in LOMG

mimic thymoma behavior without definite neoplasia,

leading to export and possibly even activation of non-tol-

erant T cells [108, 186]. Substantially increased export of

naı̈ve T cells has not been observed in LOMG patients at

the time of diagnosis [14, 85]. However, a small thymoma

could have regressed spontaneously before the diagnosis of

MG [186]. Moreover, a small population of highly potent,

AChR and titin reactive T cells generated in the near

absence of myoid cells inside a largely AIRE-negative

atrophic thymus could become activated after export to the

periphery and trigger LOMG, and a pathogenic T cell

population derived from an atrophic, myoid cell-poor and

AIRE-negative thymus may have accumulated in the

periphery over a long period before the outbreak of LOMG,

i.e., similar to rare thymoma patients who develop TAMG

years after thymoma removal [164]. Once initiated, LOMG

could become self-perpetuating as described above for

EOMG and TAMG, i.e., by stimulatory AChR/autoanti-

body complexes in muscle-draining lymph nodes.

1478 J Neurol (2016) 263:1473–1494
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Treatment strategies for MG

Largely independent from the autoantibody status, MG is

treated according to the same principles. Treatment

strategies can be distinguished into (a) symptomatic treat-

ments facilitating neuromuscular transmission and (b) im-

munosuppressive treatments targeting the underlying

pathological immune response in MG.

Symptomatic treatments

Acetylcholinesterase inhibitors (AChEI) such as pyri-

dostigmin bromide represent the most common symp-

tomatic treatments. Clinical efficacy of these drugs has

been underlined using electrophysiological measurements.

However, their broad application in the treatment of MG is

based on uncontrolled observational studies, case series as

well as on good clinical practice [111, 158]. For ethical

reasons placebo-controlled studies on the clinical efficacy

of these compounds are prohibited.

Patients with MuSK-antibody-associated MG usually

respond worse than those with nAChR-antibody-associated

MG to treatment with AChEI. In these cases, higher

dosages are required for symptom control often leading to

increased systemic side effects [40, 132].

Pyridostigmin bromide is nowadays used for the oral

long-term treatment of MG. Cholinergic side effects usu-

ally do not occur at dosages below 300 mg/day. However,

during intravenous application cholinergic side effects such

as bronchial spasm and hypersecretion, aggravated myas-

thenic muscle weakness, abdominal crampi, urinary

urgency, hypersalivation and sweating, bradycardia and

arterio-ventricular block, and miosis may occur and con-

stitute cholinergic intoxication. Intravenous application of

pyridostigmin bromide (up to 24 mg/day) always requires

continuous monitoring in an intermediate or intensive care

setting. The most frequent systemic side effects during all

modes of application include gastrointestinal disturbance,

diarrhea and crampi (in about 30 %), hypersalivation (in

about 6 %), sweating (in about 4 %), bradycardia and

arterio-ventricular block (in about 1 %) [111, 158].

Oral ambenonium chloride may be used instead of oral

pyridostigmin bromide in case of bromide intolerance with

gastrointestinal side effects.

Immunotherapy

The efficacy of immunosuppressive drugs in generalized

MG is generally accepted. Moreover, patients with pure

ocular myasthenia exhibit a reduced rate of progression to

generalized MG when being under immunosuppression

[96, 160].

However, only few immunosuppressive drugs have been

tested in larger randomized, controlled trials providing

unequivocal class I evidence for their use in MG patients.

In some randomized, controlled trials positive clinical

effects of some immunosuppressive drugs could even not

be proven. These studies, however, exhibit methodological

weaknesses which will be discussed below.

In contrast, evidence from clinical trials regarding the

duration and criteria for cessation of immunotherapy is

scarce [82]. Commonly, following several years of

stable clinical remission the prolonged tapering of

immunosuppressive drug treatment seems possible. Abrupt

cessation of immunosuppression especially in a clinically

unstable situation may trigger abrupt deterioration of

myasthenic symptoms and myasthenic crisis [82, 188].

Indeed, most patients require life-long immunosuppressive

treatment which favors opportunistic infections, lymphoma

and other severe treatment-associated side effects. The

overall aim of symptomatic and immunotherapy should be

complete or almost complete clinical remission.

Basic immunotherapy

Glucocorticosteroids and azathioprine are first-line drugs

for immunosuppression in MG. Other immunosuppressive

agents can be used in case of contraindications, intolera-

bility or insufficient clinical disease control during ade-

quately applied first-line therapy. Second-line

immunosuppressive drugs are ciclosporine A (1 positive

controlled trial [174]), methotrexate (1 positive controlled

trial [68]), mycophenolate mofetil (two negative controlled

trials although with very short follow-up period [69, 116,

144]) and tacrolimus (1 negative controlled trial although

with very short follow-up period [193]).

Glucocorticosteroids In retrospective studies, glucocor-

ticosteroids (GCS) like prednisone, prednisolone and

methylprednisolone have shown to improve clinical

symptoms within several weeks to months (normally

within 4–8 weeks) in about 70–80 % of patients [124, 149,

158]. Due to side effects, long-term oral GCS are usually

combined with steroid-sparing immunsuppressive drugs

such as azathioprine, cyclosporin A, methotrexate,

mycophenolat mofetil or tacrolimus. During the first days

after initiation of GCS therapy a transient deterioration of

myasthenic symptoms may occur especially in patients

with a pronounced affection of bulbar muscle groups [6].

Three different dosing regimens are currently used in

clinical practice:

1. Initial dosage of 10–20 mg/day prednisone equivalent

and dosage increase of 5 mg/day per week until a

stable remission is reached (at about 1 mg/day/kg
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bodyweight) [153]. Advantage: prevention of a tran-

sient deterioration of myasthenic symptoms during the

first days of treatment, disadvantage: slow clinical

improvement.

2. Start with a dosage of 1–1.5 mg/day/kg bodyweight

prednisone equivalent in combination with a steroid-

sparing immunosuppressant until induction of

stable clinical remission and subsequent dosage reduc-

tion of 5 mg/day every 4 weeks with the aim of total

cessation of GCS therapy. Advantage: rapid clinical

improvement. Disadvantage: Transient deterioration of

myasthenic symptoms during the first days of treat-

ment in about 10 % of patients [6, 124].

3. Intravenous methylprednisolone pulse-therapy using

500–2000 mg/day for 3–5 consecutive days followed

by an oral taper [2, 101]. This treatment regimen may

lead to a transient deterioration of myasthenic symp-

toms potentially inducing myasthenic crisis due to a

direct membrane effect of GCS [37]. Moreover, an

acute steroid myopathy may—in some cases—con-

tribute to the overall clinic deterioration in this

situation. Hence, this treatment regimen is only used

in manifest myasthenic crises and in combination with

plasmapheresis, immunoadsorption or intravenous

immunoglobuline therapy in an intermediate or inten-

sive care setting.

The number and severity of side effects of GCS increase

with the duration and cumulative dosage. Especially

patients with other comorbidities, e.g., diabetes mellitus,

are at special risk. In case of an estimated therapy duration

of longer than 3 months using a dosage of[7.5 mg pred-

nisolone equivalent, patients should be treated with cal-

cium (1000–1500mg/d) and vitamin D (400–800 IE/d) to

prevent osteoporosis. Vitamin D levels should be deter-

mined prior to initiation of such therapy and controlled

throughout. In post-menopausal women bisphosphonates

can be used to prevent GCS-induced osteoporosis. The

evidence for the prophylactic effect of bisphosphonates

against GCS-induced osteoporosis and bone fractures in

men is currently not sufficient for a general recommenda-

tion. Moreover, stomach protection using proton-pump

inhibitors or other drugs may be warranted.

To reduce side-effects some centers switch from every

to alternate day oral GCS treatment during long-term

application in the low dose range, the usefulness of which

needs to be validated in individual patients as long as

systematic data are lacking.

Azathioprine Azathioprine (AZA) is the most frequently

used immunosuppressive agent for treatment of MG [13,

66, 105, 112]. Azathioprine is a purine analogue that is

metabolized rapidly to the cytotoxic and

immunosuppressant derivatives 6-mercaptopurine and

thioinosinic acid. The latter inhibits purine synthesis, and

thus impairs activation and proliferation and causes apop-

tosis of T cells and B cells due to their lack of metabolic

pathways for nucleotide salvage (‘recycling’). Treatment is

initiated using 2–3 mg/day/kg bodyweight and maybe

reduced during the treatment course in case of a clinically

stable remission to about 2.5 mg/day/kg bodyweight and

further to 1 mg/day/kg bodyweight. Treatment effects

cannot be expected before several months. However, a

steroid-sparing effect of AZA during long-term treatment

has been proven [39, 66, 159]. The combination of AZA

and prednisolone is more effective, as longer states of

remission and less side effects are encountered as com-

pared to respective monotherapies [123]. In 10–20 % of

patients the combination of AZA and GCS does not lead to

sufficient clinical stabilization or remission requiring GCS

at dosages of more than 7.5 mg/day prednisolone equiva-

lent and in the long term requiring other immunosuppres-

sive treatment strategies (therapy resistance). The abrupt

cessation of AZA may trigger re-occurence of myasthenic

symptoms up to a myasthenic crisis even in patients in

complete and stable clinical remission [82, 114].

In about 80 % of patients treated with AZA an increase

of the mean corpuscular volume (MCV) of the red blood

cells can be observed, which is more pronounced and more

frequent in treatment responders compared to non-respon-

ders. Due to its mechanism of action, AZA leads to a

potentially reversible lymphopenia under steady-state

conditions. Absolute lymphocyte counts should be in the

range of 600–1200/ll with total leukocyte counts being

well above 3500/ll.
AZA is a prodrug that is metabolized by the glutathion-

s-transferase into its active metabolite 6-mercaptopurine

und 1-methyl-4-nitro-5-thioimidazol. 6-Mercaptopurine in

turn is further metabolized by the xanthinoxidase or the

thiopurin-S-methyltransferase (TPMT). Inhibitors of the

xanthinoxidase such as allopurinol and others inhibit the

metabolization of azathioprine. With this comedication

azathioprine may only be used in a reduced dosage of 25 %

of the standard dosage (i.e., 0.5–0.75 mg/day/kg body-

weight) to prevent myelotoxic side effects. Instead of

xanthinoxidase inhibitors, other drugs such as benzbro-

marone or probenecide may be used for lowering uric acid

levels in case AZA is required.

In a small number of patients (\1 %) acute severe side

effects like nausea and vomitting, gastrointestinal distur-

bance with diarrhea and cardiocirculatory depression may

occur as idiosyncratic immediate reaction and prevent

patients from further treatment with AZA [81]. To exclude

such idiosyncratic reactions a single oral test dosage of

50 mg prior to the initiation of long-term treatment with

AZA can be recommended to detect such side effects.
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In case of a genetically determined low TPMT activity,

AZA leads to unexpectedly strong myelosuppression

shortly after treatment initiation. Testing for TMTP activity

or TPMT genotype can be performed prior to treatment

initiation: (a) patients completely lacking TMPT activity

(frequency 1:300) or those homozygous for distinct TPMT

single nucleotide polymorphisms cannot be treated with

AZA. This genotype however is very rare (about 0.5 %)

[56]. Whether this genotype is associated with the above

mentioned idiosyncratic immediate reaction is currently

unclear. (b) In cases of exceedingly high TPMT activity,

AZA may be rapidly metabolized without yielding a clin-

ical effect.

An increased risk of malignancies under AZA treatment

for less than 10 years is not evident [25, 189]. In patients

with MG, rare cases of hematological malignancies and

opportunistic infections have been reported [73, 114].

Moreover, an increased incidence of cutaneous hyperker-

atosis and skin cancer under azathioprine has been repor-

ted, probably due to increased photosensitivity [122].

Regular skin examinations are recommended in patients

under long-term therapy with azathioprine. In case of the

occurrence of generalized warts, or multiple basalioma,

AZA treatment must be reduced or changed to a different

drug. A few cases of acute phototoxic reactions have been

reported under intense solar irradiation.

Ciclosporin A Ciclosporin A (CSA) has proven its effi-

cacy in patients with MG in one placebo-controlled clinical

trial providing class I evidence [174].

Ciclosporin binds to the cytosolic protein cyclophilin in

lymphocytes and thereby inhibits the calcium-calmodulin

induced activation of calcineurin following antigen-recep-

tor stimulation that is required for antigen-specific lym-

phocyte activation, differentiation and exertion of effector

functions.

Compared to the above mentioned clinical trial (CSA

monotherapy using 6 mg/day/kg bodyweight in two single

dosages) CSA is currently in clinical use in combination

with GCS at a lower dosage of initially 3–4 mg/day/kg

bodyweight, followed by a reduction to 2–2.5 mg/day/kg

bodyweight in two single dosages. Treatment monitoring

should be performed via blood levels (trough level at the

end of a dosing interval of 12 h). Compared to AZA, the

clinical effect of CSA occurs more rapidly, i.e., mostly

within 4–6 weeks. However, CSA has a much broader

spectrum of side effects that occur depending on its dosage

and include opportunistic infection, myelosuppression,

gingival hyperplasia and gastrointestinal disturbance, as

well as nephrotoxicity with hyperkaliemia (requiring

monitoring of renal function during therapy) and arterial

hypertension. Special side effects include tremor, head-

ache, increased propensity of epileptic seizures and rarely

reversible posterior leukoencephalopathy syndrome.

Moreover, CSA exhibits numerous interactions with other

drugs which is especially relevant in elderly, multimorbid

patients and requires intense drug monitoring.

Methotrexate Methotrexate (MTX) has been used for

several decades now as a treatment for MG. MTX com-

petitively inhibits dihydrofolate reductase (DHFR) with an

affinity of about 1000-fold that of dihydrofolate. Dihy-

drofolate reductase catalyses the conversion of dihydrofo-

late to the active metabolite tetrahydrofolate involved in

the de-novo synthesis of purine and pyrimidine nucleotide

synthesis. Methotrexate, therefore, inhibits the synthesis of

DNA, RNA, and proteins and thus reduces proliferation

among others of lymphocytes. Most prominent side effects

of MTX include hepatotoxicity, ulcerative stomatitis, leu-

copenia, anemia, infections, nausea and vomiting, abdom-

inal pain, acute pneumonitis, and rarely pulmonary fibrosis

and kidney failure.

Despite its long-term use in patients with MG, con-

trolled clinical trials were lacking until recently. A recent

clinical trial compared MTX (17.5 mg/week) in 24 patients

with generalized MG with AZA (2.5 mg/day/kg body-

weight) regarding its steroid-sparing effect and showed an

equivalent effect within a treatment period of 2 years [68].

MTX at a dosage of 7.5–25 mg/week in combination with

folic acid can thus be regarded as a second-line drug for the

treatment of MG. Due to its less frequent interactions with

other drugs, MTX may be preferred over CSA especially in

older multimorbid patients [76].

Mycophenolatmofetil Mycophenolatmofetil (MMF) non-

competitively inhibits the inosin-monophosphate-dehydro-

genase (IMPDH) and thus the de-novo synthesis of purine

nucleotides which are required especially for cell prolif-

eration in lymphocytes.

The most prominent side effects of MMF include

chronic diarrhea, hemolytic anemia and edema. Several

cases of progressive multifocal leukoencephalopathy have

been reported on the treatment with MMF [183]. Moreover,

MMF has proved to be teratogenic. Hence, MMF-treatment

should be stopped in case of planned pregnancy at least 4

months before conception. In case of unplanned pregnancy,

MMF should be stopped immediately and followed by

gynecologic counseling [78].

MG patients showed clinical improvement with steroid-

sparing effect under treatment with MMF in several

observational cohort studies on a dosage of

1500–2000 mg/day under drug monitoring [21, 64, 69].

However, in two clinical phase III trials, MMF was not

superior to prednisone as an initial therapy [116] and did

not show any steroid-sparing effect when studied over a

period of 9 months [144]. Considering the latency of
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clinical effects known to occur under MMF therapy, the

follow-up period of no longer than 36 weeks in the two

phase III studies seems quite short. Moreover, the treat-

ment effect of prednisone was unexpectedly good. Hence,

MMF effects seem to be underestimated based on

methodological issues in these trials. Consistently, in sub-

sequent uncontrolled cohort studies again a beneficial

effect of MMF as monotherapy or in combination with

prednisone could be shown after 6 months of treatment

[69].

Tacrolimus Tacrolimus (TCM) like CSA is a calcineurin

inhibitor effectively inhibiting antigen-specific lymphocyte

activation, differentiation and exertion of effector functions

in lymphocytes. The efficacy of TCM compared to CSA is

10–100 times stronger. Side effects are the same as those

occurring under CSA and exhibit a strong dosage depen-

dency. TCM was developed in Japan and is licensed for the

treatment of MG there [118, 172]. Several open clinical

studies and smaller case series report beneficial clinical

effects of TCM (3–5 mg/day) in patients with therapy-re-

fractory MG [41, 94, 115, 117]. In a multicenter, open

cohort study in 79 patients with MG, low-dosage TCM

(0.1 mg/day/kg bodyweight) could replace combination

therapy consisting of CSA and prednisolon and provide

good clinical stabilization including regression of nAChR-

Ab titers [130, 131]. A randomized, placebo-controlled

clinical trial in 80 patients with MG with minimal clinical

disease under an oral prednisolone therapy (10–20 mg/day)

studied the steroid-sparing effect of TCM (3 mg/day) over

a period of 28 weeks. The oral prednison therapy was

reduced stepwise starting after 4 weeks of TCM treatment.

However, no significant difference was detected between

TCM and placebo regarding the mean oral prednisolone

dosage during the last 12 weeks of the follow-up periode.

Due to the study population and the short follow up, this

study provides little evidence on the long-term efficacy of

TCM in patients with MG and insufficient treatment

response on the GCS-therapy [193]. Like CSA, TCM is

nephro- and neurotoxic and exhibits multiple drug

interactions.

Escalation therapy

Rituximab and other monoclonal antibodies A number of

case reports and case series report on the clinical efficacy

of rituximab, a monoclonal anti-CD20 antibody depleting

circulating B lymphocytes in patients with severe therapy-

refractive MG. However, data from randomized controlled

trails is still missing.

A meta-analysis was recently performed of 15 uncon-

trolled observational studies including a total of 168

patients [125 females and 43 males; 91 MG patients with

AChR antibodies, 70 MG patients with MuSK antibodies,

and 7 MG patients without AChR or MuSK antibodies

(‘‘double seronegative’’)] [87]. The median follow-up was

16 months for AChR antibody? patients, 26 months for

MuSK antibody? patients and 12 months double seroneg-

ative patients. The dosing regimen of rituximab varied

between studies: 137 patients received 4 9 375 mg/m2 of

rituximab, 12 patients received 500 mg on day 1 and 8, and

8 patients received 1000 mg on day 1 and 15. The

remaining 11 patients underwent different treatment regi-

mens. The overall response rate was reported to be 83.9 %.

In particular the response rate was higher in the MuSK

antibody? patients (88.8 %) compared to AChR antibody?

patients (80.4 %) and double seronegative patients

(85.6 %). However these differences between different MG

patients groups were not statistically significant. Rituximab

proved to be efficacious in all different therapeutic regi-

mens. It has been hypothesized that IgG4 antibodies

against MuSK are produced almost exclusively by CD20?

short-lived plasma cells in contrast to IgG1 and 3 anti-

bodies against AChR which seem to be synthesized by

CD20- long-lived plasma cells. This might explain the by

trend higher efficacy of rituximab in MuSK antibody? as

compared to AChR antibody? patients [32, 84]. In MuSK

antibody? patients clinically responsive to rituximab anti-

body titers are typically lowered whereas some dissociation

between antibody titers and clinical response to rituximab

was observed in AChR antibody? patients [19].

Moreover, an inverse correlation trend between disease

duration and response rate to rituximab was observed which

also did not reach statistical significance. This trend was

also attributed to the pool of long-lived plasma cells

increasing with disease duration and thus leading to a

diminishing therapeutic effect of rituximab. Adverse effects

were reported in 7/168 patients (4.2 %; infections in 4

patients (herpes zoster 1, giardiasis 1, bronchitis 1, pneu-

monia 1), prolonged B cell depletion in 2 patients, and heart

failure in 1 patient). No case of treatment-associated pro-

gressive multifocal leukoencephalopathy was reported.

Hence, data from this meta-analysis of uncontrolled

observational studies support the use of rituximab in

patients with refractory MG. Nevertheless, multicentre

randomized-controlled trials are needed to definitely

establish the efficacy and safety of rituximab in MG.

Eculizumab is a humanized monoclonal antibody,

blocking the formation of terminal complement complex by

specifically preventing the enzymatic cleavage of comple-

ment 5 (C5). A recent, randomized, double-blind, placebo-

controlled, crossover phase II trial studied the clinical

efficacy of eculizumab in 14 patients with severe, refractory

generalized MG [83]. Patients received 4 weekly intra-

venous infusions of eculizumab 600 mg or placebo (in-

duction phase) followed by seven additional two weekly
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intravenous infusions of eculizumab 900 mg or placebo

(maintenance phase). Six of seven patients treated with

eculizumab for 16 weeks (86 %) achieved the primary

endpoint of a 3-point reduction in the quantitative myas-

thenia gravis (QMG) score. Moreover, the overall change in

mean QMG total score was significantly different between

eculizumab and placebo, and the overall change in mean

QMG total score from baseline was found to be significantly

different between eculizumab and placebo. Eculizumab was

well tolerated [83]. Hence, this trial supports a role also for

eculizumab in patients with severe, refractory generalized

MG. A Phase III trial of eculizumab in refractory MG is

currently ongoing [126].

Clinical experience with other therapeutic monoclonal

antibodies now in broader use in multiple sclerosis such as

anti-CD52/alemtuzumab [22, 24] and anti-IL2R/da-

clizumab [54, 58] are sparce in patients with MG and

should be considered in individual rare cases only.

Cyclophosphamide Cyclophosphamide (CPP) is a nitro-

gen mustard alkylating agent adding an alkylgroup to

DNA. This interferes with DNA replication by forming

intrastrand and interstrand DNA crosslinks. CPP can be

applied in cases of severe MG following the failure of

standard therapy. Moreover, CPP can be applied in patients

requiring repetitive immunoadsorption or plasmapheresis

based on several smaller controlled case series [35, 100]. In

severe and otherwise treatment resistant life-threatening

MG, CPP can be used as ultima ratio as positive clinical

evidence exist for several treatment regimens:

1. CPP pulse therapy: 500 mg/m2 body surface area

every 4 weeks until remission under co-medication

with mesna, based on a prospective, randomized,

double-blinded study [31].

2. Immuno- or myeloablative CPP therapy: 50 mg/day/kg

bodyweight on 4 consecutive days followed by GCSF

based on several smaller case studies [36, 57, 100] or

followed by auto- or allogeneic stem cell transplanta-

tion [168].

The cumulative dosage and duration of treatment should

be documented due to the increasing risk of disorders of

fertility in both sexes and the risk of malignoma (about 1 %,

depending on the cumulative dosage and duration of ther-

apy). In single cases, a cumulative dosage of 50–70 g can be

reached. As these values are reached much faster upon oral

application compared to intravenous application of CPP, the

later should be the preferred route of administration. Com-

plications of CPP therapy may among others include

malignoma, lung fibrosis, cardiomyopathy and

dermatofibroma.

For an overview on treatment options for MG please

refer to Table 2.T
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Intervention therapy

The following therapeutic measures are applied for the

prevention and therapy of myasthenic crisis and in special

situations such as instable MG during pregnancy and dis-

tinct single cases of therapy resistant myasthenia with

severely disabling symptoms.

Intravenous immunoglobulins (IVIG)

Intravenous immunoglobulins (IVIG) consist of pooled

polyclonal immunoglobulins derived from several thou-

sand healthy donors. The precise mechanism by which

IVIGs suppress autoimmune inflammation has not been

definitively established but is likely to involve a plethora of

molecular effects via their Fab- or Fc-fragments [52].

Adverse effects of IVIG include headache, hypertension,

allergic/anaphylactic reactions (especially in IgA-deficient

patients), dermatitis, infection (HIV or viral hepatitis),

pulmonary edema from fluid overload, due to the high

colloid oncotic pressure of IVIGs, venous thrombosis,

aseptic meningitis, and hemolysis.

IVIG should be applied at a dosage of 0.4 g/day/kg

bodyweight on 5 consecutive days [86], alternatively

1 g/day/kg bodyweight on 2 consecutive days [7, 50, 198].

IVIG have been shown to be similarly effective compared

to plasmapheresis and immunoadsorption in shortening the

time of mechanical ventilation during myasthenic crisis

[46, 49].

Moreover, IVIG may be used for clinical stabilization

previous to operations (including thymectomy) or before

start of an intravenous high-dosage GCS pulse therapy in

case of severe MG. Clinical response rate in several open

clinical studies was in the range of 80 %.

For the use of IVIG in situations other than myasthenic

crisis as induction therapy or as maintenance therapy—

either alone or as add-on therapy to immunosuppressive

drugs—no data is available from randomized controlled

trials. IVIG, however, may be used for this purpose (ini-

tially 5 9 0.4 g/day/kg bodyweight and subsequently

1 9 0.4 g/day/kg bodyweight every 4–8 weeks) over a

longer period of time [38, 72, 161]. Single patients with

therapy resistant myasthenic symptoms seem to profit from

long-term therapy with IVIG [111, 112]. IVIG may also be

used in MG patients with contraindications against other

immunosuppressive agents (especially GCS).

Plasmapheresis and immunoadsorption

Via therapeutic plasma exchange (PE) or plasmapheresis,

plasma is separated from corpuscular blood constituents

and replaced with a substitution fluid. PE is thus a non-

specific treatment modality with elimination of the entire

plasma. The therapeutic effect is based on the removal of

circulating, pathogenic immune factors, including autoan-

tibodies. In contrast, immunoadsorption (IA) is a more

selective technique for removing IgG antibodies by binding

to a specific matrix (e.g., protein A or tryptophan) [95, 150,

180].

Plasmapheresis is successfully used as a treatment of

myasthenic crisis [30, 127, 142]. Moreover, plasmapheresis

can be used in situations of therapy resistance for the sta-

bilization of patients before operations (including

thymectomy) or prior to the initiation of high-dosage GCS

pulse therapy in cases of severe MG. Typically, 6–8

treatments (each with treatment of 1–1.5 times the plasma

volume every other day) are performed until clinical

remission is reached. Without accompanying immunosup-

pression the clinical effect lasts for several weeks only due

to the (re-)synthesis of pathogenic autoantibodies [70, 119].

Following every single treatment, a substitution of human

albumin is required, and in case of secondary

immunoglobuline deficiency (IgG\ 150 mg/dl) substitu-

tion with polyvalent IgG can be performed. The depletion

also of coagulation factors limits the treatment frequency

and needs to be considered in situations of treatment with

other anticoagulant drugs [48]. In myasthenic crisis,

plasmaphereses and IVIG seem to be equally effective and

can be used equivalently [26, 47, 158]. A randomized

controlled study did not find a significant difference

between both therapeutic strategies [46]. Moreover, a

controlled cross-over study and a retrospective cohort study

did also show no significant difference between these

treatments [38, 72, 133, 161]. A recent comparative study

in 84 patients with moderate to severe MG (QMGS[10.5)

and clinical exacerbation also showed a similar efficacy of

IVIG and plasmapheresis regarding the primary endpoint

of reduction of the QMGS (69 % for IVIG and 65 % for

plasmapheresis) as well as secondary clinical and electro-

physiological endpoints for a follow-up period of 60 days

[10].

Immunoadsorption is nowadays frequently used instead

of plasmapheresis both for the treatment of myasthenic

crisis as well as for the maintenance therapy of patients

with insufficient disease control under or contraindica-

tions for standard immunosuppressive treatment [191,

194]. Immunoadsorption has been shown to be equally

effective in the treatment of MG compared to plasma-

pheresis [93]. Advantages of immunoadsorption include

the lack of need for substitution of plasma proteins and

coagulation factors, providing the option for the rapid

treatment of much higher plasma volumes (2–2.5 times

the plasma volume every day) as compared to plasma-

pheresis. Moreover, complications and side effects of

immunoadsorption seem to be significantly reduced

compared to plasmapheresis [93].
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Thymectomy

Thymectomy in MG patients should always be performed

under otherwise stable clinical conditions, i.e., following

an efficient pre-treatment using GCS and other immuno-

suppressive measures and/or plasmapheresis/immunoad-

sorption or IVIG which reduces the perioperative mortality

to\1 % [61]. The clinical effect of thymectomy usually

appears retrospectively after several years in an individual

patient [61].

Thymomectomy for thymomatous MG

In case of a thymoma, indication for thymomectomy exists

independent of the presence or clinical severity of

accompanying MG or other autoimmune conditions.

Thymectomy for non-thymomatous AChR antibody

associated MG

Given the role of the thymus in the immunopathogenesis of

AchR antibody-associated MG, thymectomy has been

considered a treatment option as early as 1942 [67].

However, randomized controlled trials on the efficacy of

thymectomy per se and in comparison to standard

immunosuppressive treatment in MG are currently not

available [18]. The results of an ongoing multi-center,

single-blind, randomized phase III trial comparing exten-

ded transsternal thymectomy to no thymectomy in non-

thymomatous AChR antibody associated MG patients

receiving prednisone (MGTX trial [12, 190]) are expected

for 2016.

Until the results of the MGTX trial are available,

thymectomy should be considered in the following clinical

situations: (a) Thymectomy may be applied in patients with

non-thymomatous generalized MG for which evidence

exists according to a meta-analysis [61]. (b) Patients with

non-thymomatous ocular myasthenia may undergo

thymectomy based on a single case decision due to a lack

of sufficient evidence from clinical trials [11]. It is sup-

posed that thymectomy in ocular myasthenia without thy-

moma might prevent generalization of myasthenic

symptoms during the course of the disease [89].

Patients at the age of 15–50 years with generalized

AchR antibody-associated MG without thymoma seem to

predominantly benefit from thymectomy performed within

1–2 years after disease onset [61, 152]. However, these age

limits are arbitrary and some experts do not consider them

strict [80]. Children and adolescents at the age of

5–14 years with AchR antibody-associated MG without

thymoma are preferred to undergo thymectomy only after

insufficient response to symptomatic and immunosuppres-

sive treatment [16, 45] because of the role of the thymus in

the development of the immune system [177]. However,

some studies indicate that thymectomy at 1.5 years of age

apparently does not impair immunological function [4,

136, 177].

Thymectomy for non-thymomatous MuSK antibody

associated MG

In contrast to AchR antibody-associated MG, thymic

pathology is relatively rare [63, 97, 99, 197] in patients

with MuSK antibody-associated MG. Accordingly, one

study [42] could not prove any effect of thymectomy in 15

MuSK antibody-positive patients, whilst MuSK antibodies

predicted a poor outcome of thymectomy in another study

[129]. Hence, available evidence suggests that in general

thymectomy should not be recommended in MuSK anti-

body-associated MG. However, as few MuSK antibody-

positive patients have been reported to apparently improve

following thymectomy it may be considered in single cases

with otherwise poor disease control [42, 143].

Thymectomy for non-thymomatous seronegative

MG

A retrospective cohort study of thymectomy reported

similar post-operative results in AChR antibody-negative

and AChR antibody-positive MG patients with a follow-up

of at least 3 years [62]. Remission or improvement after

thymectomy occurred in 57 % of AChR antibody-negative

patients and in 51 % of AChR antibody-positive patients.

Hence, thymectomy is recommended for patients with

generalized MG without detectable AChR and MuSK

antibodies similar to those patients with AChR antibodies.

Technique of thymectomy

Standard procedure for thymectomy used to be the exten-

ded transsternal thymectomy with excision of the whole

thymus and retrosternal adipose tissue aiming at a maximal

thymectomy [88]. However, minimal invasive interven-

tions are increasingly applied [5, 53, 121, 140, 141, 192].

While these studies cannot be compared to each other due

to pronounced confounding factors, the reported effects on

therapeutic and clinic surrogates seem to be equivalent

[113]. Hence minimally invasive thymectomy represents

an option alternative to the gold standard of extended

transternal thymectomy and is used by an increasing

number of centers.

A suggested treatment regimen is depicted in Table 3.

1486 J Neurol (2016) 263:1473–1494

123



Conclusion

Myasthenia gravis (MG) is an autoimmune antibody-me-

diated disorder of neuromuscular synaptic transmission.

The clinical hallmark of MG consists of fluctuating fati-

gability and weakness affecting ocular, bulbar and (proxi-

mal) limb skeletal muscle groups. MG may either occur as

an autoimmune disease with distinct immunogenetic

characteristics or as a paraneoplastic syndrome associated

with tumors of the thymus. Impairment of central thymic

and peripheral self-tolerance mechanisms in both cases is

thought to favor an autoimmune CD4? T cell-mediated B

cell activation and synthesis of pathogenic high-affinity

autoantibodies of either the IgG1 and 3 or IgG4 subclasses.

These autoantibodies bind to the nicotinic acetylcholine

receptor (AchR) itself, or muscle-specific tyrosine-kinase

(MuSK), lipoprotein receptor-related protein 4 (LRP4) and

agrin involved in clustering of AchRs within the postsy-

naptic membrane and structural maintenance of the neu-

romuscular synapse.

Treatment strategies for MG can be divided into:

(a) symptomatic treatments with AChEIs facilitating neu-

romuscular transmission, (b) antibody-depleting treatments

(IVIG, plasmapheresis, or immunoadsorption) for acute

therapeutic intervention, and (c) immunotherapeutic treat-

ment strategies (GCS plus azathioprine, ciclosporin A,

methotreate, mycophenolat mofetil, or tacrolimus for basic

therapy, cyclophosphamide or rituximab for escalation

therapy) for maintenance therapy. Experimental therapies

such as other monoclonal antibodies, proteasom inhibitors,

immune—or myeloablation, and stem cell transplantation

are used in selected rare cases only. Given the role of the

thymus in the immunopathogenesis of EOMG and TAMG,

thymectomy should be performed following sufficient

clinical stabilization.
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