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Issue Highlights

Dear colleagues,

It is a great pleasure to introduce you to a new issue of “Archives of Clinical Neurology”. In the
current issue you may find 3 articles, including one consensus paper and 2 case reports.

In the consensus paper, Chroni E. together with a group of experts in the field present the treatment
recommendations of the Hellenic Neurological Society for myasthenia gravis. The authors critically
reviewed the literature and provide current evidence on drugs available in Greece and rules/guidelines
for induction and long term treatment. This consensus paper may serve as useful guide in every day
practice of neurologist and residents treating patients with myasthenia gravis.

In a case report, Papagiannopoulou et al. present a young female patient with scapular winging due
to involvement of the long thoracic nerve. High-resolution magnetic resonance neurography reveled
diffuse hyperintense signal across the long thoracic nerve, highlighting the importance of imaging
in such patients. The patient responded well in an intensive physiotherapy program with complete
resolution of symptoms within 9 months.

In the 2nd case report, Petrou et al. describe an older male patient with a former diagnosis of mycosis
fungoides (in remission), presenting with rapidly progressive cognitive decline and generalized seizures.
Both 14-3-3 and RT-QuIC were positive. However, CSF T-cell lymphocytic pleocytosis together with
multiple contrast enhancing lesions in neuroimaging, led to a brain biopsy revealing brain infiltration
by a highly malignant T-cell lymphoma. This case report reminds that, despite a high specificity of
RT-QuIC for Creutzfeldt-Jakob disease, alternative diagnoses should be considered in some unusual
clinical settings.

I would like to thank all authors for sharing with us their clinical experience and research findings,
offering treatment guidelines and diagnostic considerations.

George Paraskevas, MD, PhD

Professor of Neurology and Neuropsychology, Second Department of Neurology School of
Medicine, National and Kapodistrian University of Athens, “Attikon” University Hospital, Athens,
Greece.
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ApOpa...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
Kai oQeiel va akoNouBer tis npoBAendueves vOuILES MPoUnoBEoeis»

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»



18

CONSENSUS PAPER KEIMENO OMO®QNIAZ

R EAAHNIKH
NEYPOAQTIKH
2=J ETAIPEIA
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GRAVIS: A CONSENSUS PAPER OF THE HELLENIC
NEUROLOGICAL SOCIETY
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ABSTRACT

Given the recent development in the therapeutics of myasthenia gravis (MG), the Hellenic Neurological
Society sought to present the available treatment options to achieve the goals as they have been set in the
present era in a consensus document.

The authors of this article, all experienced in treating MG patients, prepared a guide for MG treatment
strategies as has been modified recently and discuss the effectiveness and adverse reactions of the available
drugs in Greece including those of the new categories that have been approved by European Medicines
Agency. The information provided was based on a critical review of the recent literature mainly including
articles on international and other countries’ guidelines and expressing personal views.

A definite diagnosis of MG and subtyping according to the MG Foundation of America (MGFA) classification,
immunological profile, thymus pathology, or co-existing other medical conditions should precede
treatment. When choosing a treatment approach, a balance should be kept between drug effectiveness
i.e. successfully managing acute symptoms and sustaining remission and drug burden, including adverse
effects and patient’s discomfort. Response to treatment is better quantified using structured clinical scales
and a commonly agreed definition of deterioration on one side and the optimum post-intervention status
on the other.

No uniform treatment regimen exists to be recommended for all patients with MG. However, there are
general rules for induction and long-term treatment, which should then be individualised based on clinical
symptoms, disease severity, and patient’s age, and after careful consideration of each patient’s requirements
in social and professional life. Steroids remain the first-line treatment for the majority of MG patients,
followed by azathioprine and, alternatively, other immunosuppressive medications that serve to lower the
dose or replace steroids. For patients with MuSK-positive antibodies, rituximab is particularly effective.
Novel immunomodulatory, fast-acting drugs (i.e. complement C5 inhibitors and FcRn blockers) can be
added to various therapeutic regimens, on an individual basis to improve the outcome. The impending and
established myasthenic crisis requires emergency treatment with plasmapheresis or IVIG. We expect this
first attempt to codify MG therapy recommendations to be helpful for clinical practice and form the basis
for future revisions upon fruitful criticism.

Keywords: myasthenia gravis, clinical scales, immunotherapy, new drugs, drug adverse effects, thymus, auto-
antibodies, MG in pregnancy, myasthenic crisis, treatment guidelines, consensus, Greece

Archives of Clinical Neurology 34:2-2025, 18-50
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NepiAnyn:

Aedopévns tns npdopatns EENIENS otn Bepaneutikn tns Papeias puaocBéveias (MG), gival xpholyo va na-
pouaiactouv ol diaBéaipes Bepansutikés enifoyés yia TNy eNitEUEN Twv oTOXWV ONwSs autoi éxouv tebel otn
onpepivh enoxn péoa and autd 1o dpBpo opoguwvias tns EAAnvikhs Neuponoyikhs Etaipeias.

O1 ouyypageis autou tou apBpou, 6ol éuneipol otn Bepaneia aoBevv pe MG, eoiyacav évav odnyd
yla otpatnyikés Bepaneias tns MG énws tpononoinbnkav npdéogata kal oudntolv v anoteNecPaTtKOTNTA
Kal us aveniBupntes evépyeles twv Slabéoiywy otnv EARGOa @apudkwy, cupnepiNapBavopévwy ekeivwv
MoU avnKoUV OUS VEES KATnyopies kal eykpiBnkav and tov Eupwnaikd Opyavioud Gapudkwy (EMA). Ol
nAnpo@opies Nou napéxovtal Baciotnkav o€ pia KPItKA avaokénnon ts npéogatns BiBAioypagias, cupne-
pidauBavopévwy kupiws dpBpwv yia digbveis kal kateuBuvthples ypappés AANwv xwpwv Kal ekppalovias
NPOCWIIKES ANOYEIS.

H BéBain didyvwon ts MG kai o npoodiopiopds tou undtunou oUppwva pe v tagivounon tou MG
Foundation of America (MGFA), to avoconoyiké npogid, n naBonoyia tou Bupou adéva, ol cuvuUNAPXOUCES
annes 1atpikés kataotdoels 6a npénel va AapPdvovtal undyn npiv v évapén ts Bepaneias. Katd v emifo-
yh pias Bepaneutkns npoogyylons, Ba npénel va diatnpeital pia icopponia Petay tns anoteNeoPatikOTNTAS
T0U Qappdkou, dnAadn tns enituxous dlaxeipions twv 0&éwv oupntwPdtwy Kal tns dlatpnaons s UPeons
Kal TV apvnuKk®V endpaoewy evds Gappdkou, cupnepiAapBavopévwy twv aveniBuuntwy eVEPYEIDY Kal
NS CUPPOPPWONS Tou acBevous. H avtanodkpion otn Bepaneia nocotkonolgital kKaAUteEPa XPNOIPOMNOIMVIAS
dopnpéves kAvIKES kAipakes Kal évav Koiva anodektd oplopd s enideivwons and v pia nAsupd kar s
BéNuotns katdotaons PETd v napéufacn and v anan.

Aev undapxel eviaio Bepansutkd oxnpa Nou va ouvictdtal yia 6éAous tous acBeveis pe MG. Qotdoo, undp-
XOUV YEVIKOI KaVOVES yia tnv évapén kal tn pakpoxpdvia Bepaneia, ol onoiol otn cuvéxeld Ba npénel va
etatopikevovtal pe Baon ta kAIVIKG cupntopata, th coPapdtnta s vooou Kal tnv nAikia tou acBevous
Kal JETE and npooekukn €Gétacn twv anaithoswy KaBs aoBevols atnv KoIvwviKA Kal enayyeApatki {wn.
Ta otepoeldh napapévouv n Bepansia NPMTNS ypapuns yia tnv nisiopngia twv aoBevav pe MG, akonou-
Boupeva ané v alaBeionpivn kar evandakukd dAda avoookatactantukd GpApPaka nou xpnoIPeUouy yid
I peiwon s 6dons N thv avukatdotaon twv otepoeldwv. MNa aoBeveis pe Beuxkd oto MuSK avuowpata, n
prtou€ipdunn eivar 1diaitepa anoteneopatikd edpuako. Néa avoootpononointkd, taxeias dpdons pappaka,
6nAadn avaotoneis C5 tou cupnAnp®Patos kal avaotoneis FCRn pnopouv va npooteBolv oe didpopa Oe-
PAMNEUTKA oxnpata, o€ atouikn Bdon yia tn Bentiwon tou anotenéopatos. H enikeipevn kal eykateotnpévn
puaoBévela kpion anaitei enefiyouca Bepaneia ye nAacpagaipeon n IVIG. Avapévoups 6U auth n npwin
npoondabeia kwdikonoinons twv cuctdoswy Bepaneias ths MG Ba eival xpholpn yia tnv KAIVIKA NPAKTKA Kal
Ba anotenéoel n Pdon yia peAAoviKEs avaBewpnoels PETE and yovipn KPITtKA.

Né€eis eupetnpiou: MuaoBéveia Gravis, kAipakes a&loAdynons, avoooBepaneia, véa PApUaKa, aveniBUPNTES eVEPYEIES
Qapudkwy, Bupos adévas, autoavuompata, MG kal eykupoolvn, yuacBevikn kpion, kateuBuvtnpies odnyies, ouvaive-
on, EAAGda
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INTRODUCTION

Myasthenia Gravis (MG) is the most common
among the acquired autoimmune disorders of the
neuromuscular junction. The European prevalence
of MG has recently been estimated to vary between
11 and 36 per 100.00 persons,! and therefore, in
the Greek population, approximately 1100 to 3500
people are expected to suffer from MG.

MG is clinically characterised by fluctuating and
alternating muscle weakness and fatiguability. It can
practically affect all striated muscles, although there
is a selectivity for the extraocular muscles which are
the first and more frequently affected (in 60-75% of
cases), followed by the facial, bulbar, and neck, and
thereafter the respiratory and proximal limb muscula-
ture.?3 MG is caused by a defect in the transmission
of acetylcholine (ACh) through the neuromuscular
junction, which is due to the presence of patho-
genetic auto-antibodies. In about 85% of patients
with generalised MG (gMG) and 50% of those with
ocular MG (oMG) antibodies against ACh Receptors
(AChR) were detected, whereas antibodies against
MuSK or LRP4 are much less frequent, being present
in 5% and 1-4% of patients respectively. Finally, in
approximately 10% percent of patients, no detect-
able antibodies are found.?4 A definite diagnosis is
necessary before any treatment attempt. Diagnosis
is set by clinical appraisal and confirmed by serologi-
cal tests to define the auto-antibody profile, and/or
neurophysiological tests.?

Currently, MG has no cure.”! Treatment aims to
ease the MG symptoms during acute exacerbation
and prolong remission phases by addressing immu-
nopathology while maintaining a fair balance be-
tween quality of life and treatment-related burden.
Therapeutical decisions are challenging due to the
variety of available drugs, some of which have novel
mechanisms of action, the number of possible drug
combinations or drug switches, and the undefined
duration of treatment necessary for disease control.
Factors, that should be taken into account when de-
ciding on drugs suitable for each patient are: disease
characteristics i.e. weakness distribution and severity,
antibody profile; the presence of thymoma; patient’s
age; comorbidities; personal needs, for example, fam-
ily planning; professional requirement; and patient’s
compliance.P!

The scope of this article is to outline the general
framework of recommendations on the therapeutic
approach of patients diagnosed with MG in Greece.
For this purpose, the Hellenic Neurological Society
sought to present the available treatment options
to achieve the goals as they have been set in the
present era in a consensus document. Specifically,
a team of MG experts and senior neurologists who
often treat MG patients was organised at a national
level. In September 2024, a face-to-face meeting

was held to assign the deliverables. Subsequently, a
literature search was performed, focusing on high-
quality articles that reported treatment guidelines
implemented in other countries or published by inter-
national consortia up to December 31, 2024. These
articles were critically reviewed and served as the
foundation for this article. Finally, virtual rounds to
exchange views on various therapeutic topics were
organised. All team members are the authors of this
article, who contributed to the writing of the first
draft and approved its final version. All recommenda-
tions presented in the current consensus paper were
unanimously approved by all authors.

Evaluation scales

Several structured, widely accepted scales are nec-
essary to assess the spreading and severity of muscle
weakness and to evaluate the effect of treatment.

Myasthenia Gravis Foundation of America
(MGFA) Clinical Classification: This classification
roughly divides the patients into V classes accord-
ing to the disease’s severity and the distribution of
muscle involvement.[®

Quantitative Myasthenia Gravis (QMG) Scale:
This scale objectively evaluates the strength and en-
durance for 13 selected motions at a specific time
point (during the patient’s visit). It requires 16 min-
utes, and the total QMG score ranges from 0 (normal)
to 39 (worst possible).!

Myasthenia Gravis Activities of Daily Living
(MG - ADL): The patient’s reported questionnaire,
combines 2 items of daily living activities with 6 items
of physiological functions concerning the prior week.
The total score ranges from 0 (normal) to 24 (worst
possible).”

Myasthenia Gravis Composite (MGC) Scale:
It combines 3 items from the patient’s reported his-
tory and 7 items from the physician’s examination.
The total score ranges from 0 (normal) to 50 (worst
possible) and constitutes a merging of QMG and
ADL scale. !

Definitions of status related to treatment
To rate the status after treatment interventions
the following definitions are adopted:

Classical evaluation of treatment

The classical evaluation of treatment efficacy is
based on the determination of the post-intervention
status (PIS), which is graded as: Complete Stable
Remission (CSR); Pharmacological Remission (PR);
Minimal Manifestations (MM); Improved (I) (but not
reaching the previous higher grades); Unchanged (U);
Worse (W); Exacerbation (E) or Death from MG (D).

Optimum outcome after treatment

Remission, or at least MM with grade 1 Common
Terminology Criteria for Adverse Events (CTCAE)
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medication side effects i.e. asymptomatic or only
mild symptoms, no intervention is indicated.!”!

l. Remission: The patient has no symptoms or
signs of MG. Careful examination showing isolated
weakness of eyelid closure is acceptable. Patients in
daily need of taking cholinesterase inhibitors (ChEls)
are not considered to be in remission.®!

Il. MM status: The patient has no functional
limitations but some weakness in some muscles dur-
ing the examination®; a total QMG score of <3 from
=2 items is acceptable.

Alternative way to grade treatment response

Recently, an alternative way to grade treatment
response has been suggested in the German Guide-
lines. Achievement of disease control is graded into
four levels: (1) Full disease control with no disease
activity and no residual symptoms. (2) Full disease
control with no detectable disease activity, but mini-
mal residual symptoms with stability (incomplete re-
mission). (3) Incomplete disease control with disease
activity: instability, deterioration, fluctuation with
residual symptoms and continuous new or develop-
ing symptoms, + fluctuations, + crises. (4) No disease
control with high disease activity (including refractory
MG): continuous symptoms with or without crises
or crisis-like deteriorations, resistance to therapy.'!

In the 4-level classification of disease control, level
1 approximately corresponds to Remission and level
2 corresponds to MM status.

The optimum patient satisfaction can be expressed
through scoring in the ADL scale, with Minimum
Symptom Expression (MSE) defined as a score 0 or
1 .[11]

Relapse or Exacerbation: A deterioration of MG
symptoms appearing after at least a month of remis-
sion and lasting no less than 24 hours. The following
severity grades of acute deterioration are recognised:

Relapse, defined as an increase of QMG score by =
3 from 1 or more items and a total QMG score = 6.

Impending Crisis, defined as a rapidly deteriorat-
ing status that may lead to a myasthenic crisis in the
short term (days to weeks).”l The term Severe Relapse
provides a quantification of Impending Crisis and is
defined as an increase of bulbar and neck QMG score
= 3 or respiratory = 1 (irrespectively of total QMG
score), or increase of QMG score by = 3 from 1 or
more items and QMG total score = 15.0'2

Myasthenic Crisis, defined as severe worsening
of respiratory function requiring intubation or non-
invasive ventilation.! It is a medical emergency and
a life-threatening condition.

Refractory MG: Failure of conventional treatment
due to one of the following: 1. Inadequate response,
defined as PIS unchanged or worse, to steroids and at
least one other IS, applied in adequate doses and for
an adequate duration; 2. Requirement of repeated
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rescue therapies (IVIG or Plex), at least 3 times within
12 months; 3. Prolonged need for high doses of
potentially harmful therapies (drug dependency); 4.
Severe or intolerable adverse effects from immuno-
suppressive therapy (treatment intolerance) leading
to treatment discontinuation; 5. Comorbidities as
a consequence of which myasthenia treatment is
contraindicated.!®1213!

TREATMENT

Medical treatment includes 2 major categories:
symptomatic treatment, which aims to restore neu-
romuscular transmission quickly but temporally; and
immunomodulatory and immunosuppressive drugs
(collectively referring as ISs), which aim to terminate
the immune attack on the neuromuscular junction.
Next, the mechanism of action, the dosage, and any
adverse events of the frequently used drugs for the
treatment of patients with MG during acute and
chronic phases are described.

Symptomatic treatment

It comprises the administration of acetylcholinest-
erase inhibitors (AchE-I) and, occasionally, beta-2
adrenergic agonists.['¥

Pyridostigmine

Indications & mechanism of action: Pyridostigmine
is strongly recommended as symptomatic treatment
for all forms of MG. It is a synthetic acetylcholinest-
erase inhibitor (AchE-l) that acts by retarding the
hydrolysis of Ach at the neuromuscular cleft thereby
facilitating neuromuscular transmission.[210.14.15]

Effectiveness & Contraindications: In early or
less severe disease pyridostigmine has a significant
and rapid clinical effect whereas in chronic and/or
advanced cases, its’ action may be insufficient. It
has been suggested,''® but not universally agreed
(Farmakidis et al., 2018), that the effectiveness of
pyridostigmine diminishes over time and the wear-
ing off was ascribed to the expression of a soluble
splice variant of the acetylcholinesterase gene, that
is not inhibited as effectively by the drug.'”? The ef-
fectiveness of pyridostigmine is generally moderate'®
but varies amongst different MG populations. For
instance, it is less prominent in anti-MuSK cases,
compared to patients with AChR autoantibodies,!'”!
whereas it is particularly robust in juvenile MG.?%
The maximum blood concentration (Cmax) of pyri-
dostigmine is attained 1.5-3 h after oral ingestion
but symptom improvement may start within 15-30
min.?" The drug should be avoided in cases of gastro-
intestinal or urinary obstruction and used cautiously
in patients with renal impairment (the clearance of
the drug is reduced, and dosages need adjustment),
obstructive respiratory disease, cardiac arrhythmias
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or recent coronary artery occlusion. Elderly patients
may be particularly prone to develop cardiac adverse
effects and develop syncope even with very low doses
of the drug.

Dosing schedule: A typical starting dose is 30mg
qid for 2-4 days subsequently increased to 60 mg gid
for 5 days while adjusting the time of administration
to match the patient’s activity needs. If necessary, the
dose may be increased to 90 mg gid over one week
or even higher trying always to identify the lowest
effective dose. Since there is interindividual variation
in the duration of action, some patients may require
5 rather than 4 daily dosages. Usual daily doses
range from 180-450 mg/24h although occasional
cases may need up to 720 mg/24h.l" [f the patient
with gMG becomes asymptomatic on steroids,? it is
possible to taper pyridostigmine at a rate of 30-60
mg per week until complete withdrawal or, if this is
not feasible, until reaching the lowest effective dose.

Adverse Effects: Pyridostigmine is commonly as-
sociated with muscarinic side effects which are dose-
dependent and may lead to drug discontinuation in
up to 26% of patients.''® The most common adverse
effects are gastrointestinal (nausea, diarrhoea, ab-
dominal cramps, and flatulence). These symptoms
tend to abate over time but can be persistent in a
number of cases. Other side effects include urinary
urgency, muscle cramping, blurred vision, increased
sweating, bronchial secretions, hypotension, and
bradycardia.l'®?"! The management of persistent or
troublesome symptoms involves the administration
of propantheline 15 min prior to pyridostigmine. This
antimuscarinic agent counteracts many cholinergic
adverse effects of pyridostigmine without affecting
its facilitatory action on neuromuscular transmis-
sion. Importantly, although the Summary of Product
Characteristics of propantheline states that the drug
is contra-indicated in MG (SMPC), this is clearly incor-
rect as it is a standard treatment for counteracting
the toxicity of pyridostigmine. Other agents that may
be used to this end include oral glycopyrrolate 1 mg,
hyoscyamine 0.125 mg, or loperamide 2 mg to be
given concurrently with pyridostigmine up to thrice
daily.?" At doses higher than those regularly used,
pyridostigmine may induce a paradoxical worsening
of muscular weakness that may lead to bulbar palsy
and respiratory insufficiency due to drug excess rather
than MG per se. This entity, termed “cholinergic cri-
sis”, is now rarely encountered because currently
available, highly efficacious immunotherapies obvi-
ate the need for use of excessively high dosages of
the drug.['™ It should be noted that the intravenous
injection of edrophonium in order to decide whether
weakness is due to pyridostigmine excess or MG is
not reliable and the optimal strategy in those rare
cases where cholinergic weakness is indeed prob-
able is the temporary withdrawal of the AchE-l while

monitoring the patient for improvement. Parentheti-
cally, in ventilated patients with myasthenic crisis, it is
recommended to withdraw pyridostigmine in order
to limit oral and bronchial secretions.

In rare instances of ineffectiveness or intolerance
to pyridostigmine, ambenonium,""¥ neostigmine, or
distigmine may also be tried."

Beta-2 adrenergic agonists

There is limited clinical and neurophysiological
evidence from small scale, placebo-controlled trials
that low-dose beta-2 adrenergic receptor agonists,
such as terbutaline or salbutamol, may improve the
symptoms of MG.?2231 Accordingly, these drugs may
be used as adjuvant symptomatic agents in selected
cases, provided no contraindications exist (i.e. sig-
nificant cardiovascular disease, uncontrolled hyper-
thyroidism, hypokalaemia).

Steroids

Mechanism of action: Steroids have an immu-
nomodulatory effect. They promote apoptosis in T
cells, particularly in CD4+ T cells that are required
to interact with B cells, suppress the transcription of
inflammatory cytokines, and exert a moderate effect
on B cells by reducing their total number resulting in
decreasing AChR-antibody levels.?

Indications and effectiveness: Steroids have been
introduced in the treatment of MG since the dec-
ades 1950 and 1960 leading to a dramatic reduction
of mortality. To this day, they remain the backbone
of treatment strategy.??” The initial small case se-
ries, demonstrating the benefits of steroids, were
followed by larger, long-term studies that showed
improvement in 70-80% of patients.l242°! Steroids
constitute the first-line disease-modifying treatment
for all patients with MG irrespective of antibody pro-
file, age, thymus pathology, or disease severity.!'%28!
Onset of response is expected in 2-4 weeks?* and
the maximum possible response may be delayed up
to six months.

Dosing schedule: The steroid prednisolone is com-
monly used in Greece instead of prednisone em-
ployed by the International Consensus Guidance.”!
It is suggested to start treatment with prednisolone
10-20 mg/day in a single morning administration,
increasing the dose by 5 mg/day weekly until the
treatment goal is achieved based on the judgment
of the treating physician, or to a maximum of 60mg/
day.2?% Steroids initiation at high doses is not gener-
ally recommended since it can cause transient clinical
worsening in 50% of the patients, occasionally result-
ing in @ myasthenic crisis.! The worsening, which can
also be seen in some patients at lower doses, usually
occurs within the first 2 weeks and can last for several
days, therefore during that time hospitalisation is
recommended, particularly in elderly patients with
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bulbar symptoms or thymoma.®®24

After achieving the optimum goal, according to the
international guidelines, a slow alternate day tapering
by 5mg/day dose equivalent per month is suggested.
I However, a more recent single-blind, parallel, ran-
domised clinical trial showed that an earlier and rapid
decrease (lowering 10mg from daily dose every 10-
15 days) is feasible, well tolerated, and with a good
outcome until a plateau of 20-15mg equivalent daily
dose.?”? Once a dose of 30mg on alternate days is
reached, a slower rate of tapering by 2.5 mg every
2 weeks is suggested until a maintenance dose of
10mg or lower is achieved.?” Complete cessation of
steroids is not advised, since forever continuation of
a low dose (5mg/day) protects from relapses.l”! The
maximal initial dose and the rate of titration can be
adjusted on an individual patient basis considering
the clinical features and extent of symptoms.? Daily
steroids administration, instead of an alternate day
scheme, is more appropriate in patients with diabetes
mellitus for better blood sugar control.

A nonsteroidal IS agent should be administered
alone when corticosteroids are contraindicated or in
conjunction with a low dose of corticosteroids when
there is a high risk of steroid side effects. A nonsteroi-
dal IS agent should be added to standard treatment
with corticosteroids when: a. significant steroid side
effects appear; b. the treatment response to steroids
is less than optimum; c. a steroid-dependency is de-
veloped, demonstrated by exaggeration of symptoms
in an attempt to lower the dose.”!

Adverse effects: Steroids can cause a variety of sys-
tematic adverse effects ranging from mild to severe,
some of which are frequent and unavoidable. These
are: weight gain, cataracts, glaucoma, hyperten-
sion, diabetes mellitus, osteoporosis, osteonecrosis,
skin fragility, gastrointestinal ulcers, mood changes,
insomnia, hirsutism, hypothalamic-pituitary axis sup-
pression, cushingoid appearance, growth retardation
in children.24

Precautions and monitoring during steroid treat-
ment: Before steroids’ initiation, testing for latent or
active tuberculosis and hepatitis B & C (HBV/HCV),
measurement of intraocular pressure and bone den-
sity, and performing the required vaccinations are
the necessary actions.

During steroids treatment the patient should be
strongly advised to follow a diet of low carbohydrates
and salt and should be given medication for gastro-
duodenal prophylaxis and supplements for calcium
and vitamin D; the blood sugar and glycated haemo-
globin (HbA1C), the blood pressure, the intraocular
pressure, the bone density should be periodically
monitoring.®!

Azathioprine
Indications and mechanism of action: Azathioprine
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is a purine analogue that inhibits the synthesis of
nucleic acids. It interferes with T and B cell prolifera-
tion and lowers AChR antibodies in patients with G.
Azathioprine (along with mycophenolate mofetil)
are the most commonly used glucocorticoid-sparing
therapies in patients with MG (ctlhlin receptor
(AChR) antibody positive or seronegative). For MuSK-
positive MG: If cost or access to ritu imab is pro-
hibitive, azathioprine (and mycophenolate mofetil)
remains reasonable to use as first-line steroid-sparing
therapies.[®2628

With a lack of data from comparative trials, yet
azathioprine is supported as a first-line glucocorti-
coid-sparing agent by expert consensus, observa-
tional data, and limited randomised trial evidence.
In observational studies, azathioprine reported to
improve MG symptoms in 70% to 90% of patients,
but the onset of any beneficial effect seems to be
delayed 6 to 12 months, with a maximal effect often
not seen until one to two years of treatment. This
was demonstrated in a three-year randomized trial of
prednisolone plus azathioprine versus prednisolone
plus placebo in 34 patients with generalised MG. At
one year, the median prednisolone dose required
to maintain remission was similar between groups
(37.5 versus 45 mg prednisolone every other day
for azathioprine and placebo groups, respectively).
By three years, however, azathioprine azathioprin
lowered the median prednisolone dose (0 versus 40
mg every other day), the proportion of patients still
requiring prednisolone (20 versus 63 percent), and
the number of relapses and treatment failures.®!

Before using the drug: Before starting azathio-
prine, it is prudent to screen patients for variants in
the thiopurine methyltransferase (TPMT) gene that
causes TPMT deficiency. One in 300 individuals is
homozygous for a genetic variant and has very low
or absent enzyme levels. Such patients should not
receive azathioprin because they cannot metabolise
the drug and may develop life-threatening bone mar-
row suppression. Patients who are heterozygous for
a genetic variant generally have low enzyme activity
but can tolerate azathioprine at lower than usual
doses. Either genotype and/or phenotype (such as
erythrocyte enzyme level assay in serum) testing for
TPMT deficiency may be done.B%

Dosing schedule: Azathioprine, whether used
alone or in combination with glucocorticoids, is be-
gun at a dose of 50 mg daily for two to four weeks.
If it is tolerated without systemic side effects, it can
be increased by 50 mg increments every two to four
weeks to a maintenance dose of 2 to 3 mg/kg body
weight. In most patients, this is typically 150 to 200
mg each day.

Adbverse effects and monitoring: Monthly monitor-
ing of complete blood counts (CBCs) and liver func-
tion tests are recommended for the first six months
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and then less frequently if values remain stable.2!

The most common side effect with azathioprine is
a flu-like syndrome with fever, nausea, vomiting, and
malaise, developing in 10 percent of patients. Less
frequent adverse events include hematologic, gastro-
intestinal, or liver problems. The initial flu-like illness is
idiosyncratic and develops within the first few weeks
of treatment. The drug should be discontinued in the
patient, and the symptoms quickly abate.

Hepatotoxicity, suppression of the white blood
count, and pancreatitis are less common but seri-
ous potential adverse effects. For these reasons, it
is useful to monitor with a CBC and liver function
tests weekly and then at least monthly for at least
six months, and then appropriately. The azathioprine
dose should be decreased and the CBC monitored
more frequently if the white blood count falls be-
low 3500-4000 cells/fmm?3. Azathioprine should be
discontinued if the white blood cell count falls below
2500-3000 cells/mm?3. Azathioprine should also be
discontinued if the liver function studies are more
than mildly abnormal or continue to rise. Serum am-
ylase should be performed if symptoms develop that
are consistent with pancreatitis, andazathioprine-
should be discontinued if the amylase is elevated in
this setting.

Azathioprine causes a macrocytosis (increased
mean corpuscular volume (MCV) of the erythrocytes).
This is usually not clinically significant, but some use
it as a means to assess dosing and compliance.

Although it is quite uncommon in patients with
MG, the risk of malignancy with long-term azathio-
prine use may be increased for non-Hodgkin lympho-
mas and non-melanotic skin cancer. The malignancy
risk is likely relatively low and analogous to the ex-
perience seen with its use in rheumatoid arthritis.?

There is an important drug interaction between
azathioprine and the xanthine oxidase inhibitors al-
lopurinol and febuxostat. Xanthine oxidase inhibitors
interfere with the metabolism of 6-mercaptopurine,
the active metabolite ofazathioprine. Therefore, xan-
thine oxidase inhibitors should not be used in com-
bination with azathioprine if possible.

Older adults: There are few studies that look at the
treatments in this particular age group. However, the
usefulness of immunotherapy is supported by a study
of outcome at one year or longer in 149 patients
with disease onset after age 60 who were treated
with azathioprine with or without prednisone. Bet-
ter outcomes and fewer side effects were observed
when prednisone was avoided or was combined with
azathioprine. In general, the use of azathioprine can
be considered in older patients.*!

Pregnancy: There are limited data from azathio-
prine use in pregnancy, mainly in transplant recipients
and patients with autoimmune diseases other than
MG. Azathioprine has been linked to spontaneous

abortion, preterm labor, low birth weight, chromo-
somal damage, and hematologic suppression. In
patients who cannot be adequately controlled on
prednisone, cannot tolerate glucocorticoids, or have
significant comorbidities that may worsen with glu-
cocorticoid administration, selective use of azathio-
prine during pregnancy could be considered when
the benefits of immunosupression with this agent
appear to outweigh the risks. In general,azathioprine
is considered safer in pregnancy than other immuno-
suppressant drugs, including mycophenolate mofetil,
cyclosporine, and tacrolimus.

The risk of continuing azathioprine should be
weighed against the benefit of controlling myas-
thenic symptoms.

Active metabolites of azathioprine have been
detected in milk of women receiving azathioprine
treatment. Breast-feeding and concomitant use of
azathioprine are contra-indicated.

Mycophenolate Mofetil

Mechanism of Action: Mycophenolate Mofetil
(MMF), as a prodrug of mycophenolic acid, affects the
proliferation primarily of lymphocytes, through the
inhibition of inosine monophosphate dehydrogenase,
an enzyme with a crucial role in the de novo synthesis
of guanosine nucleotides. MMF was primarily used
as an immunosuppressive agent to prevent rejection
in organ transplantation. By reducing both T and
B cells, MMF can decrease the levels of the patho-
genic autoantibodies in MG patients. In addition, the
ability of MMF to diminish lymphocyte activity and
to decrease pro-inflammatory cytokines production
further contribute to its immunosuppressive effect.*4

Indications: There have been several studies inves-
tigating the efficacy of MMF in MG. Several open-
label clinical trials and retrospective studies have
reported clinical improvement, less relapses, and
corticosteroid dose reduction when MMF was added
to the treatment of MG patients.**3" However, two
subsequent randomised controlled clinical trials failed
to any statistically significant difference between
MMF and placebo, in MG patients on prednisolone
treatment.B83% MMF is not currently approved for the
treatment of MG. Nevertheless, MMF is a common
alternative as immunosuppression in MG patients
experiencing adverse effects from corticosteroids
or azathioprine, as a steroid-sparing agent and in
refractory MG patients as an add-on treatment °.

Dosing schedule: MMF is administered orally. The
starting dose usually used for MG treatment is 500-
1000 mg twice daily. An increase of total daily dose
to 2000-2500 mg is considered reasonable according
to patient tolerance and clinical response. To increase
absorption MMF should be taken before meals on
an empty stomach.

Contraindications/ Safety: In most patients, MMF
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is well-tolerated. There are several MMF contraindica-
tions such as hypersensitivity, pregnancy, breastfeed-
ing, severe active infections, pre-existing immuno-
deficiency, active gastrointestinal diseases, severe
liver dysfunction, and renal impairment. Regarding
pregnancy, MMF is teratogenic and in women of
childbearing potential effective contraception is re-
quired.”® Regarding infections, patients under MMF
treatment are susceptible to opportunistic infections
and early detection of signs and symptoms of infec-
tion is of great importance.

Adverse effects: Most common adverse reactions
of MMF include gastrointestinal symptoms, such as
vomiting, nausea, diarrhoea, and abdominal pain,
haematological disturbances like leukopenia, anae-
mia, and thrombocytopenia. To detect the adverse
effects mentioned earlier during MMF treatment,
regular full blood counts, liver and renal function
tests are crucial.

Cyclosporine

Mechanism of Action: Cyclosporine selectively
inhibits calcineurin, impairs the production of in-
terleukin-2, and inhibits T lymphocyte-dependent
immune responses.%-26.28]

Observational studies and small placebo-controlled
trials have demonstrated the efficacy of cyclosporine
both in newly treated patients with MG and in pred-
nisone-treated patients.[#143!

In the largest trial, 39 patients with prednisone-
dependent MG were treated with either prednisone
plus placebo or prednisone plus cyclosporine at a
dose of 5 mg/kg per day (in two divided doses). At
six months, the cyclosporine group showed greater
improvement in quantitative strength testing. This
group also had a nonsignificantly lower mean pred-
nisone dose. Over the subsequent 18 months of
open-label follow-up, progressive nephrotoxicity led
to discontinuation of cyclosporine in 10 percent, and
cumulative side effects led to discontinuation in a
total of 35 percent #.

Cyclosporine may achieve results faster than aza-
thioprine or mycophenolate, but concerns about
kidney toxicity, hypertension, and drug interactions
limit its use as first-line steroid-sparing agent. In rare
patients with contraindications to both drugs (eg, ac-
tive liver disease for azathioprine and lymphopenia for
either azathioprine or mycophenolate), cyclosporine
may be used as an initial oral glucocorticoid-sparing
agent.[9262sl

Dosing schedule: When used in patients with
MG, cyclosporine is typically started at 2.5 mg/kg
per day in divided doses. The dose can be increased
in 0.5 mg/kg per day increments every four to eight
weeks as tolerated to a maximum of 5 mg/kg per
day. Clinical practice varies with regard to monitoring
of cyclosporine levels; some have suggested aiming
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for trough levels <300 ng/mL.

Clinical benefit in MG can often be appreciated
as early as one to two months after starting cyclo-
sporine, with the full effect usually achieved on av-
erage after 6-7 months of continuous treatment.

Adbverse effects and monitoring: Hypertension and
nephrotoxicity are the most common limiting adverse
effects of cyclosporine. Progressive nephrotoxicity oc-
curs in up to 10 percent of patients. Before initiation
of treatment a baseline level of renal function should
be established by at least two measurements. The
estimated glomerular filtration rate (eGFR) can be
used for estimation of renal function and should be
repeated frequently. If eGFR decreases by more than
25% below baseline at more than one measurement,
the dosage should be reduced by 25 to 50%. If the
eGFR decrease from baseline exceeds 35%, further
reduction of the dose should be considered. These
recommendations apply even if the patient's values
still lie within the laboratory’s normal range. If dose
reduction is not successful in improving eGFR within
one month, cyclosporin treatment should be discon-
tinued. In addition, liver function tests, serum lipids,
potassium, magnesium and uric acid are advisable
before treatment and periodically during treatment,
along with regular monitoring of blood pressure. Oth-
er cyclosporine side effects include tremor, nausea,
gingival hyperplasia, myalgias and flu-like symptoms,
and hypertrichosis. The risk of malignancy, primarily
squamous cell skin cancer and lymphoma, may also
be increased with long-term use.

Through its metabolism via the cytochrome P450
system, cyclosporine interacts with many other medi-
cations as a substrate of CYP3A4 and an inhibitor of
CYP2C8/9 and 3A4. Some drugs reduce the serum
cyclosporine levels, whereas others raise the levels. It
is important to check trough cyclosporine levels after
any of these medications are added to or withdrawn
from the patient’s regimen.

Older adults: Due to the potential kidney side ef-
fects, the use of cyclosporine is not commonly rec-
ommended in these patients.1*3!

Pregnancy: There are no adequate or well-con-
trolled clinical studies in pregnant women using
ciclosporin. There is a moderate amount of data
on the use of ciclosporin in pregnant patients from
postmarketing experience, including transplantation
registries and published literature with majority of
cases available from transplant recipients. High doses
of cyclosporine have been linked to spontaneous
abortion, preterm labour, low birth weight, chro-
mosomal damage, and hematologic suppression. As
with azathioprine, selective use of cyclosporine during
pregnancy may be considered when the benefits of
immunosuspression with this drug appear to out-
weigh the risks. It could be considered for pregrant
patients who are not controlled, cannot tolerate
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glycocorticoids, or have significant comorbidities that
may worsen with glucocorticoid administration. The
risk of continuing this medication should be weighed
against the benefit of controlling myasthenic symp-
toms. In general, cyclosporine should not be used
during pregnancy unless the potential benefit to the
mother outweighs the potential risk to the foetus.

Cyclosporin passes into breast milk. Mothers
receiving treatment with cyclosporin should not
breast-feed because of the potential of the drug to
cause serious adverse drug reactions in breast-fed
newborns/infants.

Methotrexate

Mechanism of Action: Traditionally used for treat-
ing various autoimmune disorders, methotrexate is
an immunosuppressive agent, that works through
inhibition of dihydrofolate reductase, leading to a
decrease of DNA, RNA, thymidylates, and proteins
synthesis. Thus, a reduction of the proliferation of im-
mune cells, especially lymphocytes, is achieved, miti-
gating the immune response against neuromuscular
junction components occurring in patients with MG.

Indications: Among the treatments currently used
for MG, methotrexate is considered an off-label treat-
ment, and its use could be beneficial as a steroid-
sparing agent in refractory cases with intolerance to
other first-line immunosuppressants. According to
a randomised, placebo-controlled trial in 2016 that
included 50 patients with AChR-positive generalised
MG receiving stable dose of prednisone, there was
no significant difference between methotrexate and
placebo groups regarding reduction of prednisone
dose over the 12-month period and there were also
no significant changes in MG activities of daily living
(MG-ADL) score and quantitative MG (QMG) scores.
44 Although there is a lack of evidence from RCTs,
its use could be preserved for patients who do not
respond clinically to first-line treatments, or who
experience significant adverse effects.l?®

Dosing schedule: Methotrexate can be adminis-
tered either orally or via subcutaneous or intramus-
cular injection in weekly intervals. While its use in
MG treatment is still under investigation, there is
guidance on dosing originating from several studies
and reports of clinical experience, as well as from
studies for several rheumatic diseases.®+4 Usually,
the initial dose of methotrexate is 7.5mg taken orally
every week, with increments of 2.5mg every 1 to 2
weeks according to tolerance and clinical response,
up to a maximum dose of 20-25mg once weekly. A
crucial consideration is that methotrexate disrupts
folic acid metabolism, making folic acid supplemen-
tation important to reduce adverse effects. Typically,
1 mg of folic acid is recommended orally every day
except on the day of methotrexate administration.*"!

Contraindications/ Safety: In general, methotrex-

ate is well-tolerated at low doses, but it can cause
several side effects such as bone marrow suppres-
sion, hepatotoxicity, gastrointestinal disorders and
pulmonary toxicity. To limit these adverse effects,
regular monitoring with complete blood counts, liver
and renal function tests every 2 to 4 weeks in the
first few months after the initiation of treatment and
every 1-3 months thereafter is of utmost importance.
471 Furthermore, patients on methotrexate should
undergo periodic chest x-rays to evaluate pulmonary
toxicity. Methotrexate use is contraindicated in preg-
nancy and lactation, in severe or chronic liver disease,
in renal impairment, in bone marrow suppression, in
active infections and in cases of hypersensitivity to
the drug. Several other conditions should be consid-
ered as relative contraindications like peptic ulcers,
mild to moderate renal and liver impairment, elderly
patients, concomitant use of other immunosuppres-
sion, and interstitial lung disease.*”

Adverse effects: Common adverse effects of meth-
otrexate treatment include nausea, fatigue, mouth
sores, and increase of liver enzymes. Aforementioned
less common but more serious adverse events include
hepatotoxicity, pulmonary toxicity, suppression of
the bone marrow, and an increase in susceptibility
to infections.

B-cell depleting therapies

Adaptive immunity and particularly B-cells play an
important role in the pathogenesis of myasthenia
gravis (MG). Autoantibodies against specific neu-
romuscular junction components such as nicotinic
acetylcholine receptor (AChR), muscle-specific kinase
(MuSK), and low-density lipoprotein receptor-related
protein 4 (LRP4) are produced via a CD4 depend-
ent, B cell-mediated immune response.8! Antibodies
against AChR belong to the IgG1 and IgG3 sub-
classes, they activate the complement, leading to
the destruction of the postsynaptic neuromuscular
junction membrane. Anti-MuSK MG is considered as
an lgG4-mediated autoimmune disease singe the ma-
jority of the antibodies belong to the IgG4 subclass.
43 Monoclonal antibodies that target B-cells such as
rituximab have shown significant efficacy in reducing
the levels of autoantibodies and improving muscle
strength in patients with MG, which emphasizes
the pivotal role of B-cells in the pathogenesis of the
disease.051

Mechanism of action: Rituximab is a chimeric
monoclonal antibody that binds the CD20 receptor
expressed in B-cells and thus it induces an antibody-
dependent cellular cytotoxicity of circulating B-cells.
B2 Besides the production of antibodies, B-cells have
also an antigen-presenting role participating in T-cell
activation, as well as the ability to secrete cytokines
responsible for T-cell differentiation. Rituximab sup-
presses the early stages of humoral response, through
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depletion of circulating B-cells and plasmablasts,
leads to alteration of balance of cell populations
in the periphery, by depleting memory B cells and
increasing T regulatory cells. By reducing these B
cells populations, Rituximab decreases the levels of
autoantibodies against AChR and MuSK. Although
plasma cells, the antibody-producing cells, do not
express CD20, a strong reduction in autoantibody
levels can be achieved through depletion of precursor
B cells. Suppression of the early humoral response
could further explain the difference in effectiveness
of Rituximab between MuSK and AChR-positive MG.
As IgG4 type, antibodies against MuSK are believed
to be produced by cell populations that are in a con-
stant dependence of the precursor B cells. On the
other hand, with regard to MG patients with AChR
antibodies, it appears that initiation of Rituximab
treatment earlier in the course of the disease can
prevent the development of plasma cells that secrete
pathogenic autoantibodies, leading to a stronger
therapeutic response.l>

Indications: According to the most recent compre-
hensive international consensus guidelines updated
in 2021, efficacy of Rituximab remains uncertain
in the treatment of AChR-positive MG patients, but
it can be considered as a treatment option for pa-
tients failing to respond or tolerate other immuno-
suppressive agents.? In contrast, despite the lack of
clinical trials, Rituximab is recommended as an early
treatment option for MuSK-positive MG patients.
Regarding seronegative MG patients, evidence for
the use of Rituximab is limited, although successful
use in refractory patients has been reported.['%>

Dosing schedule: Rituximab is administered
through intravenous infusion. There is conflicting
evidence regarding the adequate dosage of Rituxi-
mab in MG. Despite the great variety of regimens
used in different clinical protocols, the most com-
monly used is either the two doses of 1g with an
interval of 15 days between them or four doses of
375mg/m2 with a weekly interval among them.®
Furthermore, lower dose regimens have been used
with contradictory results.” Regarding retreatment,
it is usually guided by evidence of disease relapse or
less frequently in some protocols by the use of CD20+
cell counts in the peripheral blood.®® In general, re-
fractory patients could benefit from higher and more
frequent doses.

Contraindications/ Safety: Overall, Rituximab is
contraindicated in patients with known hypersensi-
tivity reactions to the drug, active severe infections,
active hepatitis B infection, history of progressive
multifocal leukoencephalopathy (PML), and during
pregnancy and lactation. While not an absolute
contraindication, patients with history of immuno-
suppression should be carefully evaluated. In recent
decades, there has been increasing experience with
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the use of Rituximab, with a large amount of safety
data collected.[*¢"" Most common side effects in-
clude infusion-related reactions such as fever, chills,
headache, and flu-like symptoms. Infections are a
potential concern regarding Rituximab treatment. In
MG patients, serious infections like gastrointestinal,
respiratory, skin, and herpes zoster have been report-
ed with an overall risk of 0.05 per 100 patient-years.
Rituximab treatment has also been linked with hy-
pogammaglobulinemia, a condition that may increase
the risk of serious infections.®® Concerning PML, a
serious with poor prognosis infection of the central
nervous system caused by John Cunningham virus,
there have been three cases reported in Rituximab-
treated MG patients.®? Finally, there are limited data
available regarding Rituximab exposure during preg-
nancy. While Rituximab could cross the placenta and
cause B-cell depletion, there is no proof of certain
malformations or severe neonatal complications.®*

Adverse effects: Infusion-related reactions are the
most common adverse events in Rituximab treat-
ment. Symptoms may include fever, chills, nausea,
headache, urticaria, angioedema, and bronchospasm.
The majority of patients will experience any of these
symptoms during the first infusion. A pre-treatment
administration of acetaminophen and antihistamines,
slower initiation of infusion, and temporary stop-
ping and slowing of the infusion could alleviate these
symptoms. Moreover, several hematologic toxicities,
like neutropenia, thrombocytopenia, anaemia, and
late-onset neutropenia might also occur following
Rituximab infusion. Finally, rarer are adverse events
like gastrointestinal perforation, severe mucocuta-
neous reactions, and other severe hypersensitivity
reactions.

FcRn Inhibitors

Mechanism of Action: Neonatal fragment crystal-
lisable receptors (FCRn) are expressed on several cell
types, such as endothelial, epithelial, and antigen-
presenting cells.** The primary role of FcRn is to
prolong the half-life of serum IgG by binding IgG
immunoglobulins and preventing their degradation
in lysosomes, thus facilitating long-term circulation
of IgG in the blood."® Two new humanised anti-FcRn
molecules have been approved so far, an IgG1 Fc frag-
ment (Efgartigimod; Vyvgart@), and an IgG4 mono-
clonal antibody (Rozanolixizumab; Rystiggo®), which
target the IgG-binding domain of FcRn, thereby ac-
celerating the loss of IgG immunoglobulins including
the AChR-specific antibodies.

Efgartigimod
The approval of Efgartigimod is based on the mul-

ticentre, randomised, placebo-controlled phase 3
clinical trial, ADAPT,!®! in which Efgartigimod met
the primary endpoint of the study. The ADAPT study
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included 167 MG patients, 129 (77%) of which were
positive for anti-AChR antibodies (AChR-MG), while
38 (23%) were seronegative for anti-AChR antibod-
ies, of whom 6 were positive for antibodies to the
muscle-specific kinase MuSK. Half of the patients
received Efgartigimod (10mg/kg IV) as adjunctive
therapy, once weekly for 4 weeks, while the other
half received placebo as adjunctive therapy, with the
primary endpoint being the proportion of patients
responding to treatment based on the MG-ADL scale
in patients with AChR-MG in the first 8 weeks. In
AChR-MG patients treated with Efgartigimod as
adjunctive therapy, MG-ADL scores improved by at
least two points for four consecutive weeks in 68%
of the patients (44/65), compared to 30% (19/64)
in the placebo group. Specifically, among AChR-MG
patients treated with Efgartigimod, 40% experienced
minimal or no symptoms, as indicated by an MG-ADL
score of 0 or 1, whereas only 11% in the placebo
group experienced minimal or no symptoms.

Indications: Efgartigimod was approved by the
FDA in 2021 and by the EMA in 2022 as an add-on
therapy to standard therapy for adult patients with
MG and anti-AChR antibodies.

Dosing schedule: The required dose of Efgartigi-
mod is based on patient body weight with a recom-
mended dose of 10 mg/kg as an intravenous infusion
over 1 hour. For patients weighing more than 120 kg,
the maximum dose is 1,200 mg (3 vials). It is adminis-
tered in infusion cycles once weekly for 4 weeks and
subsequent treatment cycles should be administered
according to the ADAPT clinical trial. The safety of
starting subsequent cycles earlier than 7 weeks has
not been established. No dose adjustment is required
for patients with mild renal or hepatic impairment.

Contraindications/Safety: Efgartigimod should not
be administered to patients with hypersensitivity to
the active substance or to any of the excipients listed
in the Summary of Product Characteristics (SPC).

In patients with active infection, the benefit-risk
balance of maintaining or temporarily interrupting
Efgartigimod therapy until the infection has resolved
should be considered. Vaccinations should be ad-
ministered at least 2 weeks after the last infusion of
a treatment cycle and 4 weeks before the start of
the next cycle. Vaccination with live or live attenu-
ated vaccines is not recommended for patients on
treatment. No dose adjustment is required in elderly
patients, and no data are available for the paediatric
and adolescent population.

No interaction studies with other drugs have been
performed. As Efgartigimod interferes with the FcRn
recycling mechanism of IgG, serum concentrations
of IgG class medicinal products (e.g. monoclonal
antibodies and intravenous immunoglobulin [IVIG])
and Fc peptide fusion proteins are expected to be
decreased if administered concomitantly or within

2 weeks of Efgartigimod administration. It is recom-
mended to initiate these therapies 2 weeks after
Efgartigimod administration and monitor for de-
creased efficacy of these medicinal products when
administered concomitantly.

In addition, treatment with intravenous or sub-
cutaneous immunoglobulins, plasmapheresis and
immunoadsorption may reduce circulating levels of
Efgartigimod.

Clinical data on the use of Efgartigimod in preg-
nant women and during lactation are limited. Treat-
ment of pregnant women and during lactation with
Efgartigimod should be applied only if the clinical
benefit outweighs the risks.

Adverse effects: According to the ADAPT clinical
study, 65 (77%) of 84 patients in the Efgartigimod
group and 70 (84%) of 83 patients in the placebo
group experienced adverse reactions. The most com-
mon adverse reactions were headache (Efgartigimod
29% vs. placebo 28%) and nasopharyngitis (Efgartigi-
mod 12% vs. placebo 18%). Four (5%) Efgartigimod
treated patients and 7 (8%) patients in the placebo
group experienced serious adverse events (thrombo-
cytosis, intestinal adenocarcinoma, exacerbation of
MG, and depression). Three patients in each treat-
ment group (4%) discontinued treatment during
the study. There were no deaths. Efgartigimod may
be associated with allergic reactions, febrile move-
ments, and myalgia during infusion, and has been
uncommonly reported to increase serum triglycerides
and lipids.

Rozanolixizumab

The approval of Rozanolixizumab is based on the
multicentre, randomised, placebo-controlled, phase
3 clinical trial, MycarinG,**® in which Rozanolixizumab
met the primary endpoint of the study. The MycarinG
study included 200 MG patients, of whom 90% were
anti-AChR positive and 10% anti-MuSK positive. One
third of the patients received subcutaneous treat-
ment once a week at 7mg/kg, one third received
10mg/kg and one third received placebo as adjunc-
tive therapy, always once a week, with the primary
endpoint being the change in MG-ADL score on day
43 of treatment compared to baseline in patients
with anti-AChR antibodies, as well as in patients with
anti-MuSK antibodies (n=21). The MG-ADL score
also decreased similarly for both doses of Rozano-
lixizumab. The study also demonstrated a significant
difference in favour of rozanolixizumab in the total
QMG score change from baseline. In addition, sig-
nificant improvements in secondary endpoints were
detected in QMG and MG composite score among
participants receiving both doses of rozanolixizumab,
further supporting the potential benefits of rozano-
lixizumab in the management of MG.

Rozanolixizumab has been shown to cause a reduc-
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tion in all four IgG subclasses, including IgG4, which
may help explain the drug’s efficacy in patients with
MuSK antibodies.

Indications: Rozanolixizumab received FDA ap-
proval in 2023 and EMA approval in 2024 for adults
with MG and anti-AChR or anti-MuSK antibodies as
add-on therapy to pre-existing therapy.

Dosing schedule: Rozanolixizumab is administered
via subcutaneous infusion. A treatment cycle consists
of 1 dose per week for 6 weeks. Subsequent treat-
ment cycles should be administered according to
clinical assessment. The recommended total weekly
dose of Rozanolixizumab is determined by patient
body weight (280 mg in patients weighing = 35 to
< 50 kg; 420 mg in patients = 50 to < 70 kg; 560
mg in patients = 70 to < 100 kg and 840 in patients
= 100 kg). No dose adjustment is required in elderly
patients, while no data are available in the paediatric
and adolescent population.

Contraindications/Safety: Rozanolixizumab is not
recommended for use in patients with hypersensitiv-
ity to the active substance or to any of the excipients
listed in the SPC. This medicinal product contains 29
mg of proline per ml. Use in patients with hyperpro-
linaemia should be restricted to patients with no
alternative treatment. Infusion pumps, syringes and
infusion sets suitable for subcutaneous administra-
tion of medicinal products should be used. During
the administration of the first course of treatment as
well as of the first dose of the second course of treat-
ment with Rozanolixizumab, appropriate treatment
for injection-related and hypersensitivity reactions
should be readily available. Rozanolixizumab treat-
ment should not be administered to patients with
a clinically significant active infection. As it causes a
decrease in IgG levels, vaccination with live attenu-
ated or live viruses is not recommended during treat-
ment. All other vaccines should be administered at
least 2 weeks after the last infusion of a treatment
cycle and 4 weeks before the start of the next cycle.

No interaction studies with other drugs have been
performed. As Rozanolixizumab interferes with the
IgG FcRn recycling mechanism, serum concentrations
of IgG class medicinal products (e.g. monoclonal
antibodies and IVIG) and Fc peptide fusion proteins
are expected to be decreased if administered con-
comitantly or within 2 weeks of Rozanolixizumab
administration. It is recommended to initiate these
treatments 2 weeks after Rozanolixizumab admin-
istration and monitor for reduced efficacy of these
products when administered concomitantly.

In addition, treatment with intravenous or sub-
cutaneous immunoglobulins, plasmapheresis, and
immunoadsorption may decrease circulating levels
of Rozanolixizumab.

Clinical data on the use of Rozanolixizumab in
pregnant women and during lactation are very lim-
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ited. Treatment with Rozanolixizumab in pregnant
women and during lactation should only be consid-
ered if the clinical benefit outweighs the risks.

Adverse effects: In the Mycarin G clinical trial,
adverse reactions related to Rozanolixizumab treat-
ment were reported by 81% and 83% of participants
treated with 7 mg/kg and 10 mg/kg rozanolixizumab,
respectively, compared to 67% (45/67) of those treat-
ed with placebo (Bril et al., 2023). The most com-
mon adverse reactions were headache (45%, 38%,
and 19% of patients in the 7 mg/kg, 10 mg/kg, and
placebo groups, respectively), diarrhoea (25%, 16%,
and 13%, respectively), and fever (13%, 20%, and
1%, respectively). Serious adverse events occurred in
8%, 10%, and 9% of patients, respectively. Adverse
events that led to discontinuation of Rozanolixizumab
in 6 patients were: arthralgia, headache, diarrhoea,
upper abdominal pain, vomiting, oral herpes, meta-
static squamous cell carcinoma, pruritus, and deep
vein thrombosis. There were no deaths.

Infusion reactions, such as rash or angioedema,
may also occur, and patients should be monitored
during treatment with Rozanolixizumab and for 15
minutes after completion of administration. Treat-
ment with Rozanolixizumab may be rarely associated
with an increase in serum triglycerides and lipids.

Complement inhibitors

Complement inhibition targeting specific comple-
ment proteins (e.g., C3 and C5) has emerged as a
promising therapeutic approach for complement-
mediated diseases, including MG. The primary strat-
egy consists of using monoclonal antibodies to target
complement proteins and/or regulators to prevent
the formation of the MAC, which normally mediates
tissue damage and inflammation. 7!

Ravulizumab

Mechanism of action: Ravulizumab is a recom-
binant monoclonal antibody IgG2/4K that specifi-
cally binds to the complement protein C5, thereby
inhibiting its cleavage to C5a (the proinflammatory
anaphylatoxin) and C5b (the initiating subunit of
the membrane attack complex [MAC or C5b-9]),
and preventing the generation of theC5b-9. Ravuli-
zumab preserves the early components of comple-
ment activation that are essential for opsonisation of
microorganisms and clearance of immune complexes.
thereby reducing inflammation and tissue damage. !

Pharmacodynamic effects: The time to maximum
observed concentration (tmax) is expected at the end
or soon after of infusion. Therapeutic steady-state
drug concentrations are reached after the first dose.

Biotransformation and elimination. As an im-
munoglobulin gamma (IgG) monoclonal antibody,
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ravulizumab is metabolized in the same manner as
any endogenous IgG (degraded into small peptides
and amino acids via catabolic pathways). Ravulizumab
contains only natural occurring amino acids and has
no known active metabolites. In adult patients with
gMG the terminal elimination half-life is 56.6 days
with mean (SD) 8.36 days.

Clinical efficacy: Ravulizumab is indicated as an
add-on to standard therapy for the treatment of
adult patients with gMG who are anti-acetylcholine
receptor (AChR) antibody positive. The efficacy and
safety of ravulizumab in adult patients with gMG
was assessed in a Phase 3, randomised, double-blind,
placebo-controlled, multicentre study (ALXN1210-
MG-306). Patients participating in this study were
subsequently allowed to enter an Open-Label Exten-
sion Period during which all patients received ravuli-
zumab. The primary endpoint was the change from
Baseline to Week 26 in the MG-ADL total score. The
secondary endpoints, also assessing changes from
Baseline to Week 26, included the change in the
Quantitative Myasthenia Gravis (QMG) total score,
the proportion of patients with improvements of at
least 5 and 3 points in the QMG and MG-ADL total
scores, respectively, as well as changes in quality-of-
life assessments.[©°]

A clinical responder total score was defined as hav-
ing (a) in the MG-ADL at least a 3-point improvement
and (b) in the QMG at least a 5-point improvement.

The proportion of clinical responders at Week 26 in
Ravulizumab demonstrated a statistically significant
change in the total score as compared to placebo:

(a) in MG-ADL: the proportion of clinical respond-
ers was 56.7% on ravulizumab compared with 34.1%
on placebo (nominal p=0.0049).

(b) in QMG The proportion of clinical responders
was 30.0% on ravulizumab compared with 11.3%
on placebo (p=0.0052).

Dosing schedule: Ravulizumab is to be adminis-
tered by intravenous infusion using a syringe-type
pump or an infusion pump over a minimal period
of 0.17 to 1.3 hours (10 to 75 minutes). Total dose
is depending on body weight range. For adult pa-
tients (= 18 years of age), maintenance doses should
be administered at a once every 8-week interval,
starting 2 weeks after loading dose administration.
Dosing schedule is allowed to occasionally vary by
+ 7 days of the scheduled infusion day (except for
the first maintenance dose of ravulizumab), but the
subsequent dose should be administered according
to the original schedule.

Plasma exchange (PE), plasmapheresis (PP) and IVig
have been shown to reduce ravulizumab serum levels.
A supplemental dose of ravulizumab is required in
the setting of PE, PP or IVIg, within 4 hours following

each PE or PP intervention.

Contraindications/Safety
Common adverse events including headache and
nasopharynagitis.

Vaccinations. Prior to initiating ravulizumab thera-
py, it is recommended that patients initiate immuni-
zations according to current immunisation guidelines.
Vaccination may further activate complement. As a
result, patients with complement-mediated diseases
may experience increased signs and symptoms of
their underlying disease. Therefore, patients should
be closely monitored for disease symptoms after rec-
ommended vaccination.

Meningococcal infections. To reduce this risk of
infection, all patients must be vaccinated against
meningococcal infections at least two weeks prior to
initiating ravulizumab unless the risk of delaying ra-
vulizumab therapy outweighs the risk of developing a
meningococcal infection. Vaccines against serogroups
A, C, Y, W135 and B, where available, are recom-
mended. Patients who initiate ravulizumab treatment
less than 2 weeks after receiving a meningococcal
vaccine, must receive treatment with appropriate
prophylactic antibiotics until 2 weeks after vaccina-
tion. The optimal duration of chemoprophylaxis and
the exact regimen to be employed is still a matter
of conjecture. The International Consensus Guid-
ance for Management of Myasthenia Gravis (21)
guotes penicillin VK 250-500 mg bid as the first-line
chemoprophylaxis and erythromycin 500 mg bid,
azithromycin 500 mg qd, or ciprofloxacin 500 mg qd
as alternatives for penicillin-allergic patients. At the
same time, however, the authors note that fluoro-
quinolones and macrolides may lead to exacerbation
of MG (vide infra 4. Drugs to avoid”). It should be
noted that National Guidelines for the prevention of
meningococcal meningitis in this particular setting
vary significantly. For instance, the German Guidelines
do not specify particular antibiotics (10) whereas the
French Guidelines mention penicillin VV (or macrolides
in case of allergy) and suggest that chemoprophy-
laxis may be prescribed for part or the entire period
of complement inhibitor treatment.’® With regard
to chemoprophylaxis against Neisseria Meningitidis
in general, the CDC and the American Academy of
Paediatrics mention that rifampin, ciprofloxacin, and
ceftriaxone are 90% to 95% effective in reducing na-
sopharyngeal carriage of N. meningitidis and, along
with azithromycin, are all acceptable antimicrobial
agents for chemoprophylaxis in children and adults.
[71.721 The ultimate selection amongst these agents will
have to depend on their safety profile particularly in
MG patients as well as other characteristics such as
the route of administration. Greek Chemoprophy-
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laxis Guidelines for complement inhibitor -treated
patients are not yet in place so it is recommended
that treating neurologists request infectious disease
consultation locally.

Fertility, pregnancy, and lactation. Women of
childbearing potential should use effective con-
traception methods during treatment and up to 8
months after treatment. There are no clinical data
from the use of ravulizumab in pregnant women.
Human immunoglobulin G (IgG) are known to cross
the human placental barrier, and thus ravulizumab
may potentially cause terminal complement inhibi-
tion in the foetal circulation. It is unknown whether
ravulizumab is excreted into human milk.

Zilucoplan
Mechanism of action: Zilucoplan is a 15 amino

acid, synthetic macrocyclic peptide that inhibits the
effects of the complement protein C5 through a
dual mechanism of action. It specifically binds to C5,
thereby inhibiting its cleavage by the C5 convertase
to C5a and C5b, which results in a downregulation of
the assembly and cytolytic activity of the membrane
attack complex (MAC). Additionally, by binding to
the C5b moiety of C5, zilucoplan sterically hinders
binding of C5b to C6, which prevents the subsequent
assembly and activity of the MAC, should any C5b
be formed.

Pharmacodynamic effects: Following single and
multiple daily subcutaneous administration of the
zilucoplan recommended dose in healthy subjects,
zilucoplan reached peak plasma concentration gener-
ally between 3 to 6 hours post-dose. Zilucoplan as
a peptide, is expected to be degraded into smaller
peptides and amino acids via catabolic pathways.
The mean plasma terminal elimination half-life was
approximately 7-8 days.

Clinical efficacy: Zilucoplan is indicated as an add-
on to standard therapy for the treatment of gen-
eralised myasthenia gravis (gMG) in adult patients
who are anti-acetylcholine receptor (AChR) antibody
positive. Zilucoplan has not been studied in gMG
patients with a Myasthenia Gravis Foundation of
America (MGFA) Class V.

The safety and efficacy of zilucoplan were evalu-
ated in a 12-week multicentre, randomised, dou-
ble-blind placebo-controlled study RAISE and the
open-label extension study RAISE-XT.374 In this
study patients were treated once daily with either
zilucoplan or placebo. The primary endpoint was the
change from baseline to week 12 in MG-ADL total
score. Key secondary endpoints were the change
from baseline to week 12 in QMG total score, in
Myasthenia Gravis Composite (MGC) total score and
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in MG Quality of Life (MG-QoL15r) total score.

Zilucoplan improved the MG-ADL score beyond the
clinically meaningful threshold of 3 points in nearly
three-quarters of patients compared with just un-
der half of those who received placebo. MG-ADL
clinical responders were defined as having at least a
3-point decrease and QMG responders were defined
as having at least a 5-point decrease without rescue
therapy.

The treatment effect in the zilucoplan group for
all 4 endpoints started rapidly at week 1, further
increased to week 4 and was sustained through
week 12.

At week 12, a clinically meaningful and highly
statistically significant improvement in MG-ADL to-
tal score and in QMG total score was observed for
zilucoplan versus placebo.

At week 12, 73.1% of the patients in the zilu-
coplan group were MG-ADL clinical responders
without rescue therapy, vs. 46.1% in the placebo
group (p<0.001). Fifty-eight percent (58.0%) of the
patients in the zilucoplan group were QMG clini-
cal responders without rescue therapy, vs. 33.0%
in the placebo group (p=0.0012). At week 12, the
cumulative portion of patients that needed rescue
therapy was 5% in the zilucoplan group and 11%
in the placebo group. Rescue therapy was defined
as intravenous immunoglobulin G (IVIG) or plasma
exchange (PLEX).

In RAISE-XT, that was the open-label extension
study in which all patients received zilucoplan. Pri-
mary objective was long-term safety. Secondary effi-
cacy endpoints were change from double-blind study
baseline in MG-ADL, QMG, MGC and MG-QoL15r
score at week 24. In patients who received zilucoplan
further improvements in MG-ADL score continued
through to Week 24 (least squares mean change
[95% confidence interval] from double-blind baseline
-6.06 [-7.09, -5.03]) and were sustained through
to Week 60 (-6.04 [-7.21, -4.87]). In patients who
switched from placebo in the parent study, rapid
improvements in MG-ADL score were observed at
the first week after switching to zilucoplan; further
improvements were observed at Week 24, 12 weeks
after switching (-6.46 [-8.19, -4.72]), and were sus-
tained through to Week 60 (-6.51 [-8.37, -4.65]).
Consistent results were observed in other efficacy
endpoints.

Dosage/method of administration: The total daily
dose is depending on body weight range. The rec-
ommended dose should be given as a subcutaneous
injection once daily/same time every day.

Contraindications/Safety
Vaccinations. Before starting therapy, patients
must be vaccinated against Neisseria meningitidis.
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If treatment needs to start less than 2 weeks after
vaccination, the patient must receive appropriate
prophylactic antibiotic treatment until 2 weeks after
the first vaccination dose.

The most frequently reported adverse reactions
were injection site reactions (injection site bruising
(13.9%) and injection site pain (7.0%)) and upper
respiratory tract infections (nasopharyngitis (5.2%),
upper respiratory tract infection (3.5%) and sinusitis
(3.5%)).

Fertility, pregnancy, and lactation. There are no
clinical data from the use of zilucoplan in pregnant
women.

Intravenous Immunoglobulin (IVIG)

Mechanism of action: IVIG consists of a pool of
human immunoglobulins from many healthy donors,
and therefore it contains all IgG subclasses (IgG1, 2,
3, and 4). The mechanism of action of IVIG in MG is
not clear, although it potentially has multiple modes
of action, such as inhibiting complement activity
and causing FcRn blockade, reducing the half-life of
IgG in the blood. It may also contain anti-idiotypic
antibodies that may bind and neutralize pathogenic
autoantibodies including antibodies against AChR.”!

Indications: In MG, IVIG is mainly used as a rescue
therapy in myasthenic crisis. However, it is sometimes
used in other situations, such as in patients who are
refractory to conventional treatments.[°76.77]

Efficacy: The significant efficacy of IVIG in patients
with myasthenic crisis is mainly supported by clinical
trials, 78 observational studies,”?! systematic reviews,
and meta-analyses®® in which IVIG was compared
with plasmapheresis. The efficacy of IVIG usually oc-
curs in less than a week and the benefit can last for
three to six weeks. Plasmapheresis appears to be
more effective than IVIG in MuSK MG."!

Dosage/route of administration: The total dose of
IVIG is 2 g/kg of patient body weight, and usually it
is administered in a period of two to five days (at a
dose of 0.4-1 g/kg of body weight daily) &'.

Contraindications/Safety: IgA deficiency is a rela-
tive contraindication for IVIG treatment, as it can
be complicated by a severe anaphylactic reaction.
Conversely, a history of a previous allergic reaction
to IVIG is an absolute contraindication for new IVIG
treatment. In addition, IVIG should be used with
caution in patients with renal dysfunction or a his-
tory of thrombotic events (coronary artery disease
or ischemic stroke).

Based on the above, it is recommended to check
total immunoglobulin and immunoglobulin subtypes
to exclude selective IgA deficiency before starting
IVIG treatment. ° 8.

Adverse effects: Approximately 10% of patients
receiving IVIG may experience adverse effects, which
are generally mild. The most common adverse ef-

fects include headache, neck pain, nausea, fatigue,
low-grade fever, rash, and neck stiffness, and can
usually be improved by adjusting the infusion rate.
Uncommon but with serious adverse effects include
anaphylactic shock, autoimmune haemolytic anae-
mia, aseptic meningitis, thrombotic events such as
deep vein thrombosis and pulmonary embolism,
renal failure, pulmonary oedema, acute coronary
syndrome, and acute ischemic stroke 8 &,

Therapeutic Plasma Exchange

Therapeutic PLEX, also called plasmapheresis, is
an extracorporeal method where whole blood is re-
moved and then it is separated into components
by centrifugation or membrane filtration. Plasma
is taken away and is replaced mainly with albumin
and saline for avoidance of hypotension. PLEX needs
specialized apheresis unit with well-trained and ex-
perienced personnel.8¥

Mechanism of action: Plasma Exchange is an im-
munomodulatory treatment and its mechanism of
action in the treatment of autoimmune diseases is
more than the removal of pathological autoanti-
bodies. Proposed mechanisms are sensitization of
antibody-producing cells to immunosuppressants
by increased lymphocyte proliferation, alterations
in the Th1/Th2 ratio with a shift to a Th1 dominant
pattern, removal of immune complexes and improve-
ment of monocyte/macrophage function, removal of
cytokines, increase T and decrease B lymphocytes,
increase T-regulatory cells and T-suppressor activity.!®

The first report of beneficial effect of PLEX in ac-
quired myasthenia gravis (MG) was made in 1976.
881 The unequivocal improvement of fatigable mus-
cle weakness was evident within a few days after
initiation of treatment, indicating that a humoral
factor is causative for the disordered neuromuscular
transmission.

Administration schedule: Typically, five sessions of
PLEX over 10 days remove approximately 90% of IgG
antibodies (Abs). The rapid removal of IgG Abs results
in early clinical improvement of myasthenic symptoms
which may be a lifesaving process. Concomitant im-
munosuppressive therapy is recommended for main-
tenance of therapeutic effect of PLEX and avoidance
of antibodies overshoot following plasmapheresis.
86871 Therapeutic PLEX has also impact on the levels
of IgA and IgM, which are also reduced approxi-
mately 70% and 79%, respectively. Among the four
subclasses of IgG, 1gG3 recover faster usually by 3
weeks after the last session of PLEX.

Adverse effects: The side effects are usually mi-
nor and include hypotension, hypocalcaemia with
paraesthesia and muscle cramps, nausea, vomiting.
Bleeding and allergic reactions are rare. Peripheral
venous access is the preferred route, because the se-
vere complications (usually thrombosis and infection)
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are related with the placement of central venous line.

Indications and contraindications: PLEX is indi-
cated in gMG. PLEX should not be used in sepsis or
in hemodynamically unstable patient. Generalised

MG has an excellent response to PLEX irrespective

of antibody status.®! In particular, in MuSK-MG

there is a dramatic response to PLEX, which is con-
sidered therapy of choice for rapid improvement of
potentially life threatening bulbar and/or respira-
tory symptoms. In MuSK-MG the prompt and great
improvement following PLEX is due to removal of

MuSK Abs (IgG4), which have a functional role by

blocking the interaction between lipoprotein-related

protein 4 and MuSK with subsequent reduction of

AChR clustering.®!

The indications of PLEX in gMG are:

1. Myasthenic crisis (rescue therapy)

2. Impending myasthenic crisis (rescue therapy)

3. At the onset of corticosteroids in moderate gMG,
especially with prominent bulbar and/or respira-
tory muscle involvement (bridging therapy)

4. In severe clinical deterioration during the disease
course

5. Presurgical or postsurgical muscle strengthening

Although clinical trials suggest that IVIg and PLEX
have comparable efficacy and duration of effect, in
myasthenic crisis (MC) and impending MC, PLEX is
first-line treatment because of rapid onset of action

and predictable response. 2021

Presurgical strengthening is not required for all MG
patients. Prognostic factors for post-thymectomy MC
include bulbar symptoms, history of MC, reduced
vital capacity (VC<2-2.9 L), and chronic pulmonary
disease. In clinical practice, well-controlled patients
with sustained clinical improvement can undergo

surgery safely without pre-surgical short-term im-

munotherapy.®:2

In the aforementioned clinical settings, PLEX is a
short-term therapy. The use of PLEX as a chronic-
maintenance treatment is rare and concerns refrac-
tory MG along with escalation treatment with rituxi-
mab or pulsed cyclophosphamide.”!

Immunoadsorption (IA) has been increasingly rec-
ognized as an alternative to therapeutic PLEX for the
treatment of autoimmune neurological disorders. 1A
is a blood purification technigue which enables the
selective removal of humoral factors from separated
plasma through a high -affinity absorbent with tryp-
tophan or phenylalanine. In the treatment of MG, IA
is of comparable therapeutic efficiency with PLEX and
with favourable safety profile.[4

Novel immunotherapies called “chemical plasma
exchange” are antagonists of FcRn. They interfere
with FcRn - mediated IgG recycling with resultant se-
lective reduction of serum IgG levels but no affection
of IgA, IgM and albumin. In practice, the introduction
of FcRn antagonists in clinical settings where PLEX is
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indicated is challenging. Although FcRn antagonists
may be effective treatment as bridging therapy or
presurgical muscle strengthening, in acute setting of
MC or impending MC, PLEX is the first-line lifesaving
treatment. After all, FcRn antagonists have not been
studied in patients with severe and life threatening
bulbar and/or respiratory muscle involvement.®!

Thymectomy

The presence of thymoma (thymoma associated
myasthenia gravis) is an absolute indication for
thymectomy, where surgical removal of thymoma
and surrounding thymic tissue is performed.”! In this
case, thymectomy is performed for oncological rea-
sons and not for therapy of myasthenia gravis which
necessitates lifelong immunosuppressive therapy.

In non-thymomatous myasthenia gravis, thymec-
tomy is recommended in early onset (onset<50 years),
generalized myasthenia gravis with positive titre of
acetylcholine receptor antibodies (AChR Abs) and
duration of symptoms < 5 years.’® The therapeutic
effect of thymectomy is delayed (>12 months) and
thymectomy does not substitute for medical treat-
ment.

Thymectomy is not recommended in MG with mus-
cle specific tyrosine kinase (MuSK) or low-density
lipoprotein receptor-related protein 4 (LRP4) Abs.

In seronegative MG and ocular MG with positive ti-
tre of AChR Abs, thymectomy is a therapeutic option
when there is no response to immunosuppressants
or when side effects or contraindications exclude
immunosuppressive therapy.?°!

In thymomatous and no-thymomatous MG,
thymectomy is never performed on an emergency
basis. Patients undergo thymectomy when they are in
a sustained clinical improvement according to judge-
ment of treating physician.8!

Presurgical strengthening with intravenous im-
munoglobulin (IVIg) or plasma exchange (PLEX) is
performed when needed for minimising the risk for
post thymectomy MG exacerbation or myasthenic
crisis. Prognostic factors for post-operative MC are
pre-operative bulbar symptoms, decreased vital ca-
pacity, disease severity, history of MC.®? Generally,
well-controlled patients with sustained clinical im-
provement can undergo thymectomy without prior
therapy.>%" However, in thymomatous myasthenia
gravis presurgical strengthening is often applied.”*®

The goal of thymectomy is the complete removal of
all thymic tissue. Extended transsternal thymectomy
has been the gold standard for thymoma resection
and management of non thymomatous myasthenia
gravis. ® Minimally invasive thymectomy approaches,
video-assisted thoracoscopic thymectomy (VATS) and
robotic-assisted thoracoscopic thymectomy (RATS)
are increasingly performed with safety and good
results in experienced centres. 1%
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Myasthenic patient is sensitive to any neuromus-
cular blockade and there is risk for prolonged neuro-
muscular blocking and respiratory insufficiency. There
is an increased sensitivity to non-depolarising muscle
relaxants (rocunorium, vecunoriu, cisatracurium) and
these should be avoided. If a nondepolarizing mus-
cle relaxant is used, dose should be reduced and
sugammadex should be available (fast and predict-
able reversion of neuromuscular blockade).l'*" Suc-
cinylcholine as a depolarising muscle relaxant can
be used in myasthenia gravis but the response is
reduced and higher doses are need. The metabolism
of succinylcholine is affected by preoperative use of
pyridostigmine and the duration of neuromuscular
blockade may be prolonged. A safe alternative is
the intubation with propofol and remifendanil.['%

Adequate corticosteroid-stress doses (hydrocor-
tisone) are administered presurgical, during surgery
and postsurgical because of adrenal insufficiency
which occurs with daily prednisolone dose =5 mg
for more than 20 days.

Perioperative and postoperative analgesic regimen
is a therapeutic challenge in patients with myasthenia
gravis. Post-surgical pain affects respiratory func-
tion, causes intense stress which may provoke clini-
cal exacerbation and may delay patient’s recovery.
Pain is associated with shallow inspiration, decreased
cough, retention of secretions and increased risk for
atelectasis and pneumonia. Opioids administered via
intravenous patient-controlled analgesia are effec-
tive but harbour the risk of respiratory depression.
On the other hand, hypoventilation may be caused
by untreated pain.['%!

RECOMMENDATIONS FOR TREATMENT -
TREATMENT ALGORITHM

MG is not a uniform disease in all patients but
presents variations based on the localisation of symp-
toms, the age and gender, the autoimmune profile
and the presence of thymoma. Seven main sub-types
are recognised: Ocular MG (oMG); Early Onset MG
(EOMG); Late Onset and Very Late Onset MG (LOMG
and VLOMG); MuSK antibody positive MG (MuSK
MG@); seronegative Mg (snMG); Thymoma-associated
MG (TAMG); MG in pregnancy. Therapeutic sugges-
tions will be presented separately for each sub-type.

Ocular Myasthenia

This subgroup constitutes approximately 10% of all
MG casesP! and includes patients with isolated weak-
ness or/and fatigue of ocular muscles, presenting
with ptosis or/and diplopia at any time from disease
onset. Careful clinical examination does not reveal
weakness in any other muscle group (including neck
flexors). Patients, who initially had symptoms of gMG
that were resolved after treatment, while the ocular

symptoms remained, should not be included in this
category.

Treatment Recommendations: All patients should
start with pyridostigmine at 30 - 60 mg 3 times/ day
and titrated up to 60mg 4 times/day, as determined
by its efficacy and side effects." Withdrawal of
pyridostigmine is recommended after remission or
MM status is achieved. Prednisolone should also be
administered to all patients from diagnosis to avoid
permanent weakness and atrophy of ocular muscles
and, more importantly, to eliminate the possibility of
generalisation occurring in up to 80% of untreated
patients within 3 years from onset.['%>1%! Predniso-
lone should be started at low doses 10 -20 mg /day
increasing by 5-10 mg every 3 days until symptoms
resolve or up to 40mg/day for a month followed by
a careful long tapering.'>1%4 Complete cessation
of steroids in oMG is rarely suggested and under
close follow-up; in the majority of oMG patients, the
aim is to reach a maintenance dose of 2.5 -10mg /
day. Exceptions to the above strategy: 1. when life
expectancy is short, treatment with pyridostigmine
alone is suggested. 2. when steroids are strictly
contraindicated or fail to demonstrate an adequate
response or relapses occur upon steroids-tapering,
another IS is administered '>2¢. Based on retrospec-
tive studies and empiric use of ISs in gMG, aza-
thioprine, cyclosporine, tacrolimus, mycophenolate
mofetil or rituximab are agents to be considered
for oMG treatment.l'®1%4 Until this day, no data is
available regarding the efficacy of medications in
the categories of FcRn inhibitors and Complement
C5 inhibitors in oMG. Thymectomy is recommended
when thymoma is present, whereas in all other oMG
cases thymectomy decision should be considered
on an individual basis since there is no evidence to
support a general recommendation!® and it is often
suggested when steroids or other ISs have failed.!

Early Onset Generalised MG (EOMG)

This subgroup includes patients between 18 and
50 years of age at the onset of MG symptoms, posi-
tive for antibodies against AChR or LRP-4.

Symptomatic treatment with pyridostigmine
should be given to all patients from disease onset
until remission and during deterioration phases.!%38)

First-line treatment: prednisolone administration
should start soon after diagnosis to increase the pos-
sibility and reduce the time to achieve MM status.['%]
It is noted that higher doses of steroids and longer
treatment periods do not necessarily lead to a better
outcome.[%8! Additionally, in patients where, at the
time of the diagnosis, they present severe weak-
ness, particularly affecting the bulbar, neck flexors,
and respiratory muscles, that may lead to impending
crisis, hospitalisation, and rescue therapy (PLEX of
IVIG) may be considered necessary.!”
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Patients with non-thymoma-associated MG and
abs against AChR should be provided with the option
of thymectomy (transsternal or minimally invasive)
soon after stabilisation of their status, ideally within
2 years and no later than 5 years from diagnosis.
[10.26] However, recent data support that there is still
a benefit of thymectomy performed after a longer
disease duration.” There is no evidence to support
or reject the effect of thymectomy in MG patients
with LRP-4 antibodies.?®!

Second-line treatment: Limited literature data exist
regarding the order of drug choice for supplemen-
tary or steroid replacement treatment. Azathioprine
remains the most frequently used among the ster-
oids sparing agents based on favourable effects in
some RCT and the experts’ opinion. Alternatively,
mycophenolate mofetil, cyclosporine, or rituximab
can be considered.® Particularly Rituximab, which
acts faster than the other classical ISs agents, should
be considered as an alternative drug to steroids or
azathioprine in newly diagnosed patients or patients
in a refractory phase.['”

In the era of new, targeted medications, while
awaiting the results of real-world data studies to find
their place in the therapeutic algorithm, these drugs
can be carefully selected on an individual basis, con-
sidering factors such as the patient’s age, antibody
profile, the adverse reactions and contraindications
of ISs, and disease burden. Compared to classical
ISs, the FcRn and Complement C5 inhibitors are ex-
pected to act faster and have fewer long-term risks.
These can be combined with any existing treatment
regimen of symptomatic, steroids, and/or ISs, at any
time from onset or during the disease course, to
improve the outcome or to allow safe reduction of
the latter. Caution should be exercised in a few drug
combinations. For example, monoclonal antibodies
like rituximab or a C5 complement inhibitor may be
counteracted by PLEX or FcRn inhibitors, which en-
hance the lysosomal degradation of IgG antibodies,
if administered close together. Until today, there has
been no European approval for the use of FcRn and
complement C5 inhibitors in LRP-4 positive patients.

According to Japanese guidelines, cyclosporine
and tacrolimus are more effective in patients with
shorter disease history and, therefore, are suggested
to be administrated in the early stages of the disease.
(osl A dilemma remains whether to treat a patient
with steroids along with a second-line drug, either
classical ISs or FcRN and Complement C5 inhibitors,
from the beginning, or to wait for the response of
steroids (and of thymectomy) before considering add-
ing a 2nd drug. It rests with the treating physician
to judge on an individual basis the risks and benefits
of such a decision. ['°]

Late Onset and Very Late Onset Myasthenia Gravis
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Late onset Myasthenia Gravis (LOMG with onset
>50 and < 64 years)

In this age-group the treatment of myasthenia
gravis (MG) is medical and surgical only when thy-
moma is detected.

The basis of the medical treatment is immuno-
therapy (immunosuppression and immunomodula-
tory treatment).

The first line immunosuppression is prednisolone.
Introduction of non-steroidal immunosuppression
(usually azathioprine, mycophenolate mofetil) is rec-
ommended for achievement of early steroid-sparing
effect. The main drawback of the conventional non-
steroidal immunosuppressants, especially of azathio-
prine, is that the beneficial effect takes months to
appear. Advanced age, comorbidities, and polyphar-
macy affect the therapeutic decisions.

Rituximab is the first line immunosuppressive ther-
apy in myasthenia gravis with muscle specific tyrosine
kinase antibodies (MuSK Abs) with resultant dramatic
response and long-lasting remission.® Rituximab
may also be effective as steroid sparing agent in a
proportion of patients with positive titres of acetyl-
choline receptor antibodies (AChR Abs).> Rituximab
is advantageous to conventional non-steroidal im-
munosuppressants because of early clinical effect
(1-3 months). Unfortunately, there are no factors
to predict who patients with AChR Abs (+) MG may
benefit more with rituximab. Single dose of 500 mg
rituximab seems to be effective in generalised MG
when duration of symptoms is <12 months (newly
diagnosed MG patients).['%®]

Immunomodulatory treatment with intravenous
immunoglobulin (IVIg) or plasma exchange (PLEX) is
recommended for treatment of severe clinical exac-
erbation or myasthenic crisis (rescue therapy) and at
the onset of immunosuppression as bridging therapy.
The choice between IVIg and PLEX depends on avail-
ability and patient’s comorbidities.

When thymoma is detected, thymectomy is
planned when the patient is in sustained clinical im-
provement. Some neuromuscular experts recommend
pre-surgical strengthening with IVIig or PLEX before
thymectomy in thymoma-associated myasthenia
gravis (TAMG), to minimise the risk of MG exacer-
bation or myasthenic crisis.®® In non-thymomatous
MG, according to last update of international consen-
sus guidance for management of myasthenia gravis,
thymectomy is recommended for adult patients <
50 years with AChR Abs (+) generalised MG of < 5
years duration.?®! Consequently, there is no formal
guidance for thymectomy in non-TAMG of late onset.

Very Late Onset Myasthenia Gravis (VLOMG, onset
= 65 years)

In this age-group, multiple coexisting medical con-
ditions and polypharmacy with drug-interactions and

3§ EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



Elisabeth Chroni et al.

drug-side effects, affect treatment plan, and dictate
individualisation of therapy and close monitoring.

Because of atrophic thymus and rare occurrence
of thymoma, treatment of VLOMG is only medical
(unless thymoma is present).

The duration of action of pyridostigmine is pro-
longed in the elderly and also the occurrence of cho-
linergic adverse events (diarrhoea, increased bronchial
secretions and salivation) is increased in the aged.
oI ower daily doses of pyridostigmine and longer
intervals between doses are applied in the elderly for
improvement of tolerance.

In VLOMG, the distribution of myasthenic weak-
ness is predominantly bulbar and there is increased
risk for myasthenic crisis. Consequently, accurate
diagnosis and early initiation of immunotherapy, in
an inpatient setting, is crucial for better short- and
long-term outcome.['12]

Prednisolone is the first -line immunotherapy,
which it should be slowly increased because advanced
age and bulbar phenotype are predictors for steroid-
induced clinical deterioration ('steroid dip’).®! Also,
advanced age correlates with increased response to
steroids and increased incidence of steroid-induced
side effects (cataract, glaucoma, osteoporosis, dia-
betes, arterial hypertension, infections). The effective
prednisolone dose in VLOMG is much lower than in
early onset (EOMG) and late onset MG (LOMG).[''3!

Immunomodulatory treatment with intravenous
immunoglobulin (IVIg) or plasma exchange (PLEX) is
recommended for prompt alleviation of potentially
life-threatening symptoms. This treatment serves
as a rescue therapy in case of severe affection or
as a bridging therapy until the beneficial effect of
non-steroidal immunosuppressants is evident (after
months). Very old patients often have poor peripheral
venous access and placement of central venous line is
needed for completion of PLEX. In this case, caution
is warranted because of catheter-associated adverse
events (bleeding, infection, thrombosis). On the other
hand, thromboembolic complications associated with
infusions of IVIg, are higher in very old patients with
additional risk factors for thrombotic episodes.[''¥

In VLOMG, the immunosuppressive therapy is life-
long and early initiation of non-steroidal immunosup-
pressant is strongly recommended as steroid-sparing
agent. The choice between conventional immunosup-
pressants depends mainly on patient’s comorbidities
and length of latency period for the appearance of
therapeutic effect. Azathioprine has been increasingly
used in MG therapy as steroid-sparing agent and the
combination with prednisolone is highly effective.
291 The main drawback of azathioprine is the long
latency effect (approximately 6-8 months). In the
meantime, the patient remains on prednisolone with
increased risk of severe side effects. Liver dysfunction
and bone marrow depression are azathioprine side

effects which are usually reversible with drug discon-
tinuation. Close and long term follow up of full blood
count and liver function tests is required for early
detection of hepatotoxicity or/and myelotoxicity and
dose adjustment. Probably in older patients there is
vulnerability to side effects of azathioprine in contrast
to favourable safety profile among younger individu-
als.""™ Mycophenolate mofetil has a favourable side
effect profile and beneficial effect appears earlier.

Rituximab is safe and effective in elderly MG pa-
tients where low doses may be more appropriate,
especially in newly diagnosed MG patients (<12
months)'[HlHG]

Antagonists of FcRn interfere with IgG recycling
with resultant reduction of serum IgG levels. Al-
though only a small number of elderly patients have
been studied with novel immunotherapies, FcRn an-
tagonists [efgartigimod-alpha for AChR Abs (+) MG
or rozanolixizumab for AChR Abs (+) or MuSK Abs (+)
MG] could be an alternative to PLEX when this is not
available, not feasible via peripheral venous access
or when cardiovascular instability is present.

MuSK-MG

Antibodies against MuSK are found in 5-8% of
MG patients and this subtype is more frequent in
Mediterranean countries (Rodolico 2020). Of note,
these antibodies belong to the IgG4 subclass and,
unlike those of the IgG1-IgG3 subclasses, do not
activate the complement cascade. Therefore, MuSK-
positive MG patients are unlikely to benefit from
treatments with complement inhibitors. The disease
manifests acutely with progression over a few weeks.
Compared to other subtypes, onset with bulbar and
respiratory symptoms followed by generalised limb
weakness is more common, requiring fast treatment
decisions.l'"”! Pyridostigmine may be offered shortly
after diagnosis. However, unlike the AChR -Abs posi-
tive patients, the benefit is expected to be mild or ab-
sent with frequent drug intolerance. An increasing
number of reports and empirical impressions support
the successful use of rituximab in this particular MG
sub-group. The most recent International Guidelines
suggested that rituximab should be considered as
a good alternative to the standard combination of
steroids and azathioprine.?®! An open-label study
from a Greek centre including 24 refractory MG and
6 MuSk-MG patients who were treated with cycles
of rituximab for a mean duration of 33.3 months,
showed that MuSK-MG patients benefitted the most.
0121 The German guidelines proposed rituximab as a
treatment option only for highly active MuSK-MG.
091 |n this approach, however, one should be con-
fident that there is enough time for steroids and
azathioprine to act, risking the possibility of a rapid
deterioration of dysarthria, dysphagia, and respira-
tory crisis. Recently, a new drug in the category of
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FcRn inhibitors, rozanolixizumab, was approved by
EMA for MuSK-positive patients and can be added
to any therapeutic regimen but not in combination
with rituximab. No evidence supports a beneficial
effect of thymectomy in MuSK-MG.=29!

Seronegative MG (snMG)

This group includes patients negative for antibod-
ies against AChR, MuSK, and LRP-4. In a study from
a Greek centre, the percentage of refractoriness to
treatment is higher among seronegative compared
to seropositive patients.® In contrast, a study from
Mexico reported mild symptoms with no refractory
cases, and another from China showed a good re-
sponse to steroids with about one-third of patients
achieving CSR or PR.7118 This discrepancy reflects
the subgroup heterogeneity, possibly related to eth-
nicity, patient’s age, and auto-immunity. It has been
suggested that immunotherapy should be initiated
soon after diagnosis since deterioration within the
first year of the disease is not uncommon.""?! Based
on the limited information on the best treatment op-
tions for SNMG and as a general rule, the guidelines
for gMG with AChR antibodies are followed. There
is no evidence favouring thymectomy in snMG,""®!
but, it can be offered anytime during the disease
course when conventional ISs prove ineffective.l' At
present, no one of the novel medications has been
approved by the authorities for the snMG subtype.
However, the results of several ongoing clinical trials
assessing the usefulness of FcRn and complement
inhibitors are expected.!'"

Thymoma associated myasthenia gravis (TAMG)

About 10-15% of myasthenia gravis patients har-
bour thymoma. Thymoma associated myasthenia
gravis (TAMG) is a paraneoplastic disorder, affecting
both sexes and all age groups, although occurrence
above 70 is rare.

TAMG is usually severe and rapidly progressive
with predominant involvement of bulbar and respira-
tory muscles. Due to the distribution and severity of
myasthenic weakness, early and aggressive immuno-
therapy is mandatory. Prednisolone is the first-line
immunosuppressive treatment and the dose is slowly
increased because of the risk of prednisolone-induced
clinical deterioration (“steroid dip”). Immunomodu-
latory therapy [plasma exchange (PLEX) or intrave-
nous immunoglobulin (IVIg)] alleviates rapidly the
potentially life-threatening myasthenic symptoms and
serves as "bridging therapy” .®812% Novel, targeted
and approved immunotherapies (FCRn antagonists
and complement inhibitors) have not been studied
in MG patients with active or untreated thymoma.
However, there are a few reports with favourable
outcome of TAMG treated with eculizumab and ra-
vulizumab (C5 complement inhibitors).[2".122
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The presence of thymoma is an absolute indication
for surgical removal of thymoma and the surrounding
thymic and fatty tissue. The surgery is performed for
oncological reasons and it is not cure for TAMG.®!

In TAMG immunosuppressive treatment is chronic
and usually lifelong and for that reason non-steroidal
immunosuppression (e.g. azathioprine, mycopheno-
late mofetil, rituximab) should be introduced early
as steroid-sparing agent.

Thymectomy is performed when sustained clinical
improvement of MG has been achieved and the treat-
ing physician believes that the patient is safe and can
tolerate the compromised respiratory function due
to pain and mechanical factors. Many neuromuscular
experts recommend presurgical muscle strengthen-
ing (with IVIg or PLEX) before thymectomy in cases
of TAMG.P®!

The goal of surgery is to remove all thymic tissue
possible; extended transsternal thymectomy has his-
torically been the gold standard for thymoma resec-
tion. Minimally invasive techniques (video-assisted
and robotic-assisted thoracoscopic surgery) reduce
pain and length of hospital stay and they are con-
sidered safe and effective for early-stage thymomas
in experienced centres.' Further thymoma treat-
ment (radiotherapy, chemotherapy) is decided upon
histological examination findings (WHO and Masaoka
classification) and degree of surgical excision.

MG in pregnancy

General principles

Myasthenia gravis (MG) per se does not affect fer-
tility and most MG treatments do not affect fertility
with the notable exception of cyclophosphamide.
Female MG patients should be encouraged to have
babies, but planned pregnancy is recommended.
Pregnancy should be avoided within two years from
MG diagnosis and be postponed until sustained clini-
cal improvement of the disease. The precautions and
recommendations about pregnancy and delivery are
the same for patients with and without detectable
antibodies. Female patients in reproductive age and
their partners should be informed early, extensively
and repeatedly for pregnancy, delivery, transient neo-
natal myasthenia gravis, arthrogryposis, puerperium,
and breastfeeding.l'3

Pyridostigmine is safe during pregnancy and breast-
feeding. Female MG patients in reproductive age
need immunosuppressive treatment for the optimal
and sustained control of myasthenic symptoms. A
great concern is the safety of immunosuppressive
drugs during pregnancy and if they have teratogenic
effects. MG is a rare disease and relevant information
is limited. However, data can be extrapolated, from
the use of immunosuppressants in other autoimmune
diseases (e.g. inflammatory bowel disease, renal
and connective tissue disease) and organ transplant
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recipients in pregnancy.

The initiation of non-steroidal immunosuppressant
is not recommended during pregnancy because there
is no clinical benefit as the onset of therapeutic ef-
fect is delayed.

Pregnant women who were taking prednisolone
for control of MG should not discontinue it in preg-
nancy but the lowest effective dose should be main-
tained. Prednisolone is metabolised by the placenta
and <10% crosses in foetal circulation. Prednisolone
dose < 20 mg daily is safe during pregnancy and
lactation. With higher doses, intrauterine growth
restriction, preterm birth and premature rupture of
membranes have been reported. Also, with higher
corticosteroids doses than 20 mg daily, the time of
breastfeeding is preferentially be adapted to corti-
costeroid intake. Concerning pregnant women on
corticosteroids, there is an increased risk of gesta-
tional diabetes mellitus, elevation of blood pressure,
infections and especially urinary tract infections. Im-
portantly, there is evidence that neonatal adrenal
suppression because of corticosteroids exposure in
utero does not occur.

Azathioprine is safe during pregnancy and lacta-
tion. Azathioprine is a prodrug that is metabolized in
6-mercaptopurine which is converted intracellularly
in active nucleotides. The immature foetal liver does
not express the enzyme for this metabolic process
and for that reason the foetus is relatively protected
from the clinical effect of azathioprine.

Cyclosporin and tacrolimus are not teratogen-
ic. Hypertension and gestational diabetes mellitus
are side effects of calcineurin inhibitors.

Mycophenolate mofetil, methotrexate and cyclo-
phosphamide have teratogenic effect and should not
been given in females in reproductive age.

MMF has a teratogenic effect and causes a typical
clinical syndrome with microtia, micrognathia, cleft
lip and palate, shortened fifth fingers, hypoplastic
nails, diaphragmatic hernia, congenital heart defects.
Mycophenolate mofetil should not been prescribed
in females in reproductive age. If a woman receives
MMF should be strongly advised to switch to another
immunosuppressant with safer profile (azathioprine,
cyclosporine, tacrolimus) at least 3 months before
conception. Otherwise, she must be fully informed
about the risks for the foetus.

Methotrexate and cyclophosphamide are abso-
lutely contraindicated in pregnancy and breastfeed-
ing. If a woman is taking one of these drugs before
pregnancy, a washout period of at least 3 months is
needed before conception.

Teratogenicity is not a risk factor for rituximab.
Newborns of mothers treated with rituximab have
a transient B-cell depletion which is normalised after
6 months. The elimination half- life of rituximab is
about 3 weeks and it is thought to be fully cleared in

15 weeks (5 times the elimination half -life). Rituxi-
mab is an IgG antibody that crosses the placenta and
till the 22 week of gestation the amount in foetal
circulation is <5-10% of the maternal concentra-
tiOﬂ.”24426]

According to the manufacturer, rituximab is con-
traindicated during pregnancy and 12 months before
pregnancy. However, consensus-treatment guidelines
and recommendations have reduced this time to 3
months before pregnancy.l'?’!

Novel immunotherapies (FCRn antagonists and
C5 complement inhibitors) have not been studied
in pregnancy. There are reports of pregnant women
with favourable response to eculizumab in MG and
other autoimmune disorders. Eculizumab is an 1gG
antibody with the same kinetic during pregnancy
as other monoclonal IgG antibodies. Available data
do not indicate reduced complement activity in the
newborn.[128129

Thymectomy should be performed before planned
pregnancy and it should not be undertaken during
pregnancy.

IVIg has been used for treatment of several au-
toimmune diseases during pregnancy including
autoimmune thrombocytopenic purpura and im-
munodeficiency syndromes and is considered safe.
PLEX has been used in pregnancy to treat thrombotic
thrombocytopenic purpura and haemolytic uremic
syndrome and is also considered safe. PLEX and IVIg
can be used to treat clinical deterioration of MG
symptoms during pregnancy.!'2312°]

Delivery
Provided that MG is well-controlled, the aim is

vaginal delivery with spontaneous onset of labour.
When the pregnant woman receives = 7.5 mg pred-
nisolone daily (or 15 mg on alternate) for = 2 weeks,
then stress-dose parenteral hydrocortisone should
be given in labour. Caesarean section should be per-
formed only for obstetric indications and whenever
possible epidural analgesia is preferable to general
anaesthesia. A multidisciplinary team involvement of
obstetrician, anaesthetist, neonatologist and neurolo-
gist is recommended.!'??!

Transient Neonatal Myasthenia Gravis (TNMG)

About 10-15% of newborns of mothers with MG
have transient muscle weakness due to maternal
antibodies against AChR or MuSK that cross pla-
centa and enter the foetus circulation. TNMG has
also been reported in seronegative mothers. Previous
thymectomy reduces the risk of neonatal myasthe-
nia. Symptoms usually appear within the first hours
(12-48h) after birth, but sometimes the onset may
be delayed. Close observation of newborn is rec-
ommended for at least the first 3 days. Hypotonia,
weak cry, poor sucking and feeding difficulty are
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the usual symptoms while respiratory involvement is
rare. Symptoms progressively improve as the titre of
maternal antibodies falls and the disorder is usually
resolved within 3-4 weeks.

Supportive therapy and therapy with small doses
of pyridostigmine or neostigmine is sufficient in most
cases. IVIg or PLEX are needed for the exceptional
cases of severely affected infants with respiratory or
severe bulbar involvement 130131

Foetal Acetylcholine Receptor Inactivation Syn-
drome (FARIS)

Although TNMG is by definition transient, persis-
tent myopathy with generalized or localised muscle
weakness may occur. This condition is called Foetal
Acetylcholine Receptor Inactivation Syndrome (FARIS)
and is caused by the effect of maternal AChR Abs on
the y subunit of foetal AChR during a critical period
of foetal development. Mothers with high propor-
tion of Abs against y-subunit of the foetal AChR
are usually pauci-symptomatic or asymptomatic and
often the diagnosis is made after the detection of
foetal syndrome.['31

Arthrogryposis multiplex congenita is a rare but
severe condition characterized by skeletal abnormali-
ties and joint contractures due to foetal hypokinesia
in utero. Intrauterine or neonatal death may occur
due to pulmonary hypoplasia and polyhydramnios.
There are many causes of arthrogryposis including
MG where the cause is the effect of maternal AChR
Abs on the foetal type of AChR with y-subunit.

Pregnant women should be instructed to follow
foetal movements and regular ultrasound evaluation
is important for monitoring of foetal movements
and early detection of joint contractures and poly-
hydramnios.['3"

A previous newborn with severe neonatal my-
asthenia, foetal acetylcholine receptor inactivation
syndrome or arthrogryposis represents a definite risk
for next pregnancy. In these cases, IVIg or PLEX is the
recommended treatment in all later pregnancies.

Breast-feeding should be encouraged in all MG
mothers, excluding those receiving mycophenolate
mofetil, methotrexate and cyclophosphamide. All
other MG treatments which are regarded safe during
pregnancy are safe during lactation. Drugs concen-
tration in breast milk is further reduced with proper
adjustment of lactation time to drug intake.l'3

Special Conditions

Myasthenic Crisis

MC is the most severe, life-threatening complica-
tion of gMG. The mortality is about 3-5% and death
is usually the result of comorbid conditions such as
cardiac arrythmia, sepsis, multi-organ failure or acute
respiratory distress syndrome.

The definition of MC is severe involvement of res-
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piratory and/or bulbar muscles with urgent need for
respiratory support. About 20% of MG patients suffer
a myasthenic crisis during the disease course, usually
within two years from onset. In a small proportion of
patients, MC can be the first presentation of MG and
MG should be included in the differential diagnosis
of unexplained respiratory failure in the emergency
department. Post-operative MC is a delay in extuba-
tion beyond 48 h post-surgery.'3"

Myasthenic crisis is reversible but early and ag-
gressive therapeutic interventions are crucial. The
first step is patient’s transmission to Intensive Care
Unit (ICU) for respiratory support (intubation and
mechanical ventilation or non-invasive ventilation).
Non-invasive ventilation (NIV) can be helpful in
patients prior to intubation and in the immediate
post-extubation period. Hypercapnia (PaC02>50
mmHg), pneumonia or older age predict NIV failure.
Clinical signs dictating the need for intubation is
respiratory distress with increasing tachypnoea and
declining lung volume and/or severe bulbar weakness
with weak cough and difficulty to clear secretions.
The decision to intubate is always a clinical one and
emergency intubation should be avoided. If there is
evidence of infection, proper antibiotics are started
immediately.'3

Immunomodulatory treatment is introduced with
IVig or PLEX. IVIg 2gr/kg is administered over a period
of 5 days. One study found no difference between
1 or 2 gr as total IVIg dose. The usual scheme of
PLEX is a course of 5 exchanges every other day over
10 days. Clinical trials suggest that IVIg and PLEX
are comparable in terms of efficacy. However, some
studies suggest that PLEX leads to faster clinical im-
provement and shorter ICU stay. Most neuromuscular
experts prefer PLEX in overt myasthenic crisis due to
rapid onset of action. In clinical practice, the choice
between PLEX and IVIg depends on availability and
patient’s comorbidities. Sepsis and cardiovascular
instability are contraindications for PLEX while in
recent history of pulmonary embolism, risk for car-
diac overloading or renal dysfunction IVIg should be
avoided. The preferred route for PLEX is peripheral
venous access. Severe complications (thrombosis,
pneumothorax, infections) are associated with central
line placement.

If there is insufficient response to the initial treat-
ment, PLEX can be given after IVIg and IVIg can be
administered after PLEX. As the effect of IVIg may
be delayed it is reasonable to wait at least 7 days
after completion of IVIg before pursuing PLEX [578.133]

Peros pyridostigmine is discontinued in intubated
patient because its use doesn’t offer clinical benefit
while oral and bronchial secretions may block feeding
and endotracheal tube and cause mucus plugging
with resultant atelectasis. Intravenous pyridostig-
mine is discouraged because significant and often
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fatal cardiac complications may occur (arrhythmia,
coronary vasospasm, myocardial infarction).

If the patient was taking steroids, they should not
be stopped; if not, IV prednisolone is introduced (1
mag/kg/day is the usual target dose). There is no ra-
tional for initiation of non-steroidal immunosuppres-
sion in ICU because of the delayed onset of action.
Thymectomy is not performed in intubated patient,
unless the extremely rare need for urgent removal of
thymoma because of cardiopulmonary complications.

Based on the results of phase Il studies, FcRn and
complement inhibitors have an early (within the first
week), sustained clinical effect and favourable safety
profile. Because of these features, novel immuno-
therapies are attractive options in acute setting of
MG especially when there is no response to stand-
ard “rescue” therapy (PLEX/IVIg). FcCRn antagonists
(intravenous infusion efgartigimod alpha and sub-
cutaneous infusion rozanolixizumab) interfere with
IgG recycling process and the result is reduction of
serum antibodies including acetylcholine receptor
antibodies (AChR Abs) and muscle specific tyrosine
kinase antibodies (MuSK Abs). Theoretically, FcRn
antagonists could be an alternative to PLEX in case
of hemodynamic instability or when PLEX is not avail-
able. Efgartigimod-alpha was the first approved FcRn
antagonist for adult gMG as add-on therapy and
there are reports of favorable outcome in cases of
myasthenic crisis or impending myasthenic crisis.

C5 complement inhibitors (intravenous infusion
eculizumab and ravulizumab and subcutaneous injec-
tion zilucoplan) inhibit the formation of Membrane
Attack Complex (MAC) and its destructive effects
on neuromuscular junction. So far, there are a few
reports of successful treatment of refractory MC with
eculizumab and one report of favorable outcome in
refractory MC with ravulizumab.

Although there is evidence from real-world clinical
practice for a favourable outcome,!"34'38 recommen-
dations cannot be made for the use of these novel
immunotherapies in MC because patients suffering
from MC (MGFA V) were excluded from the clinical
trials.

General critical care is important for avoidance or
treatment of systemic complications which increase
patient’s morbidity and mortality. Adequate nutrition
is important to avoid negative energy balance. Care
is needed for deep vein thrombosis prophylaxis, elec-
trolyte imbalance, anaemia, prevention of atelectasis
with chest physiotherapy and frequent suctioning,
and infections including ventilator-associated pneu-
monia and urinary tract infections.

Approximately 20-40% of patients fail extubation
and re-intubation is needed. The extubation failure is
higher in older patients, in patients with  pneumo-
nia or atelectasis or in those with prolonged care in
ICU. Close observation for at least 48- 72 h in ICU is

recommended before transfer to the general ward.
The observation period may be longer for less stable
patients. Tracheostomy is considered when prolonged
intubation (>2 weeks) is required.

Continuous inspiratory muscle training and breath-
ing exercises are helpful for the improvement of res-
piratory muscle strength and endurance.

In the long term, patients who survived MC can
achieve pharmacological remission or minimal mani-
festation status and return to fully productive lives.

Impending Myasthenic Crisis

MC does not occur suddenly and without warning.
The experienced physician should recognize the early
signs of incipient myasthenic crisis. Impending Myas-
thenic Crisis (IMC) is the severe and rapidly evolving
clinical deterioration which, based on the physician’s
judgment, can result in short time (days to weeks) in
overt myasthenic crisis. IMC is an emergency situa-
tion and it necessitates aggressive management like
overt myasthenic crisis. Patients with IMC should be
transmitted to ICU where immunomodulatory and
corticosteroid therapy should be promptly initiated.
When the patient’s respiratory status is in doubt,
elective intubation is recommended.?!

DRUGS TO AVOID

There is an increasingly long list of drugs that have
the potential to exert negative effects in MG and are
mechanistically categorised as follows!'3:

A) Drugs that induce de novo or exacerbate pre-
existing MG by interfering with the homeostatic
immunological mechanisms that guard against
the emergence of autoimmune diseases, includ-
ing MG.

Prime examples in this category include immune
checkpoint inhibitors, penicillamine, statins, tyrosine
kinase inhibitors and interferons (the latter two only
rarely incriminated).

e Immune Checkpoint inhibitors are being increas-
ingly used in the management of metastatic
cancers and are associated with numerous im-
mune-related adverse effects. The ICls associated
with MG are programmed cell death-1 (PD-1)
blockers (such as pembrolizumab or nivolumab)
and, less frequently, blockers of cytotoxic T cell
lymphocyte-associated antigen-4 (CTLA-4), such
as ipilimumab, or of programmed cell death-li-
gand 1 (PD-L1) (avelumab, atezolizumab). The
ICl-induced MG can be severe, causing respiratory
failure in up to 45% of patients or even leading to
death in 25-40% of those affected."* Patients
who experienced ICl-induced MG should avoid
these drugs thereafter but if it is imperative to
use them, pre-treatment with steroids, IVIGs or
plasma exchange is advised.
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e D-Penicillamine, a pyridoxine antagonist, is as-
sociated with MG, which is mild in severity and
primarily ocular, in approximately 1-7% of treated
patients. The drug should be avoided in pre-ex-
isting MG and discontinued in cases of penicil-
lamine-induced MG. In the latter case, complete
resolution of myasthenic symptoms is expected
in the majority (70%) of cases.!'4"]

e Statins can rarely induce de novo MG and infre-
quently exacerbate pre-existing disease or lead to
MG-like symptoms. Gras-Champel et al. identified
in the WHO database of adverse drug reactions
169 cases of possible statin-induced MG amongst
3967 MG patients.[*? These data indicate an in-
creased likelihood (2.66-fold greater odds ratio)
of MD exacerbation or induction amongst statin
users. In these cases, statins should be discon-
tinued and patients should resort to alternatives
that have not been associated with induction
of MG such as nicotinic acid (niacin), bile acid
sequestrants (cholestyramine, colestipol, and
colesevelam), PCSK9 inhibitors (alirocumab and
evolocumab).l3?

B) Drugs that interfere with neuromuscular transmis-
sion, thereby exacerbating muscular weakness in
MG patients or even inducing MG-like symptoms
in patients not previously suffering from MG.

The usual culprits in this category are particular
antibiotics, antihypertensives and antiarrhythmics,
magnesium, neuromuscular blocking agents, inhala-
tion anaesthetics, and sedatives/analgesics as well as
botulinum toxin.

e Antibiotics. In view of the fact that antibiotics
are quite commonly used in patients with MG,
it is important to stress that particular agents are
associated with a definite risk of exacerbating
myasthenic symptoms. Macrolides (azithromycin,
telithromycin, erythromycin), fluorogquinolones
(ciprofloxacin, norfloxacin, ofloxacin, moxifloxa-
cin, levofloxacin) and aminoglycosides (neomycin,
amikacin, gentamycin but with the exception of
tobramycin) should be avoided in MG, if possible.
If not, patients should be closely monitored for
the emergence or exacerbation of myasthenic
symptoms. On the other hand, on the basis of
rare or absent reports of myasthenic reactions to
penicillins, cephalosporins, sulfa drugs, clindamy-
cin, tetracyclines, polymyxin B, and nitrofurantoin,
it is suggested that these antibiotics can be safely
used in MG.[39

e Antihypertensives and Antiarrhythmics. Antihy-
pertensives, such as adrenergic or calcium channel
blockers, can be cautiously administered to MG
patients that are in remission or satisfactorily con-
trolled, provided that the lowest effective doses
are used and the patient is closely monitored for
worsening of MG. Class la Antiarrhythmics, such
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as quinine or procainamide, as well as Class Ic,
like propafenone, should be avoided, if possible,
or otherwise the patient should be closely moni-
tored for exacerbation of myasthenic symptoms.
On the other hand, class Ib antiarrhythmics, like
flecainide, potassium channel blockers (like ami-
odarone and dofetilide) and moricizine have not
been implicated in the induction or exacerbation
of MG.I'3?!

e Magnesium has been reported to exacerbate
myasthenic symptoms, including precipitation
of myasthenic crisis in the context of parenteral
magnesium administration for pre-eclampsia.l#3!
Accordingly, it should be used extremely cautious-
ly in MG under close patient monitoring.

e Neuromuscular blocking (NMB) agents, inhala-
tion anaesthetics & sedatives/analgesics. Succi-
nylcholine, a depolarising NMB, is not absolutely
contraindicated in MG.['"" In contrast, non-depo-
larising NMBs (such as rocuronium, mivacurium,
vecuronium, and pancuronium) and inhalation
anaesthetics (such as halothane, isoflurane, en-
flurane, and sevoflurane) should be avoided, if
possible.3%1431 |f not, close postoperative moni-
toring is imperative and administration of an
ACh-I or sugammadex (a y-cyclodexterin, which
encapsulates and reverses the action of NMBs)
148l may be considered. With regard to sedatives,
benzodiazepines at high doses should better be
avoided or, if necessary, administered with close
monitoring of respiratory function.['*”! Opioid
agents (such as fentanyl, buprenorphine, hydro-
morphone, methadone, morphine, oxycodone,
and oxymorphone) can be used in patients with
MG as sedatives/analgesics although, at high
doses, monitoring of respiratory rate and pulse
oximetry is mandatory.l'39

e Botulinum Toxin should better be avoided in MG
for cosmetic purposes as it may unmask subclini-
cal disease,"* exacerbate pre-existing symptoms
or cause weakness distally mimicking ocular or
generalised MG. On the other hand, it may be
cautiously used for the treatment of cervical dys-
tonial'* or blepharospasm{’>% in cases with stable
MG of mild severity, provided the dose is gradu-
ally titrated and the patient is closely monitored.

AREAS OF UNCERTAINTY

Over the last 7 years, and after a long period of
indolence, the therapeutic landscape of generalised
myasthenia has changed dramatically. Following the
successful completion of phase Ill trials, numerous
drugs that target complement activation or interfere
with FcCRN-mediated antibody recycling were ap-
proved by regulatory agencies and entered clinical
practice. In addition, a number of novel molecules
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and cell-based therapies (e.g. CAR T-cells) are at vari-
ous stages of development. Allin all, these innovative
advances revolutionised the management of patients
with gMG that were hitherto considered refractory
or intolerant to traditional approaches. It would be
fair to say that we are probably entering a “golden”
era in the treatment of gMG.

On the other hand, there are numerous areas
of uncertainty that urgently need to be clarified.
As of today, it is unknown which particular patient
is going to benefit most from a given drug (or a
combination of drugs) and when exactly in the evo-
lution of the disease these novel drugs should be
introduced. Further, in the absence of head-to-head
comparisons, the relative effectiveness and side-effect
profile is unknown and can only be deduced, to a
certain degree, indirectly (e.g. by meta-analyses).
Finally, the external validity of the pre-registration
trials needs to be expanded by generating data on
patient populations that are traditionally excluded
from participation- patients with seronegative or
purely ocular MG, patients in whom the dosages of
baseline immunosuppressants are not kept stable
and patients with significant medical comorbidities.
Last but not least, robust health economic data that
analyse comparatively and in a holistic manner the
significant cost of innovative treatments as well as
the potential economic benefits derived by reduc-
tion of the burden of the disease and the burden of
treatment are urgently needed to guide neurologists
and health authorities.

The answer to these lingering questions requires
concerted action by scientists and clinicians. We ur-
gently need prognostic biomarkers, so as to identify
early on patients with potentially aggressive disease
course, and predictive biomarkers, so as to select
the most appropriate treatment on a rational rather
than empirical basis.'> We also need MG registries
(to capture data in a structured manner) and quality
real-world studies so as to fill the gap on the effec-
tiveness of these treatments in every-day practice.
Thus, we may get closer to achieve the mantra of
personalised medicine: The right drug for the right
patient at the right time.l"*?

SUPPORTIVE MEASUREMENTS

Any type of physical exercise in patients with severe
weakness or MG crisis should be avoided. However,
when patients are in remission or stable with mild or
moderate weakness, exercise may enhance muscle
endurance and it is recommended to follow an indi-
vidualised exercise program.['¥ Moreover, moderate-
intensity aerobic and resistance exercise has been
proposed in patients on high doses or long-use of
steroids to avoid or even reverse the steroids-induced
myopathy.[>3

The percentage of MG patients experiencing anxi-
ety, chronic stress, and depression is much higher
than in the general population, further degrading
the patients’ quality of life, and these symptoms
should be recognised and treated appropriately.!'>¥

BRIEF GUIDE TO MG TREATMENT

The recommendations were formulated based on
the data from the literature as mentioned above
in this article and the authors’ clinical experience
(Tables 1-3).

Table 1: General recommendations

e All MG subtypes is expected to benefit from
pyridostigmine + steroids

e |VIg or PLEX should be readily available for all
cases of myasthenia gravis in a status of myas-
thenic crisis or impending crisis. The effectiveness
of fast-acting FcRn and C5 complement inhibi-
tors in severe MG exacerbations remains to be
seen in clinical practice.

e Aninnovative approach, which, however, has
not yet been incorporated in any European or In-
ternational guidelines, would be to start early af-
ter disease diagnosis with fast-acting drugs (IVIg,
PLEX) or ISs to achieve earlier disease control and
possibly use low doses of steroids avoiding their
side effects.[18.109]

e Thymectomy should be performed in all cases
with thymoma, while in non-thymomatous
patients it should be considered according to
specific indications

*  Pregnant women with MG should be close moni-
toring by a neurologist expert in the field.

e Application of the structured scales for the
evaluation of clinical status and treatment
response at the scheduled visits are useful for
treatment decisions, facilitates monitoring, and
better detects a possible deterioration that can
potentially result in a myasthenic crisis.

* In the real world, treatment decisions, in ad-
dition to the scientifically proven data, should
consider drugs’ availability, treatment cost, and
the patients’ perspective.

e Patients with MG, like other chronic diseases,
require sufficient time to discuss alternative
treatment options with their doctors before they
agree on the optimal treatment recommended
to them.

e The phrase “one size fits all” does not apply to
MG treatment. The therapeutic regimen should
be individualized according to immunological
type, disease severity, comorbidities, patient’s
age, and his/her personal and professional needs.
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Table 2: Recommendations for MG subtypes treat-
ment according to currently prevailing literature

Ocular MG: ISs other than steroids are rarely
needed. If the results of ongoing trials on FcRn
inhibitors are positive, a reduction in the necessary
steroid dose (or ISs) may be possible

Generalised MG with Abs AChR, LRP4, or snMG:
when steroids have a suboptimal response, show a
dependency effect, or should be drastically reduced
due to major adverse effects, it is suggested to
switch to any of the following choices:

Add azathioprine or mycophenolate mofetil,
methotrexate, cyclosporine or rituximab

Add an FcRn inhibitor or a complement C5 inhibitor
Combined a. and b.

MuSK-MG: treatment initiation with rituximab +
low steroid dose. If Rituximab is unavailable or un-
successful, substituted it with another IS, prefer-

Table 3: Recommendations for considering treatment
regimen unsuccessful and for potentially modifying
treatment strategy

Treatment re- o
lated problems o

Drug is contraindicated
Drug has major adverse
effect

¢ Drug dependency

e Drug requires a long
time to show a positive
response

Uncontrolled dis- |
ease for a period
longer than that | e
required for a

drug to show a
positive response |

Clinical status unchanged
or worsening

Clinical improvement is
minimal (affects personal
or professional life)
Disease fluctuation phase
with frequent relapses/

crises
ably azathioprine. An alternative to the rituximab
suggestion, the result of which remains to be seen
in real life, is the use of rozanolixizumab, an FcRn
inhibitor, as add on to steroids or ISs
Table 4: Newer agents under evaluation for MG treatment
Investigation | MoA Clinical Trial | MG subtypes |Pts |RCP Status Outcome
Product No
Nipocalimab FcRn inhibitor | Vivacity-MG3 | AChR, MuSK, | 199 |24 Completed | meaningful &
LRP4 weeks Nov 2023 sustained ef-
ficacy as add-on
drugls®
Satralizumab  |IL-6 receptor | LUMINESCE AChR+, 188 |24 Completed | Small improve-
inhibitor MuSK+, weeks | Aug 2023 ment!'5e!
LRP4+
Efgartigimod | FcRn inhibitor | ADAPT oculus |oMG 124 |7 weeks |Recruiting Clinical Trials.
govi's”!
Efgartigimod | FcRn inhibitor | ADAPT SERON | Triple snMG 110 |8 weeks |Recruiting Clinical Trials.
gov!1sel
Batoclimab FcRn inhibitor | FLEX trial gMG, all sub- |240 |12 Active Clinical Trials.
types weeks gov>9
Gefurulimab Complement | PREVAIL AChR+ 254 |26 Active Clinical Trials.
C5 inhibitor weeks gov!ied!
Pozelumab Complement | NIMBLE AChR+, LRP4+|235 (24 Recruiting Clinical Trials.
C5 inhibitor weeks gov!'el!
Iptacopan Complement |NCT06517758 | AChR+ 146 |6 Recruiting Clinical Trials.
factor B inhibi- months gov!'e2l
tor
Inebilizumab | Anti-CD19 MINT AChR+, 230 |26 Active Clinical Trials.
monoclonal MuSK+ weeks gov!'e3l
antibody
Telitacicept B & plasma cell | RemeMG AChR+, 180 |24 Recruiting Clinical Trials.
depletion MuSK+ weeks gowv!'4
Cladribine Selective MyClad gMQG, all sub- {240 |24 Recruiting Clinical Trials.
disruption of types weeks gov!'e3l
T- and B-cells
Descartes-08 | mRNA CART- | AURORA AChR+ 100 |4 Recruiting Clinical Trials.
cell therapy months gov!ieel

MoA: mechanism of action; RCP: randomised control period.
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EMERGING DRUGS AND ONGOING CLINICAL
TRIALS

MG remains at the centre of interest of the phar-
maceutical industry for developing several novel tar-
geted drugs. These are being tested in clinical trials
for their efficacy compared with existing therapies,
and their potential to minimise treatment burden.
At the same time, efforts are being made to develop
formulations that are more patient-friendly, for ex-
ample, by switching from intravenous administration
to subcutaneous or oral administration. A list of se-
lected phase Il clinical trials that have recently been
completed or are in progress is presented in Table 4.

CONCLUSION

This article provides informative guidance for Neu-
rologists treating MG patients in Greece. Over the
past few years, the field of MG treatment has been
changing rapidly. Several new immunomodulatory
agents have recently been approved by the European
and United States Authorities (EMA and FDA) and
remain to be integrated into therapeutic regimens
along with (or instead of) the empirically used 1st
and 2nd line drugs. At present, although the various
published guidelines and their updates differ slightly
from each other, they propose common general rules
that should be followed for the benefit of the MG
patients.

The expectations of patients and neurologists are
higher than those in the distant past and aim to
achieve the MM status and MSE. The ideal drug will
be able to control the disease as quickly as possible,
minimising the pharmaceutical burden and ensuring
long-term remission. Although recent clinical stud-
ies shed light on the immediate efficacy of a drug
or a combination of drugs for a predetermined pe-
riod of time, much less is known about the need to
continue, change, or reduce a medication over the
years. MG, which affects young and older people,
presenting fluctuating and alternating muscle weak-
ness, with exacerbations and remissions, constitutes
a great example of practicing individualised medicine
to tailor the specific needs of a single patient at any
given time.
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NTEPYTOEIAHZ QMOINAATH XE EAAO®OL
NEYPOINAGEIAZ MAKPOY ©QPAKIKOY NEYPOY - H
2YMBOAH THX MAINHTIKHZ NEYPOTPA®IAL

lewpyia Manayiavvonoudou’, Aikatepivn ©gobwpou’, Baoidikin ZouBeAou?, Mapia lwdvva Etepdvou’, Xpnotos MoéoxoBos', [ewpyios
BeAovdkns®, Mapidvva lManabonoudou’

T B”Neuponoyikn KAivikn, Mavernotnpiakd leviké Noookoueio «Atukdv», latpikn Ixonn, EOvik kai Kanobiotpiako Maveniotipio
Abnvav, ABnva
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NEPIAHWH

Eicaywyh: H ntepuyoeidbns wponAdtn unopei va npokAnBei and ndpeon tou pakpou BwpakikoU velpou,
10U NapanAnpwpatikoU VEUPOU N ToU paxiaiou veUpou tns wuonidtns, odnywvtas o€ aduvapia tou npod-
oBiou oboviwtoU puds, Tou tpaneloeldous h twv pouPosldmv Yuy, avtiotoixa. MéBodor: Xtnv napouoca
gpyaoia napoucialoupe éva NePIoTATKS Pe Ntepuyoeldn wponidmn os €dagos veupondBeias pakpou Bw-
pakikoU veupou. Mapouciaon MepiotatikoU: Nuvaika 23 €1y pe eNeUBePO atopikd 1I0ToPIKd Napouciaoe
andé e€apnvou otadlakd enideivoupevo dlyos otnv neploxn tou de€iol wuou, Pe ouvodd puikn aduvapia.
Kata v adph veuponoyikn e€étaon, dlaniotwbnke andonaon s wponidmns and to onicBio Bwpakikd
T0iXWpPa, avuywon s Avw ywvias Kal YETatonion tou é0w xeilous Npos ta péod. And tov NAEKTPOPUaIO-
Aoyiké €Agyxo, N PN aywyluotnTas twv veupwy avédelEe pelwpévo Uos KIvNTKoU npokAntoU duvapikoy
and tov npéobio oboviwtd pu 6e1d, xwpis otoixeia evepyol anovelpwans. H Mayvnukn Neupoypapia,
ue e10ikés akonouBies T2-weighted short-tau inversion recovery (STIR), avédei€e Sidxuta augnuévo ohua
Katd phkos tou JakpoU BwpakikoU veupou, xwpis naBodoyikn okiaypadikh evioxuon. Mepinou evwéa PAves
HETd v évapén Twv cupnwpdtwy Kal éneita and eviatkh guoikoBepaneia, n aoBevhs napouaciace nAhpn
UMNOXMPNON TWV CUPNTWHATWY. ZuMnEpaopata: H napoloa nepiypa@n nepIoTatikoU avadeikvyUel T Xpn-
OlUOTNTA TNS PAYVNTIKAS VEUPOYPA®Ias ws pia afiéniotn aneikoviotkn pébodo atnv avixveuon npoofonns
TOU PakpoU BwpakikoU veUpou o€ aoBeveis Ye ntepuyoeidh wuonAdn.

Né€eis-kAe161a: ntepuyoeidns wponAdm, yakpd Bwpakikd veUpo, veupondBela, payvnukn veupoypagia

SCAPULAR WINGING DUE TO LONG THORACIC NERVE
NEUROPATHY DETECTED WITH HIGH-RESOLUTION MR
NEUROGRAPHY

Georgia Papagiannopoulou’, Aikaterini Theodorou', Vasiliki Zouvelou?, Maria loanna Stefanou, Christos Moschovos’, Georgios
Velonakis®, Marianna Papadopoulou
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ABSTRACT

Background: Scapular winging may be caused by palsies of long thoracic, spinal accessory or dorsal scapular
nerves, leading to serratus anterior, trapezius, or rhomboid muscles weakness, respectively. Methods:
We report a case of scapular winging due to long thoracic nerve neuropathy. Case report: A 23-year-
old woman with unremarkable medical history presented with 6-month history of right shoulder pain
and weakness. Neurologic examination revealed scapular protraction and upward rotation impairment
associated with medial displacement of the right scapula. Nerve conduction study showed decreased
compound muscle action potential (CMAP) amplitudes exclusively over the right serratus anterior, without

Archives of Clinical Neurology 34:2-2025, 51-54

3§ EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



52

Georgia Papagiannopoulou et al.

EAAHNIKH
NEYPOAQTIKH
ETAIPEIA

acute denervation of the muscle. High resolution Magnetic Resonance Neurography (MRN) disclosed T2-
weighted short-tau inversion recovery (STIR) diffuse hyperintense signal across the long thoracic nerve
without gadolinium enhancement. Approximately nine months following symptoms onset and intensive
physiotherapy, neurological examination revealed complete symptom resolution. Conclusion: This case
highlights the high resolution MRN utility, as promising and versatile technique on detecting isolated long

thoracic nerve palsy in patients with scapular winging.

Keywords: scapular winging, long thoracic nerve, neuropathy, magnetic resonance neurography

INTRODUCTION

Scapular movements of rotation, abduction, and
tilting contribute to optimal shoulder function and
accurate placement of upper extremity. Scapular
pathology leads to scapular winging with shoulder
dysfunction and weakness in elevation of the arm.!!
Scapular winging can mainly result from long thoracic
nerve palsy leading to serratus anterior dysfunction
and medial winging, with an incidence ranging from
0.003% to 0.210%.23! Additionally, spinal accessory
and dorsal scapular nerves involvement, leading to
trapezius and rhomboid muscles dysfunction, respec-
tively, causes lateral winging.B®! Herein, we report
the case of a 23-year-old woman who presented
with pain and weakness in her right arm and clini-
cal manifestation of right scapular winging. Nerve
conduction study confirmed isolated long thoracic
nerve involvement and high-resolution Magnetic
Resonance Neurography (MRN) demonstrated diffuse
hyperintense signal across the long thoracic nerve
without gadolinium enhancement. Approximately
nine months after symptom onset and following
intensive physiotherapy, complete resolution of symp-
toms was noted.

CASE REPORT

A 23-year-old woman with an otherwise unremark-
able medical history presented with right shoulder
pain and weakness with progressive worsening dur-
ing the past six months. She reported no history of
trauma, infection, or systemic illness. Her symptoms
had progressively worsened, leading to significant
functional impairment in her daily activities. On neu-
rological examination, the patient exhibited notable
weakness in her right shoulder, scapular protraction
and upward rotation impairment, indicating potential
dysfunction of the serratus anterior muscle, which
is primarily innervated by the long thoracic nerve.
There was a visible medial displacement of the right
scapula, commonly referred to as scapular winging
(Figure 1). Lumbar puncture was performed with
unremarkable cerebrospinal fluid (CSF) findings and
comprehensive diagnostic workup for autoimmune
and other neuromuscular disorders was negative.

Detailed nerve conduction studies were also per-

Figure 1: Clinical features. Neurological examination
revealing medial displacement of the right scapula,
caused by weakness of the right serratus anterior
muscle.

formed, revealing decreased compound muscle ac-
tion potential (CMAP) amplitudes exclusively in the
right serratus anterior, indicative of isolated long
thoracic nerve involvement. Notably, there was no
evidence of acute denervation in the muscle, sug-
gesting a subacute or chronic process rather than an
acute nerve injury. To further elucidate the underly-
ing pathology, high-resolution MRN was employed.
T2-weighted short-tau inversion recovery (STIR) se-
guences disclosed diffuse hyperintense signal across
the right long thoracic nerve (Figure 2). Absence of
gadolinium enhancement suggested that there was
no active inflammation or structural nerve lesion.

The patient was enrolled in an intensive physi-
otherapy program aiming at strengthening the
shoulder girdle muscles and improving scapular
stabilisation. Approximately nine months follow-
ing symptom onset and consistent physiotherapy,
the patient experienced complete resolution of her
symptoms. Neurological examination at this point
revealed full restoration of scapular function with
no residual weakness or winging.
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Figure 2: High resolution 3 Tesla Magnetic Resonance Neurography. Coronal T2-weighted STIR sequences dem-
onstrating characteristic diffuse hyperintense signal across the right long thoracic nerve (Panel A; green arrows),
without distinct gadolinium enhancement (Panel B; yellow arrows).

DISCUSSION

The first description of scapular winging was re-
ported by Winslow in 1723.1 Scapular winging leads
to loss of strength and restricted flexion and abduc-
tion of the upper extremity, often causing significant
pain.®! It can result from various aetiologies, includ-
ing iatrogenic, traumatic, infectious, neoplastic, or
idiopathic causes.!" When medical history is taken,
it is important to include questions regarding oc-
cupation, hobbies and sports, recent injuries and
surgeries especially in the neck and thorax, as well
as inflammatory or neoplastic diseases.”! In our case,
the isolated long thoracic nerve involvement without
clear precipitating factor along with unremarkable
diagnostic investigation, suggested an idiopathic
neuropathy.

Scapular winging can result from long thoracic,
spinal accessory, or dorsal scapular nerve palsies,
which innervate the serratus anterior, trapezius, and
rhomboid muscles, respectively. Detailed clinical ex-
amination is the first step towards the localisation of
the lesion. Long thoracic nerve palsy, manifested with
arm flexion difficulty leads to medial displacement
of scapula, which becomes more pronounced when
arms are flexed to horizontal position against a wall,
as illustrated in our case.!® Spinal accessory nerve pal-
sy affects arm abduction and in clinical examination,
drooping of the effected shoulder is present along
with lateral sifting of the superior scapula angle that
is more prominent in arm abduction.” Dorsal scapu-
lar nerve palsy may lead to scapular winging with
scapula’s inferior angle shifted laterally and may be
more evident when extending elbow backwards.?8!

Electromyography and nerve conduction studies
are the main diagnostic methods for scapular winging
investigation, assessing the involvement of specific
muscles, the extent of denervation and the degree
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of reinnervation.” Additionally, as indicated in our
case, high-resolution MRN can provide detailed visu-
alisation of the long thoracic nerve, which is often
challenging to be assessed with conventional imag-
ing modalities. The diffuse hyperintense signal on
T2-weighted STIR sequences indicated an underlying
neuropathic process, while the gadolinium enhance-
ment absence ruled out active inflammation or neo-
plastic infiltration.®!

Most patients with isolated serratus anterior palsy
respond well to conservative management (e.g. pre-
vention of overuse, pain relief, and physical therapy)
and complete symptom resolution has been described
within 1-24 months.B Tendon transfer surgery could
be considered for those patients with persistent
symptomatic after 24 months.!®! Early recognition
and prompt appropriate treatment initiation, includ-
ing targeted physiotherapy, could lead to favourable
functional outcome.

In summary, this case highlights the clinical utility
of high-resolution MRN as a promising and versatile
technigue for detecting isolated long thoracic nerve
palsy in patients presenting with scapular winging.
MRN offers a non-invasive assessment of peripheral
nerves, aiding in the differential diagnosis of neu-
ropathic processes from other potential causes of
scapular dysfunction.
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ABSTRACT

Introduction: We report a rare case of positive RT-QuIC assay in CNS involvement of mycosis fungoides.
Case presentation: A 73-year-old man presented with decreased consciousness and generalised
convulsions. He had been formerly diagnosed with mycosis fungoides, by that time in full remission. Clinical
examination revealed profound cognitive deficits with fluctuating level of alertness during admission. An
MRI of the brain showed multiple contrast-enhancing lesions in both hemispheres, while lumbar puncture
indicated lymphocytic pleocytosis with elevated CSF protein. The rapidly progressive cognitive decline
prompted investigations for Creutzfeldt-Jakob disease (CJD) with 14-3-3 and RT-QuIC assay, both of which
came back positive. Meanwhile, flow cytometry analysis reported increased T-cell population, suggestive of
CNS lymphoma. Despite the high specificity of the RT- QuIC assay for CJD, the diagnosis was not further
supported by imaging or EEG findings. A brain biopsy was performed, reporting brain infiltration by a
highly malignant T-cell lymphoma, believed to represent large cell transformation of mycosis fungoides
with CD30 expression. Treatment with pulsed steroids had some effect on the level of consciousness,
although a degree of memory impairment remained. Conclusion: Positive RT-QuIC assay has been strongly
linked to CJD, with specificity reaching 99%. This case highlights the possibility of positive RT-QuIC results
associated with CNS lymphoma.

Keywords: mycosis fungoides, Creutzfeldt-Jakob syndrome, status epilepticus, T-cell lymphoma

MIA NEPINTQZH IZTTOAOTIKA EMIBEBAIQMENHZX
NMPOZBOAHZ TOY KENTPIKOY NEYPIKOY LYZTHMATOZX
AlNO zMNOITOEIAH MYKHTIAXH ME ©ETIKH
AOKIMAZIA RT-QUIC

Eupavouni lMéwpou’, Avwa Aneavbpdrou’, Avaataoia lauBpouna’, Avbpéas Aviwviou', lNMavayiita BAdxou?, lewpyios KoloBos', EAévn
Adeéiou’

T Neuporoyikd Turiua, Feviké Noookopeio Euayyefiouds ABriva
2 [aBoAoyoavarouiké Epyactnpio, eviké Noookopegio Euayyeniouds, ABnva

MEPINAHWH

Eicaywyn: Mapoucidloupe ondvia nepintwon Beukhs avénuons RT-QuIC og aoBevh pe npooBonn tou
KevipIikoU VEUPIKOU cuothuatos and onoyyoesidh pukntiaon. Mapouciaon tou nepiotatikou: Avbpas 73
€TV PETaPEPONKe o AnBapyikh katdotaon oto Tuhpa Enelydviwy Petd and yevikeUpEvous TovIKokAoVIKoUS
onaopous. Katd to napenBov eixe diayvwotel ye onoyyoeidn pukntiaon, oe nAnpn Ueeon niéov. Katd
v voonneia napouciale kupaivépevo eninedo ouveidnons kal vonukh ékntwon. H payvnukn topoypagia
eykepdnou €6ei€e nondannés PBAdRes ue okiaypagikh evioxuon Kal otd dUo nuioQpaipla, evd otnv
oopuovwtaia napakévinon dianiotBnke Aeppokuttapikh nAgiokUtwaon pe auénuévo Nelkwpa. Adyw s
taxéws €€enioodpevns avoikns cuvdpouns xapaktnpildpevns and diatapaxés Pvhuns, npooavatofiopou
oe ONo Kkal xpévo, ouyxutkodiepyeukd eneicddia kal HEM@ikA eikdva Papeias eykepaniondBbeias,
npoypapuatiotnke digpedvnon yia tn véoo Creutzfeldt-Jakob (CJD) pe avalhtnon npwreivns 14-3-3 kal
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RT-QuIC assay,ol onofes Atav evtovws Beukgs. v avaduon KUTIAPOPETPIas pohs Tou eykepanovwuaiou
uypouU aveup£dn augnpévos nAnBuopéds T-kuttdpwy, evOelktkos yia Néppwpa tou KNX. MpaypatonolhBnke
Bloyia eyke@dnou, n onoia avédei€e 1INBnon tou eykepdnou and éva kakonBes T-KUTtapIKG AEPPWHQ,
niBavs ota nAaicia petatponns peydiwy KUTdpwy tns onoyyosidous pukntiaons pe ékppaon CD30.
Ané veuponoyikhs nisupds n Bepaneia e oels otepoEIdwV €6pace apxikd BeUKE otnv agunvion Kal
v anodpopn twv cuyxutikwv eneicodiwv.AkoAouBnoe oykoAoyikn avupetmnion. Zupnépacpa: H Bsukn
dokipaoia RT-QuIC cuvbéetarl otevd pe tn CID, pe eidikdnta nou ¢BAavel 10 99%. nv BiBAioypagia gival
ondvia ta neplotatkd Beukonoinons ts dokipacias o dANa aita énws oto Aéueuwua tou KNI, yeyovos nou
npoodidel evblapépov otnv NPoacéyyion Twv unotéwv eykepanonabeimy.

Né€eis-kAe161a: onoyyoeidns pukntiaon, RT-QuUIC, Aéupwua T-Kuttapwy

INTRODUCTION

Sporadic Creutzfeldt-Jakob disease (sCJD), char-
acterised by rapidly progressive neurodegeneration,
represents the most common form of human prion
disease, with mean survival ranging from 4 to 12
months.!" Early clinical manifestations include cogni-
tive impairment with cerebellar signs, constitutional
symptoms, behavioural disturbance, and less com-
monly corticospinal and extrapyramidal signs, which
can resemble those of other non-prion diseases. Sei-
zures and acute onset of consciousness disturbance
are reported, but infrequent. Typical MRI findings
comprise of cortical ribboning in at least two cortical
regions and basal ganglia signal changes, whilst EEG
can range from non-specific findings such as diffuse
slowing in early stages to typical periodic sharp wave
complexes later in the course of the disease.!"3!

Diagnosis of CJD encompasses clinical signs, neu-
roimaging and EEG changes, and is usually validated
by CSF analysis. The real-time quaking-induced con-
version (RT-QuIC) assay detects prion-seeded amyloid
fibril formation by recombinant prion protein. Recent
research has substantiated the high sensitivity (85%)
and specificity (99%) of RT-QuIC in CSF for the di-
agnosis of prion diseases.* While a small number
of cases with potential false-positive outcomes have
been documented, these reports lack comprehensive
pathological information.®!

In this context, we hereby present a rare case of
CNS involvement in mycosis fungoides, a type of
cutaneous T-cell lymphoma, with large cell trans-
formation with positive RT-QuIC assay result. This
case underscores the significance of conducting a
comprehensive evaluation and confirming the diag-
nosis through pathological analysis when interpret-
ing RT-QuIC results in patients with suspected prion
diseases.

CASE PRESENTATION

A 73-year-old, previously independent, Caucasian
man presented to the ER with status epilepticus. De-
spite immediate medical management, he required
emergency intubation with ventilatory support and

observation in ICU. The patient had a past medical
history of mycosis fungoides, which had been diag-
nosed three years previously and managed with PUVA
therapy. During follow-up there was no systemic
involvement of the disease detected. There was no
remarkable family history of neurological diseases
and there were no previous neurological symptoms
reported.

The patient underwent a CT scan of the head
right after intubation, which reported some non-
specific white matter hypodensities bilaterally. A lum-
bar puncture was then performed, which revealed
lymphocytic pleocytosis and increased CSF protein
levels. The patient was empirically treated with in-
travenous acyclovir, since viral encephalitis was the
principal differential diagnosis. The negative antiviral
PCR panel in CSF analysis prompted exploration of
other possible differential diagnoses, such as au-
toimmune encephalitides. A course of intravenous
steroids was therefore initiated. The patient was suc-
cessfully extubated ten days later. Over the course of
the following days, he exhibited a fluctuating level
of consciousness along with cognitive deficits in the
form of memory impairment and disorientation. Sub-
sequently, an MR scan of the brain was performed,
which revealed multiple hyperintense lesions in the
right frontotemporal region, bilateral insula and right
anterior corona radiata, some of which demonstrated
contrast enhancement (Figure 1). CSF flow cytom-
etry reported increased number of T-lymphocytes
with CD7 and CD117 single positivity.

After steroid therapy tapering and subsequent
withdrawal, new focal epileptic seizures were ob-
served. A further lumbar puncture was performed.
The CSF was acellular with negative paraneoplastic
and autoimmune markers. The patient received a
second course of pulsed intravenous methylpredni-
solone. Paraneoplastic and autoimmune encephali-
tis antibodies in the CSF and serum were negative,
however, CSF analysis reported positive results for
14-3-3 protein and RT-QuIC.

Clinical improvement was achieved after steroid
therapy in context of the level of consciousness, but
continued to exhibit cognitive impairment. On se-
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Figure 1. Initial MRI scans of the brain. (a) Axial T2
showing high signal in the right temporal lobe. (b)
Axial post-contrast scan, demonstrating an area of
contrast enhancement in the right temporal lobe. (c)
Axial DWI, depicting a similar area of high signal in the
right temporal lobe. (d) Coronal FLAIR with high signal
in both temporal lobes and extending to basal ganglia
bilaterally.

rial MR scans of the brain, the hyperintense lesions
were found slightly decreased in size, but continued
to exhibit contrast enhancement. A bone marrow
biopsy was carried out in view of the positive immu-
nophenotyping results, but did not detect lymphoma
infiltration. On serial EEGs, there was evidence of
encephalopathic changes, but no epileptiform activ-
ity was observed.

The positive 14-3-3 and RT-QuIC results, in con-
junction with the rapid cognitive decline and en-
cephalopathy would support the diagnosis of CJD.
The patient fulfilled the CDC diagnostic criteria for
probable prion disease.'"! However, there was absence
of other neurological signs pointing towards this
diagnosis, such as akinetic mutism, cerebellar signs
or myoclonus, as well as absence of periodic sharp-
wave complexes in serial EEGs, considered typical for
the disease or typical neuroimaging findings. A sub-
sequent lumbar puncture performed during steroid
therapy revealed decreased levels of 14-3-3, positive
RT-QuIC and negative flow cytometry for lymphoma.
Due to differential diagnosis ambivalence, a brain
biopsy was considered. The latter revealed infiltra-
tion of brain tissue by a highly malignant T-cell lym-
phoma of T-cell origin with intense CD30 expression
most likely in the context of large cell transformation
spongiform mycosis with CD30 expression (Figure 2).
The patient was treated for invasive CNS lymphoma
with 2 cycles of methotrexate, then cytarabine and
brentuximab, but did not sufficiently respond to the
treatment and passed away a few months later.

DISCUSSION
RT-QuIC assay has been relatively recently added to
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Figure 2. Histological images from the patient’s brain
biopsy. (a) Infiltration of brain parenchyma by medi-
um-sized lymphocytes with dark chromatin and ir-
regular nuclear membrane (Haematoxylin and eosin
x400 magnification). (b) CD3 expression in medium-
sized lymphocytes (IHC x400 magnification). (c¢) CD30
expression in most lymphocytes (IHC x200 magnifica-
tion). (d) Ki-67 expression in the majority of neoplastic
lymphocytes (IHC x400 magnification).

IHC: immunochemistry.

the diagnostic tests for CJD. Its high sensitivity and
specificity render it invaluable for prion disease detec-
tion; it has now been added as a component of the
diagnostic criteria for CJD.M It is able to accurately
detect the pathogenic agent (PrP*), identified to be
responsible for CJD occurrence. The high specificity
of RT-QuIC for prion detection is achieved through a
lengthy process in which the binding of PrP* in the
CSF to a mixture of recombinant PrP and thioflavin T
is tracked in real time, as the presence of PrP> causes
fluorescence of the agglomerates formed.”! RT-QuIC
assay appears to be more sensitive and more specific
compared to 14-3-3 protein detection, the latter
yielding a false-positive rate of 0.098 according to a
meta-analysis of 2500 patients, and known to give
a false-positive result in cases of neurodegeneration
and possibly neuroinflammation.® The same meta-
analysis reported no false-positive results for RT-QuIC
assay.® Thus far, there have only been a few cases of
RT-QuIC false-positive results reported in literature,
in the context of unrelated to prion neurodegenera-
tion and none related to CNS malignant processes.
6] As is the case with all diagnostic immunological
assays, RT-QuIC should be interpreted carefully, tak-
ing into account the broader clinical presentation,
and serving as an adjunct to the clinical signs, ex-
amination and other investigations. It would have
been of benefit to determine if RT-QuIC and 14-3-
3 results turned negative after chemotherapy, but
the poor medical state and subsequent death of the
patient precluded further investigations. It has been
disputed that high white cell count in CSF as well as
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high levels of total protein might account for a false
positive RT-QuIC response,” although infrequently
CJD patients demonstrate the above findings.®! In
our case, RT-QuIC remained positive even after an
acellular lumbar puncture.

Mycosis fungoides is the most common form of
cutaneous T-cell lymphoma.l"™ CNS involvement in
mycosis fungoides is uncommon, with case-series
reporting less than 2% of total patients studied
experiencing CNS attack.'"" However, it has been
suggested that subclinical involvement rates are
higher, as shown in older post-mortem studies. It
is estimated that spread of the disease to the CNS
might occur within a median time of 5.4 years from
diagnosis.l'? Disease with CNS involvement carries
a poor prognosis, with a few months of predicted
survival time in treated or untreated cases.!'"'? Clini-
cal presentation can largely vary, depending heavily
on the location of the injury. Although meningeal
disease with leptomeningeal enhancement on post-
contrast MRI is more common, cases of contrast-
enhancing parenchymal lesions have been reported.
021 Treatment options include various combinations
of chemotherapy medications and temozolamide.
021 More recently, radiotherapy has been used with
some promising results, although more research has
to be conducted on this field.['3!

CONCLUSION

We would hereby like to underline the rare likeli-
hood of positive RT-QuIC assay results on a patient
with a biopsy-verified CNS T-cell lymphoma, as dem-
onstrated in two separate CSF samples. The role of
RT-QuIC as a laboratory tool of CNS lymphoma di-
agnosis is at present unchallenged. However, the
possibility of coexistence of subclinical CJD has not
been excluded. In literature, there has only been one
case of coexistence of a brain tumour, a vestibular
schwannoma and CJD.I' This case highlights the
significance of pathological confirmation, includ-
ing western-blot analysis, particularly in complex
diagnostic cases where multiple potential aetiologies
need to be considered.
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AyyAikn nepidngn: MNMapouacidlel os ouviopia v epyacia. H éktaonh s sivar ws 400 Agels. Znv apxh s
ypd@ovtal T ovopaTa Twv CUYYPaPEéwy Kal o ttAos tns epyacias ota ayyAikd.

Ne€eis-kAgibid: éws 6 NéEels kNeldId.

BiBrioypagia: O1 BiBnioypaikés napanounés apiBuouvial ye au€ovia apiBud avanoya Pe t oelpd EPPAvIoNs
T0Us oto Kefpevo (Vancouver). Ones ol BiBAIoypa®ikés napanounés va avapépovial péoa o€ aykunes. M.x. O
Smith [1] avépepe 6T ... kal ta euphpata autd eniBeRaidBnkav and tov Adams kai ouv [2]. Avaypdpovial €ws
Kal ol 6 NpWtol cuyypageis. Xtov nivaka s BiRAioypagias nepidapBavovial pévo exeives ol BIBAIOYpapIkés
NaPAnopnés Nou avapépovial oto KEiPEVO Kal 0 Nivakas ouvtdoostal Ye au&ovia apiBud nou avuotoIxel otn
oglpd euPavions twv BIBAIOYPAPIKOY NAPANOUNOY OTO KEIJEVO M.X.

Mivakes: Tpdgovtal o€ Eexwploth oenida, petd to €Nos twv BiBAIoypagikmy avagopwy. ApiBuolvial e
oglpd €PPAVIONS TOUS OTO Kefuevo kal ouvodevovtal and clviopn eneghynon.

Eikdves: Anooténfovtal ta npwtdtuna oxédia h pwtoypagies kanns noiétntas. Na unofannovial oav apxeia
glkovas Eexwplotd and 1o keipevo tou MS Word. ApiBuoulvtal pe tn ogipd eJeAavions oto Keipevo. Y10
Keipevo Ba npénel va undpxel caehs Napanopnh otov Ttio twv NAEKTPOVIKDY apxeiwv. Ze Eexwploth oeida
avaypdovtal ol Ttol Twv eIKOVWY Kal 0l TUXOV ENeENYNOEIS.

latpikn Agovrtofoyia: Y& NEPINTWOEIS EQEUVMDV MOU aPOoPoUV avBpwNous, N €peuva NPENEl va €Xel YiVel
pe Paon tn diakhpu&n tou EAaivki (1975). Ze NeEPINTDOEIS PwTOYPAPIDY aoBevayv, Ba npénel va undpxel
€yypapn ouykataBeon.



2uvodeuTIKO évtuno unoBaAAdopevNG epyaociag

©a npénel va cupninpwBouv OAA ta onpeia tou eviunou. AANn cuvodsutkn eniotonn dev eival anapaitntn.

Eidos apBpou (onueitdote povo éva)
Q Epsuvnukn epyacia O Bpaxeia epyaoia - evbiapépov nepiotaukd O Avaokénnon
Q Bpaxeia avackénnon O Eibikd dpbpo QA Mpdupa ot otvtaén O Neupo-€IKOVES

Titnos:
YneuBuvos yia tnv addnfoypagia cuyypaéas:
AlguBuvon:

TnAgpwvo: FAX: e-mail:

EniBepaiote v nAnpdnta s unofonins 1ou xelpoypdPou oas, onueimvovtas OAA ta Napakdtw onpeia

Titnos tou dpBpou ota EAANVIKE kar ota AyyAika pe pikpd ypdpuata

Ovoépata ouyypagéwv ota EANnvikd kal ata AyyAiké (nAnpn ovduarta n.x. NikéAaos Manaddnounos)
Kévipo npoéneuaons tns epyacias ota EAANvIKG kal ota AyyAiké

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

‘Ews névie NéCels eupetnplacpoU (katd npotiunon and to MeSH Hellas-Bioiatpikit Oponoyia) ota EAANvikd
kar ota Ayynikd

O OAda ta ovopata twv cuyypadéwy ous BIBAIOYPAPIKES NAPAMNOUNES
(L€xpl 6 Kal OTn OUVEXeIa «Kkal ouv.» N «et al»)

Q H BiBrioypagia ous teAeutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

1. OAol oI ouyypaeeis NS €pyacias CUPPWVOUV UE TO NEPIEXOUEVO TNS KAl PE Ty unofonn tns
oto nepIodIkG: Apxeia KAivikns Neuporoyias.

2. To ibio keiyevo N ta anoteAéopata s epyacias dev éxouv unoPAnBel yia dSnpoacieuon oe aAfo EAANVIKG
h E&vo Neplodikd.

3. AnAdvw unglBuva éu dev undpxel B¢pa unokAonhs nveupatkns 1610KTNGias (o nepintwon eIKOVWY,
nivékwv h udikou ané dines dnuooievoel éxel (ntnBei kal AN@Bel n vopiun adeia n onoia

kal ouvunofdnnetal).

4. Aev undpxouv Bépata oUYKPoOUOoNS CUPPEPOVIWY — OE NEPINTWon Ewtepikns Xxpnuatoddtnons autd Ba
NpéENel va avagépetal oto A0S NS Epyacias.

O uneuBuvos yia v anindoypaia cuyypapéas

(unoypaon)



