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Wykaz stosowanych skrotow

MG- Myasthenia Gravis; miastenia

anty-AChR- przeciwciata przeciwko receptorowi dla acetylocholiny

anty-MuSK- przeciwciata przeciwko kinazie tyrozynowej specyficznej dla migsni
EOMG- early onset myasthenia gravis; miastenia o0 wczesnym poczatku zachorowania (<50rz)
LOMG- late onset myasthenia gravis; miastenia o péznym poczatku zachorowania >50rz)
IVIG- intravenous immunoglobulins; immunoglobuliny ludzkie podawane dozylnie

PE- plasma exchange; plazmaferezy

OIT- oddzial intensywnej terapii

CS- corticosteroids; glikokortykosteroidy

IS- immunosuppressants; leki immunosupresyjne

MC- myasthenic crisis; przetom miasteniczny

NFZ- Narodowy Fundusz Zdrowia

WZM- wrodzony zesp6l miasteniczny

IF — punkty impact factor

MNISW — punkty Ministerstwa Nauki 1 Szkolnictwa Wyzszego



STRESZCZENIE

Miastenia (MG) jest rzadka autoimmunologiczng chorobg zlacza nerwowo-migsniowego
powodujaca meczliwose 1 ostabienie sity mig$ni szkieletowych. U okoto 90% pacjentow z MG
wystepuja patogenne przeciwciala przeciwko receptorowi dla acetylocholiny (anty-AChR) lub

przeciwko kinazie tyrozynowej specyficznej dla mig$ni (anty-MuSK).

MG nalezy do chorob rzadkich, a dostepne dane epidemiologiczne sg skape, oparte
na roéznorodnej metodyce oraz niewielkich populacjach pacjentow, co powoduje znaczace
rozbieznosci w wynikach. W ostatnich latach uzyto baz receptowych pirydostygminy jako
narze¢dzia do badan epidemiologicznych nad objawowa MG w Norwegii, Portugalii, Kolumbii,
Chile 1 Australii. Epidemiologia 1 leczenie MG nie byly dotychczas badane w populacji
polskiej.

MG jest chorobg przewlekta, u czesci pacjentow o cigzkim przebiegu. W leczeniu objawowym
MG wykorzystuje si¢ dwa leki bedace inhibitorami acetylocholinesterazy: bromek
pirydostygminy 1 chlorek ambenonium. Cze$¢ pacjentbw wymaga ponadto leczenia
immunosupresyjnego, wielokrotnych hospitalizacji 1 specjalistycznej opieki. W przebiegu
choroby dochodzi¢ moze do zagrazajacych zyciu tzw. przeloméw miastenicznych, tj. ostrej

niewydolnosci oddechowej spowodowanej ostabieniem mi¢sni w przebiegu MG.
Celami pracy jest:

1. Ocena epidemiologii miastenii wymagajacej leczenia objawowego w Polsce,
2. Ocena sposobu leczenia miastenii, liczby hospitalizacji, wystgpowania przelomu
miastenicznego jako posrednich miernikéw cigzko$ci przebiegu tej choroby w catej

polskiej populacji.
Material i metoda:

Celem oceny epidemiologii i leczenia MG uzyliSmy bazy Narodowego Funduszu Zdrowia
(NFZ). Bromek pirydostygminy i chlorek ambenonium w okresie badania byly refundowane
w Polsce tylko we wskazaniu MG. Wykorzystujac baze NFZ zidentyfikowalismy wszystkie
recepty na bromek pirydostygminy i chlorek ambenonium przepisane w okresie od 1 stycznia
2012 do 31 grudnia 2018. Jako pacjenta z MG zdefiniowaliSmy osob¢ z co najmniej jednym
swiadczeniem medycznym kodowanym w ICD-10 jako MG (G70), ktora otrzymata
co najmniej dwie recepty na pirydostygmine lub ambenonium w ciggu dwoch nastepujacych

po sobie lat.



Wyniki:

Pierwszy etap badan miat na celu oceng¢ epidemiologii MG leczonej objawowo, zbadanie
zapadalnosci oraz chorobowosci w Polsce, jak réwniez oceng trendow zapadalnosci

1 chorobowosci w kilkuletnim okresie obserwacji.

W 2018r. zapadalno$¢ na MG wyniosta 2,36/100 000 mieszkancow, 2,54 dla kobiet 1 2,16 dla
me¢zezyzn z przewaga kobiet do 50rz, niewielkim szczytem zapadalnosci u kobiet pomiedzy
20 a 29 rz 1 niskg zapadalnos$cig do 60 rz u kobiet 1 50 rzZ u m¢zczyzn oraz wyraznym wzrostem
zapadalnosci u obu plci powyzej 60 rz. Zapadalno$¢ na miasteni¢ o wczesnym poczatku
(EOMGQG) byta znamienne wyzsza u kobiet (p<0,001), natomiast zapadalno$¢ na MG o p6znym
poczatku (LOMG) — znamienne wyzsza u mezczyzn (p<0,005). W latach 2013-2018

obserwowano wzrost zapadalnos$ci zwigzany ze wzrostem zapadalnosci na LOMG.

W 2018r. zidentyfikowalismy 8702 pacjentow z MG w Polsce, K:-M 1,65:1. Chorobowos¢
wyniosta 22,65/100 000 mieszkancow, 27,30 dla kobiet i 17,69 dla mezczyzn (p<0,001). Sredni
wiek chorego w 2018r. wyniost 58,54 lat dla kobiet 1 65,13 lat dla mezczyzn (p<0,001).
Chorobowos¢ w grupie wiekowej <50 rz wynosita 9,21/100 000 mieszkancow, podczas gdy
od 50rz wzrastala az do 45,36/100 000 mieszkancow. U kobiet <50 rz chorobowos$¢
przekraczata ponad 3-krotnie chorobowos$¢ u mezczyzn (p<0,001); od 50 rz nie obserwowano
znaczacych réznic w chorobowosci pomiedzy pilciami. Najwyzsza chorobowo$¢ wyniosta
71,45 pacjentow/100 000 mieszkancoéw i dotyczyta populacji w wieku 80-89 lat (59,65/100 000
u kobiet 1 96,25/100 000 u megzczyzn). W okresie 2013-2018 obserwowano wzrost

chorobowosci, gtownie dotyczacy populacji w wieku 50 lat 1 wiece;.

W drugim etapie badania ocenitam sposob leczenia chorych na MG, tj. zastosowanie lekow
immunosupresyjnych, liczb¢ hospitalizacji, w tym leczenie dozylnymi immunoglobulinami
(IVIG) 1 plazmaferezami (PE), hospitalizacje w oddziatach intensywnej opieki medyczne;j
(OIT) oraz smiertelnos¢ pacjentéw z MG w populacji polskiej. Badanie objeto catg kohorte

chorych zidentyfikowanych w badaniu poswieconym epidemiologii MG.

Na dzien 1 stycznia 2019r., 33,7% pacjentow z miastenia bylo leczonych
glikokortykosteroidami (CS) lub innymi lekami immunosupresyjnymi (IS), w tym istotnie
wiekszy odsetek leczonych CS lub IS dotyczyt mezczyzn (p<0,001); 66,3% pacjentow z MG
otrzymywato jedynie leczenie objawowe. W 2018r. 42,3% pacjentow z MG wymagato
minimum jednej hospitalizacji z dowolnego wskazania, za$ 13,7% wymagato hospitalizacji

z powodu MG. W 2018r. 1,3% pacjentow byto hospitalizowanych wiecej niz dwukrotnie



z powodu MG, w latach 2013-2018 bylto to migdzy 1,3-1,6%; niewielki odsetek (0,09%, N=8)
pacjentow wymagal wielokrotnych (10 lub wiegcej) hospitalizacji rocznie w zwigzku
z cyklicznym leczeniem IVIG lub PE. Pacjenci wymagajacy wielokrotnych (>2 rocznie)
hospitalizacji byli znamiennie mtodsi 1 czgsciej leczeni CS lub IS (p<0,01); nie obserwowano
roznic w zaleznosci od plci. Srednia dtugo$é hospitalizacji pacjenta z MG w 2018r. wyniosta
8,34 +/- 10 dni na osobg 1 byta znamiennie dtuzsza w przypadku hospitalizacji z powodu MG
niz z innych przyczyn (p<0,01). Hospitalizacje u pacjentéw z przelomem miastenicznym (MC)
(definiowanym jako hospitalizacja w OIT z glownym rozpoznaniem miastenii (G70),
niewydolnosci oddechowej (J95, J96), asfiksji (R09), innych i nieokreslonych zaburzen
oddychania (R06.8)), byly znamiennie dtuzsze (§rednio 21+/- 21,9 dni na osob¢) od pozostatych
hospitalizacji z powodu MG (p<0,01). Pacjenci leczeni PE byli hospitalizowani znamiennie

dtuzej niz pacjenci leczeni IVIG (z wyjatkiem 2015r.).

W 2018r. 11,86% hospitalizowanych z powodu MG (1,63% wszystkich pacjentow z MG) byto
leczonych PE, a 16,95% (2,33% wszystkich pacjentow z MG) — IVIG. Ogdlnie, 26,6%
pacjentow hospitalizowanych z powodu MG wymagato leczenia IVIG 1lub PE
(2,1% wszystkich pacjentow z MG). Pacjenci wymagajacy wielokrotnych (>2 rocznie) cykli
leczenia IVIG lub PE byli istotnie miodsi 1 czesciej leczeni CS lub IS (p<0,01) niz pozostali.

W latach 2013-2018 od 16,4 do 21,2% pacjentéw hospitalizowanych z powodu MG wymagato
pobytu w OIT, 15,25% pacjentéw hospitalizowanych z powodu MG miato MC, zgodnie

z kryteriami przyjetymi w badaniu.

Sredni wiek w chwili $§mierci pacjentow z MG wynidst 75,7 lat i nie byt nizszy niz w populacji
ogolnej. Ogolna $miertelno$¢ u pacjentow z MG w populacji polskiej w latach 2013-2018
wynosita 3,1-3,5% rocznie 1 byla istotnie wyzsza u mezczyzn niz u kobiet (p<0,01).
Smiertelno$é pacjentéw hospitalizowanych w OIT byta wysoka i wynosita od 17,2 do 22%,
co stanowi 2,0-4,4% pacjentdow hospitalizowanych z powodu MG. Wewnatrzszpitalna
smiertelnos¢ pacjentow w MC wynosita od 10,6 do 18,5% rocznie i nie réznita istotnie si¢
pomiedzy plciami.

Whioski:

MG wymagajaca leczenia objawowego jest chorobg rzadka, obserwuje si¢ jednak rosngcg
zapadalnos$¢ 1 chorobowos¢, szczegolnie w grupie pacjentow powyzej 50 rz. Okoto jedna trzecia
pacjentow z MG wymaga leczenia CS lub IS — ci pacjenci stanowig wigkszo$¢ w grupie chorych

wymagajacych hospitalizacji (w tym wielokrotnych). Okoto 14% pacjentéw z MG wymaga



co najmniej jednej hospitalizacji rocznie z powodu MG, te hospitalizacje sg istotnie dluzsze niz
z powodow innych niz MG. Ponad jedna czwarta pacjentow hospitalizowanych z powodu MG
wymaga wysokokosztowego leczenia jak IVIG lub PE, czasem wielokrotnie w ciggu roku.
Okoto 15% pacjentow hospitalizowanych z powodu MG wymaga leczenia w OIT.
Smiertelno$¢ w MC pozostaje wysoka mimo ogdlnej poprawy przezywalno$ci pacjentow

z MG.

Mimo relatywnie niewielkiej liczby chorych obcigzenie systemu opieki zdrowotnej
spowodowane MG jest znaczace, szczegOlnie z uwagi na duza potrzebe leczenia
immunosupresyjnego, leczenia prowadzonego w warunkach szpitalnych, wystepowanie
ciezkich zaostrzen w przebiegu choroby 1 ryzyko $mierci w przebiegu przetomu

miastenicznego.
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ABSTRACT

Epidemiology and treatment of myasthenia gravis in Poland

Myasthenia gravis (MQG) is a rare autoimmune disorder of the neuromuscular junction causing
skeletal muscles weakness and fatigability. Approximately 90% of MG patients have
pathogenic antibodies against acetylcholine receptor (anti-AChR) or muscle-specific tyrosine

kinase (anti-MuSK).

MG is a rare disease and the available epidemiological data are sparse, based on a variety of
methodologies and small patient populations, resulting in significant discrepancies in the
results. In recent years, pyridostigmine prescription databases have been used as a tool for
epidemiological studies of symptomatic MG in Norway, Portugal, Colombia, Chile
and Australia. Epidemiology and treatment of MG have not been studied in the Polish

population so far.

MG is a chronic disease, in some patients - severe. Symptomatic treatment of MG is based on
the acetylcholinesterase inhibitors: pyridostigmine bromide and ambenonium chloride. Some
of the patients require also immunosuppressive treatment, multiple hospitalizations and
specialist care. There is a risk of life-threatening exacerbation of symptoms called myasthenic

crises, defined as an acute respiratory failure caused by muscle weakness due to MG.

The aims of the study are:
1. Assessment of the epidemiology of symptomatic MG in Poland,
2. Assessment of the methods of treatment of MG, the number of hospitalizations,
the occurrence of myasthenic crisis and deaths as indirect measures of the severity

of this disease in the entire Polish population.

Material and methods:

During the study period, pyridostigmine bromide and ambenonium chloride were reimbursed
in Poland only in MG. Using the database of the National Health Fund (NFZ), we have
identified all prescriptions for pyridostigmine bromide and ambenonium chloride prescribed

between January 1, 2012 and December 31, 2018. MG patient was defined as a person with
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at least one medical service coded in ICD-10 as MG (G70) who received at least 2 prescriptions

for pyridostigmine bromide or ambenonium chloride in two consecutive years.
Results:

The first stage of the study was to assess the epidemiology of symptomatic MG, to investigate
its incidence and prevalence in Poland, as well as to assess the incidence and prevalence trends

during observation period.

In 2018, the incidence of MG was 2.36 / 100,000 inhabitants, 2.54 for women and 2.16 for men
with a predominance in women up to 50 years of age, a small peak in the incidence in women
between 20 and 29 years of age and low incidence up to 60 years of age in women and 50 years
of age in men. Marked increase in the incidence was observed in both sexes over 60 years of
age. The incidence of early-onset myasthenia gravis (EOMG) was significantly higher in
women (p <0.001), while the incidence of late-onset MG (LOMG) was significantly higher in
men (p <0.005). In the period 2013-2018, an increase in the incidence was observed, caused by

the increase in the incidence of LOMG.

In 2018, we have identified 8702 patients with MG in Poland, F: M 1.65: 1. Prevalence ratio
was 22.65/100,000 inhabitants, 27.30 for women and 17.69 for men (p <0.001). The average
age of the MG patient in 2018 was 58.54 years for women and 65.13 years for men (p <0.001).
The point prevalence in the age group <50 was 9.21/100,000 inhabitants, while since the age
of 50 it increased to 45.36/100,000 inhabitants. In women <50 years of age, the prevalence was
more than three times higher than in men (p <0.001); since the age of 50, no significant gender
differences were observed. The peak prevalence was 71.45 patients/100,000 inhabitants and
was observed in patients aged 80-89 (59.65/100,000 for women and 96.25/100,000 for men).
In the period 2013-2018 there was a discernible increase in MG prevalence, noted in the

population aged 50 and more.

In the second stage of the study, I have assessed the treatment of patients with symptomatic
MG: the use of immunosuppressants, the number of hospitalizations, including treatment with
intravenous immunoglobulins (IVIG) or plasmapheresis (PE), hospitalizations in intensive care
units (ICU) and the mortality of patients with MG. The study included the entire cohort
of patients identified in the epidemiological MG study.

12



To date, the literature data on the treatment of MG mostly come from the single-center analyzes
or hospital registries, which may cause bias towards the patients with more severe course of the

disease, as they more often require hospitalization or care in referral centers.

On January 1, 2019, 33.7% of MG patients were treated with glucocorticosteroids (CS) or other
immunosuppressive drugs (IS). There was significantly higher percentage of patients treated
with CS or IS in men than in women (p <0.001); 66.3% of MG patients received only
symptomatic treatment. In 2018, 42.3% of MG patients required at least one hospitalization due
to any indication, and 13.7% required hospitalization due to MG. In 2018, 1.3% of patients
were hospitalized more than twice due to MG, in the period 2013-2018 it was 1.3-1.6%; a small
percentage (0.09%, N = 8) of patients required multiple (10 or more) hospitalizations per year
due to cyclical IVIG or PE treatment. Patients requiring multiple hospitalizations (more than
two per year) were significantly younger and more often treated with CS or IS (p <0.01); no
gender differences were observed. Average length of hospitalization of a MG patient in 2018
was 8.34 +/- 10 days per person and was significantly longer if the hospitalization was due to
MG than other indications (p <0.01). Hospitalizations in patients with myasthenic crisis
(MC; defined as hospitalization in ICU with the main diagnosis of MG (G70), respiratory
failure (J95, J96), asphyxia (R09), other and unspecified breathing disorders (R06.8)), were
significantly longer (mean 21+/- 21.9 days per person) in comparison with the other
hospitalizations due to MG (p<0.01) Patients treated with PE were hospitalized significantly
longer than patients treated with IVIG (with the exception of 2015).

In 2018, 11.86% of the patients hospitalized due to MG (1.63% of all MG patients) were treated
with PE, and 16.95% (2.33% of all MG patients) — with IVIG. Overall, 26.6% of patients
hospitalized due to MG required IVIG or PE treatment (2.1% of all MG patients). Patients
requiring multiple (more than 2 per year) cycles of IVIG or PE treatment were significantly

younger and more often treated with CS or IS (p <0.01).

In 2013-2018, 16.4 to 21.2% of patients hospitalized due to MG required ICU stay, 15.25%
of patients hospitalized due to MG had MC, according to the criteria described above.

The mean age at death of patients with MG was 75.7 years and was not lower than in the general
population. The overall mortality in patients with MG in the Polish population in 2013-2018
was 3.1-3.5% per year and was significantly higher in men than in women (p<0.01). Mortality

of patients hospitalized in ICU was high and ranged from 17.2 to 22%, which stands for

13



2.0-4.4% of patients hospitalized due to MG. The in-hospital mortality of patients in MC ranged
from 10.6 to 18.5% per year and did not differ significantly between the sexes.

Conclusions: MG requiring symptomatic treatment is a rare disease, with an increasing

incidence and prevalence, especially in the group of the patients over 50 years of age.

Despite the relatively small number of patients, the burden on the healthcare system caused
by MG is significant, especially due to high need of immunosuppressive therapy, inpatient

treatment, severe exacerbations in the course of the disease, and the risk of death due to MC.
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Wstep

Miastenia (MG) jest rzadka autoimmunologiczng chorobg zlacza nerwowo-migsniowego

powodujaca meczliwose 1 ostabienie sity migsni szkieletowych.

Cechg charakterystyczng miastenii jest wystepowanie zmiennego ostabienia migsni
gatkoruchowych, twarzy, konczyn lub oddechowych, wystepujacego ze zrdznicowanym
nasileniem 1 wzorcami objawow. Wyrdézniamy dwie kliniczne postaci miastenii: oczng
1uogdlniong. W zalezno$ci od stwierdzanych patogennych przeciwcial: przeciwko receptorowi
dla acetylocholiny (anty-AChR) lub swoistej dla migsni kinazie tyrozynowej (anty-MuSK)
miasteni¢ mozemy podzieli¢ na seropozytywng (z obecnymi przeciwcialami anty-AChR),
MuSK-MG i podwdjnie seronegatywng (bez obecnosci przeciwciat). Okoto potowa pacjentow
z miastenig oczng i okoto 85-90% z miastenig uogodlniong jest seropozytywna. W analizach

1

pacjentow z naszego osrodka pacjenci z przeciwciatami anty-AChR stanowili 92%

a z przeciwciatami anty-MuSK - 8.7% sposrod pacjentdw bez przeciwciat anty-AChR °.

U ponad 50% pacjentéw z MG poczatkowo wystepuja izolowane objawy oczne pod postacig
ptozy lub diplopii. Ponad potowa sposrdd pacjentéw z poczatkowymi izolowanymi objawami
ocznymi rozwinie uogoélniong posta¢ choroby. Okoto 15% pacjentow rozwija objawy
opuszkowe, w tym dyzartri¢, dysfagie, trudnosci w gryzieniu lub zuciu pokarmoéw. U mniej niz
5% pacjentow wystepuje izolowane proksymalne ostabienie mi¢sni konczyn. Objawy czesto
fluktuuja w ciggu dnia, nasilajg si¢ wieczorem lub po wysitku, ustepuja po odpoczynku. Objawy
opuszkowe oraz ostabienie migsni oddechowych mogg prowadzi¢ do ostrej niewydolnosci
oddechowej wymagajacej respiratoroterapii, czyli tzw. przetomu miastenicznego, ktory

wystepuje u okoto 15-20% pacjentdw z miastenia °.

Rozpoznanie miastenii opiera si¢ na wystepowaniu charakterystycznych objawéw klinicznych,
testach przylézkowych (,,ice pack test”, historycznie proba z edrofonium), probach
elektrofizjologicznych (elektrostymulacyjna proba meczliwosci, zwana réwniez proba
miasteniczng 1 elektromiografia pojedynczego widkna mig$niowego) oraz badaniu obecnosci
patogennych przeciwciat: przeciwko receptorowi acetylocholiny, przeciwko biatku swoistej
dla migsni kinazy tyrozyny lub przeciwko biatku LRP4 (ang. low-density lipoprotein receptor-
related protein 4) w surowicy pacjenta *°. Z uwagi na ryzyko wystepowania grasiczaka

stwierdzanego u okolo 10-15% pacjentéw z MG ©, w diagnostyce MG niezbedne sa badania
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obrazowe klatki piersiowej (tomografia komputerowa bez kontrastu lub badanie metoda

rezonansu magnetycznego srodpiersia).

Leczenie objawowe MG polega na stosowaniu inhibitorow acetylocholinesterazy, w tym
bromku pirydostygminy i chlorku ambenonium. Leczenie MG w Polsce prowadzone jest
w oparciu o miedzynarodowe wytyczne ', zgodnie z ktorymi leczenie inhibitorami
acetylocholinesterazy stanowi pierwszg lini¢ leczenia u wigkszosci pacjentow z MG. Wyjatek
od tej reguty moga stanowi¢ pacjenci z przeciwciatami przeciwko biatku MuSK, u ktorych
obserwuje si¢ czgsto brak poprawy po zastosowaniu pirydostygminy lub jej nietolerancije °.
W przypadku niewystarczajacej poprawy po inhibitorach acetylocholinesterazy zaleca si¢
wlaczenie leczenia CS. Niesterydowe IS znajduja zastosowanie jako leczenie dotgczone do CS
w przypadku niewystarczajgcej poprawy po CS, koniecznosci redukcji dawki CS z uwagi
na ich skutki uboczne lub bez CS w przypadku przeciwwskazan do ich stosowania. PE 1 IVIG
stanowig leczenie z wyboru w przypadku zagrazajacego przetomu miastenicznego. Cykliczne
leczenie IVIG moze by¢ rozwazone u pacjentow z MG oporng na leczenie, u ktorych istnieja

przeciwwskazania do IS.

Aktualnie w Polsce leczenie IVIG w MG jest refundowane w ramach Programu NFZ ,,Leczenie
przetoczeniami immunoglobulin w chorobach neurologicznych” (B.67). IVIG do leczenia
miastenii w programie B.67 mozna zastosowa¢ w przypadku wystgpienia jednego

z ponizszych:
1) pojemnos¢ zyciowa nizsza lub réwna 20ml/kg m.c;
2) retencja CO; (ci$nienie parcjalne powyzej 45 mmHg);
3) spadki saturacji pomimo petnej suplementacji tlenem SpO, ponizej 93%;

4) narastanie zaburzen oddechowych wymagajacych mechanicznej wentylacji lub

narastajacy zespot opuszkowy;
5) brak skutecznosci leczenia kortykosteroidami lub przeciwskazania do ich stosowania;
6) terapia pomostowa przed zabiegiem operacyjnym;

7) nasilenie objawow miastenii w okresie cigzy.
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Oznacza to jednoznaczne przeznaczenie IVIG do leczenia MG u pacjentéw z nasilonymi,

groznymi dla zycia objawami.

Obecne dane wskazujg na porownywalng skutecznos$¢ leczenia PE 1 IVIG, z zastrzezeniem
szybszego dzialania PE. Wybor pomiedzy dwoma terapiami zalezy migdzy innymi od chorob

wspolistniejacych i dostepnosci wybranej formy leczenia .

Tymektomia jest leczeniem z wyboru u pacjentdéw z MG zwigzang z grasiczakiem. Ponadto
tymektomi¢ nalezy rozwazy¢ u wszystkich pacjentow z uogélniong MG z przeciwciatami
anty-AChR w wieku od 18 do 50 lat *°. Tymektomia powinna zosta¢ rozwazona u dzieci
z uogdlniona MG z przeciwciatami anty-AChR ’. Tymektomie mozna rozwazyé u pacjentow
z uogodlniong MG bez przeciwcial anty-AChR z niewystarczajacg odpowiedzig na IS lub w celu
zminimalizowania skutkdw ubocznych leczenia IS. Obecnie nie ma danych potwierdzajacych

skuteczno$¢ tymektomii u pacjentdw z przeciwciatami anty-MuSK 1 anty-LRP4.

Z uwagi na ustalony algorytm leczenia MG, informacje o sposobie leczenia stanowig posrednig

informacj¢ na temat ciezkosci przebiegu choroby.

MG jest przewlektym schorzeniem, niejednokrotnie o cigzkim przebiegu. Cz¢$¢ pacjentow
wymaga leczenia immunosupresyjnego, wielokrotnych hospitalizacji 1 specjalistycznej opieki.
Z tego powodu dane epidemiologiczne maja kluczowe znaczenie dla szacowania zasobow

ochrony zdrowia niezbg¢dnych do opieki nad pacjentami z MG.

Dotychczasowe dane epidemiologiczne dotyczace MG pochodza z badan o roéznorodnej
metodyce, cze¢sto bazujacych na niewielkich, dobrze zdefiniowanych populacjach pacjentow,
co powoduje znaczace rozbiezno$ci w wynikach '°. W ostatnich latach zaproponowano uzycie
rejestrow recept na pirydostygmine jako narzedzia epidemiologicznego ''. Pirydostygmina
1 ambenonium sg lekami stosowanymi do leczenia objawowego miastenii. MG stanowi niemal
wytaczne wskazanie do stosowania tych lekow, ponadto w analizowanym okresie oba leki byly
w Polsce refundowane w tym wskazaniu. Prace badajace epidemiologi¢ i1 leczenie MG oparte
rejestrach pirydostygminy powstaty w Australii, Norwegii, Portugalii, Kolumbii, Chile '

Niektére z niedawnych doniesien sugerowaty rosngca w czasie zapadalnos$¢ i chorobowos¢

MG, gtéwnie LOMG ',

Aktualnie, wigkszo$¢ badan dotyczacych leczenia MG opiera si¢ na szpitalnych rejestrach lub

predefiniowanych populacjach pacjentow, np. wytacznie chorych z objawami uogo6lnionymi,
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co powoduje tendencje do przeszacowania liczby chorych z MG o cigzkim przebiegu, ktorzy
zwykle stanowig znaczacg cze$¢ populacji w os$rodkach o wysokiej referencyjnosci
prowadzacych rejestry. Dotychczas powstaly dwa badania dotyczace leczenia

farmakologicznego pacjentéw z MG opierajace sie na rejestrach pirydostygminowych 27,

Epidemiologia 1 leczenie MG nie byty dotychczas badane w populacji polskiej. Fakt, ze
w Polsce ubezpieczenie zdrowotne zapewniane jest przez jedynego ubezpieczyciela niemal
catej populacji kraju pozwolit na badanie epidemiologii, analiz¢ trendow zapadalnosci,
chorobowosci a takze leczenia w czasie. Zastosowane kryteria (minimum jedno $wiadczenie
z rozpoznaniem MG 1 minimum 2 recepty na pirydostygming lub ambenonium) redukuja
ryzyko wiaczenia chorych z podejrzeniem MG, ktorym wystawiono recept¢ na inhibitory

acetylocholinesterazy, a u ktorych dalsza obserwacja w kierunku MG okazata si¢ negatywna.

Przyjeta metodyka powoduje pewne ograniczenia niniejszej pracy. Istnieje niewielkie ryzyko
wlaczenia do badania pacjentéw z wrodzonymi zespotami miastenicznymi (WZM),
szczegoOlnie w najmtodszej grupie wiekowej, jednak z uwagi na ultrarzadkie wystgpowanie
WZM, wplyw tego zjawiska powinien by¢ marginalny. Publikowane dane epidemiologiczne
dotycza jedynie pacjentow z objawowa MG, tj. takich, ktorzy wymagaja wlaczenia leczenia
objawowego, stad ogolna liczba chorych z MG uwzgledniajagca osoby w remisji (nie
wymagajgce farmakoterapii) moze by¢ wigksza niz przedstawiona w pracy. W analizie brak
jest danych dotyczacych statusu serologicznego pacjentow. Przyjeta metodyka moze
powodowac¢ niedoszacowanie liczby pacjentéw z MG z powodu niewtgczenia chorych, ktorzy
do konca okresu obserwacji otrzymali tylko jedng recepte na pirydostygming lub ambenonium,
zmarli krotko po postawieniu diagnozy, lub kontynuowali leczenie wylacznie w sektorze

prywatnym ochrony zdrowia 1 korzystali z recept bez refundacji NFZ.
Uzasadnienie polaczenia wybranych publikacji w jeden cykl

Niniejszy cykl publikacji wykorzystujac jednolita metodyke w sposdb kompleksowy opisuje
populacje pacjentow z objawowa MG w Polsce. Obie publikacje wykorzystujg te¢ sama,
zidentyfikowang na podstawie opisanych ponizej jednolitych kryteridw witaczenia populacje
pacjentow z objawowa MG w okresie od 1 stycznia 2012 do 31 grudnia 2018. W pierwszej
publikacji identyfikuje chorych z objawowa MG i1 badam epidemiologic MG w populacji
polskiej; druga publikacja stanowi kontynuacje badan. W zidentyfikowanej poprzednio

populacji analizuje stosowanie lekow immunosupresyjnych, leczenie szpitalne, ze szczegdlnym
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uwzglednieniem wysokokosztowych metod leczenia (IVIG, PE) stosowanych w stanach
znacznego pogorszenia lub w przelomie miastenicznym (MC), czasu hospitalizacji, pobytow
w OIT, charakterystyki chorych wymagajacych czgstych hospitalizacji 1 leczenia IVIG 1 PE,

oceniam liczby chorych w MC 1 $§miertelnos$¢ chorych z MG, w tym $miertelnosci w OIT.
Osiagnie¢cia naukowe kandydata na tle dotychczasowego stanu wiedzy

Ukonczylam studia na kierunku lekarskim w trybie stacjonarnym na I Wydziale Lekarskim
Uniwersytetu Medycznego w Lublinie z wynikiem bardzo dobrym. Z Klinikg Neurologii
Uniwersyteckiego Centrum Klinicznego Warszawskiego Uniwersytetu Medycznego jestem
zwigzana od 2013r., kiedy rozpoczetam szkolenie specjalizacyjne w ramach rezydentury.
W listopadzie 2021r. ztozylam Panstwowy Egzamin Specjalizacyjny w dziedzinie Neurologii,

a obecnie pracuje¢ na stanowisku starszego asystenta w Klinice Neurologii UCK WUM.

W czasie szkolenia specjalizacyjnego uczestniczylam w kilku projektach naukowych
zwiazanych z MG, ktora stanowi gtéwne pole moich zainteresowan naukowych i klinicznych,
a ktore zaowocowaly publikacjami w pismach krajowych 1 zagranicznych o zbiorczym IF
16,288, MNISW 513. Od 2019r. uczestnicz¢ takze w badaniach klinicznych fazy 2 1 3

prowadzonych w Klinice Neurologii u pacjentow z MG.

W czasie rezydentury szkolitam si¢ w USG Doppler tetnic szyjnych 1 przezczaszkowym oraz

rozpoczetam szkolenie w zakresie elektromiografii.

W poczatkowych latach specjalizacji uczestniczytam w projekcie naukowym dotyczacym
diagnostyki obrazowej w ostrej fazie udaru we wspotpracy z Politechnika Warszawska.
Wspotpraca ta zaowocowata moim wspoOtautorstwem w pracy oryginalnej dotyczacej
przestrzennych obszarow mozgu w tomografii komputerowej do lokalizacji udaru
niedokrwiennego we wczesnej jego fazie oraz wspotautorstwem w licznych doniesieniach

zjazdowych 1 rozdziatach monografii.

Ponadto, bytam aktywnym uczestnikiem licznych konferencji 1 zjazdow naukowych, co
zaowocowalo zdobyciem wyrdznienia za najlepsze doniesienie naukowe prezentowane
podczas sesji plakatowej w kategorii Choroby Naczyniowe ukladu nerwowego (Zjazd
Polskiego Towarzystwa Neurologicznego, 2017), wyrdznienia za najlepsza prezentacje
plakatowa (Zjazd Polskiego Towarzystwa Neurologicznego, 2014) oraz trzykrotnie stypendium

dla Mtodych Neurologéw Europejskiej Akademii Neurologii (2016, 2020, 2021), jak rowniez
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publikacjami naukowymi.

Jestem autorka 4 prac oryginalnych dotyczacych MG, z czego dwie stanowig przedmiot
niniejszej pracy doktorskiej, a kolejne dwie dotycza badania poziomow cytokin
w MG- czynnika aktywujacego przezycie i roznicowanie limfocytow B oraz IL-15 w populacji
chorych z naszego o$rodka. Jestem wspotautorky pracy oryginalnej dotyczacej jakosci zycia
pacjentow z MG oraz pracy pogladowej na temat leczenia MG w stanach nagtych, a takze
licznych  doniesien zjazdowych (ustnych 1 plakatowych) na zjazdach krajowych

1 zagranicznych.

Od poczatku pracy w Klinice jestem zwigzana w zakresie wspoOtpracy naukowej z moim
Promotorem, Panig Profesor dr hab. n. med. Anng Kosterg-Pruszczyk oraz Promotorem
Pomocniczym, Doktorem n.med. Piotrem Szczudlikiem. W zespole tym powstaty wszystkie

wymienione prace dotyczace MG.
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Zalozenia i cel pracy

Opieka zdrowotna w Polsce realizowana jest w ramach utworzonego w 2004 roku systemu
opieki zdrowotnej finansowanego ze $rodkow publicznych o nazwie Narodowy Fundusz
Zdrowia (NFZ), ktory obejmuje prawie catg populacje. NFZ to obowigzkowe ubezpieczenie
zdrowotne dla wszystkich zatrudnionych obywateli Polski, zarejestrowanych bezrobotnych,
wszystkich nieletnich bez wzgledu na status zawodowy rodzicow oraz wszystkich emerytow.
Swiadczenia zdrowotne kodowane sa diagnozami zgodnie z Migdzynarodowa Statystyczna
Klasytfikacja Chorob i1 Problemow Zdrowotnych (ICD-10). Krajowa baza danych recept

gromadzi informacje o wszystkich refundowanych receptach.

Bromek pirydostygminy i1 chlorek ambenonium w okresie badania byly refundowane w Polsce
tylko we wskazaniu MG (G70). Wykorzystujac baze NFZ, zidentytikowaliSmy wszystkie
recepty na bromek pirydostygminy i chlorek ambenonium przepisane w okresie od 1 stycznia
2012 do 31 grudnia 2018. Jako kryteria wlaczenia przyjeliSmy: co najmniej 1 $wiadczenie
medyczne kodowane w ICD-10 jako MG (G70) oraz co najmniej 2 recepty na pirydostygmine

lub ambenonium w ciggu 2 nastepujacych po sobie lat.
Celem pracy byty:

(1) ocena zapadalnosci i chorobowosci MG w populacji polskiej, jak rowniez ich rozktadu
wzgledem plci 1 wieku,

(2) ocena trendow zapadalno$ci i1 chorobowosci w czasie, w tym weryfikacja tezy
o rosngcej zapadalnosci 1 chorobowosci MG,

(3) ocena ilosci pacjentdéw wymagajacych leczenia immunosupresyjnego, leczenia IVIG
lub PE, hospitalizacji z powodu MG,

(4) posrednia ocena obcigzenia systemu ochrony zdrowia MG na podstawie liczby
hospitalizacji, ich dtugos$ci, koniecznosci wysokospecjalistycznego leczenia w tym
IVIG, PE, pobytow w OIT,

(5) ocena liczby pacjentow z przetomem miastenicznym,

(6) ocena S$miertelnosci, w tym rowniez S$miertelnosci pacjentow w przetomie

miastenicznym.

21



Kopie opublikowanych prac

1.

Sobieszczuk, Ewa, Napiorkowski, Lukasz, Szczudlik, Piotr, Kostera-Pruszczyk, Anna.
(2021). Myasthenia Gravis in Poland: National Healthcare Database Epidemiological
Study. Neuroepidemiology. 55. 1-8. 10.1159/000512973.

Sobieszczuk, Ewa, Napiorkowski, Lukasz, Szczudlik, Piotr, Kostera-Pruszczyk, Anna.
(2022). Myasthenia gravis—treatment and severity in nationwide cohort. Acta

Neurologica Scandinavica. 10.1111/ane.13576.

22



Original Paper

Neuroepidemiology

Neuroepidemiology 2021;55:62-69
DOI: 10.1159/000512973

Received: August 13,2020
Accepted: November 9, 2020
Published online: February 19, 2021

Myasthenia Gravis in Poland: National
Healthcare Database Epidemiological

Study

Ewa Sobieszczuk? tukasz Napiérkowski® Piotr Szczudlik?

Anna Kostera-Pruszczyk?

2Department of Neurology, Medical University of Warsaw, Warsaw, Poland; PDepartment of Analyses and

Innovation, National Health Fund, Warsaw, Poland

Keywords

Myasthenia gravis - Pyridostigmine prescriptions -
Ambenonium prescriptions - Symptomatic treatment -
Epidemiology

Abstract

Introduction: Myasthenia gravis (MG) is a rare autoimmune
disorder of the neuromuscular junction. MG epidemiology
has not been studied in Poland in a nationwide study before.
Methods: Our epidemiological data were drawn from the
National Health Fund (Narodowy Fundusz Zdrowia, NFZ) da-
tabase; an MG patient was defined as a person who received
at least once medical service coded in ICD-10 as MG (G70)
and at least 2 reimbursed prescriptions for pyridostigmine
bromide (Mestinon®) or ambenonium chloride (Mytelase”) in
2 consecutive years. Results: On 1st of January 2019, 8,702
patients with MG were receiving symptomatic treatment
(female:male ratio: 1.65:1). MG incidence was 2.36/100,000.
The mean age of incident cases in 2018 was 61.37 years,
59.17 years for women and 64.12 years for men. Incidence of
early-onset MG (<50 vyears) was 0.80/100,000 and
4.98/100,000 for late-onset MG (LOMG), with male predomi-
nance in LOMG. Prevalence was 22.65/100,000. In women,

there was a constant increase in prevalence of symptomatic
MG from the first decade of life up to 80-89 years. In men, an
increase in prevalence appeared in the 6th decade. The high-
est prevalence was observed in the age group of 80-89
years: 59.65/100,000 in women and 96.25/100,000 in men.
Conclusions: Our findings provide information on epidemi-
ology of MG in Poland and can serve as a tool to evaluate
healthcare resources needed for MG patients.

© 2021 S. Karger AG, Basel

Introduction

Myasthenia gravis (MG) is an autoimmune disorder of
the neuromuscular junction causing skeletal muscle
weakness and fatigability. In >90% of the patients, anti-
bodies against acetylcholine receptors or anti-MuSK are
detectable and lead to neuromuscular transmission defect
[1,2]. Treatment of MG with acetylcholinesterase inhibi-
tors, pyridostigmine bromide or ambenonium chloride,
is reccommended in symptomatic MG [3, 4].

MG is a chronic, often severe disease. Some patients
require lifelong treatment including immunosuppres-
sion, multiple hospitalizations, and specialist care. There-
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fore, epidemiological data are crucial for estimating re-
sources needed for MG patients.

Various methods were employed to study MG preva-
lence and incidence, including regional studies in well-
defined populations [5]. Use of healthcare-based pre-
scription registries of pyridostigmine was proposed as an
epidemiological tool in MG [6]. Our study aimed to eval-
uate incidence and prevalence of MG in Poland.

Materials and Methods

Healthcare in Poland is delivered through a publicly funded
healthcare system called the National Health Fund (NFZ) estab-
lished in 2004, which covers almost the complete population. NFZ
is a mandatory health insurance for all employed citizens of Po-
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land, registered unemployed, all minors, irrespective of employ-
ment status of the parents, and all retired citizens. Healthcare ser-
vices are coded with diagnoses according to the International Sta-
tistical Classification of Diseases and Related Health Problems
(ICD-10). The national prescription database collects information
on all reimbursed prescriptions. Pyridostigmine and ambenonium
are reimbursed in Poland for MG only. Therefore, we have used
the NFZ database to retrieve data of all prescriptions for pyr-
idostigmine and ambenonium dispensed between 1st of January
2012 and 31st of December 2018. Our inclusion criteria were at
least 1 medical service coded in ICD-10 as MG (G70) and at least
2 prescriptions for pyridostigmine or ambenonium in 2 consecu-
tive years. We have analyzed prevalence and incidence of MG pa-
tients.

January 1, 2019, was selected for the prevalence day. Prevalence
and incidence rates were calculated per 100,000 inhabitants. We
have assessed and compared incidence rates for 2013-2018. Inci-
dence of patients with MG was defined as new users of pyridostig-
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Table 1. Age- and sex-specific incidence of symptomatic MG in 2018

Age group,  Women Men Total
years
population  cases rates (95% CI) population cases rates (95% CI) rates (95% CI)
(n=504) (n=401)

0-9 1,907,532 1 0.05 (0.05-0.16) 2,014,892 7 0.35 (0.09-0.6) 0.20 (0.06-0.35)
10-19 1,836,446 15 0.82 (0.4-1.23) 1,931,365 6 0.31 (0.06-0.56) 0.56 (0.32-0.8)
20-29 2,310,654 35 1.51 (1.01-2.02 2,402,041 6 0.25 (0.05-0.45) 0.87 (0.6-1.14)
30-39 3,076,900 43 1.40 (0.98-1.82) 3,157,902 12 0.38 (0.16-0.59) 0.88 (0.65-1.12)
40-49 2,723,020 52 1.91 (1.39-2.43) 2,758,574 16 0.58 (0.3-0.86) 1.24 (0.95-1.54)
50-59 2,437,894 63 2.58 (1.95-3.22) 2,345,535 55 2.34 (1.73-2.96) 2.47 (2.02-2.91)
60-69 2,808,500 107 3.81 (3.09-4.53) 2,380,469 141 5.92 (4.95-6.9) 4.78 (4.18-5.37)
70-79 1,579,232 122 7.73 (6.35-9.1) 1,074,447 121 11.26 (9.26-13.27) 9.16 (8.01-10.31)
80-89 958,848 66 6.88 (5.22-8.54) 456,088 35 7.67 (5.13-10.22) 7.14 (5.75-8.53)

>90 186,190 0 0.00 (0-0) 59,517 2 3.36 (1.3-8.02) 0.81 (-0.31-1.94)
Total 19,825,216 504 2.54 18,580,830 401 2.16 2.36 (2.2-2.51)

Rates per 100,000 inhabitants. MG, myasthenia gravis.

Table 2. Sex-specific incidence of symptomatic MG in 2013-2018

Year Women Men Total
population cases rates (95% CI) population cases rates (95% CI) rates (95% CI)
(n="504) (n=401)

2013 19,866,124 445 2.24 (95% CI: 2.03— 18,629,535 348 1.87 (95% CI: 1.67-2.06) 2.06 (95% CI: 1.92-2.2)
2.45)

2014 19,858,793 390 1.96 (95% CI: 1.77- 18,619,809 332 1.78 (95% CI: 1.59-1.97) 1.88 (95% CI: 1.74-2.01)
2.16)

2015 19,839,248 504 2.54 (95% CI: 2.32— 18,597,991 363 1.95 (95% CI: 1.75-2.15) 2.26 (95% CI: 2.11-2.41)
2.76)

2016 19,839,826 491 2.47 (95% CI: 2.26— 18,593,166 398 2.14 (95% CI: 1.93-2.35) 2.31(95% CI: 2.16-2.47)
2.69)

2017 19,840,383 475 2.39 (95% CI: 2.18— 18,593,175 401 2.16 (95% CI: 1.95-2.37) 2.28 (95% CI: 2.13-2.43)
2.61)

2018 19,829,262 504 2.54 (95% CI: 2.32— 18,581,886 401 2.16 (95% CI: 1.95-2.37) 2.36 (95% CI: 2.2-2.51)
2.76)

Rates per 100 000 inhabitants. MG, myasthenia gravis.

mine or ambenonium for the first time in the particular year (1), Results

not recorded during the previous year (t — 1). If an individual ful-

filled the criteria once in the past (), even when there was a tem- Incidence

porary (>1 year) gap in prescription for pyridostigmine or ambe-
nonium afterwards, then the person was taken into incidence cal-
culations only in the (f) period.

Early-onset MG (EOMG) was defined as first symptoms before
the age of 50 and late-onset MG (LOMG) at or after the age of 50
years. Background variables were compared using crosstables with
the Pearson y test. Statistical significance was defined as p < 0.05.
Ninety-five percent confidence intervals (95% CI) were calculated
assuming Poisson’s distribution. The statistical analyses were per-
formed in R ver. 3.6.2.
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In 2018, there were 905 new users of pyridostigmine
or ambenonium resulting on January 1, 2019, in the inci-
dence of 2.36/100,000 inhabitants (95% CI: 2.20-2.51),
2.54 for women (95% CI: 2.32-2.76) and 2.16 for men
(95% CI: 1.95-2.37). Figure la shows low incidence rates
for men until the age of 50 years and women until 60 years
(with a small peak in women between 20 and 29 years)
and a sharp increase of incidence for both sexes after the
age of 60 years.
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Fig.2.a MG prevalence in men and women
depending on age categories. b MG preva-
lence in men and women over 2013-2018.
¢ PRs over 2013-2018 in MG patients de-
pending on age categories. MG, myasthe-
nia gravis; PR, prevalence rate.
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Table 3. Age- and sex-specific prevalence of symptomatic MG in 2018

Age group,  Women Men Total
ears
¥ Population cases rates (95% CI) population cases rates (95% CI) rates (95% CI)
(n=5,414) (n=3,288)

0-9 1,907,532 6 0.31 (0.06-0.57) 2,014,892 11 0.55 (0.22-0.87) 0.43 (0.23-0.64)
10-19 1,836,446 52 2.83 (2.06-3.6) 1,931,365 27 1.40 (0.87-1.93) 2.10 (1.63-2.56)
20-29 2,310,654 281 12.16 (10.74-13.58) 2,402,041 71 2.96 (2.27-3.64) 7.47 (6.69-8.25)
30-39 3,076,900 616 20.02 (18.44-21.6) 3,157,902 169 5.35 (4.54-6.16) 12.59 (11.71-13.47)
40-49 2,723,020 780 28.64 (26.63-30.65) 2,758,574 209 7.58 (6.55-8.6) 18.04 (16.92-19.17)
50-59 2,437,894 935 38.35(35.89-40.81) 2,345,535 418 17.82 (16.11-19.53) 28.29 (26.78-29.79)
60-69 2,808,500 1,188 42.30 (39.9-44.71) 2,380,469 974 40.92 (38.35-43.49) 41.67 (39.91-43.42)
70-79 1,579,232 927 58.70 (54.92-62.48) 1,074,447 939 87.39 (81.81-92.98) 70.32 (67.05-75.85)
80-89 958,848 572 59.65 (54.77-64.54) 456,088 439 96.25 (87.25-105.25) 71.45 (67.05-75.85)

=90 186,190 57 30.61 (22.67-38.56) 59,517 31 52.09 (33.76-70.42) 35.82(28.33-43.3)
Total 19,825,216 5,414 27.30 18,580,830 3,288 17.69 22.65(22.18-23.13)
Rates per 100,000 inhabitants in every decade of life. MG, myasthenia gravis.
Table 4. Sex-specific prevalence of symptomatic MG in 2013-2018
Year Women Men Total
population  cases rates (95% CI) population  cases rates (95% CI) population  cases rates (95% CI)
(n=5415) (n=3288) (n=8702)
2013 19,866,124 3,728 18.77 (95% CI: 18.16-19.37) 18,629,535 2,044 10.97 (95% CI: 10.5-11.45) 38495659 5772 14.99 (95% CI: 14.61-15.38)
2014 19,858,793 4,018 20.23 (95% CI: 19.61-20.86) 18,619,809 2,267 12.18 (95% CI: 11.67-12.68) 38478602 6,285 16.33 (95% CI: 15.93-16.74)
2015 19,839,248 4,398 2217 (95% CI: 21.51-22.82) 18,597,991 2,503 13.46 (95% CI: 12.93-13.99) 38437239 6901 17.95 (95% CI: 17.53-18.38)
2016 19.839.826 4,754 23.96 (95% CI: 23.28-24.64) 18,593,166 2,765 14.87 (95% CI: 14.32-15.43) 38432992 7519 19.56 (95% CI: 19.12-20.01

2017
2018

19,840,383
19,829,262

5,073
5414

2557 (95% CI: 24.87-26.27)
273 (95% CI: 26.58-28.03)

18,593,175
18,581,886

3,034
3,288

16.32 (95% CI: 15.74-16.9)
17.69 (95% CI: 17.09-18.3)

38,433,558
38,411,148

8,107

)
2109 (95% CI: 20.63-21.55)
8,702 )

22.65 (95% CI: 22.18-23.13;

Rates per 100,000 inhabitants. MG, myasthenia gravis.

The sex- and age-specific incidence is presented in Ta-
ble 1. The mean age of incident case for 2018 was 61.37
years (95% CI: 60.21-62.52), 59.17 for women (95% CI:
57.5-60.85) and 64.12 for men (95% CI: 62.63-65.62), p
< 0.001. In EOMG, the incidence ratio was 0.80/100,000,
while in LOMG, it was 4.98/100,000, p < 0.001. In EOMG,
the incidence ratio was 1.23 (95% CI: 1.03-1.43) for wom-
en and 0.38 (95% CI: 0.27-0.49) for men (p = <0.001),
with female:male (F:M) ratio 3.1:1. In LOMG, incidence
was 4.49 (95% CI: 4.02-4.95) for women and 5.60 (95%
CI: 5.02-6.19) for men (p < 0.005), with F:M ratio 1:1.01.

We have assessed sex-specific incidence rates for
2013-2018 (shown in Table 2). A slow increase of overall
incidence was recorded over the period 0f 2013-2018 and
was attributed to the increasing incidence of LOMG
(shown in Fig. 1b).

Prevalence
On January 1, 2019, there were 8,702 patients with MG
(5,414 women and 3,288 men), with F:M ratio 1.65:1.
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Prevalence ratio was 22.65 per 100,000 inhabitants (95%
CI: 22.18-23.13), 27.30 for women (95% CI: 26.56-28.03)
and 17.69 for men (95% CI: 17.09-18.30), p < 0.001. The
mean age of all MG patients was 61.05 years (95% CI:
60.70-61.41), 58.54 years for women (95% CI: 58.08-
59.01) and 65.13 years for men (95% CI: 64.62-65.64), p
<0.001. The point prevalence in the group <50 years was
9.21 patients per 100,000 inhabitants (95% CI: 8.83-9.60),
while in the group =50, it rose to 45.36 per 100,000 inhab-
itants (95% CI: 44.24-46.44). In women <50 years, point
prevalence was >3 times than in men (14.64/100,000 in
women and 3.97/100,000 in men), p < 0.001, while since
the age of 50 years, the ratios were similar (46.16/100,000
in women and 44.35/100,000 in men), with no significant
difference. The peak prevalence of 71.45 cases per 100,000
was observed in the 80- to 89-year-old patients
(59.65/100,000 in women and 96.25/100,000 in men)
(shown in Fig. 2a).

The sex- and age-specific prevalence is presented in
Table 3. We have assessed sex-specific prevalence rates
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(PRs) for 2013-2018 (shown in Table 4). During the
2013-2018 period, there was a discernible growth in MG
prevalence, both in women and men (shown in Fig. 2b).
An increase of prevalence of MG was noted in patients
>50 years (shown in Fig. 2¢).

Discussion

This is a first epidemiological study on MG in Poland,
based on healthcare database, covering over 38 million
people.

Incidence

The incidence rate of symptomatic MG of 2.36/100,000
inhabitants is comparable to the Australian pyridostigmine
registry-based study [7] and within the range of several ep-
idemiological studies using other case collection methods
[5, 8-12] (see online suppl. Table 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000512973),
though it is higher than that reported in most studies using
pyridostigmine registries (online suppl. Table 2) [6, 13, 14].
The highest incidence rate so far was 3.0/100,000 and was
reported by MacDonald et al. [8] in UK in 2000 who in-
cluded all, not only symptomatic MG patients. High inci-
dence rate in our study may result from covering almost the
entire population of Poland by the NFZ database, including
juvenile MG. Also, assuming an increasing incidence of
MG, especially in older age groups, our results may reflect
this phenomenon, as most pyridostigmine registry-based
studies were reported 5-10 years ago [6, 13, 14].

Sex- and age-incidence distribution was comparable
to the previously reported studies [6, 7, 14-18], with 2
peaks in women (20-29 and 70-79) and sharp increase in
men after the age of 50. After the age of 60, incidence rates
in men overbalanced those in women, and it did not
change over the period of 2013-2018.

Similar to the previous studies [9, 10, 12, 16, 19-23],
we have observed an increasing incidence of symptom-
atic MG in LOMG. Carr et al. [24] in a systematic review
of population-based epidemiological studies in MG in the
period 1950-2007 reported 3% increase of IR per year
with significant increase after inputting AChRADb assays,
with IR within 0.17-2.13/100,000. There is only 1 study
questioning the increase in LOMG [13], but due to setting
age limit defining LOMG lower than in most studies
(40+), the results are difficult to be compared with others.
It is possible that increase in MG incidence is due to not
only the aging of the population but also better access to
diagnosis and specialized care.

Myasthenia Gravis in Poland
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Prevalence

We report the PR of symptomatic MG of 22.65 per
100,000. It is higher than that in previous studies using
pyridostigmine databases, with PR ranging from 8.36 to
13.1 per 100,000 [6, 7, 14, 25, 26], but within the range of
those reported in the epidemiological MG studies using
other case collection methods (between 7.7 and 32.0 per
100,000) [5, 11, 15, 17, 18, 23, 27-30]. It may reflect a
trend towards higher PRs, noted in most recent studies.
According to the most recent MG epidemiological review
by Hehir and Silvestri [31], prevalence is estimated be-
tween 10 and 20 cases per 100,000 population, and this
rate is predicted to increase over time due to improved
treatment and survival. The highest PR to date was re-
ported by Breiner et al. [32] in a Canadian study based on
electronic medical records and reached 40/100,000 popu-
lation. The closest to our PR was reported by Martinka et
al. [23] in a Slovakian study and amounted 24.75/100,000.
PRs reported in the literature are summarized in online
suppl. Tables 1 and 2. Thanks to including patients treat-
ed with one of the 2 symptomatic drugs (ambenonium
and pyridostigmine), not pyridostigmine only, in our
study, we have possibly identified larger proportion of
symptomatic MG patients. Furthermore, potential rea-
sons for discrepancies in PR values may be different sizes
of the probes, different methodology, inclusion of adults
only in the great majority of studies, or different time
frames of the study with a trend to higher PR in more re-
cent studies.

Age- and sex-prevalence distribution was comparable
to the previously described studies [6, 7, 31]. We have ob-
served a small peak in young women, and after the age of
60-69 years, men overbalanced women to reach peak
prevalence at 80-89 years in both sexes.

It is generally agreed that diagnosis of MG in the el-
derly may be challenging, with some cases mistaken for
or masked by more common conditions such as stroke,
general frailty, or symptoms of fatigue and weakness in
nonneurological conditions such as heart failure and ane-
mia [15, 16]. In earlier reports, peak prevalence was seen
after 70-79 years [6, 16]. In our study, the peak prevalence
was noticed in the age group of 80-89 years which is at
least a decade later than in most other studies [14, 17, 33]
(though Gattellari et al. [7] reported a PR peak between
74 and 84 years, declining thereafter), reflecting aging of
our population.

Our results demonstrate an increasing prevalence of
MG in Poland, which is consistent with the reports from
other countries [10, 12, 16, 19, 20, 27, 34]. In our report,
the clear majority of patients were older than 60 years
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(58.9%), and 34.1% of patients were >70 years old, in ac-
cordance with data reported by Andersen et al. [6], re-
spectively, 59 and 38%. Sex distribution is comparable to
the previous studies with over 3 times more females than
males in the younger than 50 years group and nearly equal
female to male ratio in the older group [6, 7, 18].

Strengths and Limits

Our study covers a large population, over 38 million
citizens. Obligatory nature of national health insurance in
the country, as well as free access to the healthcare system,
allows a comprehensive analysis. Possibility to assess the
period of 6 years allowed us to analyze some trends in MG
prevalence and incidence.

We acknowledge some limitations of the study: there
is a small risk that some of the patients had in fact con-
genital myasthenic syndrome, especially in the youngest
MG group. Rarity of congenital myasthenic syndrome
should have only marginal influence on the final results.
Some patients may use both public and private healthcare
services, yet they are eligible for reimbursed pyridostig-
mine or ambenonium prescriptions, so they should be
seen by the NFZ database. Also, NFZ databases lack in-
formation about serological status of patients, and there-
fore the analysis considering antibody status is impossible
to conduct.

Another potential reason of minor underestimation is
the fact that by using criteria of at least 2 reimbursed pyr-
idostigmine prescription, we may miss incident cases re-
ceiving a first prescription towards the end of the study
period, patients who died soon after diagnosis, or those
who did not receive a second prescription because of drug
intolerance or a lack of therapeutic benefit.

In conclusion, MG is a chronic and a potentially life-
threatening disease. Increasing number of incident cases
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Abstract

Introduction: Myasthenia gravis (MG) is a rare autoimmune disorder of neuromuscu-
lar junction. MG healthcare burden has not been studied in Poland before.

Methods: Data were drawn from the National Health Fund database; MG patient was
defined as a person who received at least once medical service with ICD-10 code
MG (G70) and at least two reimbursed prescriptions for pyridostigmine bromide or
ambenonium chloride in two consecutive years. We have analyzed treatment: immu-
nosuppression, intravenous immunoglobulins (IVIg), plasma exchange (PE), the num-
ber and length of hospitalizations (LOS), intensive care unit (ICU) care, and deaths
between 2013 and 2018.

Results: In 2018, there were 9012 MG patients (F:M 1.62:1), and 30.6% had early -onset
MG (<50 years). 66.3% received symptomatic treatment only, 33.7%—glucocorticoids
(CS) and/or other immunosuppressants (1S), 64.6%—CS only, 17.5%—azathioprine plus
CS, 11%—azathioprine only, 4.6%—CS plus other IS (methotrexate, mycophenolate
mofetil, cyclosporine, or tacrolimus), and 2%—other IS only. In 2018, 42.3% of patients
were hospitalized at least once (mean 2.05/year), 13.7% due to MG (1.47/year). In
2018, 1.63% patients received PE, 2.33% IVIg. In 2013-2018, 2.7%-3.2% of MG pa-
tients required hospitalization in ICU. ICU mean LOS 2013-2018 was 11.5-15.0 days/
per patient/year. 2.1% of all MG patients had myasthenic crisis.

Mean age at death was 75.7 years for MG and 73.9 for general population (p = .006).
All-cause mortality was higher for men (4.1%-5.1%) than for women (2.5%-3.1%),
p <.01.

Conclusions: Our findings confirm significant healthcare burden of MG, comprising a

tool to plan resources needed for MG patients.
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1 | INTRODUCTION

Myasthenia gravis is an autoimmune disorder of neuromuscular
junction causing skeletal muscle weakness and fatigability. In more
than 90% of patients, antibodies against acetylcholine receptors
(AChR) or anti-MuSK are detectable and lead to neuromuscular
transmission defect.? Treatment of MG with acetylcholinesterase
inhibitors (AChEIl), pyridostigmine bromide or ambenonium chloride,
is recommended in symptomatic MG.>*

Myasthenia gravis is a chronic, often severe disease. Some pa-
tients require long-term immunosuppression, multiple hospitaliza-
tions, or specialist care, including hospitalization in intensive care
units (ICU). MG treatment in our country follows international
guidelines. Currently, most of studies on MG are based on hospi-
tal registries or pre-defined cohorts of patients with possible bias
toward more severe cases that are taken care of in large reference
centers. The aim of our study was to assess treatment and severity
of total population of MG patients based on insurance records. Such
approach would help to estimate resources necessary for MG pa-
tients or their possible unmet needs.

2 | MATERIALS AND METHODS

As it was described elsewhere,” health care in Poland is delivered
through a publicly funded healthcare system called the National
Health Fund (Narodowy Fundusz Zdrowia, NFZ) established in
2004, which covers population of all employed citizens of Poland,
their unemployed spouse, if applicable, registered unemployed, all
minors, irrespective of employment status of the parents, and all re-
tired citizens. We have used NFZ database to retrieve data of all pre-
scriptions for pyridostigmine and ambenonium dispensed between
January 1, 2012, and December 31, 2018. The same period was
analyzed previously for epidemiological data.” Our inclusion criteria
were as follows: at least one medical service coded in ICD-10 as my-
asthenia gravis (G70) and at least two prescriptions for pyridostig-
mine or ambenonium in two consecutive years. We have analyzed
treatment: symptomatic (AChEIl)/glucocorticoids only (CS)/other im-
munosuppressive drugs alone (IS) or in combination with CS, intra-
venous immunoglobulins (IVIg) or plasma exchange (PE), the length,
number per year and other than MG causes of hospitalizations, ICU
stays, and deaths. Additionally, we aimed to identify patients in my-
asthenic crisis (MC).

Currently, MG patient is eligible for reimbursed treatment with

IVIg in our country if at least one of the following criteria is met:

1. Vital capacity (VC) lower or equal to 20 mi/kg of body weight;

2. Retention of CO, (pCO, higher than 45 mmHg);

3. Decline in O, saturation despite oxygen supplementation, SpO,
lower than 93%;

4. Worsening of respiratory function requiring mechanical ventila-
tion or worsening bulbar syndrome;

5. Ineffectiveness of CS treatment or contraindications for CS use;
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6. Pre-surgery if severity of MG symptoms poses high risk of peri-
procedural exacerbation;
7. Worsening in MG symptoms during pregnancy.

For the study purpose, severe MG patients were defined as
those who needed more than two hospitalizations per year with MG
as a discharge diagnosis.

Patient in myasthenic crisis (MC) was defined as the one hos-
pitalized in ICU with the main diagnosis of MG (G70), respiratory
failure (J95, J96), respiratory arrest (R09), or other respiratory dis-
turbances (R06.8).

Death due to MC was defined as death during hospitalization in
ICU, when MC criteria were fulfilled.

Early-onset myasthenia gravis (EOMG) was defined as first
symptoms before the age of 50 and late-onset MG (LOMG)
>50 years.

Hospitalizations due to MG were defined as hospitalizations of
MG patients discharged with MG (G70) as the main diagnosis.

Length of stay (LOS) was assessed in days per patient.

All data were analyzed with respect to gender, age subgroups,
and type of MG.

Background variables were compared using cross-tables with
Pearson chi-squared test. Average LOS and mean age differences
were compared using Student's t-test. In case, there were more than
two means compared, and ANOVA followed by pairwise t-test with
Bonferroni's adjustment was implemented. Statistical significance
was defined as p < .05. Ninety-five percent confidence intervals
(95% Cl) were calculated assuming a Poisson's distribution. The sta-
tistical analyses were performed in R ver. 3.6.1.

3 | RESULTS
In 2018, there were 9012 MG patients (F:M 1.62:1), and 30.6% had
EOMG.

3.1 | Outpatient care
At the end of the study period, 33.7% of MG patients were treated
with CS and/or other IS, with no difference between EOMG and
LOMG patients (32.4% of EOMG and 34.3% of LOMG, p = .09)
but with statistically significant difference between women and
men (31.0% of F and 38.1% of M, p < .001). 66.3% have received
symptomatic treatment with AChEI only. Of all patients receiving
immunosuppressive therapy, 71.0% were treated with CS alone,
17.5%—azathioprine in combination with CS, 11%—azathioprine
only, 4.6%—CS in combination with other IS (methotrexate, my-
cophenolate mofetil, cyclosporine or tacrolimus), and 2%—other IS
only. Percentage of patients treated with individual medications by
gender and type of MG is presented in Table 1.

The percentage of patients treated with IS drugs vs. patients on
AChEI only by age categories is presented in Figure 1A, followed by
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TABLE 1 Percentage of immunosuppressed patients treated with IS drugs in 2018

hesoorcs  RUTRME

Gender Age of onset

Female N (%) Male N (%) p EOMG N (%) LOMG N (%) p
Corticosteroids 1515 (88%) 1132 (87%) .86 774 (86%) 1872 (87%) .89
Azathioprine 487 (28%) 405 (31%) .23 301 (34%) 591 (28%) .02
Methotrexate 116 (7%) 32(2%) <.001 48 (5%) 100 (5%) 5
Mycophenolate mofetil 22 (1%) 9 (1%) A7 17 (2%) 14 (1%) <.01
Cyclosporine 28 (2%) 12 (1%) 13 25 (3%) 15 (1%) <.01
Tacrolimus 3(0.1%) 2(0.1%) 2(0.1%) 3(0.1%) .98

Abbreviations: EOMG, early-onset myasthenia gravis; LOMG, late-onset myasthenia gravis.

Bold values are indicating statistically significant differences.

FIGURE 1 (A) Percentage of patients
treated with immunosuppressive drugs

(A) Percentage of patients treated with immunosuppressive drugs vs. symptomatic treatment only in 2018
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the percentage of patients treated with specific IS depending on age
categories presented in Figure 1B.

3.2 | Hospitalizations

In 2018, 42.3% of MG patients were hospitalized at least once but
only 13.7% due to MG as the main discharge diagnosis. The mean
number of hospitalizations was 2.05 per patient/year for all the di-
agnoses and 1.47 per patient/year for hospitalizations due to MG.
Only 1.3% of MG patients were hospitalized >2 times in 2018 due
to MG, and only eight patients (0.09%) required hospitalization 10
times or more per year. In the entire observation period, the percent-
age of severe MG patients ranged between 1.3% and 1.6% per year
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AGE CATEGORIES

(N = 92-119). There was a small group of patients (N = 8) who re-
quired multiple (>10) hospitalizations—even more frequent than one
per month; they required periodic infusions of 1VIg or therapeutic PE.

Characteristics of MG patients depending on the number of hos-
pitalizations due to MG are presented in Table 2.

Severe MG patients were significantly younger and were more
often treated with CS or other IS than in two other analyzed sub-
groups (Table 2.).

The mean LOS due to MG in 2018 was 8.34 +/- 10.0 days per
person.

The mean LOS of MG patients in 2013-2018 for hospitalizations
due to MG vs. due to all other diagnoses is presented in Figure 2A.
Hospitalizations due to MG were longer than for other indications
(respectively 8.92 days +/- 10.31 vs. 4.74 days +/- 7.77,p < .01).
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L

Number of hospitalization per year

TABLE 2 Characteristics of MG
patients depending on the number of

Variables 0 1-2 >2 p hospitalization due to MG
Mean age 61.4 59.8 50.8 <.01?
Female 4856 (62.5%) 645 (57.6%) 76 (63.9%) .3
Symptomatic treatment 5433 (69.9%) 522 (46.6%) 19 (16%) <.01?
only
CS Therapy 2004 (25.8%) 553 (49.4%) 89 (74.8%) <.01?
Other 826 (10.6%) 203 (18.1%) 51(42.9%) <.01?
immunosuppressive
drugs
LOMG 5377 (69.2%) 811 (72.4%) 63 (52.9%) 14

2Significant differences between each pair within groups “0 hospitalizations,” “1-2 hospitalizations

»u

per year,” “>2 hospitalizations per year”.

Bold values are indicating statistically significant differences.

(A) Mean length of hospitalization due to MG vs. other diagnoses
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FIGURE 2 (A)Mean length of hospitalization due to MG vs. other diagnoses in 2013-2018. (B) Mean length of hospitalization due to MG

vs. other diagnoses depending on age categories

Hospitalizations due to MC were longer in comparison with other
hospitalizations due to MG (LOS, respectively, 21 +/- 21.9 days/per-
son vs. 7.9 +/- 8 days/person per year, p < .01). Patients treated with
PE were hospitalized longer than patients treated with IVIg during an-
alyzed period, except 2015. Detailed data are presented in Table S1.

Children and adolescents with MG were hospitalized longer
than young adults (respectively for 0-19 8.4+/- 7.9 days vs. 6.6 +/-
6.0 days/person for 20-39 years old; p < .01; Figure 2B).

3.3 | Humanimmunoglobulin
infusions and therapeutic plasma exchange in
MG treatment

In 2018, 11.86% (N = 147) of patients hospitalized due to MG (or
1.63% of all MG patients) were treated with PE and 16.95% (N = 210,
2.33% of all MG patients) with IVIg. Overall 26.6% of MG patients
hospitalized due to MG required IVIg or PE. MC criteria were met by
15.25% (N = 189) of all hospitalized due to MG (and 2.1% of all MG

34

patients). Detailed data of patients treated with PE, IVIg and classi-
fied as MC in 2013-2018 are presented in Table S2.

Percentage of patients treated with IVIg in the period 2013-
2018 was significantly higher than treated with PE (p < .01).

26.6% of all patients hospitalized due to MG (and 3.66% of all
MG patients, N = 330) required at least once IVIg infusion or thera-
peutic PE; 3.8% (and 0.5% of all MG patients, N = 47) required such
therapy more than twice per year.

The characteristics of MG patients depending on the number of
IVIg infusions or PE courses per year are presented in Table 3.

Within patients treated with PE, there was higher proportion of
MCs than in IVIg group (44.2%, N = 65 vs. 11.4%, N = 24, p < .01).

3.4 | Intensive care

In 2013-2018, 2.7%-3.2% of all MG patients and 16.4%-21.2% of all
patients hospitalized due to MG stayed in ICU. The mean LOS in ICU
in 2013-2018 ranged between 11.5 and 15.0 days per patient per
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year. 15.25% (N = 189) of all patients hospitalized due to MG (and
2.1% of all MG patients) had myasthenic crisis (MC).

In 2018, the mean LOS of patient with MC was 21.3 (+/- 26.45)
days (including 12.37 (+/- 24.16) days in ICU) and was statistically
significantly higher than mean LOS due to MG (p < .001).

The characteristics of MC patients in 2018 are presented in
Table 4.

3.5 | Deaths

In the period of observation, mean age at death of patients with MG
was not lower than in the general population. In 2018, mean age of
death for MG patient was 75.7 years and was higher than for general
population (73.9, p = .006). Overall, we recorded 310 deaths of MG
patients in 2018 (3.4% of all MG patients, 2.9% for women, and 4.3%
for men). During analyzed period (2013-2018), all-cause mortality
for MG patients ranged between 3.1% and 3.5% per year and was
higher for men (3.9%-4.8%) than for women (2.4%-3.0%; Table S3).
For 2018, all-cause mortality rate was 0.81/100,000 population,
0.82/100,000 for women, and 0.79/100,000 for men.

All-cause mortality of MG patients in ICU in 2013-2018 ranged
between 17.2% and 22.0% (min-max) and accounted for 3.0%-4.4%
of all patients hospitalized due to MG. In-hospital mortality in MC
ranged between 10.6% and 18.5% (min-max) per year and did not dif-
fer between women and men (overall for 2013-2018: 14.5% in F vs.
16.6% in M p =.52). Mean age of patients with MC at death was 73.63
+/- 9.94 (range 43-91) years for F and 72.84 +/- 8.73 (range 40-88)
forM (p = .62).

4 | DISCUSSION

4.1 | Outpatient care

Previous nationwide studies reported percentage of patients ever
treated with CS or other IS ranging from 42% to 90% for CS and
28.1%-43% for other IS, with the highest rates reported in voluntary,

TABLE 3 Number of IVIginfusion or

. Variable
therapeutic plasma exchange per year

Mean age

Female

Symptomatic treatment

only
CS Therapy
Other

immunosuppressive

drugs
LOMG

T e

patient-submitted database.®™'® In our previous hospital-based reg-
istry study,'! the proportion of patients ever treated with CS was
57.2%, and 41.5% had no history of CS use. Within the current study,
we have reported yearly percentage of patients treated with CS and
other IS—a snapshot in a well-defined time-frame—difficult to com-
pare with the studies using a different methodology. Some patients
using CS/IS in the specific year would possibly require such therapy
in the future, others possibly withdraw CS or IS due to remission,
side effects, or ineffectiveness of therapy.

As expected, in the studies based on hospital registries** or in-
cluding generalized MG patients only,'® the proportion of patients
treated with CS and IS is higher, reflecting severity of the disease.!?
In our observation, 49.4% up to 74.8% of hospitalized patients have
received CS and 18.1% up to 42.9%—other IS; the more hospitaliza-
tions per year, the higher CS and IS use was. Consistently, in Spanish
cohort,*® all MGFA IVB and V patients were receiving CS and 46.15%
of them were receiving other IS.

Also, studies on adult patients only® or with greater proportion
of older patients’ report higher percentage of CS and other IS use,
in agreement with our observation of low percentage of CS use in
children and the highest use of CS and IS in the elderly.

We have observed significantly higher proportion of CS and
other IS use in men than women, a finding not reported previously.
Andersen® reported significantly higher daily doses of prednisolone
and AZT in men than women.

4.2 | Hospitalizations

In our cohort, about 10% of all hospitalized patients required more than
two hospitalizations per year and 0.6%— more than 10 hospitalizations
per year, possibly for PE or periodic IVIg infusions. Patients requiring
multiple hospitalizations were younger, more often female, using CS and
other IS as compared with those who did not require admission or were
hospitalized up to two times per year. This is in accordance with data
from nationwide inpatient registry from USA, where females constituted
majority (60.7%) of hospitalized patients and incidence of admission in
those younger than 50 years was 2-3 times higher in women.'®

0 1-2 >2 p
61.2 57.5 55.1 <.01*
5359 (61.7%) 189 (66.8%) 29 (61.7%) 71
5921 (68.1%) 50 (17.7%) 3(6.4%) <.01*
2394 (27.6%) 216 (76.3%) 36 (76.6%) <.01?
940 (10.8%) 112 (39.6%) 27 (57.4%) <.01”
6043 (69.6%) 180 (63.6%) 28 (59.6%) .53

2Statistically significant differences between each pair of groups “0,” “1-2,” “>2".

bStatistically significant differences between “0” vs. “1-2" and “0” vs. “>2".

Bold values are indicating statistically significant differences.
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SRR oo

N (%) of non-MC

TABLE 4 MC patients’ characteristics
in comparison with non-MC patients

Variable N (%) of MC patients patients p (2018)
No of patients 189 (100%) 8823 (100%) -
Mean age 58.3 (+/-21.4), F *55 61.1 +/- 17, F 58.6 +/- .07 F,.08 M
+/-22.5,M* 64.4 +/- 17.5,M 65.1 +/-15.2
17.6 SD
Female 123 (65.1%) 5454 (61.8%) .70
Symptomatic treatment 63 (33.3%) 5907 (67%) <.01
only
CS Therapy 120 (63.5%) 2529 (28.7%) <.01
Other IS Therapy 38 (20.1%) 1042 (11.8%) <.01
LOMG 130 (68.8%) 6121 (69.4%) .99
Deaths 35 (18.5%) 265 (3%) <.01

Abbreviation: MC, myasthenic crisis.
Bold values are indicating statistically significant differences.
"Men with MC were significantly older than women (p < .01).

The mean LOS due to MG in 2018 was 8.92 days +/- 10.31 per
person per year which is within the range of previously reported

1314 and in India, mean LOS was

data (in USA, median was 5 days,
18.5 +/- 39.3 days,®). In general, hospitalizations due to MG were
longer than all other in any age category. In 2018, the mean LOS
of patient with MC was 21.3 (+/- 26.45) days (including 12.37
(+/- 24.16) days in ICU), in accordance with reports from India*®’
but longer than from USA¥—however, in this study, the authors
speculate that the number of MC could have been overestimated
by coding errors, possibly influencing LOS. In a recent nationwide
Spanish study on MGFA IVB patients, the mean LOS of MC was
not analyzed, but median time to removal of the feeding tube was
13 days and 20% of patients continued with the feeding tube or

ventilation >30 days.'®

4.3 | Humanimmunoglobulin
infusions and therapeutic plasma exchange in
MG treatment

Similar to our proportion of patients treated with PE or IVIg was
reported in USA by Alsheklee,'® in their study PE was used pre-
dominantly. Also, in studies from Chile and India’ PE was used
more often than IVIg.” On the contrary, in Spanish nationwide
study from 2015 of patients with generalized MG, all patients
with severe symptoms (MGFA IVB or V, 9.56%) were treated with
IVIg; 46.2% of them received >1 course of 1VIg, 23.1% had both
IVIlg and PE, and 30.8% had single course of IVIg only. In 1999,
Quereshi reported that treatment with PE was associated with
superior ventilatory status at 2-week and 1-month functional out-
comes but also with the higher complication rate.’® Thereafter,
numerous RCTs proved equal efficacy of IVIg vs. PE with better
tolerance of 1VIg.*82! This could influence preference for IVIg
treatment over PE. Some discrepancies may result from differ-

ent reimbursement policies of IVIg and PE or variable access to
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treatments. In our study, shorter LOS of patients treated with IVIg
in comparison with treated with PE may indicate the preference

for PE use in more severe patients.*”2*

4.4 | Intensive care

In Spanish study®® based on nationwide registry, MC was reported
in 4.9% of patients, this study included generalized MG patients
only. In a nationwide inpatient registry report from USA,** MC
was recorded in 36.6% of hospitalizations. This seems to be high,
but as the median LOS of MC patients was reported to be only
6 days while the median LOS of patients with endotracheal intuba-
tion was 17 days, the authors suggested that the number of MCs
may have been overestimated, possibly due to coding errors. Most
studies on MC and intensive care in MG are single-center, often
retrospective, with MC reported in 10%-22% of all hospitalized

1517.2225 \yhich is consistent with our observation (15.25%

patients
of all patients hospitalized due to MG and 2.1% of all MG patients
(N = 189) had MC).

The mean LOS in ICU ranged between 11.5 and 15.0 days per pa-
tient per year similarly to previously reported 11-17 days. 1316172426

In several large studies from USA and England,*>?%?’ the pre-
dominance of women and mean age 58.8-61 years of MC patients
were reported. The review on MC from 20132%® concluded that
women are twice more likely than men to develop MC and mean age

of MC patients was 59 years. It is consistent with our results.

4.5 | Deaths

The mean age at death of our MG patients was not lower than in
the general population. The fact that the incidence and prevalence
are high in elderly may cause bias toward higher age at death in

MG patients but also reflect effective care. Some studies reported
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shorter life expectancy of MG patients,?%%°

yet mortality due to MG
significantly decreases over time.*>®! In our observation, all-cause
mortality ranged between 3.1% and 3.5% and was higher for men
(3.9%-4.8%) than for women (2.4-3.0). Grob et al®! demonstrated
decline in mortality from 30% in 1955 to 6% in 2000; mortality rates
were consistently, but not significantly, higher in males than females.
In 2014, Kalita et al'® reported that death rate due to MG has de-
creased over time from 40% to 5%. Our analysis shows even lower
mortality rates in MG patients, possibly indicating improved effec-
tiveness of MG treatment, despite aging of MG patients. As we have
studied general mortality rates, they cannot be compared with the
MG-related mortality rates reported previously.??30:32:34

Observed by us MC mortality rate within range 10.6%-18.5% is
in accordance with previous studies; Thomas et al®® reported 10%
and Kalita et al*® reported 14.2% in-hospital mortality rate for MC,
while overall mortality rate was 6.25%; Murthy et al*’ reported 9.5%
in-hospital mortality rate for MC. In Alshekhlee et al study,®* MC
mortality rate was only 4.47% vs 2.2% overall in-hospital mortality
but the number of MC patients could have been overestimated.

4.6 | Strengths and limitations of the study
Obligatory nature of national health insurance in Poland and free
access to the healthcare system for all the citizens allowed us to con-
duct a comprehensive analysis in the large, 38 million population.
Still, we acknowledge some limitations of our study. There is a low
risk of overestimating the group of patients by including those with
congenital myasthenic syndromes. We do not have information on
the serological status of the patients or data on clinical severity. Our
methodology does not allow to identify ocular or generalized MG
patients. Also, the inclusion criteria result in potential underestima-
tion of incident cases receiving a first prescription toward the end of
the study period, patients who died soon after diagnosis, or those
who did not receive a second prescription due to the drug intoler-
ance or a lack of therapeutic benefit.

5 | CONCLUSION

Our national healthcare-based study confirms significant health
burden for MG patients, with high demand for immunosuppressive
treatment, need for in-hospital treatment of severe exacerbations,
and risk of death due to myasthenic crisis in an aging population.
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Podsumowanie i wnioski

1. Zapadalnos$¢ i chorobowo$¢ na MG w Polsce rosnie, szczegdlnie w grupie pacjentow
powyzej S50rz.

2. Okolo jedna trzecia pacjentow z objawowg MG wymaga leczenia CS lub IS — ci
pacjenci stanowig wigkszo$¢ w grupie chorych wymagajacych hospitalizacji (w tym
wielokrotnych).

3. Istnieje niewielki odsetek pacjentéw (1.3-1.6%) wymagajacy wielokrotnych (>2)
hospitalizacji w roku z powodu MG.

4. Okoto 14% pacjentow z MG wymaga co najmniej jednej hospitalizacji rocznie
z powodu MG, te hospitalizacje sg istotnie dtuzsze niz z powoddéw innych niz MG.

5. Ponad jedna czwarta pacjentow hospitalizowanych z powodu MG wymaga
wysokokosztowego leczenia jak IVIG lub PE.

6. Okoto 15% pacjentow hospitalizowanych z powodu MG wymaga pobytu w OIT.

7. Sredni wiek zgonu pacjentéw z MG nie jest nizszy niz pacjentéw populacji ogélne;.

8. Smiertelnos¢ pacjentéw w MC pozostaje wysoka.

Biorac pod uwage powyzsze wyniki, nalezy uznaé, ze obcigzenie systemu opieki
zdrowotnej spowodowane MG, mimo relatywnie niewielkiej liczby bezwzglednej chorych,
moze by¢ znaczace, szczegOlnie z uwagi na rosngcg liczbg¢ chorych, w tym na miasteni¢
o péznym poczatku, wydluzenie przezycia, duzg potrzebe leczenia immunosupresyjnego,
leczenia prowadzonego w warunkach szpitalnych, ci¢zkie zaostrzenia w przebiegu choroby

1 ryzyko $mierci zwigzane z MC.
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Opinia Komisji Bioetycznej lub Etycznej

Indywidualna $wiadoma zgoda ani akceptacja Komisji Bioetycznej na badanie retrospektywne

obejmujace analizg rejestrow nie jest wymagana.

40



Oswiadczenia wspolautorow
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(miejscowosé, data)

Anna Kostera-Pruszczyk
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.”Myasthenia Gravis in Poland: National Healthcare Database
Epidemiological Study” o$wiadczam, iz m¢oj whasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi: zasadniczy wktad w koncepcje i projekt pracy, interpretacja wynikéw, krytyczne
zrecenzowanie pod katem istotnej zawartosci intelektualnej, akceptacja ostatecznej wersji do

opublikowania.

7
Wkiad Ewy Sobieszczuk w powstawanie publikacji okreslam jako.é(v?.. %,
(imig¢ i nazwisko kandydata do stopnia)
obejmowat on: zasadniczy wktad w koncepcjg i projekt pracy, interpretacje wynikéw, pisanie

manuskryptu, zebranie pi$miennictwa.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacjiy*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Ewy Sobieszczuk.

(imig i nazwisko kandydata do stopnia)

huwe Yogos -t

(podpis o$wiadczajgcego)

*w szczegblnoscei udziatu w przygotowaniu koncepceji, metodyki, wykonaniu bada, interpretacji wynikow

41



2%).03,22

Warszawa, dnia ........ (miejscowos$¢, data)

Anna Kostera-Pruszczyk
(imieg i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Myasthenia gravis—treatment and severity in nationwide
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