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1. Wykaz stosowanych skrotow
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2. Streszczenie w jezyku polskim

Neuropatia nerwu wzrokowego (ang. dysthyroid optic neuropathy, DON) to zagrazajace
utratg wzroku powiktanie wystepujace u okoto 3-7% chorych z orbitopatia Gravesa. W wyniku
zapalenia tkanek migkkich oczodotu, obrzgku migsni oraz rozplemu tkanki thuszczowej
dochodzi do ucisku nerwu wzrokowego w obrgbie wierzchotka oczodolu
(ang. apical crowding/orbital apex syndrome) lub rzadziej do napigcia nerwu wzrokowego.
Zgodnie z rekomendacjami Europejskiej Grupy ds. Orbitopatii Tarczycowej (ang. European
Group on Graves’ Orbitopathy, EUGOGO) podstawowg terapi¢ DON stanowig dozylne pulsy
metyloprednizolonu (ang. intravenous methylprednisolone, ivMP) podawane przez 3 kolejne
dni lub co drugi dzien w dawce 0,5 g lub 1,0 g dziennie. Schemat ten moze zosta¢ powtorzony
w kolejnym tygodniu z zachowaniem kumulacyjnej dawki ivMP < 8 g/cykl. W przypadku
braku lub niewystarczajacej odpowiedzi na leczenie w ciggu 1-2 tygodni nalezy przeprowadzi¢
pilng dekompresje oczodotu (ang. orbital decompression, OD). Natomiast jednoznaczne
kryteria diagnostyczne oraz kryteria remisji DON nie zostaty dotychczas okreslone.
Nie opublikowano takze wytycznych opisujacych schemat postgpowania w przypadku
przeciwskazan lub nieskutecznos$ci podstawowej terapii, a takze nawrotu DON.

Niniejszg rozprawe¢ doktorskg tworzy cykl publikacji, w ktorych w sposob kompleksowy
I spojny omowiono tematyke leczenia DON. Przeprowadzone badania mialy na celu:
1) analize wptywu 12 cotygodniowych pulsow ivMP w kumulacyjnej dawce 4,5 glub 7,5 g
na poszczegolne parametry kliniczne u pacjentow z DON po zakonczeniu rekomendowanego
leczenia z ivMP lub ivMP i OD; 2) zweryfikowanie skutecznosci podstawowej terapii DON
z zastosowaniem wysokich dawek ivMP lub ivMP i OD; 3) poréwnanie jako$ci zycia
(ang. quality of life, QoL) pacjentow z DON na poszczegdlnych etapach leczenia;
4) szczegotowe podsumowanie rezultatow leczenia DON uzyskanych za pomoca
niestandardowych terapii opisanych w dotychczas opublikowanych badaniach.

W pracy nr 1 po raz pierwszy dokonano analizy wptywu leczenia 12 cotygodniowymi
pulsami ivMP o tacznej dawce 4,5 g lub 7,5 g na poszczegdlne parametry kliniczne u pacjentéw
z DON po zakonczeniu podstawowej terapii z ivMP lub ivMP i1 OD. Po podaniu dwunastego
pulsu ivMP uzyskano znaczaca poprawe w zakresie ostrosci wzroku (ang. visual acuity, VA)
1 widzenia kolorow oraz istotng redukcje wytrzeszczu, wskaznika klinicznej aktywnosci
choroby (ang. clinical activity score, CAS) i stezenia autoprzeciwciat skierowanych przeciwko
receptorowi dla tyreotropiny (ang. thyrotropin receptor antibodies, TSHR-Ab). Powyzsze

rezultaty utrzymywaly si¢ w trakcie wizyty kontrolnej po 4,5 miesigcach (mediana; zakres



czasowy: 3-24 miesigce). Catkowity czas leczenia od momentu rozpoczecia terapii DON
I podania pierwszego pulsu ivMP do zakonczenia leczenia 12 dodatkowymi pulsami ivMP
wynosit 4 miesigce (mediana; pierwszy i trzeci kwartyl: 4-6 miesigcy). Potwierdzono rowniez
skuteczno$¢ podstawowej terapii DON rekomendowanej przez EUGOGO. Zastosowanie ivMP
w wysokich dawkach z lub bez OD skutkowato istotng poprawg z zakresic VA, widzenia
kolorow, wytrzeszczu, CAS i TSHR-AD. Przedstawione badanie potwierdzito bezpieczenstwo
stosowania wysokich dawek glikokortykosteroidow u pacjentow z DON. Jedynie
5% uczestnikéw (jeden pacjent) doswiadczyto skutkow ubocznych w postaci umiarkowanego
wzrostu warto$ci enzymoéw watrobowych pomimo zastosowaniu u 37% chorych dawek
wyzszych niz rekomendowane 8 g. Uczestnicy badania otrzymali kumulacyjng dawke ivMP
w wysokosci 7,5 g (mediana; pierwszy i trzeci kwartyl: 7,5-10,5 g).
DON jest czynnikiem negatywnie wplywajacym na QoL  pacjentow.
W pracy nr 2 po raz pierwszy poréwnano QoL chorych z DON po zakonczeniu podstawowe;j
terapii oraz po zastosowaniu 12 dodatkowych pulséw ivMP. Badanie przeprowadzono
za pomocg polskiej ustandaryzowanej wersji kwestionariusza opracowanego przez EUGOGO.
Analiza wynikow pokazata, ze leczenie dodatkowymi pulsami ivMP nie miato statystycznie
istotnego wptywu na QoL, co moze $wiadczy¢ o stabilizacji choroby, oraz ze dalsza terapia
z zastosowaniem 12 pulséw ivMP nie wptywa negatywnie na samopoczucie pacjentow z DON.
W pracy nr 3 dokonano szczegotowej analizy stosowania alternatywnych metod leczenia
DON z uzyciem teprotumumabu, tocilizumabu, rytuksymabu, mykofenolanu mofetylu
oraz radioterapii oczodotdow w oparciu o wyniki prezentowane w dostepnej literaturze.
W publikacji po raz pierwszy podsumowano rezultaty poszczegdlnych terapii ze wskazaniem
doktadnej liczby skutecznie leczonych pacjentow z uwzglednieniem, czy wymienione metody
zastosowano jako terapi¢ pierwszego rzutu, Cczy jako kolejng lini¢ leczenia.
Z uwagi na zagrozenie utraty wzroku DON wymaga wdrozenia natychmiastowej terapii.
W zwiagzku z czym dokonane zestawienie dostgpnych metod leczenia moze stanowi¢ uzyteczne
narzedzie W codziennej praktyce klinicznej, w szczegdlnosci w sytuacji nieskutecznosci
lub przeciwskazan do podstawowej terapii DON.
Podsumowujac, wyniki przeprowadzonych badan wskazuja, ze terapia z zastosowaniem
12 cotygodniowych pulséw ivMP wdrozona po zakonczeniu podstawowego leczenia DON jest
bezpieczna i zapewnia dalsza poprawe poszczegodlnych parametrow klinicznych, stabilizacjg
uzyskanych rezultatow, a takze moze zapobiega¢ nawrotom choroby. Powyzsze publikacje
potwierdzaja skuteczno$¢ pierwszej linii leczenia DON z uzyciem wysokich dawek ivMP

lub ivMP z nastgpcza OD w schemacie rekomendowanym przez EUGOGO. Na podstawie
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uzyskanych wynikéw stwierdzono, ze ocena QoL powinna stanowi¢ integralng czes$¢
postepowania na kazdym etapie leczenia DON, co umozliwi dobdr adekwatnej do potrzeb
pacjenta terapii. Przeprowadzona analiza potwierdza, ze leki biologiczne, a w szczeg6lnosci
teprotumumab i tocilizumab, moga w przysztosci stanowic istotny element terapii DON.
Ponadto przeglad wynikoéw prezentowanych w literaturze przedmiotu wskazuje, ze radioterapia
oczodotow daje pozytywne efekty w przypadku pacjentow z neuropatia ze znacznie
ograniczong ruchomoscig gatek ocznych i przeciwskazaniami do zabiegu dekompres;ji.
Z uwagi na sprzeczne doniesienia i ryzyko dziatan niepozadanych stwierdzono, ze rytuksymab
jest lekiem niezalecanym w terapii DON.

Niezaleznie od prezentowanych powyzej wnioskow konieczne jest przeprowadzenie
dalszych badan, w szczeg6lnosci o charakterze prospektywnym i1 poréwnawczym, w celu

okreslenia skutecznosci 1 profilu bezpieczenstwa poszczegdlnych metod leczenia DON.
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3. Streszczenie w jezyku angielskim

Dysthyroid optic neuropathy (DON) is a sight-threatening complication affecting
approximately 3-7% of patients with Graves’ orbitopathy. Pathogenesis of DON is based
on orbital inflammation which leads to enlargement of the eye muscles and adipogenesis.
Overexpansion of the orbital connective tissue results in the optic nerve compression within
the orbital apex (apical crowding/orbital apex syndrome) or rarely in the optic nerve stretching.
Basic DON treatment recommended by the 2021 European Group on Graves’ orbitopathy
(EUGOGO) guidelines is comprised of high-dose intravenous methylprednisolone (ivMP)
pulses with 0.5 g or 1.0 g given for 3 consecutive days or on every second day. Described course
may be repeated for another week while preserving cumulative dose of ivMP < 8 g/cycle.
Immediate orbital decompression (OD) must be performed within 1-2 weeks if the response
is poor or absent. Nevertheless, clear criteria regarding diagnosis and resolution of DON have
not been established. Protocols regarding management of DON in cases of severe
contraindications to the basic therapy, resistant or recurrent form of the disease are still being
considered.

Presented doctoral dissertation includes a series of three thematically consistent articles
which raise a subject of DON treatment. Conducted studies were aimed at: 1) analyzing
the influence of 12 weekly ivMP pulses in a cumulative dose of 4.5 g or 7.5 g on particular
clinical features of DON following the basic treatment with ivMP or ivMP and OD;
2) verifying the efficiency of the recommended DON therapy with ivMP or ivMP and OD;
3) comparing quality of life (QoL) of patients diagnosed with DON at particular treatment
stages; 4) reviewing the available literature and presenting thorough analysis of the results
obtained with potential treatment methods of DON.

Article number 1 for the first time analyzed the influence of 12 additional ivMP pulses
given in a weekly schedule (cumulative dose 4.5 g or 7.5 g) on clinical features of DON patients
after completion of the basic treatment with ivMP or ivMP and OD. Following the twelfth ivMP
pulse significant improvement in visual acuity (VA), color vision, proptosis, clinical activity
score (CAS) and thyrotropin receptor antibodies levels (TSHR-Ab) was obtained. Described
results were sustained during follow-up visit after 4.5 months (median; time range:
3-24 months). Complete therapy from the beginning of the basic DON treatment until the last
additional ivMP pulse lasted 4 months (median; interquartile range, 25th—75th percentile:
4-6 months). Moreover, efficacy of the basic DON treatment recommended by EUGOGO was

verified. High-dose ivMP pulses with or without OD resulted in significant improvement
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in VA, color vision, proptosis, CAS and TSHR-Ab. Presented study also confirmed safety
of using high-dose glucocorticoids in DON. Although 37% of patients were applied cumulative
dose higher than recommended 8 g, only 5% (one patient) experienced side effects consisting
of moderate increase of liver enzymes. Overall, median cumulative dose of ivMP given
to the study participants reached 7.5 g (interquartile range, 25th—75th percentile: 7.5-10.5 g).

DON deteriorates QoL. Article number 2 for the first time compared QoL of DON patients
after completion of the basic treatment and following 12 additional ivMP pulses. Analysis was
performed using Polish standardized version of the survey created by EUGOGO. Conducted
study showed that therapy with ivMP in a 12-week protocol did not have statistically significant
impact on QoL which may suggest stabilization of the disease, as well as that further ivMP
treatment has no negative influence on patients’ general wellbeing.

Article number 3 provides thorough analysis of the available literature describing use
of alternative treatments for DON including teprotumumab, tocilizumab, rituximab,
mycophenolate mofetil and orbital radiotherapy. It is the first review which provides such
detailed information regarding number of cases in which particular therapies were applied
with success or turned out to be insufficient, underlying whether they were used as alternative
treatment (with a description of previous unsuccessful therapy) or as first-line treatment.
DON requires immediate treatment decisions. Therefore, presented summary may
be considered as an useful tool in daily clinical practice, especially while facing resistant form
of the disease or contraindications to the basic therapy.

In conclusion, applying additional ivMP pulses in a 12-week protocol following completion
of the basic DON treatment is safe and provides further improvement or stabilization of clinical
outcome and may prevent relapse of DON. Described results confirm efficacy of the first-line
treatment for DON recommended by EUGOGO. QoL assessment should form an integral part
of the therapeutical process in order to provide the best treatment options customized to each
patient’s needs. Performed analysis indicates that biologics, especially teprotumumab
and tocilizumab, may be considered as an important treatment option for DON. Available
literature suggests that orbital radiotherapy could be beneficial for patients with restricted ocular
motility and classified as poor surgical candidates. Due to conflicting data and risk of adverse
events rituximab should be avoided in patients with DON.

Nevertheless, further research, especially randomized and comparison studies
with long-term follow-ups, is necessary to evaluate safety and efficacy of each therapeutic
option for DON.
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4. Wstep
4.1 Orbitopatia tarczycowa

Choroba Gravesa i Basedowa (ang. Graves’ disease, GD) to zaburzenie o podiozu
autoimmunologicznym prowadzace do nadczynnos$ci tarczycy. Patogeneza zwigzana jest
z wystgpowaniem autoprzeciwciat skierowanych przeciwko receptorowi dla tyreotropiny
(ang. thyrotropin receptor antibodies, TSHR-Ab) indukujacych nadmierne wydzielanie
hormonoéw tarczycy, hiperwaskularyzacje oraz przerost gruczotu tarczowego (1). Zapadalno$é
w populacji europejskiej szacuje si¢ na poziomie 20-30 nowych przypadkow na 100 000 oséb
rocznie (2,3).

Orbitopatia Gravesa (ang. Graves’ orbitopathy, GO) nalezy do najczestszych manifestacji
pozatarczycowych GD (4), ktéra w sposob znaczacy wplywa na pogorszenie jakosci zycia
(ang. quality of life, QoL) pacjentéw (5). W Europie czgsto$é wystepowania GO szacowana jest
na 10 przypadkow na 10 000 os6b (6). Jawna klinicznie GO wystepuje u 25% chorych z GD,
przyjmujac postaé orbitopatii naciekowo-obrzekowej (7,8). W wyniku zapalenia tkanek
migkkich oczodotu, obrzgku migsni oraz rozplemu tkanki thuszczowej dochodzi do rozwoju
wytrzeszczu i zaburzenia ruchomos$ci migsni okoruchowych (9,10). Wzrost ci$nienia w obrebie
oczodotu moze skutkowac¢ uciskiem na naczynia krwiono$ne oraz nerw wzrokowy.

Patogeneza GO nie zostata dotychczas w pelni wyjasniona. Kluczowa rolg¢ w rozwoju
orbitopatii odgrywaja fibroblasty tkanki oczodotowej, ktore w przypadku GO charakteryzuje
nadreaktywno$¢ na bodzce prozapalne oraz nadmierna ekspresja receptorow
powierzchniowych, gléwnie receptora dla tyreotropiny (ang. thyrotropin receptor, TSHR)
i receptora dla insulinopodobnego czynnika wzrostu 1 (ang. insulin-like growth factor 1
receptor, IGF-1R). Stymulacja powyzszych receptorow przez krazace autoprzeciwciata
prowadzi do uwolnienia cytokin oraz inicjacji zapalenia. Dochodzi do infiltracji tkanki
oczodotowej przez komorki jednojadrzaste, przede wszystkimi limfocyty T CD4+ i T CD8+,
co skutkuje dalsza synteza autoprzeciwcial oraz cytokin. Mediatory zapalne stymulujg
fibroblasty do produkcji i wydzielania glikozaminoglikanow, indukuja ich proliferacje
oraz roznicowanie w komorki tkanki tluszczowej. Gromadzenie glikozaminoglikandw
w macierzy pozakomorkowej oraz rozplem tkanki thuszczowej powoduje zwickszenie objetosci
tkanki wewnatrzoczodotowej i rozwoj wytrzeszczu (11,12).

W 90% przypadkow GO towarzyszy nadczynnosci tarczycy w przebiegu GD. Nazywana
jest rdwniez orbitopatig tarczycowa, gdyz do jej rozwoju dochodzi takze u pacjentow

w eutyreozie (5%) Iub z niedoczynnoscia gruczotu w przebiegu przewlektego
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autoimmunologicznego zapalenia tarczycy (5%). GO wspotistniejaca z eutyreoza nalezy
do chorob rzadkich (ORPHA:466682) (6,7,13).

Zgodnie z rekomendacjami Europejskiej Grupy ds. Orbitopatii Tarczycowej
(ang. European Group on Graves’ Orbitopathy, EUGOGO) GO klasyfikujemy na podstawie
obecno$ci cech zapalenia jako posta¢ aktywng oraz nieaktywng (Tabela 1.). Dodatkowo
wyr6znia si¢ 3 stopnie zaawansowania orbitopatii: tagodng, umiarkowana do cigzkiej

oraz zagrazajacg utratg wzroku GO (Tabela 2.) (14).

Tabela 1. Ocena aktywnosci GO na podstawie klinicznego wskaznika aktywnosci orbitopatii
zgodnie z rekomendacjami EUGOGO.

Objawy kliniczne Punktacja

Spontaniczny bdl zlokalizowany zagatkowo
Bl przy spojrzeniu w gore lub w dot
Zaczerwienienie powiek

Zaczerwienienie spojowek

Obrzgk powiek

Obrzek i/lub zapalenie spojowek

[ S N e T =

Obrzek migska tzowego i/lub fatdu potksiezycowatego spojowki

Nieaktywna GO = CAS <3
Aktywna GO = CAS>3
CAS, kliniczny wskaznik aktywnosci orbitopatii; GO, orbitopatia Gravesa; EUGOGO, Europejska

Grupa ds. Orbitopatii Tarczycowej
Na podstawie Bartalena et al. (14), w modyfikacji wiasnej.

15



Tabela 2. Ocena stopnia zaawansowania GO zgodnie z rekomendacjami EUGOGO.

Stopien . Objawy kliniczne Leczenie
Zaawansowania
Lagodna Wystepuje > 1 z nastepujacych objawow: Niewielki wplyw
e niewielka retrakcja powiek < 2 mm, na codzienne funkcjonowanie.
N o o Brak wskazan do leczenia
e niewielkie zajecie tkanek  migkkich

immunosupresyjnego

oczodotu, lub operacyjnego.

e wytrzeszcz < 3 mm ponad normg¢ dla rasy
i plei,

e brak lub przemijajace podwdjne widzenie,

e zmiany w obrgbie rogowki ustepujace
po zastosowaniu srodkéw nawilzajacych.

Umiarkowana Wystepuja > 2 z nast¢pujacych objawow: Pogorszenie codziennego
do cigzkiej e umiarkowana retrakcja powiek > 2 mm, funkcjonowania. )
Wskazane leczenie

e umiarkowane lub zaawansowane zajecie iMMUNoSUDresyine
tkanek migkkich oczodotu, (postac aktgwn)g)
e wytrzeszcz > 3 mm ponad norme dla rasy |yb |eczenie operacyjne

i plei, (posta¢ nieaktywna).
e przemijajace lub state podwojne widzenie.
Zagrazajaca Neuropatia nerwu wzrokowego Konieczne natychmiastowe
utratg wzroku i/lub uszkodzenie rogowki leczenie immunosupresyjne.

GO, orbitopatia Gravesa; EUGOGO, Europejska Grupa ds. Orbitopatii Tarczycowej
Na podstawie Bartalena et al. (14), w modyfikacji wiasnej.

4.2 Neuropatia nerwu wzrokowego w przebiegu orbitopatii tarczycowej (DON)

Neuropatia nerwu wzrokowego (ang. dysthyroid optic neuropathy, DON) to zagrazajace
utratg wzroku powiktanie wystepujace u okoto 3-7% chorych z GO (16,17). W wyniku obrzgku
mie$ni  okoruchowych oraz rozplemu tkanki tluszczowej dochodzi do ucisku nerwu
wzrokowego w obrebie wierzchotka oczodotu (ang. apical crowding/orbital apex syndrome)
lub rzadziej do napigcia nerwu wzrokowego (18), co moze skutkowac jego nieodwracalnym
uszkodzeniem i utratg funkcji. Za potencjalne czynniki ryzyka rozwoju DON uznaje si¢ palenie,
starszy wiek oraz pte¢ meska, chociaz wyniki badan nie sa jednoznaczne (17,19,20).

Dotychczas precyzyjne kryteria diagnostyczne DON nie zostaly okreslone. Rozpoznanie
stawiane jest na podstawie tacznej oceny klinicznej, okulistycznej oraz radiologicznej.
W badaniu klinicznym stwierdzi¢ mozna pogorszenie ostrosci wzroku (ang. visual acuity, VA),
zaburzenie widzenia barw oraz ograniczenie pola widzenia. Szczegdtowa ocena okulistyczna
stuzy do wykrycia obrzgku i/lub bladoéci tarczy nerwu wzrokowego oraz wzglednego
dosrodkowego defektu Zrenicznego (ang. relative afferent pupillary defect, RAPD).

Niezbgdnym elementem badania jest rowniez pomiar cisnienia §rodgatkowego. Do wykrycia
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sttoczenia w obrebie wierzchotka oczodotu stuzy badanie rezonansu magnetycznego
(ang. magnetic resonance imaging, MRI) lub tomografia komputerowa (ang. computed
tomography, CT), ktéra stanowi metod¢ preferowana w przypadku znacznego wytrzeszczu
I koniecznos$ci wykonania dekompresji oczodotu (ang. orbital decompression, OD) (21).

Nalezy podkresli¢, ze DON charakteryzuje roznorodny przebieg kliniczny. Stopien zajgcia
tkanek miekkich, nasilenie wytrzeszczu oraz ograniczenie ruchomosci gatek ocznych
nie koreluje w sposob jednoznaczny z wystapieniem i/lub zaostrzeniem neuropatii. Czgstos¢
wystepowania poszczegdlnych objawow DON znaczaco rézni si¢ w wynikach badan
prezentowanych w dostepnych publikacjach.

Pogorszenie VA, zaburzenia widzenia barw, ograniczenie pola widzenia oraz stloczenie
w obrgbie wierzchotka oczodotu widoczne w MRI/CT naleza do najczgstszych manifestacii
DON (22). Nalezy jednak pamigtaé, ze obnizona VA towarzyszy licznym jednostkom
chorobowym. Zaburzenia widzenia barw, obrzek tarczy nerwu wzrokowego oraz wyniki badan
obrazowych stanowig najbardziej przydatne kryteria diagnostyczne wedtug EUGOGO (23).
Obrzek tarczy nerwu wzrokowego uznawany jest za Wysoce specyficzny, chociaz wystepujacy
U mniej niz potowy pacjentow objaw DON. RAPD roéwniez nalezy do czutych wskaznikow
choroby, jednak z reguty nie wystgpuje w przypadku obustronnej neuropatii. Kolejng skuteczng
metode wykrywania DON stanowi badanie wzrokowych potencjatéw wywotanych (23,24).

W procesie diagnostycznym nalezy wykluczy¢ inne patologie przebiegajace z zaburzeniami
widzenia, m.in. zaéme, jaskre, guzy oczodotu, idiopatyczne zapalenie oczodotu, a takze rzadkie
jednostki mogace imitowa¢ DON, np. chorobe 1gG4-zalezng lub chorobe Erdheima-Chestera
(25-27).

Z uwagi na ryzyko utraty wzroku oraz potencjalnie nieodwracalne uszkodzenie nerwu
wzrokowego DON wymaga natychmiastowej diagnostyki i kompleksowego leczenia.
Pacjentow z podejrzeniem neuropatii nalezy pilnie kierowa¢ do wysokospecjalistycznych
osrodkow zapewniajacych skoordynowang opiecke w dziedzinie endokrynologii, okulistyki,

laryngologii i radiologii.

4.3 Podstawowa terapia DON - dozylne glikokortykosteroidy i dekompresja
oczodolow

Zgodnie z rekomendacjami EUGOGO 2021 terapi¢ pierwszego rzutu DON stanowig
dozylne pulsy metyloprednizolonu (ang. intravenous methylprednisolone, ivMP) podawane

przez 3 kolejne dni lub co drugi dzien w dawce 0,5 g lub 1,0 g dziennie. Cykl ten moze zostac¢
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powtorzony W kolejnym tygodniu. W przypadku braku lub niewystarczajacej odpowiedzi
na leczenie w ciagu 1-2 tygodni nalezy przeprowadzi¢ pilng OD (14).

Zgodnie z rekomendacjami EUGOGO maksymalna skumulowana dawka dozylnych
glikokortykosteroidow (ang. glucocorticoids, GCS) wynosi 8 g/cykl, a podaz leku wymaga
Scistego nadzoru. Do bezwzglednych przeciwskazan terapii naleza niedawno przebyte
wirusowe zapalenie watroby, wspolistniejagce zaawansowane choroby watroby, zaburzenia
sercowo-naczyniowe, a takze zaburzenia psychiatryczne. Wyrownane nadci$nienie tgtnicze
oraz cukrzyca nie stanowig przeciwskazan do leczenia GCS (14). Rozpoczgcie terapii powinno
poprzedza¢ o0znaczenie stezenia potasu, glukozy, biatka C-reaktywnego (ang. C-reactive
protein, CRP) oraz badanie ogolne moczu. Dodatkowo przed kazdorazowa infuzjg leku nalezy
zweryfikowac stgzenie enzymow watrobowych (28).

Dekompresja jest zabiegiem polegajacym na usunieciu jednej lub kilku $cian oczodotu,
prowadzacym do zwigkszenia jego objetosci. Odbarczenie $ciany przysrodkowej i dolnej
stanowi metod¢ z wyboru w przypadku DON. Umozliwia bezposrednig redukcje ci$nienia
w obrebie wierzchotka oczodotu, gdzie dochodzi do ucisku na nerw wzrokowy. Rezultaty
ostatnich badan wskazuja, ze endoskopowa wewnatrznosowa OD (ang. transnasal endoscopic,
TEOD) stata si¢ szeroko stosowang i skuteczng metodg u pacjentow z DON (29-31).
W pordéwnaniu z innymi technikami zapewnia dobre uwidocznienie $Sciany przysrodkowej
oraz lepszy dostep do wierzchotka oczodolu, przy jednoczesnym zmniejszonym ryzyku
uszkodzenia nerwow, miesni i wiezadet, z zachowaniem lepszego efektu kosmetycznego (32).
TEOD zostata opisana jako zabieg skutkujgcy istotnie wiekszg poprawg VA w stosunku
do kolejnego popularnego dostepu przezspojoéwkowego (33). Znaczne nasilenie wytrzeszczu
moze Wymagac przeprowadzenia dodatkowej dekompresji §ciany bocznej umozliwiajacej jego

wieksza redukcje.

4.3.1 Skuteczno$¢ podstawowej terapii DON

Dotychczas jednoznaczne kryteria remisji DON nie zostaly opisane. Badania
analizujagce  skuteczno$¢ terapii DON postuguja si¢ rdéznorodnymi wskaznikami
poprawy/remisji, co W sposob znaczacy utrudnia pordéwnanie uzyskanych wynikow.
W zwigzku z ryzykiem utraty wzroku i koniecznos$cig szybkiego dziatania najwazniejsze
decyzje terapeutyczne najczgséciej podejmowane sa w oparciu o wartosci VA.

Z uwagi na rzadko$¢ choroby tylko nieliczne publikacje opisuja efekty leczenia DON
za pomoca ivMP (r6zne dawki) i OD. Do tej pory opublikowano tylko 5 badan, w tym jedno
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prospektywne, analizujacych efekty podstawowej terapii DON w protokole zalecanym przez
EUGOGO (14,15,34-38).

W powyzszych publikacjach remisj¢ okreslono jako uzyskanie VA w przedziale
0,0-0,2 logMAR bez koniecznosci dalszej terapii DON. Leczenie wysokimi dawkami ivMP
okazato si¢ skuteczne U 22-61% pacjentdw z neuropatig (w zalezno$ci od badania). Wykonanie
zabiegu dekompresji w przypadku braku odpowiedzi na ivMP, pozwolito uzyskaé¢ remisje
u 67-87% wszystkich pacjentow z DON.

4.3.2 Dzialania niepozadane dozylnych glikokortykosteroidow

Terapia z zastosowaniem GCS wiaze si¢ z ryzykiem licznych powiktan. Charakter
oraz stopien ich nasilenia zalezny jest od czasu stosowania, wartosci skumulowanej dawki,
drogi podania oraz predyspozycji osobniczych (39). Najwazniejsze dziatania niepozgdane GCS

przedstawiono w Tabeli 3.

Tabela 3. Dziatania niepozadane glikokortykosteroidéw.

Uklad lub narzad Dzialania niepozadane
Cushingoidalna sylwetka i rysy twarzy (zanik mig$ni konczyn
Cechy i tutowia oraz redystrybucja tkanki thuszczowej z hagromadzeniem
charakterystyczne ; .
na twarzy, karku i tutowiu)
Scieficzenie skory i zanik tkanki podskérnej, rumien twarzy
Skéra (plethora), czerwone rozstgpy, trudno gojace si¢ rany, tatwe
siniaczenie
Narzad wzroku Zalma, jaskra
o Nadci$nienie tetnicze, dyslipidemia, choroba wiencowa,
Uktad krazenia . . .
niewydolno$¢ serca, incydenty zakrzepowo-zatorowe
Zapalenie blony s$luzowej zotadka, choroba wrzodowa zotadka
Uktad pokarmowy . . . . ‘
I dwunastnicy, sthuszczenie watroby, ostra niewydolnos$¢ watroby
Zaburzenia snu, chwiejno$¢ emocjonalna, zaburzenia depresyjne,
Uktad nerwowy
psychoza
Hiperglikemia, insulinooporno$¢, cukrzyca, hipogonadyzm,
Uktad endokrynny hiperandrogenizacja (tradzik, hirsutyzm), niedoczynnos$¢ kory
nadnerczy
Uktad ruchu Osteopenia, osteoporoza, miopatia, jatowa martwica kosci
L, Limfopenia, leukocytoza, nadptytkowos¢, sktonno$¢ do infekcji
Uktad krwiotworczy

(szczegolnie grzybiczych i wirusowych)

Na podstawie Expert Opinion on Drug Safety (40), w modyfikacji wltasne;j.
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Publikacje dotyczace terapii GO wskazuja, ze GCS w postaci dozylnej sg znaczgco
lepiej tolerowane niz GCS doustne z uwagi na rzadsze wystgpowanie powiktan,
W szczegbdlnosci  wzrostu masy ciata, nadci$nienia tetniczego oraz typowych cech
cushingoidalnych (41). Do najczesciej zglaszanych dziatan niepozadanych naleza objawy
klasyfikowane jako tagodne: zaczerwienie twarzy, dyspepsja oraz kolatania serca, ktore
pojawiajg si¢ w trakcie podazy leku lub w ciggu pierwszych 24 godzin od zakonczenia wlewu
(42). Terapia dozylnymi GCS, podobnie jak doustnymi, moze skutkowaé wystapieniem
cukrzycy lub gorsza kontrolg glikemii u pacjentdéw z rozpoznaniem cukrzycy, zwigkszonym
ryzykiem infekcji, zaburzeniami psychicznymi (43), wzrostem parametrow watrobowych (44),
powiktaniami zakrzepowo-zatorowymi (45), a takze zahamowaniem osi podwzgorze-
przysadka-nadnercza (46). Dotychczas opisano pojedyncze przypadki smiertelne wynikajace z
ostrej niewydolnosci watroby lub incydentow naczyniowo-mozgowych. Powyzsze dziatania
niepozadane wystapity po zastosowaniu kumulacyjnej dawki > 8 g lub ciagtej podazy GCS
przez kilka kolejnych dni (1 g dziennie przez 5 kolejnych dni) (47). Zgodnie z dostepna
literaturg do czynnikow zwiekszajacych ryzyko powaznych powiklah nalezg starszy wiek,
wysoka jednorazowa (> 0,5 g) lub kumulacyjna (> 8 g) dawka GCS, wczesniejsze schorzenia
watroby oraz choroby uktadu krazenia (42,48).

Dane odnosnie powiktan terapii DON w protokole zalecanym przez EUGOGO
sg znacznie ograniczone. Znakomita wiekszo$¢ publikacji analizujacych dziatania niepozadane
GCS dotyczy GO w postaci umiarkowanej do ciezkiej leczonej w schemacie
12 cotygodniowych pulséw (0,25 - 0,75 g) w skumulowanej dawce 4,5 g lub 7,5 g. W leczeniu
neuropatii stosuje si¢ wyzsza jednorazowa dawke (0,5 g lub 1,0 g) przez 3 kolejne dni
lub co drugi dzien, co mogtoby sugerowac, ze terapia DON wigze si¢ ze zwigkszonym ryzykiem
powiktan. Badanie pordéwnujace powyzsze protokoly potwierdzito, ze leczenie DON
skutkowato czestszym podwyzszeniem stezenia enzymow watrobowych w stopniu tagodnym
i umiarkowanym, natomiast nie stwierdzono istotnosci statystycznej powyzszych wynikow.
Jednocze$nie nie udokumentowano zadnego przypadku ostrej niewydolnosci watroby (44).
W tabeli 4. podsumowano czgstos¢ wystepowania poszczegdlnych dziatan niepozadanych
leczenia DON za pomocg wysokich dawek GCS. Analiz¢ przeprowadzono w oparciu o dane
zawarte w badaniach opisujacych skutecznos$¢ podstawowej terapii DON. Powazne powiktanie
w postaci utraty wzroku w jednym oku (w wyniku zakrzepicy zyty siatkowki) opisano tylko

u jednego pacjenta.
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Tabela 4. Dziatania niepozadane terapii wysokimi dawkami GCS u pacjentow z DON.

Catkowita liczba pacjentow 190
Dzialania niepozadane Liczba pacjentow
Hiperglikemia 58 (30,5%)
Cechy cushingoidalne 37 (19,5%)
Dyspepsja 21 (11,0%)
Nadcisnienie tetnicze 3 (1,6%)
Bezsenno$¢ 3 (1,6%)
Depresja 2 (1,0%)
Zaczerwienienie twarzy 2 (1,0%)
Bole migéni i stawow 2 (1,0%)
Cukrzyca 1 (0,5%)
Hiperbilirubinemia 1 (0,5%)
Tachykardia 1 (0,5%)
Nadkomorowe zaburzenia rytmu 1 (0,5%)
Zaburzenia lekowe 1 (0,5%)
Wzrost ci$nienia $§rodgatkowego 1 (0,5%)
Zakrzepica zyty srodkowej siatkowki 1 (0,5%)

DON, neuropatia nerwu  wzrokowego w  przebiegu  orbitopatii  tarczycowej;
GCS, glikokortykosteroidy

Na podstawie Wakelkamp et al. (31), Curro et al. (32), Wen et al. (33), Miskiewicz et al. (34)
oraz Kemchoknatee et al. (35), w modyfikacji wiasnej.

4.3.3 Powiklania endoskopowej wewnatrznosowej dekompresji oczodolow

Do najczestszych dziatan niepozagdanych TEOD nalezy pooperacyjne krwawienie
znosa, hipestezja, rozwoj lub nasilenie podwoéjnego widzenia oraz zapalenie zatok
przynosowych. Opisano réwniez pojedyncze przypadki wycieku ptynu mézgowo-rdzeniowego
(29). Czesto$¢ wystepowania powyzszych powiklan znaczaco rdézni si¢ miedzy
poszczeg6lnymi badaniami. W najnowszych publikacjach analizujacych efekty TEOD

przemijajace dziatania niepozadane odnotowano u 11-15% pacjentow z DON (30,49).

4.4 Leczenie dodatkowymi pulsami dozylnego metyloprednizolonu

Zgodnie z rekomendacjami EUGOGO kumulacyjna dawka ivMP nie powinna
przekracza¢ 8 g/cykl ze wzgledu na zwigkszone ryzyko powiktan. Natomiast z uwagi na brak
jednoznacznych kryteriow remisji DON optymalny moment zakonczenia podstawowej terapii

z zastosowaniem ivMP 1 OD nie zostal okreslony. Niektore objawy DON moga
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utrzymywacé si¢ pomimo zastosowania powyzszego protokotu, a wytyczne odnosnie dalszego
postepowania nie istnieja.

W  pojedynczych publikacjach przedstawiono pozytywne wyniki uzyskane
po zastosowaniu dodatkowych pulsow ivMP (r6zne dawki) zarowno u pacjentow z czgsciowa
odpowiedzig na podstawowe leczenie (35,36,50), jak i w przypadkach utrzymujacej si¢
neuropatii (37). Zadne z wymienionych badan nie odnotowalo wystgpienia powaznych
powiktan pomimo zastosowania kumulacyjnych dawek ivMP przekraczajacych 8 g.

Dotychczas nie analizowano wptywu dodatkowego leczenia ivMP w schemacie
12 cotygodniowych pulséw w kumulacyjnej dawce 4,5 g lub 7,5 g wdrozonego u pacjentow
z DON po zakonczeniu podstawowej terapii z zastosowaniem ivMP i OD.

4.5 Potencjalne metody leczenia DON

Znakomita wigkszo$¢ publikacji dotyczacych leczenia DON dostarcza informacji
odnosnie rezultatow uzyskanych dzigki terapii z ivMP 1 OD. Wyniki wskazuja, ze przywrocenie
prawidlowego widzenia za pomoca powyzszego leczenia nie zawsze jest mozliwe (36,37,51).
Opisano takze przypadki pogorszenia funkcji nerwu wzrokowego, lgcznie z nawrotami
petnoobjawowego DON, pomimo ukonczenia podstawowej terapii (24,52-54). Dodatkowo
z uwagi na liczne przeciwskazania oraz potencjalne powiktania rekomendowany przez
EUGOGO protokot nie moze by¢ stosowany u kazdego chorego z DON.

Brak lub niewystarczajgca odpowiedz na leczenie, a takze przeciwskazania, wymagaja
wilgczenia terapii drugiego rzutu. Natomiast w przypadku DON schemat dalszego postgpowania
nie zostal dotychczas okreslony. Wynika to prawdopodobnie z ograniczonej liczby badan
dotyczacych DON, gtownie o charakterze retrospektywnym, skupiajacych matg probe
badawcza.

Dotychczas tylko w nielicznych pracach przedstawiono rezultaty terapii DON
z uzyciem potencjalnych metod leczenia, do ktorych nalezg teprotumumab, tocilizumab,
rytuksymab, mykofenolan mofetylu oraz radioterapia oczodotéw. Szczegdlowa analiza
uzyskanych wynikow, z uwzglednieniem liczby skutecznie leczonych pacjentéw nie zostata

do tej pory opublikowana.
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4.6 Uzasadnienie polaczenia prac w cykl publikacji

Prace tworzace cykl publikacji w sposob spojny poruszaja tematyke terapii DON,
jednoczesnie podkreslajac brak ustandaryzowania kryteriow diagnostycznych i remisji choroby
oraz konieczno$¢ wprowadzenia schematéw leczenia w przypadku nieskutecznosci
lub przeciwskazan do podstawowej terapii z ivMP i OD.

W publikacji nr 1 po raz pierwszy przenalizowano wptyw leczenia 12 dodatkowymi
pulsami ivMP na poszczegélne parametry kliniczne u pacjentow z DON po zakonczeniu
podstawowej terapii z ivMP lub ivMP i OD. Przedstawiono réwniez wyniki uzyskane
po zastosowaniu podstawowego leczenia DON.

W publikacji nr 2 poréwnano QoL pacjentow z DON po zakonczeniu podstawowej terapii
oraz po zastosowaniu 12 dodatkowych pulséw ivMP. Badanie wymagalo uzycia polskiej
ustandaryzowanej wersji kwestionariusza opracowanego przez EUGOGO.

W publikacji nr 3 dokonano szczegdlowej analizy oraz podsumowania rezultatow
uzyskanych dzieki zastosowaniu alternatywnych form leczenia DON: teprotumumabu,
tocilizumabu, rytuksymabu, mykofenolanu mofetylu oraz radioterapii oczodotow.
Po raz pierwszy przedstawiono doktadng liczbe pacjentow, u ktérych poszczegolne terapie
okazaty si¢ skuteczne z uwzglednieniem, czy zostaty zastosowane jako leczenie pierwszego

rzutu lub jako alternatywa po nieskutecznej terapii z ivMP i OD.

5. Zalozenia i cel pracy

DON stanowi zagrazajace utratg wzroku powiktanie GO, ktore wymaga pilnej diagnostyki
oraz specjalistycznej terapii. Na podstawie przegladu dostepne;j literatury postawiono hipoteze,
ze zastosowanie dodatkowych pulséw ivMP po zakonczeniu podstawowej terapii wptywa
pozytywnie na poszczegdlne parametry kliniczne DON. Podje¢to rowniez probe weryfikacji

skuteczno$ci potencjalnych metod leczenia DON.
Badania przeprowadzone w zakresie niniejszej pracy doktorskiej miaty na celu:

1. analiz¢ wptywu 12 cotygodniowych pulséw ivMP w kumulacyjnej dawce 4,5 g lub 7,5 g
na poszczegdlne parametry kliniczne u pacjentow z DON po zakonhczeniu
rekomendowanego leczenia z ivMP lub ivMP i OD;

2. zweryfikowanie skuteczno$ci podstawowej terapiit DON z zastosowaniem wysokich dawek
iVMP lub ivMP i OD;

3. pordéwnanie QoL pacjentéw z DON na poszczegdlnych etapach leczenia;
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4. szczegotowe podsumowanie rezultatow terapii DON uzyskanych za pomoca potencjalnych

metod leczenia w dotychczas opublikowanych badaniach.
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Abstract: Background: Dysthyroid optic neuropathy (DON) is a sight-threatening complication of
Graves’ orbitopathy (GO). Treatment of DON consists of the urgent administration of intravenous
methylprednisolone (ivMP) in very high doses followed by orbital decompression if the response is
poor or absent. It is advised to continue the therapy with pulses of ivMP in a weekly schedule. The
purpose of this study was to evaluate the impact of the additional treatment with ivMP in a 12-week
protocol on visual acuity (VA), color vision, clinical activity score (CAS) and proptosis in patients
with DON. Methods: This study was performed on 19 patients with DON (26 eyes) treated with ivMP
in very high doses, with further orbital decompression in 11 individuals (15 eyes). VA, color vision,
CAS and proptosis were evaluated prior to the DON treatment, before and after the 12-week ivMP
(first and last pulse). Additionally follow up was performed (22 eyes). Results: VA and color vision
improved between the first and last pulse of the additional ivMP treatment (p = 0.04 and p = 0.003,
respectively). CAS and proptosis were reduced at the end of the 12-week ivMP therapy compared to
observations at the beginning (p < 0.001 and p = 0.04, respectively). Follow up confirmed stabilization
of this achievement. Conclusions: The results of this study suggest that additional treatment with
12 pulses of ivMP improves or stabilizes the outcome of basic therapy in patients with DON.

Keywords: Graves’ orbitopathy; Graves’ ophthalmopathy; dysthyroid optic neuropathy; visual
acuity; methylprednisolone; glucocorticoids

1. Introduction

Graves’ orbitopathy (GO) is the most frequent extrathyroidal manifestation of Graves’
disease [1]. This autoimmune orbital disorder is characterized by pain, diplopia, disfiguring
proptosis, swelling and redness of the eyelids [2,3]. The pathogenesis involves expansion of
the orbital connective tissue and enlargement of the eye muscles caused by inflammation,
adipogenesis and overproduction of glycosaminoglycans [4,5]. Dysthyroid optic neuropa-
thy (DON) occurs in approximately 5% of patients with GO, and may lead to permanent
loss of vision [6,7]. This severe complication results from optic nerve compression caused
by swollen muscles and fat in the orbital apex [7,8]. Patients with DON may suffer from
poor visual acuity (VA), impaired color vision and restricted visual field [4,6]. Diagnosis of
DON is based on clinical, ophthalmological and radiological evaluation. Ophthalmological
examination includes assessment of VA, color vision, visual fields, visual evoked potentials
and optic fundus [9]. Radiological evaluation in the diagnosis of DON can be performed
with magnetic resonance imaging (MRI) or computed tomography. It is used to assess
apical optic nerve compression (apical crowding) and optic nerve stretching, and to exclude
other orbital pathologies. In patients with insufficient response to the recommended basic
treatment, radiological reassessment should be considered to establish further therapeutic
measures [8,10,11].
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It has been observed that a significant improvement in VA can be achieved by using
very high doses of intravenous methylprednisolone (ivMP) or combination therapy with
orbital decompression [12-14]. The 2021 European Group on Graves’ Orbitopathy (EU-
GOGO) guidelines recommend ivMP pulse therapy (0.5-1 g for three consecutive days or
on every second day) as the first-line treatment of DON, which may be repeated for another
week. In case of poor or absent response, surgical decompression needs to be performed
within 2 weeks. If DON has resolved or improved, it is suggested to include additional
pulses of ivMP (0.5 g) in a weekly schedule as a further step of the therapeutic process [11].

Previous EUGOGO guidelines recommended continuing ivMP treatment in a 12-week
protocol (6 x 0.5 g and 6 x 0.25 g) when the basic treatment with very high doses of
ivMP with/without decompression was completed [15,16]. Nevertheless, clear criteria of
resolution of DON do not exist. The end point of basic therapy has not been specified.
Improvement of VA is a crucial decision factor. However, some signs of DON often
persist after completion of basic therapy (clinical: decreased visual acuity, visual field
defects, reduced color vision; ophthalmic: swollen or pale optic disk; radiological: apical
crowding). DON is a sight-threatening disease. Optimal therapy should be performed as
early as possible because delay causes permanent changes in the optic nerve. The relapse
or worsening of one or more signs of impaired optic nerve function after basic therapy
were described in the previous studies [17,18].

Positive impact of the 12-week ivMP protocol on eye symptoms has been proven in
moderate-to-severe and active GO [19]. So far, the influence of the additional 12-pulse ivMP
therapy on DON patients was analyzed regarding only quality of life [20]. Therefore, we
do not possess any data which verifies the purpose of the additional therapy with 12 pulses
of ivMP or its effect on other features of DON once basic therapy has been completed.

The aim of this study was to evaluate the impact of the additional treatment with
ivMP in a 12-week protocol on VA, color vision, clinical activity score (CAS) and proptosis
in patients with DON.

2. Materials and Methods
2.1. Patients

Nineteen individuals diagnosed with DON were consecutively recruited from the
Department of Internal Medicine and Endocrinology, Medical University of Warsaw, from
2011 to 2019. A total number of 26 eyes were affected with DON. The diagnosis of DON
was based on at least two signs, including deterioration of VA (<1.0), loss of color vision
(more than two errors in Ishihara plates), optic disc swelling and signs of DON in MRI
(i.e., presence of apical crowding, optic nerve stretching) [14]. The inclusion criterion was
additional therapy with ivMP in a 12-week protocol after the treatment of DON. Patients
who received at least 6 pulses were included. The exclusion criteria were other diseases
affecting visual function, such as cataract, glaucoma, high myopia and corneal exposition.

2.2. Treatment

Treatment of DON was conducted as described in the EUGOGO guidelines [15,16].
Each individual received ivMP pulses in very high doses (0.5 g or 1 g for 3 consecutive
days). Due to poor improvement, 9 individuals were administered two or more cycles of
ivMP pulses (3 x 0.5 gor 3 x 1 g). Orbital decompression was performed in 11 individuals,
in a total number of 15 eyes with DON. Afterwards, all patients were qualified for treatment
with additional ivMP pulses in a 12-week protocol. A cumulative dose of 4.5g (6 x 0.5g
and 6 x 0.25 g) was given to 18 individuals. One patient was qualified for 12 pulses of
ivMP with a total dose of 7.5 g (6 x 0.75 gand 6 x 0.5 g), but due to the increased level of
aspartate and alanine aminotransferases (AST and ALT, respectively) received 9 pulses of
ivMP (cumulative dose 6 g).
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2.3. Laboratory and Ophthalmological Evaluation

The serum levels of free triiodothyronine (fI'3), free thyroxine (fT4), thyroid-stimulating
hormone (TSH) and thyrotropin receptor antibodies (TSHR-Ab) were measured with
an electro-chemiluminescent immunoassay performed on a Cobas 6000 analyzer from
Roche Diagnostics (Mannheim, Germany). The reference ranges were as follows: TSH
0.27-4.2 pIU/mL; fT3 3.1-6.8 pmol /L; fT4 12-22 pmol /L; TSHR-Ab < 1.75 IU/L. VA was
verified using Snellen charts and converted to logarithm of the minimum angle of resolution
(logMAR) for statistical analysis. Color vision was tested using Ishihara plates. CAS was
estimated for each eye based on two symptoms (orbital ache and gaze-evoked pain) and
five signs (eyelid erythema or oedema, conjunctival redness, chemosis and swelling of the
plica or caruncle). Active GO was diagnosed if CAS was >3/7 [11]. We used the Gorman
score to evaluate and classify diplopia on a 4-point scale: 0, no diplopia; 1, intermittent
diplopia; 2, inconstant diplopia; 3, constant diplopia [21]. Due to monocular vision in
one of the patients, assessment of diplopia was performed in 18 individuals. Proptosis
was measured in millimeters with a Hertel exophthalmometer at the same intercanthal
distance for each patient. All parameters were evaluated at three time points: prior to the
administration of ivMP as the first-line treatment for DON, before (first pulse) and after
(last pulse) the additional ivMP treatment in a 12-week protocol.

After the therapy, a follow-up evaluation of the patients was made including assess-
ment of VA, color vision, CAS, proptosis and TSHR-Ab.

The serum levels of glucose (GLU), AST, ALT, triglycerides (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDLC) and high-density lipoprotein cholesterol
(HDLC) were measured after a 10 h fasting period (Cobas 8000 System, Roche Diag-
nostics, Switzerland). The reference ranges were as follows: GLU < 100 mg/dL, AST
7-56IU/L, ALT 7-56 IU /L, TG 50-150 mg/dL, TC 120-200 mg/dL, LDLC < 130 mg/dL,
HDLC >40 mg/dL. Body mass index (BMI) was calculated using the formula:
BMI = weight (kg)/height (m?). Mean arterial pressure (MAP) was measured based on sys-
tolic and diastolic blood pressure (SBP and DBP, respectively) with the following formula:
MAP =1/3 SBP + 2/3 DBP. Each parameter was evaluated at the beginning and after the
additional treatment with 12 pulses of ivMP,

2.4. Statistical Analysis

All analyses were performed using SPSS statistical software version 22.0 (IBM SPPS
Statistics, New York, NY, USA). Continuous variables are expressed as median values
with interquartile range (25th-75th percentile). The Shapiro-Wilk test was used to confirm
or reject the normal distribution of each continuous variable. Comparisons between
continuous data were performed using Wilcoxon rank sum test. Statistical significance was
established for results with a two-tailed p-value < 0.05.

3. Results

Demographic details as well as clinical and laboratory characteristics are presented
in Tables 1 and 2, respectively. The diagnosis of DON was made in 19 patients in a total
number of 26 eyes (12 patients with unilateral DON and 7 patients with bilateral DON).
Patients received a median cumulative dose of 7.5 (7.5-10.5) g ivMP.
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Table 1. Baseline demographic characteristics.

Age, years 65 (50-72)
Male/female 6/13
Number of eyes with DON 26
Number of eyes with DON after decompression 15
Duration of GO, months 7 (4-31)
Duration of DON treatment, months 4 (4-6)
Thyroid treatment before DON ?
Levothyroxine 1(5.3)
Antithyroid drugs 8(42.1)
Antithyroid drugs with levothyroxine 1(5.3)
Radioiodine then levothyroxine 6(31.6)
Thyroidectomy then levothyroxine 2(105)
None 1(5.3)
Thyroid treatment during the additional therapy P
Levothyroxine 8 (42.1)
Antithyroid drugs 3(15.8)
Antithyroid drugs with levothyroxine 7 (36.8)
None 1(5.3)

Continuous variables are presented as median (interquartile range) or number (percentage). * Number of patients.
b Additional therapy of DON with 12 pulses of intravenous methylprednisolone. Abbreviations: DON, dysthyroid

optic neuropathy; GO, Graves’ orbitopathy.

Table 2. Laboratory and clinical characteristics at three time points.

0 FIRST PULSE LAST PULSE
Laboratory characteristics of thyroid disease
TSH, ulU/mL 0.69 (0.25-2.25) 0.39 (0.02-1.25) 1.07 (0.46-1.6)
T3, pmol /L 4.64 (4.24-7.0) 4.75 (4.08-7.16) 442 (3.99-4.77)
£T4, pmol /L 18.4 (16.0-20.0) 1641 (15.1-20.7) 16.23 (14.36-18.07)
TSHR-Ab, IU/L 11.85 (2.39-14.02) 6.49 (0.95-7.71) 2.09 (0.71-3.89)

Clinical characteristics of orbital disease

Gorman score 2

No diplopia 6 (33.3) 5 (27.8) 4(222)
Intermittent diplopia 1(5.6) 3(16.7) 1(5.6)

Inconstant diplopia 8(44.4) 2(11.1) 4(22.2)
Constant diplopia 3(16.7) 8 (44.4) 9 (50)

Visual acuity (logMAR) 0.22 (0.04-0.3) 0(0-0.175) 0(0-0.04)
CASP 3.0 (3.0-4.0) 2.0 (1.0-3.0) 1.0 (0.0-2.0)
Proptosis 21.0(19.5-22.3) 20.25 (18.0-23.0) 19.5 (18.0-2-.5)
Eyes with active GO 27 (93.1) 15 (51.7) 4(13.8)

Continuous variables are presented as median (interquartile range) or number (percentage). * Number of
patients. b Activity was diagnosed if CAS was >3/7. Abbreviations: CAS, clinical activity score; GO, Graves’
orbitopathy; l1ogMAR, logarithm of the minimum angle of resolution; TSH, thyroid-stimulating hormone; fT3, free
triiodothyronine; fT4, free thyroxine; TSHR-AD, thyrotropin receptor antibody; 0, diagnosis of dysthyroid
optic neuropathy; FIRST PULSE and LAST PULSE, before and after the additional treatment with intravenous

methylprednisolone pulses, respectively.
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Visual acuity (logMAR)

VA and color vision significantly improved between the first and last pulse of the ivMP
treatment in a 12-week protocol (p = 0.04 and p = 0.003, respectively). CAS, proptosis and
TSHR-Ab reduced remarkably after the last pulse of the 12-week ivMP protocol compared
to the first pulse (p < 0.001, p =0.04 and p = 0.001, respectively). Median values of VA and
color vision are shown in Figure 1. Median values of CAS, proptosis and TSHR-AD are
presented in Figure 2.
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Figure 1. Comparison of variables during the treatment at three time points: 0, FIRST PULSE and
LAST PULSE (1 = 26) and after the treatment at FOLLOW UP (n = 22). (A) Visual acuity (logMAR).
(B) Color vision. Vertical line ranges from maximum to minimum value. Data are shown as median
values (line across the box) with interquartile (25th-75th percentile) range (the box). Bullets represent
the outliers. Abbreviations: logM AR, logarithm of the minimum angle of resolution; 0, diagnosis
of dysthyroid optic neuropathy; FIRST PULSE and LAST PULSE, before and after the additional
treatment with intravenous methylprednisolone pulses, respectively; FOLLOW UP, post treatment
evaluation after median time of 4.5 months.

Assessment of double vision was constricted due to the orbital decompression that
was performed in 11 patients; we observed deterioration of double vision in 5 of them.
Increased levels of AST and ALT (49 IU/L and 67 IU/L) were observed in one of the
patients after the ninth ivMP pulse. No significant changes in the serum levels of GLU, AST,
ALT, TG, TC, LDLC and HDLC, nor in BMI and MAP, were found between the first and the
last pulse of the additional ivMP treatment. Median values are presented in Table 3.

Follow up was performed after the median time of 4.5 (3-10) months from the last
ivMP pulse. Two patients (four eyes) were lost to follow up. VA and color vision remained
stable comparing to the assessment after the last pulse in all 17 patients (22 eyes) available
for evaluation (p = 0.27 and p = 0.16, respectively). In the additional analysis between
the first pulse of the additional treatment and the follow up, stabilization of VA and
improvement of color vision (p = 0.41 and p = 0.01, respectively) were stated in the patients
available for the reassessment (22 eyes). Median values of VA and color vision at follow up
are shown in Figure 1, while those for CAS, proptosis and TSHR-Ab are shown in Figure 2.
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Figure 2. Comparison of variables during the treatment at three time points: 0, FIRST PULSE and
LAST PULSE (n = 26) and after the treatment at FOLLOW UP (n = 22): (A) CAS, (B) proptosis and
(C) TSHR-Ab. Vertical line ranges from maximum to minimum value. Data are shown as median
values (line across the box) with interquartile (25th-75th percentile) range (the box). Bullets represent
the outliers. Abbreviations: CAS, clinical activity score; TSHR-ADb, thyrotropin receptor antibodies;
0, diagnosis of dysthyroid optic neuropathy; FIRST PULSE and LAST PULSE, before and after
the additional treatment with intravenous methylprednisolone pulses, respectively; FOLLOW UP,
post-treatment evaluation after median time of 4.5 months.
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Table 3. Laboratory characteristics of patients with dysthyroid optic neuropathy before and after
additional treatment with pulses of intravenous methylprednisolone.

FIRST PULSE LAST PULSE P
Glucose, mg/dL 88 (85-101) 94 (86-99) 0.73
Lipid profile
Triglycerides, mg/dL 88 (82-97) 98 (85-131) 0.94
Total cholesterol, mg/dL 196 (180-242) 212 (166-235) 0.78
Low-density lipoprotein cholesterol, mg/dL 119 (104-136) 109 (84-151) 0.87
High-density lipoprotein cholesterol, mg/dL 62 (54-65) 65 (62-68) 0.36
Liver function
Aspartate aminotransferase, IU/L 19 (16-21) 17.5 (15-23) 0.69
Alanine aminotransferase, [U/L 21 (13-25) 16 (15-24) 0.51
Body mass index, kg/m?? 24.5(24.1-27.8) 25(24-27.6) 0.92
Mean arterial pressure, mmHg ° 86 (83-92) 90 (92-97) 0.31

Data are shown as median (interquartile range). * BMI was calculated using the formula: BMI = weight
(kg)/height (m?). b MAP was established with the following formula: MAP = 1/3 SBP + 2/3 DBP. Abbre-
viations: BMI, body mass index; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FIRST PULSE and LAST PULSE, before and after the additional treatment with pulses of intravenous
methylprednisolone, respectively.

4. Discussion

According to the 2021 EUGOGO guidelines, the management of DON should involve
the immediate administration of ivMP in very high doses followed by urgent orbital
decompression in case of poor or absent response within 2 weeks. Furthermore, if DON
has resolved or improved it is advised to implement additional pulses of ivMP (0.5 g) in
every week schedule with cumulative dose < 8 g [11]. However, no study has investigated
the benefits of this additional therapy, whether its main goal is to maintain the results of
basic DON treatment or to accomplish further improvement.

Our study showed an improvement of VA and color vision after the additional ivMP
therapy compared to at its beginning. Moreover, significant reductions in CAS, proptosis
and TSHR-Ab were achieved. The positive effect of the additional ivMP therapy was
observed in overall assessment including follow up (four eyes were lost to the analysis):
stabilization of VA and improvement of color vision were stated. Further ivMP therapy
was not required. The results of our study indicate that patients with DON may benefit
from additional treatment with ivMP after basic DON therapy.

Furthermore, we observed an increase of VA obtained after the basic therapy of DON
(very high doses of ivMP with or without orbital decompression), which confirms the
validity and efficacy of this treatment [12,13].

According to the current EUGOGO guidelines, due to the higher rate of adverse effects,
cumulative doses of ivMP in GO treatment should not exceed 8.0 g per cycle, with the
exception of DON treatment [11]. Previous research proved that therapy of GO with higher
doses (1.0 g) of ivMP in consecutive days is associated with higher risk of liver dysfunction
than treatment with moderate doses (<0.5 g) in a 12-week protocol [22]. Another report
showed that high doses of ivMP in a 12-week protocol may be considered relatively
safe [23]. In our study, the cumulative dose of ivMP during the basic and additional therapy
altogether exceeded 8 g in nine patients. Adverse effects (mild increase of transaminases)
were experienced only by one of the patients. Due to the risk of permanent deterioration or
loss of vision, DON must be treated aggressively with high ivMP doses. Our study proved
the effectiveness and the lack of serious side effects of the additional therapy in patients
with DON, and therefore it should be applied in the management of DON.

To our knowledge, this is the first study evaluating the impact of the additional
treatment with 12 pulses of ivMP on VA, color vision, CAS and proptosis in patients with
DON. The main limitations of our study are its retrospective character and the small number
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of patients. However, the majority of the reports regarding DON have a small sample size
due to the low prevalence of the disease. Moreover, delayed effects of basic DON treatment,
especially after decompression, should be considered. The study would also have benefited
from a randomized design: one group treated with additional ivMP therapy according to
the 2021 EUGOGO guidelines, and the other without additional therapy.

5. Conclusions

Inclusion of additional treatment with 12 pulses of ivMP into the combined therapy of
DON provided positive results in the study participants. Results suggest that once the basic
treatment of DON is over (pulses with ivMP in very high doses with or without orbital
decompression), stabilization or further improvement in clinical features of DON (e.g., VA,
color vision) may be achieved. Moreover, clinical characteristics of GO, including CAS
and proptosis, could be reduced significantly. Additional therapy may prevent the relapse
of DON.

This study indicates that additional treatment with 12 pulses of ivMP improves or
stabilizes the outcome of basic therapy in patients with DON.
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Introduction

Graves' orbitopathy (GO) is an autoimmune orbit-
al disorder manifested by disfiguring proptosis,

ABSTRACT

Introduction. Dysthyroid optic neuropathy (DON) is a severe complication of Graves' orbitopathy (GO). Treat-
ment of DON should involve immediate administration of intravenous methylprednisolone (ivMP) in very
high doses. It is recommended to include additional 12 pulses of ivMP according to a weekly schedule as
a further step of the treatment process. The purpose of this study was to evaluate the influence of a 12-week
ivMP treatment on the quality of life (QoL) in DON patients.

Material and Methods. A retrospective study was conducted on 6 patients (the tests involved 8 individual
eyes) with DON and treated with ivMP in very high doses, followed by orbital decompression in one patient. All
patients were qualified for additional treatment with ivMP in a 12-week protocol and completed the Polish ver-
sion of the GOQoL questionnaire before and after the therapy. Visual acuity (VA) and diplopia were examined
prior to the administration of ivMP pulses for DON, as well as before and after the additional ivMP treatment.
Results. A minimal clinically important difference in QoL was observed in four patients at the end of the
additional ivMP therapy. A significant increase in VA was observed following additional pulses of ivMP com-
pared to the evaluation at the time of the DON diagnosis (p=0.04).

Conclusions. Applying additional 12 pulses of ivMP following DON therapy may impact QoL. Performing QoL
assessment throughout the entire therapy in patients with DON is particularly important in the clinical prac-
tice. Final evaluation of QoL should be performed after completing the entire therapeutic process, which
involves surgical treatment to correct diplopia.
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diplopia, pain, redness and swelling of the eyelids
[1,2]. The pathogenesis is based on inflammation,
adipogenesis, and the production of glycosamin-
oglycans, which may lead to the expansion of the
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orbital connective tissue and the enlargement of
the eye muscles [3]. Approximately 5% of the GO
patients suffer from dysthyroid optic neuropa-
thy (DON). This sight-threatening complication
results from optic nerve compression caused by
swollen muscles and fat in the orbital apex [4,5].
The first-line treatment of DON recommended
by the European Group on Graves' Orbitopathy
(EUGOGO) consists of intravenous methylpredni-
solone (ivMP) pulse therapy (500-1000 mg for 3
consecutive days). In the case of poor or absent
response within 2 weeks, urgent orbital decom-
pression should be performed. Furthermore, it
is recommended that patients with a complete
recovery receive additional treatment with 12
pulses of ivMP scheduled every week [6].

Up to now, there are no data to verify the influ-
ence of additional therapy with ivMP in a 12-week
protocol onthe quality of life (QoL) in DON patients.
Nevertheless, it has been found that moderate-
to-severe GO negatively affects patients’ well-
being. Persons with GO suffer from poorer QoL,
both with regard to vision problems and compro-
mised appearance, compared to healthy individ-
uals [7,8]. By means of the National Eye Institute
Visual Function Questionnaire (NEI VFQ-25) Du Y
et al. demonstrated that vision-related QoL tends
to be more impaired in GO patients with DON than
in those not suffering from DON [9]. However, NEI
VFQ-25 is not a specific QoL questionnaire for
patients with GO, and it does not concern some
of the unique issues affecting patients with GO,
such as altered appearance.

According to EUGOGO, the evaluation of QoL
should constitute an integral part of management
in patients with GO. Therefore, it is recommended
to use specific GOQoL questionnaire, which has
been proven to be valid, reliable, and culturally
applicable[10]. In 2015 a validated Polish ver-
sion of the GOQoL questionnaire (GOQoLpl) was
developed and subsequently published by EUGO-
GO as the recommended version for the assess-
ment of QoL among Polish patients with GO in the
clinical practice [11]. Since the development of
the GOQoLpl only a handful of studies evaluating
QoL of GO patients have been conducted, and no
study has been performed regarding DON.

The purpose of this study was to evaluate the
impact of additional ivMP treatment in a 12-week
protocol on the quality of life of DON patients.

Journal of Medical Science 2021,90(2)

Material and Methods

Patients

Six individuals diagnosed with DON were retro-
spectively recruited in the study. A total number
of 8 eyes were affected by DON. Patients were
treated in the Department of Internal Medicine
and Endocrinology, Medical University of War-
saw, between 2015 to 2018. The diagnosis of
DON was based on at least two features, such as
deterioration of visual acuity (VA) (< 1.0) and/or
colour vision, optic disc swelling and/or signs of
DON in magnetic resonance imaging (optic nerve
stretching and/or presence of apical crowding)
[12]. The inclusion criterion was an additional
treatment with ivMP in a 12-week protocol fol-
lowing the treatment of DON. The exclusion cri-
teria were: a previous history of ivMP therapy for
GO, as well as a lack of a completed GOQoL ques-
tionnaire before or after the additional treatment
with ivMP.

Treatment

All patients were administered ivMP (3 x 1.0 g giv-
en within three consecutive days). Due to the poor
improvement one individual received additional
pulses of ivMP (3 x 1.0 g and 3 x 0,5 g — cumu-
lative dose of 8 g) and another one underwent
additional endoscopic intranasal orbital decom-
pression. Subsequently each patient was quali-
fied for treatment with 12 pulses of ivMP. Five
patients received an additional cumulative dose
of 4.5 g (0.5 g once weekly for 6 weeks, followed
by 0.25 g once weekly for 6 weeks). One patient
(treated with 8 g IVMP for DON) was qualified for
12 pulses of ivMP with a cumulative dose of 7.5 g
(0.75 g once weekly for 6 weeks, followed by 0.5 g
once weekly for 6 weeks), but due to the increased
level of alanine and aspartate aminotransferases
this patient received 9 pulses of ivMP.

Laboratory and ophthalmic evaluation
The serum levels of thyroid-stimulating hormone
(TSH), free triiodothyronine (fT3), free thyroxine
(fT4) and TSH binding inhibitory immunoglobulin
(TBII) were evaluated with an electro-chemilu-
minescent immunoassay performed on a Cobas
6000 analyser from Roche Diagnostics (Man-
nheim, Germany).

VA of the patients' eyes diagnosed with DON
was verified using Snellen charts and expressed
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as a decimal fraction. The Gorman score was
used to evaluate and classify diplopia graded
from 0 — 3: 0—no diplopia, 1-intermittent diplo-
pia, 2-inconstant diplopia, 3-constant diplopia
[13]. Each parameter was assessed at three time
points: prior to the administration of the first-line
treatment with ivMP pulses for DON, before and
after the additional ivMP treatment.

QoL questionnaire
At the beginning of and after the treatment with
additional pulses of ivMP, all patients complet-
ed GOQolpl. It consists of two subscales which
assess: limitations in visual functioning (7 ques-
tions) and influence of the GO on appearance (8
questions). Each question is scored based on
a 3-point scale referring to GO impact: 1-seri-
ous, 2-little, 3-no impact. The results are estab-
lished on the basis of the following formula:
(total score- #)/(2 x #) x 100 where # indicates
the number of completed items. The total QoL
score is expressed as a number between 0 to 100,
where a higher result indicates better QoL.
According to Wiersinga et al., a minimal clini-
cally important difference (MCID) in the GOQoL
for immunosuppression and surgical decom-
pression is a change of > 10 points [14].

Statistical analysis

All the analyses were performed using SPSS sta-
tistical software version 22.0 (IBM SPPS Statis-
tics, New York, US). The results were expressed
as a mean (+ standard deviation) except for the
GOQoL score, which was expressed as a median
(interquartile range). Categorical variables were
expressed as numbers (n) and percentages (%).
The Shapiro-Wilk test was applied to confirm or
reject the normal distribution of each continu-
ous variable. Comparisons between continuous
data were performed using a paired t-test (for
parameters with normal distribution), or the Wil-
coxon rank sum test (for parameters with the dis-
tribution deviations). Statistical significance was
established for the results with p<0.05.

Results

The demographic details and clinical characteris-
tics are presented in Table 1. DON was diagnosed
in 6 patients in the total of 8 eyes (2 patients with
bilateral DON and 4 patients with unilateral DON).
VA significantly increased following the addition-
al treatment with ivMP compared to the baseline
evaluation at the time of the diagnosis of DON

Table 1. Baseline demographic and clinical characteristics at three time points:
prior to the administration of ivMP for DON, before and after the additional treat-

ment with ivMP pulses

Demographics
Age, years® 69.33 (+5.79)
Male/female® 2/4
Number of eyes with DON 8

0 1 PULSE LAST PULSE
Clinical characteristics of thyroid disease
TSH (0.27-4.2 plU/mL)? 1.14 (+1.42) 068(+0.52)  1.21(+0.79)
T3 (3.1-6.8 pmol /L)’ 464(41.80)  466(+1.33)  4.33(+0.94)
T4 (12-22 pmol /L)’ 19.06 (+4.28)  1572(¥2.61)  17.37(43.33)
TBII (< 1.75 U/L)* 10.44 (+7.17) 6.24 (+4.12) 3.47 (+2.53)
Clinical characteristics of orbital disease
Gorman score’
No diplopia 3 1 2
Intermittent diplopia 1 1 1
Inconstant diplopia 1 1 1
Constant diplopia 1 3 2
Visual acuity® 0.58 (+0.27)  0.78 (+0.29) 0.83 (£0.23)

? Data are presented as means (+ standard deviation). b Data indicate the

number of patients

ivMP: intravenous methylprednisolone, DON: dysthyroid optic neuropathy.
0: diagnosis of DON, | PULSE and LAST PULSE: before and after the addition-
al treatment with ivMP pulses respectively
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(p=0.04). A significant improvement has not been All six patients completed GOQoLpl. The
observed either between the assessment prior median GOQoLpl total score, as well as subtotals
to the treatment of DON and the beginning of the for visual functioning and appearance before and
additional therapy (p=0.125), or between the 1°'and after the ivMP treatment are provided in Figure 2.
the last pulse of the additional therapy (p=0.18). MCID was observed in four patients (2 patients

Mean values of VA are shown in Figure 1. - an improvement of QoL, 2 patients — a dete-
Visual acuity
p=0.04
| p=0.125 p=0.18 I
I | I

1
0,9
. 1 x

: X
0,7
0,6 X
&5 bl
0 R -
0,3
0,2
0,1

o

0 | PULSE Xl PULSE

Figure 1. Visual acuity of 8 eyes in patients diagnosed with dysthyroid optic neuropathy (DON). A comparison of vari-
ables between the time of the diagnosis of DON (0), the 1°" and the last pulse of additional intravenous methylprednisolone
treatment. Vertical line ranges from a maximum to a minimum value. Bold square presents a standard deviation. x — mean

| PULSE [ LAST PULSE

100

Total QoL Visual functioning Appearance

Figure 2. Total Graves' Orbitopathy Quality of Life (QoL) questionnaire score and its subscales: visual functioning and
appearance were based on the following formula: (total score- #)/(2 x #) x 100 where # indicates the number of complet-
ed items. The total QoL score varies from 0 to 100. Higher resultindicates better QoL. A comparison of variables between
the 1°" and the last pulse of intravenous methylprednisolone treatment. Vertical line ranges from maximum to minimum
value. Data are shown as median values (line across the box) with interquartile (25" — 75" percentile) range (the box)
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rioration of QoL). In two patients MCID was not
detected.

One of the patients with a deterioration of
QoL after the additional treatment, who initially
exhibited monocular vision in the course of DON,
developed diplopia, due to the improvement of VA
during the additional treatment. Furthermore, we
found a reduction of eye motility with a deteriora-
tion of diplopia in another patient.

Discussion

According to the EUGOGO, the treatment of DON
involves immediate administration of ivMP in very
high doses followed by urgent orbital decompres-
sion as a second-line treatment in the case of poor,
or absent response within 2 weeks. Subsequently,
patients with a complete recovery should be qual-
ified for additional ivMP pulses in a 12-week pro-
tocol [6]. The main purpose of the additional ther-
apy is to maintain the clinical improvement and
minimize the inflammatory process. Neverthe-
less, its impact on QoL of the patients with DON
has not been investigated until now.

Our study, performed on 6 patients with DON,
showed no significant influence of the addi-
tional ivMP therapy on QoL. Simultaneously,
an improvement in VA following the treatment
was observed. A detailed analysis revealed that
a decreased QoL after the additional treatment
was associated with an exacerbation of diplopia
and reduced motility of the eye muscles, which
possibly deteriorated QoL, despite the improved
VA. Furthermore, in some cases, the use of ivMP
in high doses may lead to various side effects
which can also interfere with QoL following the
treatment [15], although generally it is considered
to be highly efficient and mostly safe [16].

Results

The results of this study indicate that an addi-
tional 12-week ivMP treatment should constitute
an integral part of the strategy in the manage-
ment of DON. In terms of analysing a compre-
hensive therapy of DON, we should also consider
involving rehabilitative surgery of the extraocu-
lar muscles. As demonstrated in our study, some
patients consider the presence of diplopia to be
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a more relevant factor when assessing QoL, rath-
er than improved VA. Therefore, strabismus sur-
gery may have a positive impact on QoL.

To our knowledge, it is the first report evaluat-
ing changes in QoL in DON patient following the
treatment with 12 pulses of ivMP. The main limi-
tations of our study are its retrospective charac-
ter and the small sample size. Nevertheless, the
following conclusions may be drawn.

Conclusions

Including the additional 12 pulses of ivMP into
combined therapy of DON may impact QoL. The
assessment of QoL is, therefore, particularly
important and should constitute an integral part
of routine clinical practice. For some patients,
diplopia or decreased eye motility become the
main factor deteriorating QoL following the ther-
apy, despite increased VA. The final evaluation of
QoL should be performed after completing the
entire therapeutic process, which involves surgi-
cal treatment to correct diplopia.

Following the first and second-line treat-
ments of DON, a multidisciplinary and individual
approach is necessary to maximize the potential
improvement of signs and symptoms of the dis-
ease.
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Abstract

Purpose Dysthyroid optic neuropathy (DON) is a rare sight-threatening complication of Graves’ disease. First-line treat-
ment for DON consists of high-dose intravenous methylprednisolone (ivMP), followed by immediate orbital decompression
(OD) if the response is poor or absent as recommended by the 2021 European Group on Graves’ orbitopathy guidelines. The
safety and efficacy of the proposed therapy have been proven. However, consensus regarding possible therapeutic options
for patients with contraindications to ivMP/OD or resistant form of disease is missing. This paper aims to provide and sum-
marize all available data regarding possible alternative treatment strategies for DON.

Methods A comprehensive literature search within an electronic database was performed including data published until
December 2022.

Results Overall, 52 articles describing use of emerging therapeutic strategies for DON were identified. Collected evidence
indicates that biologics, including teprotumumab and tocilizumab, may be considered as an important possible treatment
option for DON patients. Rituximab should be avoided in DON due to conflicting data and risk of adverse events. Orbital
radiotherapy could be beneficial for patients with restricted ocular motility classified as poor surgical candidates.
Conclusion Only a limited number of studies have been dedicated to the therapy of DON, mostly retrospective with a small
sample size. Clear criteria regarding diagnosis and resolution of DON do not exist, which restricts comparison of therapeutic
outcomes. Randomized clinical trials and comparison studies with long-term follow-ups are necessary to verify the safety
and efficacy of each therapeutic option for DON.

Keywords Dysthyroid optic neuropathy - Graves’ orbitopathy - Methylprednisolone - Teprotumumab - Tocilizumab -
Rituximab

Introduction patients with GO [5, 6]. Diagnosis of DON is made follow-
ing clinical, ophthalmological and radiological examination.
Graves’ orbitopathy (GO) is the major extrathyroidal mani-  Decreased visual acuity (VA), impaired color vision, visual

festation of Graves’ disease [1]. The pathogenesis of this  field defects found in clinical evaluation, as well as optic
autoimmune orbital disorder is based on inflammation,  disk swelling/pallor and relative afferent pupillary defect
adipogenesis and excessive production of glycosaminogly-  (RAPD) revealed during ophthalmological examination are
cans, resulting in enlarged eye muscles and expansion of the indicative of DON [7]. Magnetic resonance imaging and/or
orbital connective tissue [2]. It manifests with pain, diplopia, ~ computed tomography is used to assess compression of the
proptosis, redness and swelling of the eyelids, conjunctiva  optic nerve exerted by swollen extraocular muscles within
and caruncle [3, 4]. Treatment choice depends mostly onthe  the orbital apex (apical crowding) and/or rarely to visualize
clinical activity, severity and duration of GO. optic nerve stretching. Differential diagnosis should exclude

Dysthyroid optic neuropathy (DON) is a sight-threaten-  other orbital pathologies affecting visual functioning, such
ing complication which occurs in approximately 3-7% of  as glaucoma, cataract, orbital tumors, idiopathic orbital
inflammation, orbital arteriovenous malformations, as well
as rare disorders including IgG4-related ophthalmic disease
B4 P. Miskiewicz and Erdheim—Chester disease [8—10]. However, clear criteria
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! Department of Internal Medicine and Endocrinology, established.
Medical University of Warsaw, 02-091 Warsaw, Poland

Published online: 18 February 2023 @ Springer

40



Journal of Endocrinological Investigation

First-line treatment for DON recommended by the 2021
European Group on Graves’ orbitopathy (EUGOGO) guide-
lines consist of high-dose intravenous methylprednisolone
(ivMP) pulse therapy with 0.5-1.0 g given for 3 consecu-
tive days or on every second day which may be repeated
for another week. If the response is poor or absent, orbital
decompression (OD) must be performed promptly within
1-2 weeks [11]. The described therapy is also advised in
the 2022 Consensus Statement by the American Thyroid
Association and European Thyroid Association [12].

So far, the majority of the published literature concerning
DON provides information regarding the effectiveness of the
combined approach with ivMP and decompression [13-21].
However, vision recovery is not always possible to achieve
with the recommended therapy [16, 22, 23] and deteriora-
tion of the optic nerve function, including relapse of DON
following completion of the basic treatment, has also been
described [20, 24-26]. Moreover, the recommended therapy
cannot be applied in all patients or must be discontinued due
to various contraindications and side effects [17, 27-31],
especially in those with preexisting comorbidities [32, 33].

Clinical deterioration of ophthalmic signs and symptoms
in moderate-to-severe and active GO requires implementa-
tion of second-line treatment. But, when it comes to DON,
alternative treatment strategies are missing and only a lim-
ited number of studies have been dedicated to the therapy of
DON, mostly retrospective with a small sample size. There-
fore, as optimal therapy must be applied immediately due
to possible permanent dysfunction in the optic nerve caused
by any delay, managing patients with DON still remains a
major challenge.

In this paper, we present and review emerging alternative
treatments for DON.

Dysthyroid optic neuropathy: basic
treatment

Intravenous methylprednisolone and orbital
decompression

First-line treatment for DON comprises of high-dose ivMP
(0.5-1.0 g) pulses given for 3 consecutive days or on every
second day, repeated if necessary, and followed by immedi-
ate OD in case of insufficient response or disease deteriora-
tion. Several studies have analyzed the effectiveness of ivMP
therapy in various doses combined with OD [15, 17-20], but
only four studies, including one prospective, have described
the efficacy of the recommended DON therapy [13, 14, 16,
22]. As clear criteria of DON resolution have not been estab-
lished, diverse indicators of DON improvement have been
applied in the published literature, which restricts comparison
of the therapeutic outcomes. However, as DON may lead to
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irreversible loss of vision, crucial treatment decisions depend
mostly on improvement in VA.

Studies evaluating the recommended protocol described
response (defined as VA 0.0-0.3 logMAR) rate to high-dose
ivMP between 22 and 61%. Following OD, positive response
increased to 67-87%. Additionally, randomized clinical trial
(RCT) by Wakelkamp et al. [13] found that ivMP is a prefer-
able treatment choice over OD. Surgery performed primarily
did not result in a better outcome, and 83% patients required
further ivMP pulses. In contrast, only 44% of patients treated
first with ivMP needed subsequent OD.

Surgical decompression is conducted to directly reduce
pressure within the orbital apex by extending the available
orbital volume through orbital wall removal, which may be
combined with fat excision in case of its hypertrophy. Infero-
medial wall removal is generally considered the first approach
in DON patients, as it reaches deeper into the apical complex
where compression of the optic nerve is produced [34]. Several
surgical approaches have been described, including transnasal,
transcaruncular, transcutaneous and transantral. Recent stud-
ies show that transnasal endoscopic (TEOD) approach has
become a widely used and efficient method when decompress-
ing medial or inferior wall in patients with DON. It provides
good visualization and access to the orbital apex, causing less
damage to the muscles and ligaments without producing exter-
nal scar [35-41]. Additionally, TEOD was described to result
in significantly greater improvement in VA in DON patients
compared to other popular approach, such as transcaruncular
[42—44]. Severe cases may require additional lateral decom-
pression which results in greater proptosis reduction [45-48].

According to Wakelkamp et al. [13], OD must be applied
immediately in patients refractory to ivMP or with dete-
rioration of clinical condition. However, direct indications
regarding optimal timing for performing OD are missing. The
World Health Organization defines mild vision impairment as
VA> 0.3 logMAR, and moderate as VA>0.5 logMAR. Addi-
tional factors such as older age, smoking, long-lasting disease,
history of resistance to ivMP, poor initial VA, optic disk swell-
ing, unstable thyroid function and high level of thyrotropin
receptor antibodies have been described to be associated with
potential need for immediate OD [14, 49]. Therefore, as rapid
treatment decisions and personalized approach are required,
patients should be referred to highly specialized centers with
large surgical experience where combined endocrine, ophthal-
mological and surgical management is available.
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Dysthyroid optic neuropathy: alternative
treatments

Diverse criteria of DON resolution were applied in the ana-
lyzed literature. Successful therapy was defined as disease
stabilization with no need of further DON treatment with
improvement in VA and/or color vision/visual field/RAPD.

Additional intravenous methylprednisolone pulses

According to the 2021 EUGOGO guidelines, cumulative
dose of ivMP in DON therapy should not exceed 8.0 g per
cycle due to increased rate of adverse events [11]. However,
the end point of the basic therapy with high-dose ivMP and
OD has not been determined due to lack of specific criteria
of DON resolution, and consensus regarding the optimal
moment for performing OD is also missing. Signs of DON
may persist even following the recommended therapy (clini-
cal: decreased VA, reduced color vision, visual field defects;
ophthalmological: swollen or pale optic disk, RAPD; radio-
logical: apical crowding, optic nerve stretching).

Several studies have described the positive results
obtained by applying additional ivMP pulses, both in
patients with partial response to the first-line treatment
[14, 16, 19] and in cases of persistent DON despite medi-
cal and surgical decompression [22]. A recently published
study [50] found that applying additional ivMP pulses in
a 12-week protocol (4.5 g or 7.5 g), once the DON treat-
ment with high-dose ivMP with/without OD is completed,
provides stabilization or further improvement of clinical
outcome, including VA, color vision, clinical activity score
(CAS) and proptosis. Further ivMP pulses may also impact
quality of life of DON patients [51].

Neither of the reports described significant adverse
events, although cumulative doses of ivMP exceeding 8.0 g
were applied. However, as various studies proved ivMP to
be associated with multiple side effects, thorough exami-
nation of patients, including assessment of aspartate and
alanine aminotransferase serum levels, and blood pressure
measurements, must be performed prior to administration
of each pulse.

Teprotumumab

The insulin-like growth factor 1 receptor (IGF-1R) plays a
critical role in the expansion of the orbital tissues in patients
with GO due to its overexpression in orbital fibroblasts and
immune cells [52-54]. Teprotumumab, a human monoclonal
antibody directed against IGF-1R, is the first FDA-approved
treatment for active GO, administered intravenously every
3 weeks in eight infusions with an initial dose of 10 mg/kg
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followed by 20 mg/kg [55]. The 2021 EUGOGO guidelines
suggest applying teprotumumab as second-line treatment for
moderate-to-severe and active GO.

Although patients with DON were excluded from the
phase 2 and 3 clinical trials [53, 55], studies demonstrated
reduction in the extraocular muscle size, also within the
orbital apex, as well as significant improvement in CAS,
proptosis, diplopia and quality of life in patients with GO
compared to placebo, making teprotumumab a potential
treatment option for DON.

To date, eight reports with a total number of 20 DON
patients (29 eyes) managed with teprotumumab have been
published [56-63] (Tables 1 and 2).

Teprotumumab was successful in 17 individuals (23
eyes). In 16 of them (22 eyes), teprotumumab was used as
an alternative treatment. Previous therapy with ivMP with
or without OD/orbital radiotherapy (ORT) failed or had to
be discontinued due to intolerance. Three patients (6 eyes)
resistant to teprotumumab had long-lasting DON (over
12 months) and were previously treated with ivMP, two of
them also with OD.

The largest case series mentioned above [63] included 10
patients with DON (17 eyes) resistant to previous therapy.
Teprotumumab (8 infusions; 10 mg/kg first infusion; 20 mg/
kg for subsequent infusions) applied as alternative treatment
resulted in significant improvement in VA, CAS and prop-
tosis. Most patients experienced early response within two
infusions. This rapid improvement is consistent with the
clinical trials [53, 55].

Tocilizumab

Interleukin-6 (IL-6) is a pro-inflammatory cytokine found in
higher concentrations in patients with GO. Through T and B
cell activation, IL-6 induces adipogenesis and synthesis of
glycosaminoglycans promoting expansion of the orbital vol-
ume [64-66]. Tocilizumab (TCZ) is a recombinant human-
ized monoclonal antibody directed against the IL-6 receptor,
which, according to the 2021 EUGOGO guidelines, may be
considered as second-line treatment for moderate-to-severe
and active GO [11].

TCZ (8 mg/kg in 4 monthly infusions) was found in
RCT [67] to significantly reduce CAS and median proptosis
values in patients with moderate-to-severe and active GO
refractory to ivMP compared to placebo. Although generally
well tolerated, a higher rate of infections and headaches was
noted in patients treated with TCZ. Improvement in CAS,
proptosis and diplopia following TCZ infusions was also
described in a few retrospective studies [68-70]. One of the
papers noted significant improvement in VA following first
month of TCZ treatment [70]. These findings highlight the
potential utility of TCZ in DON patients.
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Table 2 Clinical features of eyes with DON before and after treatment with teprotumumab

Study Before teprotumumab After teprotumumab
VA Proptosis®® Additional findings® VA Proptosis® Additional findings®®*
Cheng et al. [57] 0.6 20.5 Impaired CV 0.0 155 Restoration of CV
Lopez et al. [59] 0.3 25 Impaired CV 0.1 18 Restoration of CV
0.4 27 Impaired CV 0.0 21 Restoration of CV
Sears et al. [58] 0.8 23 Impaired CV 0.2 19 Restoration of CV
Hwang et al. [56] 0.7 20.5 Impaired CV 0.3 155 Restoration of CV
HM 20.5 Impaired CV 0.7 16.0 Improvement in CV
Slentz et al. [60] 0.1 25 VFD 0.0 20 Restoration of VF
Chiou et al. [61] 0.1 26.5 RAPD 0.1 23.5 Resolution of RAPD
VFD Restoration of CV and VF
Red color desaturation
0.1 20 RAPD 0.1 15 Resolution of RAPD
VFD Restoration of VF
Diniz et al. [62] 1.2 Missing RAPD 0.0 Missing Resolution of RAPD
Impaired CV Restoration of CV
0.3 Missing RAPD 0.5 Missing Resolution of RAPD
Impaired CV Improvement in CV and VF
VFD
1.0 Missing RAPD 04 Missing Resolution of RAPD
Impaired CV Restoration of CV
VFD Improvement in VF
Sears et al. [63] HM 30 Impaired CV 1.6 27 Impaired CV
HM 30 Impaired CV 1.6 28 Impaired CV
HM 28 Impaired CV 1.6 25 Impaired CV
HM 29 Impaired CV 1.6 26 Impaired CV
1.0 30 Impaired CV 04 26 Restoration of CV
1.0 29 Impaired CV 0.2 24 Restoration of CV
0.2 Missing Impaired CV 0.0 Missing Restoration of CV
0.3 Missing VFD 0.1 Missing Missing
0.8 Missing RAPD 0.1 Missing Resolution of RAPD
Impaired CV Restoration of CV
0.7 Missing RAPD 0.1 Missing Resolution of RAPD
Impaired CV Restoration of CV
0.1 Missing RAPD 0.0 Missing Resolution of RAPD
0.7 30 Impaired CV 0.1 29 Restoration of CV
0.5 30 RAPD 0.3 29 Resolution of RAPD
Impaired CV Restoration of CV
0.2 27 Missing 0.0 22 Missing
0.3 26 RAPD 0.0 23 Resolution of RAPD
0.7 Missing Impaired CV 0.5 Missing Impaired CV
HM Missing RAPD 1.0 Missing RAPD

DON dysthyroid optic neuropathy, VA visual acuity, HM hand motion, CV color vision, VFD visual field defect, VF visual field, RAPD relative
afferent pupillary defect, logMAR logarithm of the minimum angle of resolution

*VA presented as logMAR

PProptosis expressed in mm

“Missing indicates that authors of the study did not provide the information
dRestoration expresses full recovery

“Improvement expresses partial recovery
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Until now, seven reports with a total number of 14
DON patients (16 eyes) treated with TCZ have been pub-
lished (Tables 3 and 4) [70-76].

TCZ (4-8 infusions) was successful in 6 patients (8
eyes). In five of them (6 eyes), TCZ was applied as alter-
native treatment following unsuccessful therapy with
ivMP with or without OD/ORT [71-75]. One patient (2
eyes) received TCZ as first-line treatment with no previ-
ous use of glucocorticoids (GCs) [71].

Alternative treatment with TCZ was insufficient in
8 patients (8 eyes) resistant to ivMP and OD. A group
of seven of them (7 eyes) was analyzed together in one
retrospective study which found no significant improve-
ment in VA after 1 year of treatment with TCZ [70, 76].

Rituximab

Rituximab (RTX) is a chimeric mouse—human mono-
clonal antibody directed against the CD20 antigen on B
lymphocytes resulting in depletion of circulating B lym-
phocytes and transient (4—6 months) immunosuppression
[77]. The 2021 EUGOGO guidelines [11] suggest con-
sidering RTX as second-line treatment for moderate-to-
severe and active GO excluding patients with potential
risk of developing DON. Although current recommenda-
tions do not address the use of RTX in DON patients, pre-
vious guidelines clearly advised against its administration
due to conflicting data and risk of adverse events [78].

To date, four reports (overall 43 patients) described the
occurrence of DON in 8 patients (18.6%; number of eyes
missing) with moderate-to-severe and active GO follow-
ing RTX infusions in various doses [79-82]. Additionally,
two studies (overall 32 patients) evaluating the efficacy
of RTX in moderate-to-severe and active GO observed 3
cases (9.1%) of severe cytokine release syndrome causing
vision impairment with marked periorbital edema [81,
83].

Nevertheless, due to promising results in moderate-
to-severe and active GO [83, 84] and despite potential
adverse events, six reports describing 13 DON patients
(number of eyes missing) treated with RTX have been
published [83, 85-89].

In 11 DON cases, alternative combination treatment
with RTX (various doses: 0.01-2.0 g) and GCs/ORT/OD
was successful. Previous therapy with ivMP with/without
OD failed [83, 87-89]. RTX (2 X 1.0 g) was insufficient in
2 cases, either as first-line treatment for DON or follow-
ing ivMP pulses (3.0 g). Although transient (2-4 months)
improvement in VA was achieved following RTX, further
OD was required due to recurrence of DON with deterio-
ration of vision [85, 86].
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Mycophenolate mofetil

Mycophenolate mofetil (MMF) is an inosine monophosphate
dehydrogenase inhibitor, which suppresses proliferation of B
and T lymphocytes, decreasing the production of antibodies.
MMF induces apoptosis of activated T lymphocytes, reduc-
ing chemotaxis and immune cell recruitment [90]. Moreover,
it disturbs fibroblast function and proliferation [91, 92]. The
2021 EUGOGO guidelines [11] decided to include MMF
into the first-line treatment for moderate-to-severe and active
GO in combination with ivMP, as it was found to result in
significantly greater improvement in CAS and orbital signs
and symptoms compared to ivMP alone [93, 94]. This high-
lights the potential utility of including MMF into the basic
DON treatment, but consensus regarding the use of MMF
in DON is missing.

However, two reports (overall 136 patients) [94, 95]
evaluating the safety and efficacy of MMF (0.72 g daily for
24 weeks) in combination with ivMP pulses (1.5-4.5 g) in
patients with moderate-to-severe and active GO observed
occurrence of DON in 12 patients (8.8%; number of eyes
missing) during the treatment.

So far, only one study [96] evaluated the effects of addi-
tional treatment with MMF in ten DON patients previously
treated with ivMP with or without OD/ORT (various doses).
MMF was applied during or directly after ivMP for a median
time of 76 weeks. Significant improvement was observed
only in CAS. Overall, three patients experienced relapse of
DON within 78 weeks from baseline.

Orbital radiotherapy

Ionizing radiation induces cell death by breaking double-
stranded DNA [97]. Radiotherapy may interfere with the
natural course of GO through apoptosis and disruption in
functioning of orbital fibroblasts, macrophages and lympho-
cytes, which play a crucial role in the pathophysiology of
the disease [2]. The 2021 EUGOGO guidelines recommend
a combination of ORT with GCs as second-line treatment
for moderate-to-severe and active GO, especially in patients
with reduced eye muscle motility, excluding those with dia-
betic or hypertensive retinopathy and younger than 35 years
[11]. According to ATA, including ORT into DON treat-
ment may be considered [12]. Nevertheless, clear consensus
regarding the use of ORT in DON patients is missing.
Several retrospective studies described the use of radi-
otherapy in DON patients, but they are mostly limited to
a small sample size with distinct concurrent treatments,
usually with oral GCs and OD [98-112]. So far, only one
study described the use of ORT in combination with ivMP
(20 Gy and 4.5 g) in a total number of 9 DON patients
(number of eyes missing) obtaining resolution of DON in
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Table4 Clinical features of
eyes with DON before and after
treatment with tocilizumab

Study Before tocilizumab After tocilizumab
VA? Additional findings® VA? Additional findings®*
Mehmet et al. [72] 0.5 VFD 0.2 Improvement in VF
0.4 VFD 0.0 Improvement in VF
Sy et al. [73] HM Missing 0.3 Missing
HM Missing 04 Missing
Pascual-Camps et al. [71] 1.0 VFD 0.0 Improvement in VF
1.0 VFD 0.0 Improvement in VF
Rodriguez et al. [74] 1.3 Missing 0.0 Missing

DON dysthyroid optic neuropathy, VA visual acuity, HM hand motion, VFD visual field defect, VF visual
field, RAPD relative afferent pupillary defect, logMAR logarithm of the minimum angle of resolution

“VA presented as logMAR

PMissing indicates that authors of the study did not provide the information

“Improvement expresses partial recovery

all cases with no recurrence during the 12-month follow-
up and no major side effects [113].

The largest case series (104 patients, 163 eyes)
described resolution of DON, defined as no need of
urgent OD during acute phase of the disease in 98 patients
(94.2%) and 152 eyes (93.3%) treated with oral GCs and
ORT (20 Gy) as first-line treatment. Significant improve-
ment in VA, color vision, visual field and RAPD was
observed. Nevertheless, the retrospective character of the
study with a long period of patient recruitment (22 years)
should be considered while evaluating the results [98].

Moreover, ORT in addition to ivMP (20 Gy and 4.5 g)
was described by Shams et al. [114] to prevent occur-
rence of DON in moderate-to-severe and active GO. None
of the 91 patients developed DON, following combined
therapy compared to 25 (17%) patients receiving ivMP
alone (after average time of 3.2 years).

In contrast, ORT may also cause transient swelling of
the orbital connective tissue, which may result in dete-
rioration of DON despite simultaneous administration of
ivMP (6 Gy and 3 g) as described by Hersh et al. [108].

Limitations of the study

Clear criteria of DON recognition and resolution do not
exist, which restricts comparison of the therapeutic out-
comes.

Data evaluating management of DON is scarce and com-
prised mostly of retrospective studies, small case series,
case reports and only a few RCTs.

Analyzed reports apply various criteria of DON resolu-
tion and provide limited information regarding follow-up
results.
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Conclusions

High-dose ivMP, followed by OD remains the treatment
of choice in DON as described in the 2021 EUGOGO
guidelines.

2. Biologics, including FDA-approved teprotumumab
and TCZ, may be considered as an important treatment
option for DON.

3. ORT can be considered in DON patients classified as
poor surgical candidates with restricted ocular motility.

4. RTX should be avoided in patients with DON due to
conflicting data and risk of adverse events.

5. Consensus regarding alternative treatment strategies for

DON is missing and its establishment is highly required.
Further RCTs and comparison studies with long-term
follow-ups are necessary to evaluate the safety and effec-
tiveness of each therapeutic option in the treatment of
DON.
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7. Podsumowanie

Niniejszg rozprawe doktorska tworzy cykl publikacji, w ktorych w sposob spojny
poruszono tematyke leczenia DON. Przeprowadzone badania analizujg zaré6wno wyniki
uzyskane za pomocg ivMP i OD, jak rowniez rezultaty terapii z zastosowaniem alternatywnych
metod leczenia (Rycina 1.).

W pracy nr 1 po raz pierwszy dokonano analizy wptywu leczenia 12 cotygodniowymi
pulsami ivMP o tacznej dawce 4,5 g lub 7,5 g na poszczegdlne parametry kliniczne u pacjentow
z DON po zakonczeniu podstawowej terapii z ivMP lub ivMP i OD. Catkowity czas leczenia
od momentu rozpoczecia podstawowej terapii DON i podania pierwszego pulsu ivMP
do zakonczenia leczenia 12 dodatkowymi pulsami ivMP wynosit 4 miesigce (mediana;
pierwszy i trzeci kwartyl: 4-6 miesigcy).

Udowodniono, ze terapia 12 dodatkowymi pulsami ivMP ma pozytywny wplyw
na nastepujace parametry: VA, widzenie koloréw, wskaznik klinicznej aktywnosci choroby
(ang. clinical activity score, CAS), stopien wytrzeszczu oraz stezenie TSHR-AD. Po podaniu
dwunastego pulsu ivMP uzyskano znaczgca poprawe w zakresie VA i widzenia koloréw
oraz istotng redukcje wytrzeszczu, CAS 1 TSHR-Ab w odniesieniu do warto$ci przed podaniem
pierwszego dodatkowego pulsu. Opisane rezultaty utrzymywaty si¢ w trakcie wizyty kontrolnej
po 4,5 miesigcach (mediana; zakres czasowy: 3-24 miesigce), co wskazuje, ze terapia
12 pulsami ivMP zapewnia stabilizacj¢ stanu klinicznego pacjentow z DON i moze zapobiegac
nawrotom choroby.

Dodatkowo potwierdzono skutecznos$¢ podstawowej terapii DON rekomendowanej przez
EUGOGO. Po zastosowaniu ivMP w wysokich dawkach z lub bez OD uzyskano statystycznie
istotng poprawe z zakresie VA, widzenia kolorow, wytrzeszczu, CAS i TSHR-Ab.

Przedstawione badanie potwierdzito bezpieczenstwo stosowania wysokich dawek GCS
upacjentow z DON. Zgodnie z rekomendacjami towarzystw endokrynologicznych
kumulacyjna dawka GCS nie powinna przekracza¢ 8 g/cykl. W powyzszym badaniu
u 37% pacjentow zastosowano dawke wyzsza. Tylko 5% (jeden pacjent) doswiadczyto
skutkéw ubocznych w postaci umiarkowanego wzrostu wartosci enzymoéw watrobowych.
Pacjenci otrzymali kumulacyjng dawke ivMP w wysoko$ci 7,5 g (mediana; pierwszy i trzeci
kwartyl: 7,5-10,5 g).

DON jest czynnikiem negatywnie wplywajacym na QoL pacjentow (55).
W pracy nr 2 po raz pierwszy poréwnano QoL chorych z DON po zakonczeniu podstawowej

terapii oraz po zastosowaniu 12 dodatkowych pulsow ivMP. Analiza zostata przeprowadzona
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za pomocg polskiej ustandaryzowanej wersji kwestionariusza opracowanego przez EUGOGO
(56). Zaobserwowano, ze leczenie dodatkowymi pulsami ivMP nie miato statystycznie
istotnego wptywu na QoL, co moze swiadczy¢ o stabilizacji choroby, oraz ze dalsza terapia
z zastosowaniem 12 pulséw ivMP nie wptywa negatywnie na samopoczucie pacjentow z DON.
Powyzsze badania podkresla koniecznos¢ przeprowadzenia oceny QoL u kazdego chorego
Z neuropatia, co umozliwi dobdr adekwatnej do potrzeb pacjenta terapii. Ze wzgledu na ztozony
charakter choroby kazdy pacjent z DON wymaga indywidualnego podej$cia zapewniajacego
maksymalng redukcje objawow.

Dotychczas rekomendacje odnosnie dalszego postepowania w przypadku nieskuteczno$ci
lub przeciwskazan do podstawowej terapii DON, a takze nawrotu choroby nie zostaty
okreslone.

W pracy nr 3 przeprowadzono szczegdtowa analiz¢ dostgpnej literatury opisujacej
zastosowanie alternatywnych metod leczenia DON z uzyciem teprotumumabu, tocilizumabu,
rytuksymabu, mykofenolanu mofetylu oraz radioterapii oczodotow. W publikacji
po raz pierwszy podsumowano rezultaty poszczegélnych terapii ze wskazaniem doktadnej
liczby skutecznie leczonych pacjentow, jednoczesnie uwzgledniajac, czy wymienione metody
zastosowano jako terapi¢ pierwszego rzutu, czy kolejng lini¢ leczenia. Przeprowadzana analiza
potwierdza, ze leki biologiczne, a w szczegdlnosci teprotumumab i tocilizumab, moga
w  przyszto$ci stanowi¢ istotny element terapii DON. Ponadto przeglad wynikow
prezentowanych w dostepne;j literaturze wskazuje, ze radioterapia oczodotow daje pozytywne
efekty w przypadku pacjentow z neuropatig ze znacznie ograniczong ruchomos$cig gatek
ocznych i przeciwskazaniami do zabiegu dekompresji. Z uwagi na sprzeczne doniesienia
i ryzyko dziatan niepozadanych stwierdzono, ze rytuksymab jest lekiem niezalecanym w terapii
DON.

Znacznie ograniczona liczba badan, w szczegdlnosci o charakterze prospektywnym,
prezentujacych przede wszystkim opisy przypadkoéw, stanowila gtowne ograniczenie
przeprowadzonej analizy. Nalezy jednak podkresli¢, ze DON jest chorobg rzadka, ktora z uwagi
na ryzyko nieodwracalnego uszkodzenia nerwu wzrokowego wymaga podejmowania
natychmiastowych decyzji. W zwigzku z czym powyzsze podsumowanie moze stanowic
uzyteczne narzedzie w codziennej praktyce klinicznej, w szczegolnosci w przypadku

nieskutecznosci lub przeciwskazan do rekomendowane;j terapii DON z uzyciem ivMP i OD.
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{ Pacjenci z DON ]

|

Kwalifikacja
do leczenia
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3xl0ghib3x05g

codziennie ub co drugi dziefi
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monitoring

Brak odpowiedzi
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P .
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Poprawa . .
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6x05gi6x025¢g
dawlka/tydzien

Teprotumumab
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Rycina 1. Proponowany schemat leczenia DON.
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8. Whnioski

Wyniki przeprowadzonych badan potwierdzily stuszno$¢ wskazanych we wstepie rozprawy

hipotez badawczych i umozliwity sformutowanie nastgpujacych wnioskow.

1. Terapia z zastosowaniem 12 cotygodniowych pulsow ivMP o Ilacznej dawce
4,5 g lub 7,5 g wdrozona po zakonczeniu podstawowego leczenia DON (wysokie dawki
iIVMP z lub bez OD) umozliwia dalsza poprawe¢ w zakresie VA, widzenia kolorow,
wytrzeszczu, CAS i TSHR-AD.

2. Wilaczenie 12 dodatkowych pulsow ivMP po zakonczeniu podstawowej terapii DON
zapewnia stabilizacj¢ uzyskanych rezultatow leczenia oraz moze zapobiega¢ nawrotom
choroby.

3. Leczenie wysokimi dawkami ivMP z lub bez OD stanowi skuteczng terapi¢ DON.

4. Ocena QoL pacjentéw z DON powinna stanowi¢ integralng cze$¢ postgpowania
na kazdym z etapow leczenia.

5. DON wymaga leczenia w wysokospecjalistycznych osrodkach zapewniajacych opieke
w dziedzinie endokrynologii, okulistyki, laryngologii i radiologii, co umozliwi dobor
adekwatnej do potrzeb pacjenta terapii.

6. Leki biologiczne, a w szczegdlnosci teprotumumab i tocilizumab, moga w przysztosci
stanowic istotny element terapii DON.

7. Radioterapia oczodotéw stanowi potencjalng metod¢ leczenia w przypadku pacjentow
z DON ze znacznie ograniczong ruchomoscig gatek ocznych i przeciwskazaniami
do zabiegu dekompresji.

8. Rytuksymab jest lekiem niezalecanym w terapii DON z uwagi na sprzeczne doniesienia

i ryzyko dziatan niepozadanych.
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Methylprednisolone Pulses after the Basic Schedule Is Associated with Stabilization or Further

Improvement of Clinical Outcome.
Autorzy: Maryla Pelewicz, Joanna Rymuza, Katarzyna Pelewicz, Piotr Miskiewicz

Dane bibliometryczne: Journal of Clinical Medicine. 2022;11(8):2068.

Wspélautor: dr hab. n. med. Piotr Miskiewicz

Oswiadczam, ze mdj wklad w powstanie powyzszej publikacji polegal na okre$leniu tematu,
szczegbtowym zaplanowaniu koncepcji pracy, przegladzie pismiennictwa, wspotudziale w
napisaniu wszystkich czgsci publikacji, przygotowaniu ostatecznej wersji manuskryptu oraz

ocenie merytorycznej i recenzji pracy.

MJj udziat procentowy w przygotowaniu powyzszej publikacji szacuj¢ na okoto 45%.

Podpis wspétautora:
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Warszawa, 01.03.2023 r.

Oswiadczenie o wspolautorstwie

Tytul artykulu: Impact of additional intravenous methylprednisolone pulse therapy on the

quality of life in patients with dysthyroid optic neuropathy.
Autorzy: Maryla Pelewicz, Joanna Rymuza, Katarzyna Pelewicz, Piotr Miskiewicz

Dane bibliometryezne: Journal of Medical Science. 2021;90(2):65-70.

Wspélautor: lek. Maryla Pelewicz-Sowa

Oswiadczam, ze mdj wklad w powstanie powyzszej publikacji polegal na przegladzie
piSmiennictwa, wspotudziale w tworzeniu koncepcji i projektu badania, gromadzeniu i

zestawieniu danych oraz na przygotowanie oryginalnego tekstu.

Moj udzial procentowy w przygotowaniu powyzszej publikacji szacuj¢ na okoto 40%.

Podpis wspdtautora:
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Warszawa, 22.02.2023 1.
Oswiadczenie o wspélautorstwie

Tytul artykulu: Impact of additional intravenous methylprednisolone pulse therapy on the

quality of life in patients with dysthyroid optic neuropathy.
Autorzy: Maryla Pelewicz, Joanna Rymuza, Katarzyna Pelewicz, Piotr Miskiewicz

Dane bibliometryczne: Journal of Medical Science. 2021;90(2):65-70.

Wspolautor: dr n. med. Joanna Rymuza
Oswiadczam, ze mo] wklad w powstanie powyzszej publikacji polegal na przegladzie
pisSmiennictwa, wspotudziale w zestawieniu danych, opracowaniu statystycznym danych,

napisaniu czesci publikacji oraz przygotowaniu ostatecznej wersji manuskryptu.

Mo udziat procentowy w przygotowaniu powyzszej publikacji szacuje na okoto 10%.

Podpis wspotautora:
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Warszawa, 01.03.2023 r.
Oswiadczenie o wspolautorstwie

Tytul artykulu: Impact of additional intravenous methylprednisolone pulse therapy on the

quality of life in patients with dysthyroid optic neuropathy.
Autorzy: Maryla Pelewicz, Joanna Rymuza, Katarzyna Pelewicz, Piotr Miskiewicz

Dane bibliometryczne: Journal of Medical Science. 2021;90(2):65-70.

Wspoélautor: lek. Katarzyna Pelewicz
Oswiadczam, ze mo6j wkilad w powstanie powyzszej publikacji polegal na przegladzie
pismiennictwa, wspétudziale w zestawieniu danych, opracowaniu statystycznym danych,

napisaniu czgsci publikacji oraz przygotowaniu ostatecznej wersji manuskryptu.

Moj udziat procentowy w przygotowaniu powyzszej publikacji szacuje na okoto 10%.

Podpis wspotautora:
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Warszawa, 01.03.2023 r.

Oswiadczenie o wspoélautorstwie

Tytul artykulu: Impact of additional intravenous methylprednisolone pulse therapy on the
quality of life in patients with dysthyroid optic neuropathy.

Autorzy: Maryla Pelewicz, Joanna Rymuza, Katarzyna Pelewicz, Piotr Miskiewicz

Dane bibliometryczne: Journal of Medical Science. 2021;90(2):65-70.

Wspélautor: dr hab. n. med. Piotr Miskiewicz

Oswiadczam, ze moj wklad w powstanie powyzszej publikacji polegat na okresleniu tematu,
szczegdlowym zaplanowaniu koncepcji pracy, przegladzie pismiennictwa, wspétudziale w
napisaniu wszystkich czesci publikacji, przygotowaniu ostatecznej wersji manuskryptu oraz

ocenie merytorycznej i recenzji pracy.

Moj udziat procentowy w przygotowaniu powyzszej publikacji szacuje na okoto 40%.

Podpis wspdtautora:
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Warszawa, 01.03.2023 r.

Oswiadczenie o wspolautorstwie

Tytul artykulu: Dysthyroid optic neuropathy: emerging treatment strategies.
Autorzy: Maryla Pelewicz-Sowa, Piotr Miskiewicz

Dane bibliometryczne: Journal of Endocrinological Invesigation (2023).
doi: 10.1007/s40618-023-02036-0

Wspélautor: lek. Maryla Pelewicz-Sowa

Os$wiadczam, ze moj wklad w powstanie powyzszej publikacji polegal na przegladzie
piSmiennictwa, wspdtudziale w tworzeniu koncepcji i projektu badania, gromadzeniu i

zestawieniu danych oraz na przygotowanie oryginalnego tekstu.

Moj udzial procentowy w przygotowaniu powyzszej publikacji szacuj¢ na okoto 50%.

Podpis wspotautora:
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Warszawa, 01.03.2023 r.

Oswiadczenie o wspolautorstwie

Tytul artykulu: Dysthyroid optic neuropathy: emerging treatment strategies.
Autorzy: Maryla Pelewicz-Sowa, Piotr Miskiewicz

Dane bibliometryczne: Journal of Endocrinological Invesigation (2023).

doi: 10.1007/s40618-023-02036-0

Wspélautor: dr hab. n. med. Piotr Miskiewicz

Os$wiadczam, ze mdj wklad w powstanie powyzszej publikacji polegat na okresleniu tematu,
szczegdlowym zaplanowaniu koncepcji pracy, przegladzie pismiennictwa, wspoludziale w
napisaniu wszystkich czgsci publikacji, przygotowaniu ostatecznej wersji manuskryptu oraz

ocenie merytorycznej i recenzji pracy.

MJj udziat procentowy w przygotowaniu powyzszej publikacji szacuje¢ na okoto 50%.

Podpis wspdtautora:

0. EL : \[Lvt (VLN

72



