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1. WYKAZ STOSOWANYCH SKROTOW

Petna nazwa w jezyku angielskim

Skrot i .
Pelna nazwa w jezyku polskim
adrenocorticotropic hormone
ACTH
hormon adrenokortykotropowy
AL adrenal insufficiency
niedoczynno$¢ kory nadnerczy
Cushing disease
CD )
choroba Cushinga
Cushing syndrome
cs g sy .
zespot Cushinga
cholesterol side-chain cleavage enzyme
P450scc o
enzym rozszczepiajacy tancuch boczny cholesterolu
11p-hydroxylase
P450c11p Frhydrozy
11B-hydroksylaza
aldosterone synthase
P450c11AS
syntaza aldosteronu
170-hvdroxylase/17,20-lyase
P450c17 arony >
17a-hydroksylaza/17,20-liaza
dopamine 2 receptor
D2R P +
receptor dopaminy typu 2
ectopic ACTH syndrome
EAS S
zespoOt ektopowego wydzielania ACTH
long-acting release
LAR grachng o
o przedtuzonym uwalnianiu
late-night salivary cortisol
LNSC Sy eort )
poznowieczorne stezenie kortyzolu w $linie
severe Cushing syndrome
SCS L .
cigzki zespot Cushinga
somatostatin receptor type 5
SSTRS plorip
receptor dla somatostatyny typu 5
urinary free cortisol
UFC

dobowe wydalanie wolnego kortyzolu z moczem




2. STRESZCZENIE

Zesp6t Cushinga (ang. Cushing syndrome, CS) stanowi istotne wyzwanie diagnostyczne
1 terapeutyczne w praktyce endokrynologicznej. Leczeniem z wyboru CS pozostaje resekcja
chirurgiczna guza odpowiedzialnego za nadmierng sekrecje¢ kortyzolu. W ostatnich latach,
dzigki opracowaniu nowych lekéw, mozliwosci terapeutyczne w zakresie leczenia i kontroli
hiperkortyzolemii istotnie si¢ poszerzyly, co pozwolito ugruntowaé farmakoterapi¢ jako
skuteczng opcje terapeutyczng drugiego rzutu, szczegdlnie u pacjentow z przetrwatg lub
nawrotowg postacig choroby. Dane dotyczace skutecznosci i1 bezpieczenstwa terapii
osilodrostatem czy pasyreotydem u pacjentow z chorobg Cushinga (ang. Cushing disease, CD)
pochodza jednak gtownie z badan klinicznych. Farmakoterapia znajduje rowniez zastosowanie
jako leczenie pomostowe przed planowanym zabiegiem chirurgicznym (zwlaszcza
w przypadkach cigzkiego CS [ang. severe CS, SCS]) oraz w sytuacjach, gdy leczenie
operacyjne nie jest mozliwe lub istnieja przeciwwskazania do jego wykonania.

Biorgc pod uwage zréznicowana etiologie CS oraz szerokie spektrum nasilenia
hiperkortyzolemii, obrazu klinicznego 1 powiktan choroby, leczenie farmakologiczne
u poszczegdlnych pacjentow wymaga znacznej indywidualizacji. W doborze farmakoterapii
nalezy uwzgledni¢ szybko$¢ dziatania oraz skuteczno$¢ leku w celu osiggnigcia zadowalajace;j
kontroli hiperkortyzolemii, ryzyko wystgpienia dzialan niepozadanych oraz tatwosé
stosowania, aby zapewni¢ adherencj¢ pacjenta wobec terapii i uzyskaé satysfakcjonujace
efekty. Kontrola wzrostu guza przysadki stanowi dodatkowy czynnik, ktory nalezy uwzgledni¢
przy wyborze leczenia u wybranej grupy pacjentow z CD. Dostgpne opcje terapeutyczne oraz
ich kombinacje umozliwiajg opracowanie zindywidualizowanych terapii, co pozwala osiggna¢
optymalne dtugoterminowe wyniki leczenia, przektadajace si¢ na poprawe jakosSci Zycia oraz
zmniejszenie $miertelnosci pacjentow z CS.

Niniejsza rozprawa doktorska obejmuje cykl czterech powigzanych tematycznie publikacji
naukowych  oceniajagcych  skuteczno$¢ 1  bezpieczenstwo nowoczesnych terapii
farmakologicznych oraz schematéw terapeutycznych u pacjentow z ACTH-zalezna
hiperkortyzolemia w rzeczywistych warunkach klinicznych.

Seri¢ publikacji otwiera artykul Cushing’s Disease: Long-Term Effectiveness and Safety of
Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in the Experience
of a Single Center. W ramach retrospektywnej analizy oceniono dtugoterminowe efekty terapii
osilodrostatem u sze$ciu pacjentdéw z nawrotowag lub przetrwatg CD, ktérzy poczatkowo

uczestniczyli w badaniu klinicznym LINC4, a nastgpnie kontynuowali leczenie osilodrostatem



finansowanym w ramach Ratunkowego Dostepu do Technologii Lekowych. Terapia
osilodrostatem pozwolita na petng kontrolg hiperkortyzolemii u wszystkich pacjentéw oraz
istotng poprawe parametréw metabolicznych 1 sercowo-naczyniowych. Mediana czasu do
uzyskania normalizacji sredniego dobowego wydalania wolnego kortyzolu z moczem (ang.
urinary free cortisol, mUFC) wynosita 5 tygodni przy medianie dawki osilodrostatu 5 mg dwa
razy dziennie. W pracy szczegotowej analizie poddano rowniez przypadki trzech pacjentéw,
u ktérych w trakcie leczenia osilodrostatem wystapily specyficzne dziatania niepozadane,
wymagajace wdrozenia okreslonego, indywidualnego postepowania w celu ich ustgpienia.
Kolejny artykut Cushing’s syndrome: a combined treatment with etomidate and osilodrostat
in severe life-threatening hypercortisolemia stanowi opis przypadku. Po raz pierwszy
w literaturze przedstawiono w nim mozliwos¢ leczenia SCS przy uzyciu skojarzonej terapii
etomidatem 1 osilodrostatem. Podejscie to zostalo nastepnie rozszerzone i przeanalizowane
w pracy oryginalnej Is there still a place for etomidate in the management of Cushing’s
syndrome? The experience of a single center of low-dose etomidate and combined etomidate-
osilodrostat treatment in severe hypercortisolemia. Celem tej strategii terapeutycznej bylo
szybkie uzyskanie stabilnej kontroli hiperkortyzolemii dzigki terapii niskimi dawkami
etomidatu, a nastgpnie jej utrzymanie za pomocg monoterapii osilodrostatem. Wykazano,
ze terapia skojarzona osilodrostatem 1 etomidatem byta dobrze tolerowana oraz
charakteryzowala si¢ wysoka skutecznoscig w kontroli SCS. W powyzszej pracy oryginalnej
oceniono réwniez skuteczno$¢ 1 bezpieczenstwo niskodawkowej terapii etomidatem
u pacjentoéw z powiklanym, zagrazajacym zyciu SCS. U wszystkich pacjentow uzyskano
szybka kontrole hiperkortyzolemii, osiggajac docelowe stgzenie kortyzolu w surowicy
w medianie czasu 30 godzin. Niskodawkowa terapia etomidatem okazata si¢ nie tylko wysoce
skuteczna, ale 1 bezpieczna z mozliwoscia jej prowadzenia poza oddzialem intensywnej terapii.
Cykl zamyka artykul Real-World Experience with Pasireotide-LAR in Cushing’s Disease:
Single-Center 12-Month Observational Study. Dokonano w nim retrospektywej analizy
prospektywnie gromadzonych danych pacjentéw z przetrwalg lub nawrotowa CD, leczonych
co najmniej 12 miesigcy pasyreotydem o przedtuzonym uwalnianiu (ang. long-acting release,
LAR). Ocenie poddano skutecznos¢ w zakresie kontroli hiperkortyzolemii, wptyw terapii
na parametry kardiometaboliczne oraz jej bezpieczenstwo. W analizowanej grupie stwierdzono
istotng redukcje mUFC podczas terapii pasyreotydem LAR, najwiekszy w poczatkowych
miesigcach leczenia. P6znowieczorne stezenia kortyzolu w §linie (ang. late-night sailvary
cortisol, LNSC) wykazywaly zmienno$¢ w trakcie obserwacji, z najwigksza redukcja

w pierwszych miesigcach terapii, jednak bez istotnosci statystycznej. Pasyreotyd LAR



charakteryzowal si¢ dobrg tolerancja, a najczgstszym dzialaniem niepozadanym
obserwowanym u wszystkich pacjentow byla hiperglikemia lub pogorszenie kontroli

stwierdzanych uprzednio zaburzen gospodarki wgglowodanowe;.



3. SUMMARY

Treatment Personalization in ACTH-Dependent Cushing’s Syndrome:

Evaluation of the Effectiveness and Safety of Modern Pharmacological Therapies

Cushing syndrome (CS) represents a significant diagnostic and therapeutic challenge in
endocrinological practice. Surgical resection of the tumor responsible for excessive cortisol
secretion remains the treatment of choice for CS. In recent years, however, the development of
novel pharmacological agents has substantially expanded therapeutic options for the treatment
and control of hypercortisolemia, establishing pharmacotherapy as an effective second-line
treatment, particularly in patients with persistent or recurrent disease. Data on the efficacy and
safety of therapies such as osilodrostat or pasireotide in patients with Cushing disease (CD) are
derived mainly from clinical trials. Pharmacotherapy is also used as bridging treatment prior to
planned surgery (especially in cases of severe CS [SCS]) and in situations where surgical
treatment is not feasible or contraindicated.

Given the heterogeneous etiology of CS and the wide spectrum of hypercortisolemia severity,
clinical presentation, and disease-related complications, pharmacological treatment requires
a high degree of individualization. The selection of therapy should take into account the speed
of onset and efficacy of the drug in achieving adequate control of hypercortisolemia, the risk of
adverse events, and ease of use to ensure patient adherence and satisfactory therapeutic
outcomes. Control of pituitary tumor growth constitutes an additional factor to be considered
when selecting treatment in a subset of patients with CD. Available therapeutic options and
their combinations allow for the development of individualized treatment strategies, enabling
optimal long-term outcomes, improvement in quality of life, and reduction in mortality among
patients with CS.

This doctoral dissertation comprises a series of four thematically related scientific
publications evaluating the efficacy and safety of modern pharmacological therapies and
treatment regimens in patients with ACTH-dependent hypercortisolemia under real-world
clinical conditions.

The series opens with the article Cushing’s Disease: Long-Term Effectiveness and Safety of
Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in the Experience
of a Single Center. This retrospective analysis assessed the long-term effects of osilodrostat
therapy in six patients with recurrent or persistent CD who initially participated in the LINC4

clinical trial and subsequently continued osilodrostat treatment funded through the Emergency
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Access to Drug Technologies program. Osilodrostat therapy achieved complete control of
hypercortisolemia in all patients and resulted in significant improvement in metabolic and
cardiovascular parameters. The median time to normalization of mean urinary free cortisol
(mUFC) excretion was 5 weeks at a median osilodrostat dose of 5 mg twice daily. The study
also provides a detailed analysis of three patients who developed specific adverse events during
osilodrostat therapy, requiring individualized management to achieve resolution.

The next article, Cushing’s syndrome: a combined treatment with etomidate and osilodrostat
in severe life-threatening hypercortisolemia, is a case report. It presents, for the first time in the
literature, the use of combined etomidate and osilodrostat therapy for the treatment of SCS.
This approach was subsequently expanded and analyzed in the original study Is there still
a place for etomidate in the management of Cushing’s syndrome? The experience of a single
center of low-dose etomidate and combined etomidate—osilodrostat treatment in severe
hypercortisolemia”. The aim of this therapeutic strategy was to achieve rapid and stable control
of hypercortisolemia using low-dose etomidate therapy, followed by maintenance with
osilodrostat monotherapy. The combined osilodrostat—etomidate therapy was shown to be well
tolerated and highly effective in controlling SCS. The same study also evaluated the efficacy
and safety of low-dose etomidate therapy in patients with complicated, life-threatening SCS.
Rapid control of hypercortisolemia was achieved in all patients, with target serum cortisol
concentrations reached within a median time of 30 hours. Low-dose etomidate therapy proved
to be not only highly effective but also safe, with the possibility of administration outside the
intensive care unit.

The series concludes with the article Real-World Experience with Pasireotide-LAR
in Cushing’s Disease: Single-Center 12-Month Observational Study. This retrospective
analysis of prospectively collected data included patients with persistent or recurrent CD treated
with long-acting release pasireotide (pasireotide LAR) for at least 12 months. The study
evaluated efficacy in controlling hypercortisolemia, the impact of therapy on cardiometabolic
parameters, and safety. A significant reduction in mUFC was observed during pasireotide LAR
therapy, with the greatest decrease occurring in the initial months of treatment. Late-night
salivary cortisol (LNSC) levels showed variability during follow-up, with the greatest reduction
observed in the early months of therapy, although without statistical significance. Pasireotide
LAR was generally well tolerated, and the most common adverse event observed in all patients

was hyperglycemia or worsening of pre-existing disturbances in glucose metabolism.
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4. WSTEP
4.1 Epidemiologia i definicja jednostki chorobowej

Endogenny zespdt Cushinga (CS, ang. Cushing syndrome) jest bardzo rzadka choroba
endokrynologiczng zwigzang z patologiczng nadprodukcja kortyzolu przez kor¢ nadnerczy
(1,2). Szacowana zapadalno$¢ na CS wynosi od 2-3 do 8 przypadkéw na milion 0s6b rocznie
(2). Wigkszo$¢ przypadkow CS (okoto 80-85%%) wynika z nadmiernej produkcji hormonu
adrenokortykotropowego (ACTH, ang. adrenocorticotropic hormone), co okresla si¢ jako
ACTH-zalezny CS (1,2). Guzy neuroendokrynne przysadki wydzielajace ACTH (klasycznie
okreslane jako choroba Cushinga [CD, ang. Cushing disease]) odpowiadaja za okoto 85-90%
ACTH-zaleznych postaci CS i stanowia jednocze$nie najczgstsza przyczyne zespotu (3).
W pozostatych 10-15% ACTH-zaleznych postaci CS przyczyna sa pozaprzysadkowe guzy
neuroendokrynne ektopowo wydzielajace ACTH (EAS, ang. ectopic ACTH syndrome) (1,4).
ACTH-niezalezna posta¢ CS, wynikajagca z autonomicznej produkcji kortyzolu przez
nadnercza, najczgséciej na skutek fagodnego gruczolaka kory nadnerczy, stanowi okoto 20%

wszystkich przypadkéw CS (1,2).
4.2 Obraz kliniczny i powiklania hiperkortyzolemii

Manifestacja kliniczna CS jest zr6znicowana i zalezy od czasu trwania hiperkortyzolemii, jej
nasilenia, wieku pacjenta, choréb wspotistniejacych oraz indywidualnej wrazliwosci receptora
glikokortykosteroidowego (5-8). Hiperkortyzolemia prowadzi miedzy innymi do zmian
w redystrybucji tkanki thuszczowej z dominujacg otyloscig centralng 1 towarzyszacym zanikiem
oraz oslabieniem mig$ni proksymalnych, zaburzen metabolicznych, w tym insulinoopornosci,
cukrzycy oraz dyslipidemii, a takZze nadci$nienia tgtniczego. Ekspozycja na nadmiar kortyzolu
wigze si¢ ponadto ze zwigkszong podatnoscig na zakazenia, zaburzenia zakrzepowo-zatorowe,
sprzyja utracie masy kostnej oraz rozwojowi zaburzen neuropsychiatrycznych (1,2,5-8).

Szerokie spektrum powiktan narzadowych znaczaco przyczynia si¢ do zwickszenia
Smiertelnosci wsrod pacjentow z CS, ktoéra jest okoto trzykrotnie wyzsza w pordwnaniu
z populacja og6lng (9-11). Najczestszymi przyczynami zgonu u pacjentow z aktywna
hiperkortyzolemig sg powiktania sercowo-naczyniowe (w tym zawal migs$nia sercowego i udar
moézgu), powiklania zakrzepowo-zatorowe oraz zakazenia (9,11).

Wyzwaniem terapeutycznym dla endokrynologdéw pozostaje cigzki CS (ang. severe CS,
SCS), obarczony licznymi powiktaniami i zwigzany z wysoka $miertelnoscig (4,12). SCS

charakteryzuje si¢ znacznym nasileniem hiperkortyzolemii (przygodne st¢zenie kortyzolu

12



w surowicy > 41 pg/dl, dobowe wydalanie wolnego kortyzolu z moczem przekraczajace
pigciokrotnie gorng granic¢ normy) i/lub wspdtistnieniem cig¢zkiej hipokaliemii (< 3,0 mmol/l),
przy jednoczesnym wystepowaniu co najmniej jednego z ostrych powiktan sercowo-

naczyniowych, zakaznych lub metabolicznych zwigzanych z hiperkortyzolemig (12).
4.3 Leczenie zespolu Cushinga

Optymalizacja dtugoterminowych wynikéw leczenia CS wymaga wczesnego i trafnego
rozpoznania, wlasciwego doboru terapii oraz kompleksowego prowadzenia choroby

podstawowej 1 wspotistniejacych schorzen przez doswiadczonych klinicystow.

4.3.1. Leczenie operacyjne

Leczeniem z wyboru u pacjentow z CS pozostaje calkowita resekcja guza bedacego
pierwotnym zrodtem choroby (1,2). W przypadku pacjentéw z CD zabieg obejmuje
selektywng, transfenoidalng adenomektomie, ktorej skuteczno$é, przy przeprowadzeniu
zabiegu przez do$wiadczonego neurochirurga, wynosi okolo 80% u pacjentow
z mikrogruczolakami oraz 60% u pacjentow z makrogruczolakami przysadki wydzielajacymi
ACTH (3,13). U pacjentow z EAS skutecznos$¢ chirurgicznego usunig¢cia guza wydzielajacego
ACTH i biochemicznej remisji hiperkortyzolemii waha si¢ w zakresie 30-60% i zalezna jest
migdzy innymi od typu nowotworu neuroendokrynnego i precyzyjnego ustalenia jego
lokalizacji, obecno$ci przerzutdw oraz stopnia nasilenia hiperkortyzolemii (4,14).
Laparoskopowa adrenalektomia stanowi natomiast standard leczenia CS wywotanego przez

jednostronne, fagodne gruczolaki nadnerczy produkujace kortyzol (15).

4.3.2. Leczenie farmakologiczne

W przypadku nawrotu hiperkortyzolemii lub braku mozliwosci przeprowadzenia radykalnej
resekcji guza odpowiedzialnego za CS, potencjalnymi opcjami terapeutycznymi sa leczenie
farmakologiczne, radioterapia oraz obustronna adrenalektomia (1-3,16). W ostatnich latach
dzieki dostepnosci nowych lekow, farmakoterapia wytonita si¢ jako opcja leczenia drugiego
rzutu (17,18). Srodki farmakologiczne stosowanie w terapii CS obejmuja inhibitory
steroidogenezy nadnerczowej, leki dzialajace na poziomie przysadki (u pacjentoéw z CD) oraz
antagonistow receptorow glikokortykoidowych (19). Farmakoterapia znajduje rdwniez
zastosowanie u pacjentow, u ktorych leczenie chirurgiczne jest przeciwwskazane lub
nieakceptowane, a takze jako leczenie pomostowe, majace na celu kontrole hiperkortyzolemii

w okresie oczekiwania na wdrozenie innych procedur terapeutycznych (1,3,19,20).
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4.3.2.1 Doustne inhibitory steroidogenezy nadnerczowej

Sposrod dostepnych metod farmakoterapii CS najczesciej stosowang w praktyce klinicznej
grupe stanowig doustne inhibitory steroidogenezy nadnerczowej, do ktorych naleza

ketokonazol, lewoketokonazol, metyrapon oraz osilodrostat (19,21,22).
4.3.2.1.1 Ketokonazol i lewoketokonazol

Ketokonazol, syntetyczna pochodna imidazolu, jest lekiem przeciwgrzybiczym, ktory
hamuje kluczowe enzymy steroidogenezy w korze nadnerczy, w tym enzym rozszczepiajacy
tancuch boczny cholesterolu (P450scc), 17a-hydroksylaze/17,20-liaze (P450c17) oraz 11f-
hydroksylaze (P450c11B) (19,22,23). W CS ketokonazol stosuje si¢ w dawkach 200—-1200 mg
na dobeg; jednak ze wzgledu na krotki okres poltrwania (3,3 h) lek ten wymaga podawania 2—3
razy dziennie (21). Brakuje danych z prospektywnych badan oceniajacych skutecznosé
ketokonazolu w leczeniu CS; w najwickszym retrospektywnym badaniu obejmujagcym 200
pacjentow z CD normalizacje dobowego wydalania wolnego kortyzolu z moczem (ang. urinary
free cortisol, UFC) uzyskano u 49,3% pacjentow (24). Gléwne ograniczenia stosowania
ketokonazolu obejmujg hepatotoksyczno$¢, hamowanie wydzielania androgendéw u mezczyzn
oraz dzialania niepozadane ze strony przewodu pokarmowego (19,22,23). Problemem jest
roOwniez jego ograniczona skutecznos$¢ ketokonazolu w leczeniu dtugoterminowym, gdyz utrata
efektu terapeutycznego po poczatkowej odpowiedzi dotyczy nawet do 23% pacjentéw (22).

Lewoketokonazol, bedacy enancjomerem 2S,4R ketokonazolu, charakteryzuje si¢ dtuzszym
okresem poltrwania niz ketokonazol (4-6 h), co umozliwia jego podawanie dwa razy dziennie
w dawce 300-1200 mg na dobe (19,21,22). W randomizowanym badaniu IIl fazy z faza
odstawienia leczenia LOGICS (NCT03277690) kontrole¢ mUFC uzyskano u 50% pacjentow
leczonych lewoketokonazolem w pordwnaniu z 5% w grupie placebo (25).

Ketokonazol 1 lewoketokonazol w chwili obecnej sg niedostepne w Polsce.
4.3.2.1.2 Metyrapon

Metyrapon jest pochodng pirydyny, ktéora wzglednie selektywnie hamuje P450c11p,
wykazujac przy tym stabsze dziatanie inhibicyjne wobec syntazy aldosteronu (P450c11AS)
(19,22,23). Ze wzgledu na krotki okres pottrwania (okoto 2 h) lek ten wymaga wielokrotnego
podawania w ciggu dnia, nawet 4—6 razy na dobe, w dawkach 500-6000 mg na dobe (21-23).
Skuteczno$¢ metyraponu w leczeniu CS oceniono w prospektywnym, jednoramiennym,

otwartym badaniu III fazy PROMPT (NCT02297945) (26). Do badania wtaczono 50 pacjentow
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z CS, ktorzy otrzymywali metyrapon przez maksymalnie 36 tygodni, w tym przez 12 tygodni
w okresie podstawowym z mozliwoscia modyfikacji dawki. Gléwny punkt koncowy,
tj. normalizacj¢ mUFC w 12. tygodniu leczenia, osiagni¢to u 47% pacjentdw przy medianie
dawki 1500 mg na dobe (26). W badaniach retrospektywnych normalizacj¢ mUFC osiggano
srednio u 71% pacjentéw z CS, przy medianie dawki wynoszacej 1750 mg na dobg oraz
medianie czasu terapii rownej 5,5 miesigca (27).

Typowe dziatania niepozadane leczenia metyraponem wynikaja ze wzrostu stezenia
prekursoréw o aktywnosci mineralokortykosteroidowej oraz androgendéw 1 obejmujg
nadci$nienie te¢tnicze, hipokaliemig, obrzgki oraz hirsutyzm; do czes$ciej obserwowanych
dziatan niepozadanych naleza réwniez zmeczenie, zawroty gtowy, bole stawoéw oraz nudnosci
(19,22). Podobnie jak w przypadku ketokonazolu, dtugotrwate leczenie metyraponem moze

prowadzi¢ do utraty poczatkowego efektu terapeutycznego u nawet 18,7% pacjentow (19,28).
4.3.2.1.3 Osilodrostat

Osilodrostat to doustny inhibitor steroidogenezy nadnerczowej, ktory w ostatnich latach stat
si¢ nowa opcja terapeutyczna w terapii CS (29,30). Jego mechanizm dzialania polega na silnej
inhibicji P450cl11p — enzymu katalizujacego koncowy etap syntezy kortyzolu — oraz
dodatkowym hamowaniu P450c11AS, co prowadzi do zmniejszenia produkcji aldosteronu
(31,32).

Wysoka skuteczno$¢ oraz korzystny profil bezpieczenstwa osilodrostatu potwierdzono
w badaniach klinicznych II 1 III fazy, w ktorych wykazano szybka i1 trwalg kontrole
hiperkortyzolemii, z rownoczesng poprawa parametrow metabolicznych, czynnikéw ryzyka
sercowo-naczyniowego oraz jakosci zycia pacjentow (18,31,p.20,33). W randomizowanym,
podwdjnie zaslepionym, kontrolowanym placebo, wieloosrodkowym badaniu rejestracyjnym
III fazy LINC4 (NCT02697734) oceniano skutecznos¢ 1 bezpieczenstwo osilodrostatu u 73
dorostych pacjentéw z utrzymujacg si¢ lub nawrotowa postacig CD (18). Normalizacje mUFC
w 12. tygodniu leczenia uzyskano u 77% pacjentow leczonych osilodrostatem w poréwnaniu
z 8% w grupie placebo, a mediana czasu do uzyskania pierwszej kontroli mUFC wyniosta 35
dni (18). Odsetek pacjentow osiagajacych normalizacj¢ mUFC w 36. tygodniu badania, po
24-tygodniowym leczeniu osilodrostatem w otwartej fazie, wyniost 81% (18).

Najczgstszymi dzialaniami niepozadanymi podczas terapii osilodrostatem sg spadek apetytu,
bole stawow, zawroty glowy oraz nudnosci (18,33,34), w duzej mierze wynikajace z zespotu
odstawienia glikokortykosteroidow (35). Wysoka skuteczno$¢ osilodrostatu wigze si¢ jednak

z relatywnie czgstym wystgpowaniem niedoczynno$ci kory nadnerczy (ang. adrenal
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insufficiency, Al), obserwowanej u okoto 27% leczonych pacjentow (18,31,33,34). Al w trakcie
leczenia osilodrostatem najczg$ciej obserwuje si¢ we wczesnej fazie terapii podczas
dostosowywania dawki leku (18,33), chociaz moze réwniez wystapi¢ u pacjentdow stosujacych
stabilny, dlugoterminowy schemat dawkowania (36,37). Podobnie jak w przypadku
metyraponu, osilodrostat, ze wzgledu na wysoce selektywne hamowanie P450c11f3, moze
prowadzi¢ do dziatan niepozadanych zwigzanych z akumulacja prekursoréw o aktywnosci
mineralokortykosteroidowej oraz androgenow (18,31,33), ktore zazwyczaj ustepuja w trakcie
trwania terapii (38—40). Niemniej jednak dostepne dane wskazuja, ze osilodrostat powoduje
mniejszy wzrost stezen prekursoréw steroidogenezy (41,42), a zwigzane z nimi dzialania
niepozadane wystepuja rzadziej i maja tagodniejszy przebieg niz podczas terapii metyraponem
(43).

Zalecana dawka poczatkowa osilodrostatu, zgodnie z charakterystyka produktu leczniczego,
wynosi 2 mg podawane dwa razy dziennie, z mozliwo$cig zwigkszenia dawki do maksymalnie
60 mg na dobg (44,45). Osilodrostat charakteryzuje si¢ rowniez dtuzszym okresem péttrwania
(4 godziny) w poréwnaniu z metyraponem i ketokonazolem (30), co umozliwia jego podawanie
dwa razy dziennie i moze poprawiac przestrzeganie zalecen terapeutycznych przez pacjentow

(21,22).
4.3.2.2 Leki dzialajace na poziomie przysadki

Do lekéw dziatajacych na poziomie przysadki, majacych zastosowanie w farmakoterapii

pacjentow z CD, nalezy pasyreotyd i kabergolina (19,46).
4.3.2.2.1 Pasyreotyd

Pasyreotyd jest ligandem receptora somatostatynowego drugiej generacji, wykazujacym
wysokie powinowactwo do podtypu 5 receptora somatostatynowego (ang. somatostatin
receptor type 5, SSTRS), ktory to cechuje si¢ najwyzszym poziomem ekspresji w guzach
kortykotropowych przysadki (19,46,47). W podwdjnie za$lepionym badaniu III fazy
(NCTO00434148) u pacjentow z CD, w trakcie terapii pasyreotydem, normalizacj¢ mUFC
osiggnieto u 36% uczestnikow w 6. miesigcu leczenia oraz u 31% uczestnikow w 12. miesigcu
leczenia (48). Pasyreotyd w postaci o przedtuzonym uwalnianiu (ang. long-acting release,
LAR) stanowi zmodyfikowana, dtugodziatajaca forme leku, podawang domig$niowo raz
w miesigcu, o porownywalnym profilu skutecznosci 1 bezpieczenstwa do postaci
krotkodziatajacej (17,49). W badaniu klinicznym III fazy (NCT01374906) po 7. miesigcach

leczenia normalizacj¢ mUFC uzyskano u 41% pacjentow z CD (17). Gléwnym dziataniem
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niepozadanym pasyreotydu sg zaburzenia gospodarki weglowodanowej, ktore wynikajg
z hamowania wydzielania insuliny przez pobudzenie SSTRS w trzustce oraz niekorzystnego

wptywu na sekrecje hormondéw inkretynowych (47,50).
4.3.2.2.2 Kabergolina

Kabergolina jest pochodng ergoliny, silnym agonistg receptora dopaminowego typu 2 (ang.
dopamine 2 receptor, D2R) i powszechnie stosowana jest w leczeniu hiperprolaktynemii (51).
D2R wykazuja wysoka ekspresje w obrebie przedniego plata przysadki, gdzie uczestnicza
gtéwnie w regulacji wydzielania prolaktyny przez laktotrofy (52). Wykazano réwniez, ze D2R
moga ulega¢ ekspresji w obrebie komodrek guzow kortykotropowych, z ktérych czes¢ moze
charakteryzowac si¢ wysoka wrazliwoscig na leczenie agonistami dopaminy (53). Na leczenie
kabergoling odpowiada okoto 20-25% pacjentow z CD, przy stosowanych dawkach
mieszczacych si¢ w zakresie 0,5-7 mg tygodniowo (54,55).

4.3.3 Post¢powanie w ciezkim zespole Cushinga

SCS wymaga pilnej interwencji medycznej; kluczowe znaczenie w terapii ma szybka
normalizacja st¢zenia kortyzolu przy uzyciu inhibitorow steroidogenezy nadnerczowej,
réwnocze$nie z wdrozeniem dziatan profilaktycznych i leczniczych ukierunkowanych na
powiktania indukowane hiperkortyzolemia oraz prowadzeniem kompleksowej diagnostyki
w celu ustalenia pierwotnego Zrédla choroby (4,12). Preferowanymi inhibitorami
steroidogenezy nadnerczowej w terapii SCS sa leki o szybkim poczatku dziatania, takie jak
metyrapon, osilodrostat 1 ketokonazol (4,56,57). W najciezszych postaciach SCS w celu

kontroli hiperkortyzolemii mozna rozwazy¢ wykorzystanie etomidatu (4,12,58).
4.3.3.1 Etomidat

Etomidat jest pochodng imidazolu, krotko dziatajacym lekiem dozylnym o wilasciwosciach
anestetycznych, ktoérego jednym z dziatan niepozadanych jest zahamowanie czynnos$ci kory
nadnerczy poprzez odwracalng blokade P450c11p, P450c17, P450scc oraz P450c11AS (19,58—
60). Supresja steroidogenezy nadnerczowej istotnie ogranicza zastosowanie etomidatu
w praktyce anestezjologicznej, jednak jednoczes$nie stwarza mozliwo$¢ jego wykorzystania
poza wskazaniami rejestracyjnymi u pacjentow z SCS (12,58,59). Etomidat umozliwia wysoce
skuteczng 1 szybka kontrole hiperkortyzolemii, a normalizacja st¢zenia kortyzolu moze zosta¢
osiggnigta juz w ciggu kilkunastu godzin (61-63). Ponadto etomidat jest jedynym inhibitorem

steroidogenezy nadnerczowej podawanym pozajelitowo, co pozwala na jego zastosowanie
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u pacjentdéw, u ktérych leki doustne sg niewskazane lub niemozliwe do podania, np. u osoéb
nieprzytomnych lub z nasilonymi zaburzeniami neuropsychiatrycznymi indukowanymi SCS

(12,58,59).

4.3.3.2 Leczenie skojarzone

W wybranych przypadkach leki stosowane w terapii hiperkortyzolemii moga by¢ podawane
w skojarzeniu (57,64-66). Takie podejécie, polegajace na jednoczesnym stosowaniu
preparatdéw o synergistycznym i/lub komplementarnym mechanizmie dziatania, zwicksza
skutecznos$¢ redukcji stezenia kortyzolu, a dzigki mozliwosci zastosowania nizszych dawek niz
w monoterapii, potencjalnie ogranicza ryzyko dzialan niepozadanych (19,22). Posrod
inhibitorow steroidogenezy nadnerczowej, w literaturze najczesciej wskazuje si¢ na mozliwos¢
skojarzonego zastosowania metyraponu i ketokonazolu (57,64). U pacjentow z CD istnieje
réwniez mozliwos¢ leczenia skojarzonego inhibitorem steroidogenezy nadnerczowej i lekiem

dzialajacym na poziomie przysadki (65,67,68).
4.4 Uzasadnienie wyboru tematu pracy i polaczenia przedstawionych publikacji w cykl

Prace wchodzace w sktad przedlozonego cyklu publikacji w sposob spdjny koncentrujg sig
na farmakoterapii z zastosowaniem nowych lekéw Ilub schematéw terapeutycznych
u pacjentow z ACTH-zalezna hiperkortyzolemia, oceniajac ich skuteczno$¢ i bezpieczenstwo
w rzeczywistych warunkach klinicznych.

Publikacja Cushing’s Disease: Long-Term Effectiveness and Safety of Osilodrostat in
a Polish Group of Patients with Persistent Hypercortisolemia in the Experience of a Single
Center stanowi pracg oryginalng, w ktorej retrospektywnie analizowano efekt dtugoterminowe;j
terapii osilodorostatem u pacjentow z nawrotowa lub przetrwata CD. W pracy opisano rowniez
trzy przypadki kliniczne, ktore ilustrujg skutecznos¢ osilodrostatu w terapii hiperkortyzolemii
o zréznicowanym nasileniu, a takze dziatania niepozadane leku o szczegdlnym znaczeniu oraz
sposoby postepowania w przypadku ich wystgpienia. Takie ujecie pozwala zobrazowac
potencjalne sytuacje kliniczne, z ktérymi lekarze endokrynolodzy moga si¢ zmierzy¢ sie
podczas terapii osilodrostatem. Publikacja Cushing’s syndrome: a combined treatment with
etomidate and osilodrostat in severe life-threatening hypercortisolemia, stanowi pierwszy
w literaturze opis przypadku pacjentki z SCS, u ktorej w terapii wykorzystano leczenie
skojarzone etomidatetm i osilodrostatem. W publikacji Is there still a place for etomidate in
the management of Cushing’s syndrome? The experience of a single center of low-dose

etomidate and combined etomidate-osilodrostat treatment in severe hypercortisolemia
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oceniano skuteczno$¢ i bezpieczenstwo niskodawkowej terapii etomidatem u pacjentow
z powiklanym, zagrazajacym zyciu SCS. Ponadto u cze¢sci z analizowanych przypadkow
dalszej analizie poddano schemat terapeutyczny leczenia skojarzonego etomidatem
1 osilodrostatem. Publikacja Real-World Experience with Pasireotide-LAR in Cushing’s
Disease: Single-Center 12-Month Observational Study jest pracg oryginalng, w ktorej
retrospektywnie przeanalizowano skuteczno$¢ i bezpieczenstwo terapii pasyreotydem LAR
u pacjentéw z przetrwalg lub nawrotowa CD.

Podsumowujac, niniejszy cykl publikacji przedstawia aktualne mozliwosci farmakoterapii
u pacjentow z ACTH-zalezng hiperkortyzolemia, ze szczegolnym uwzglednieniem ich
skutecznos$ci i bezpieczenstwa. Prace te podkreslaja koniecznos$¢ indywidualnego doboru
strategii terapeutycznej, co ma kluczowe znaczenie dla poprawy skutecznos$ci leczenia,
rokowania oraz jakoS$ci zycia pacjentow z CS. Przedstawione wyniki mogg stanowi¢ istotne

1 praktyczne Zrodlo wiedzy dla lekarzy podejmujacych leczenie pacjentow z CS
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5. ZALOZENIA I CEL PRACY

Celem niniejszej rozprawy doktorskiej jest przedstawienie skuteczno$ci oraz bezpieczenstwa
nowoczesnych terapii farmakologicznych stosowanych u pacjentéw z ACTH-zalezng hiper-
kortyzolemia, ze szczegdlnym uwzglednieniem ich wykorzystania w warunkach rzeczywistej
praktyki klinicznej. W ramach pracy przeprowadzono analiz¢ leczenia osilodrostatem
i pasyreotydem LAR u pacjentow z chorobg Cushinga oraz oceniono rol¢ etomidatu — zar6wno
w monoterapii, jak 1 w terapii skojarzonej — w cigzkich, zagrazajacych zyciu przypadkach
hiperkortyzolemii.

Niniejsza rozprawa doktorska ma na celu przedstawienie doswiadczen klinicznych
wynikajacych ze stosowania powyzszych terapii, identyfikacje potencjalnych dziatan
niepozadanych oraz wzbogacenie istniejagcych strategii postgpowania terapeutycznego.
Szczegdlny nacisk polozono na konieczno$¢ indywidualizacji leczenia z uwzglednieniem
profilu klinicznego pacjenta, choréb wspétistniejacych, dynamiki choroby oraz tolerancji
farmakoterapii.

Ostatecznym zamierzeniem rozprawy jest poszerzenie wiedzy dotyczacej efektow nowo-
czesnych metod leczenia w praktyce klinicznej, ugruntowanie ich miejsca w aktualnych
schematach terapeutycznych oraz wskazanie potencjalnych korzysci wynikajacych z wtasci-
wego doboru terapii. Przedstawione dane mogg by¢ wykorzystane w praktyce klinicznej oraz
stanowi¢ pomoc w wyborze najodpowiedniejszego leczenia farmakologicznego hiperkor-
tyzolemii, co potencjalnie wplynie na poprawe rokowania oraz jakosci zycia pacjentdw

z zespotem Cushinga.
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Abstract: Osilodrostat is a potent oral steroidogenesis inhibitor that has emerged as the new medical
agent for patients with Cushing’s disease (CD) requiring long-term medical therapy for hypercor-
tisolemia control. Its efficacy and safety have been assessed in clinical trials; however, real-world
evidence is still scarce. This study aimed to investigate the long-term treatment (156 weeks) clinical
and biochemical effect of osilodrostat in six patients with CD at a single center in Poland, initially
participating in the LINC4 study. At week 36, all six patients met the key secondary endpoint of
the LINC4 trial, achieving normalization of median urinary free cortisol. Osilodrostat treatment
allowed for complete disease control in all patients and none of the patients was excluded due to
the lack of treatment effectiveness in 156 weeks of follow-up. All patients demonstrated significant
improvement from baseline on most metabolic and cardiovascular parameters, which was most
evident at week 36 and sustained throughout the study period. This study supports and strengthens
the role of osilodrostat as an effective long-term medical treatment in patients with CD. We also
present three patient case histories in detail to highlight the clinical situations that endocrinologists
might face during osilodrostat therapy.

Keywords: adrenal steroidogenesis inhibitors; cortisol; Cushing’s disease; Cushing's syndrome;

medical therapy; osilodrostat

1. Introduction

Endogenous Cushing’s syndrome (CS) is a very rare endocrine condition with an
estimated annual incidence of 0.2-5 per million per year. The most common cause of
CS, accounting for approximately 70% of all cases, is an adrenocorticotropin (ACTH)-
secreting pituitary neuroendocrine tumor (Pit-NET), traditionally defined as Cushing’s
disease (CD) [1]. Sustained hypercortisolemia is linked with significantly impaired quality
of life, morbidity, and mortality [2-8]; therefore, normalization of cortisol overproduction
while avoiding permanent hormone deficiency and drug dependence is the ideal goal of
CD treatment. While the therapy of choice for CD is transsphenoidal surgery (TSS), some
patients require additional treatment, including pharmacological agents, radiotherapy,
radiosurgery or bilateral adrenalectomy [9,10]. Pharmacotherapy is especially indicated
when neurosurgery is unsuccessful, contraindicated, not feasible or not accepted, as well
as in recurrent cases and as bridging therapy, while awaiting other procedures [9-11].
Medical treatment options include inhibitors of steroidogenesis, pituitary-targeted drugs,
and glucocorticoid receptor antagonists [10,12-14].
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Osilodrostat is a particularly potent oral inhibitor of 113-hydroxylase (CYP11B1),
which catalyzes the final step of cortisol synthesis and represents a novel approach to achiev-
ing eucortisolism in patients with CD [15,16]. In the phase III LINC3 study (NCT02180217),
evaluating the efficacy and safety of osilodrostat, normalization of mean urinary free cor-
tisol (mUFC) was achieved in 66.4% of patients at the end of the trial [17]. In the phase
IIT LINC4 study (NCT02697734), with an initial placebo-controlled phase, osilodrostat
has been shown to be significantly superior to placebo at normalizing mUFC at week 12
(77% vs. 8%) and led to sustained mUFC levels below the upper limit of normal (ULN) in
68.5% of patients in 48 weeks of observation [18]. In the recently published results from
the LINC4 study extension (NCT02180217), 72.4% of patients maintained mUFC values
below the upper limit of normal (ULN) at their extension end-of-treatment visit (up to
96 weeks) [19].

Data from the clinical practice on patients with CD treated with osilodrostat are
limited. Hence, this study aimed to present the clinical and biochermical response of long-
term (156 weeks) treatment with osilodrostat in six patients with persistent or recurrent
CD at a single center in Poland, with the results of three patients depicted in detail. In
contrast to the large clinical studies, our paper is mainly focused on presenting our center’s
experience of CD treatment with osilodrostat in real-life settings.

2. Materials and Methods
2.1. Study Design

The study group included 6 adult patients (4 women and 2 men, aged 35.7 & 12.8 years)
with persistent or recurrent CD (all patients underwent at least one TSS) with uncontrolled
hypercortisolemia and who were not suitable for re-operation, enrclled in the phase I1I
LINC4 study at the Department of Internal Medicine, Endocrinology and Diabetes, Medical
University of Warsaw, Poland between September 2018 and January 2019. Patients” baseline
characteristics are summarized in Table 1.

Patients must have had an active disease evidenced by mUFC of three 24 h UFC
samples above 1.3 the ULN, morning plasma ACTH concentration above or within the
reference range (WRR), and a confirmed pituitary source of ACTH excess. The LINC 4 study
protocol comprised an initial, randomized, double-blind period (12 weeks) to compare
the efficacy of osilodrostat against a placebo and a subsequent 36-week, open-label period
complemented by an optional extension (48 weeks) to evaluate the sustained effect of
osilodrostat and long-term safety. During the first 12 weeks, patients were randomized in
a double-blinded manner to receive osilodorostat 2 mg twice a day (BID) or a matching
placebo in accordance with the study protocol. In that phase, dose adjustments were
made based on mUFC, rate of mUFC decrease, and drug tolerability. The dose could be
increased approximately every 3 weeks with an escalation sequence of 2-5-10-20 mg BID.
All 6 patients restarted the open-label period (weeks 13-48) on osilodrostat 2 mg BID and
then continued treatment as a part of the extension phase (weeks 48-96). The investigators
determined dose adjustments during open-label and extension periods based on mUFC,
mean late-night salivary cortisol (mLNSC), clinical presentation, and drug tolerability. The
maximum dose of osilodrostat in double-blinded and open-label/extension periods was 20
and 30 mg BID, respectively. The primary endpoint of the LINC4 study was to determine
whether osilodrostat was superior to placebo in normalizing mUFC at week 12. The key
secondary endpoint was the proportion of patients achieving mUFC normalization at week
36 (after 24 weeks of open-label treatment). Complete biochemical response was defined
as mUFC < ULN, and partial biochemical response as mUFC > ULN but >50% reduction
from baseline. A detailed description of the study has already been presented [18]. After
completing their participation in the clinical trial, all patients continued treatment with
osilodrostat financed by the National Health Fund.
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Table 1. Baseline patient characteristics,

Characteristics All Patients, n =6
Age, vears
Median {range) 32.5 (24-632)
Mean (S12) 35.7 (12.8)
Sex, #
Female
Male 2
Previous treatment, # (%)
Pituitary surgery <]
Medical therapy 5
Comorbidities, # (%)
Hypertension 5
Abnormal weight
Overweight 4
Obesity 1
Impaired glucose metahelism
IFG 1
IGT 2
DM 2
Dyslipidemia 5
DNecreased BMD 5

Physical manifestation of hypercortisolemia, n
Central cbhesity
Dorsal fat pad
Supraclavicular fat pads
Facial rubor
Proximal muscle atrophy
Striae
Fechymoses
Hirsutism (in females, 1 =4)
mUFC, nmol /24h
Median {(range) 4800 (220 5-3316.4)
Mean (5D) 900.3 (183%)
mLNSC, nmol/ L
Median {range) 11.4 (3.60-25.83)
Mean (5D) 11.4 (5.35)
1IFG—impaired lasting glucose; IGT—limpaired glucose tolerance; DM—udiabetes mellitus; BM D—bone mineral
density; mUPC—mean urinary free cortdsol; mLNSC—mean late-night salivary cortisol,

[EX N ) BN

BN O

2.2. Clinical Fvaluation

The clinical evaluation, performad at baseline and every study visit, includoed assoss-
ment of physical features of CD, signs and symptoms of adrenal insufficiency (Al) and the
measurement of weight, body mass index (BMI), waist circumference, blood pressure (BP),
and heart rate hy standard methods. Electrocardiogram (FCG) with calculated corrected
QT (QTcF) intervals was performed pre-dose and 1.5 h post-dose at each visit.

2.3. Laboratory Assessment

After the patients” enrollment in the 1.INC4 trial, biochemical and hormonal parame-
ters were assessed by the central laboratory designated by the study protecol.

UFC (RR: 11.0-138 nmol /24 h), LNSC (RR: 10-11 PM: <25 nmol/L), and total serum cor-
tisol (TSC, RR: 8 10 AM: 127 567 nmol/T.) were measured by liquid chromatography-tandem
mass spectrometry and plasma ACTI by immuncassay (RR: 7-10 AM: 1.3-11.1 pmol/L).
mUTC was calculated from two or three 24 h UFC measurements and mLINSC from two
LNSC measurements, collected on three or two consecutive days before visits. Metaboelic
[aclors, including [asting plasma glucose (FI'G), lipids, glycaled hemoglobin (FIbAlc) and
liver parameters (alanine transaminase (ALT) and aspartate transaminase (AST)) were mea-
sured by standard methods. After completing the clinical trial, biochemical and hormonal
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assessments were performed in the laboratory of the Endocrinology Department of the
Medical University of Warsaw.

2.4. Tumor Imaging

Pituitary imaging was performed using a 1.5-T magnetic resonance imaging (MRI)
with gadolinium enhancement with 2.5 mm slice thickness at baseline, weeks 26, 48, 72 and
96, and 144,

2.5. Statistic Analysis

Data are presented as mean and standard deviation (SD) or median and range. The
Wilcoxon signed-rank test was used for the comparisons between baseline and particular
points of observation. All calculations were completed using IBM® SPSS® Statistics 25. The
p-values < 0.05 were considered as statistically significant.

3. Results
3.1. Effectiveness and Hormonal Parameters Analysis

At the baseline, in the six patients included in the study, median mUFC and mLNSC
values were 480.0 nmol/24 h (3.48 x ULN) and 11.40 nmol/L (4.57 x ULN), respectively.
At week 36 (after 24 weeks of the open-label phase), all six patients met the key secondary
endpoint of the LINC4 trial, achieving a mUFC < ULN, at a median osilodrostat dose of
4 mg BID (range: 1-20 mg BID). At that time, the median mUFC was 75.15 nmol/24 h
(WRR, range: 34.97-94.60 nmol/24 h; p = 0.031) and the median mLNSC was 2.11 nmol/L
(WRR, range: 0.8-5.35 nmol/L; p = 0.031); four (66.7%) of the analyzed patients had both
mUFC and mLNSC < ULN. Median time and osilodrostat dose to first mUFC < ULN (from
study restart at week 12) was 5 weeks (range: 2-20 weeks) and 5 mg BID (range: 2-20 mg
BID), respectively. Median time and osilodrostat dose to first mUFC and mLNSC < ULN
(from study restart at week 12) was 9.5 weeks (range: 2-48 weeks) and 5 mg BID (range:
2-25 mg BID), respectively. The minimum and maximum osilodrostat dose required, at
least temporarily, to achieve and maintain eucortisolemia during the whole observation
period was 1 mg every 3 days (patient 4) and 30 mg BID (patient 1 and 2), respectively.
At 96 weeks” follow-up, the median mLNSC (1.58 nmol/L, WRR) significantly decreased
by 82.75% (p = 0.031) compared to baseline (11.43 nmol/L, 4.57x ULN); four of the six
patients had an mLNSC < ULN at that time. At 156 weeks’ follow-up, the median mUFC
(50.83 nmol/ 24 h, WRR, range: 17.2-110,6 nmol/24 h) decreased by 92.99% (p = 0.031)
compared to baseline (480.0 nmol/24 h, 3.48x ULN, range: 220.53-3316.40 nmol /24 h),
and morning TSC (281.50 nmol/L, WRR, range: 116.0-420.0 nmol/L) decreased by 33.64%
(p = 0.031) compared to baseline (448.5 nmol/L, WRR, range: 290420 nmol/L). However,
the median morning TSC was within the reference range through the whole study period.
All six patients achieved and maintained a complete treatment response, and none of the
patients was excluded due to the lack of treatment effectiveness in 156 weeks of follow-up.

The median ACTH concentration significantly increased during the whole study
period, and at 156 weeks’ follow-up (91.6 pmol/L, 8.25x ULN) it was 9.5-fold higher
(p = 0.031) compared to baseline. Data are summarized in Table 2. Figure 1 presents mUFC,
Figure 2 mILNSC, and Figure 3 ACTH evolution according to osilodrostat dose during
the study observation for every patient. Figure 4 presents median mUFC (a) and median
mLNSC (b) evolution according to median osilodrostat dose during the study observation
of all patients.
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Figure 1. mUFC evolution according to osilodrostat dose during 156 weeks’ observation for every
patient.
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Figure 2. mLNSC evolution according to osilodrostat dose during the 96 weeks’ observation for every
patient.
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Figure 3. ACTH evolution according to osilodrostat dose during 156 weeks” observation for every
patient.
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Figure 4. Median mUFC (a), median mLNSC (b), and median ACTH (c) evolution according to
median osilodrostat dose during the study observation of all patients.
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Table 2. Median mUFC, mLNSC, TSC, and ACTH concentrations and their changes from baseline at
each checkpoint during observation.

Follow-Up Median (Range) A% from Baseline p-Value

mUFC

(nmel/24 )
Baseline 480,02 (220.53-3 316.40) - -
Week 36 75.15 (34.97-94.60) —87.60 0031
Week 72 127.83 (17.80-223.70) —90.73 0.031
Week 96 30.26 (8.90-182.40) —95.77 0.031
Week 132 44.45 (22.40-868.20) —89.32 0.031
Week 136 50.83 (17.20-110.60) —92.99 0.021

mLNSC

(hmol/L)
Baseline 1143 (3.60-20.85) - -
Week 36 2.11 (0.80-5.35) —77.05 0.021
Week 72 243 (0.80-6.05) —8345 0.021
Week 96 1.58 (0.80-5.10) —82.75 0.031

T8C

(hmol/1.)
Rascline 8.5 (290.0 673.0) - -

ek 36 268.0 (196.0 367.0) 4175 0.063
Week 72 263.0(102.0-511.0) —49.73 0.156
feck 96 331.0(86.0 320.0) he.42 0.438

Week 132 307.5 (75.0-392.0} —42.26 0.031
Weck 135 281.5 (116.0 420.0) 33.64 0.031

ACTH

(pmel/L)
Baseline 2,63 (2.90-28.60) - -
Week 36 2%.45 (17.10-46.20) +161.23 0.031
Week 72 37.00 (13.30-245.80) +362.09 0.031
Week 956 56,30 (9.50-242.00) +677.09 0.031
Week 132 129.55 (14.20-264.60) +1933.44 0.031
Week 156 $1.60 {11.10-200.00) +651.29 0.031

mUFC—mean urinary free cortisol; mIINSC—mean lale nighl salivary corlisol; TSC—lotal serum cortisol; ACTIH—
adrenocorticotropic hormone,

3.2. Effect on Metabolic, Cardiovascular and Liver Paramelers

Al the baseline, mean (SD)) weight, BMI, and waisl circumference measuremenls
of the analyzed group were 69.88 (12.34) kg, 2674 (3.11) kg/m?, and 93.67 cm (3.539),
respectively. BMI was WRR (18.5-24 9 kg/ m? }in 1/6 patients, 4/6 patients were overweight
(BMI: 25 29.9 kg/mz), and 1/6 patients had obesity (BM1: =30 kg/mz\. During observation,
weight, BMI, and waist circumnference gradually decreased in all patienls; mean (SD)
weight, BMI, and waist circumference at the end of the observation were 63.75 (11.79) kg,
24.47 (3.13) kg/mz, and 84.83 cm (9.06), respectively. BMI was WRR in 4/6 patients, and
2/6 were overweight, The fastest decrease in body weight, BMI, and waist circumference
was observed during the first 36 weeks; however, the lowest values were achieved during
the last follow-up. One patient, after initial improvement, had a significant increase in
body weight belween weeks 60 and %6 of Lhe study, which was associated with primary
disease progression. Mean (SD) TC decreased from 5.58 (1.05) mmel/L at baseline to
4.02 mmol/L {0.69] at week 96; mean (SD) TAG decreased from 1.94 (1.21) mmol/L at
baseline to 1.55 (1.86) at week 96, One of the three patients taking antilipidemic drugs
at baseline discontinued the treatment. At the baseline, 2/6 patients were classified as
diabetic, 2 /6 had IGT, and 1/6 had IFG. Mean (SD) FPG decreased from 5.12 (1.23) mmol /L
at baseline to 4.43 mmol /1, (0.43) at week 94; mean (S12) HbAle decreased from 5.5% (0.61)
at baseline to 5.35% (0.56) at week 156, The fastest improvement in metaboelic parameters
was observed during the first 36 weeks; however, the lowest values were achieved during
the last follow-up, excluding TG (week 72) ancd HbA1c% (week 132).
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At the baseline, mean (SD) SBP and DBP were 125.0 (8.25) mmHg and 79.23 (7.20) mmlg,
respectively. Five of the six patients had hypertension prior to the study and were taking
antihypertensive drugs. At the end of the observation, mean (SD) SBP and DBP were
121.17 (3.71) mmHg and 83.33 (7.09) mmIg, respectively. However, considering 5/6 pa-
tients were under antihypertensive treatment at baseline, osilodrostat therapy allowed
for the reduction of the dose or the number of antihypertensive drugs in four of them.
Mean (SD) QTcF did not significantly change during the observation: at baseline it was
394.17 (18.04) ms, and at week 156, 404 (17.01) ms.

Mean (SD) ALT and AST activity decreased during the whole study period: ALT
at baseline was 29.33 (15.51) U/L, and at week 156, 15.33 (4.55) U/L; AST baseline was
23.33(7.87) U/L, and at week 156, 18.33 (2.66) U/L. The fastest decrease in ALT and AST
activity was observed during the first 36 weeks; however, the lowest values were achieved
during the last follow-up.

Data are summarized in Table 3.

Table 3. Metabolic, cardiovascular, and liver parameters at baseline and their changes from baseline
at checkpoints during observation.

Parameter

Baseline  Week 36 A% Week 72 A% Week 96 A% Week 132 A% Week 156 A%
(Mean, SD)
Weight (kg) 69.88 64.72 —6.49 64.68 —6.75 64.20 —748 64.92 —6.51 63.75 —8.66
(13.52) (838)  (747)  (©40) (679  (10.04)  (852) (9.68) (5.80) (11.79) (4.52)
BMI (ke /m? 26.74 24.87 —6.49 24.83 —6.75 24.64 —748 24.90 —6.51 2441 —8.67
(kg /m) (3.40) (2.30) (7.47) (2.55) (6.79) (2.83) (8.52) (2.46) (5.80) (3.13) (4.52)
 Waist 93.67 89.92  —399 8867  —549 8992 734 86.40 ~8.79 84.83 —9.50
citcumference
(cm) (3.93) (4.03) (2.32) (9.27) (6.88) (9.78) (7.38) (9.71) (7.96) (9.06) (7.79)
SBP (mmHg) 125.00 115.67 —7.25 113.00 —9.29 119.17 —4.30 130.33 +4.56 12117 —2.76
(8.25) (860)  (7.61)  (1218)  (1146)  (16.23)  (14.63) (1675  (14.51) (37D (6.18)
DBP (mmHg) 79.17 76.25 —-3.11 76.50 —275 80.17 +2.01 83.00 +4.93 83.33 +1.99
(7.20) 724y (1257)  (672)  (1228)  (1l40)  (17.20)  (14.14)  (15.59) (7.09) (11.07)
QT (ms) 394.17 407.83 +3.62 412,41 +4.73 411.08 +4.46 410.00 +4.05 404,17 +2.65
(18.04) (496) {413  (2730) (7.07)  @L1)  (7.12) (21.77) (£.18) (17.01) (4.96)
FPG (mmol /L) 512 453 —8.43 447 —11.22 433 —12.87 . . . .
(1.23) (0.48)  (1649)  (0.67)  (7.70) 043)  (13.09)
HbALc (%) 555 535 —-3.01 5.40 —219 5.33 —3.29 532 —3.84 5.35 —3.26
(0.61) (049) (595  (0.57)  (608)  (0.45) (5.50) (0.59) 427 (0.56) (2.00)
TC (mmaol/1) 558 438 —2043 455 —14.75 4.02 —25.73 . . . .
(1.05) (159)  (24.89)  (0.69)  (2526)  (0.69)  (18.51)
16 mmel/L) 194 153 ~25.16 131 ~19.84 155 —187 . . . .
(1.21) (L70)  (35.60)  (0.72)  (4282)  (0.86)  (52.12)
ALT (U/L) 29.33 17.08 —23.59 22.83 —9.55 2450 —14.61 18.50 —1433 1533 —3027
(1551) (441)  (4842)  (1248)  (8347)  (15.83)  (92.09) (6.29) (50.99) (4.55) (40.88)
AST (U/L) 23.33 18.42 —11.75 20.17 —581 23.08 —7.20 19.83 —11.25 18.33 —15.06
(7.87) (280)  (3655) (479 (3470)  (10.39)  (54.01) (7.25) (26.28) (2.66) (25.58)

BMI—body mass index; SBP—systolic blood pressure; DBP—diastolic blood pressure; QTcF—corrected QT
interval; FPG—fasting plasma glucose; HbAlc—glycated hemoglobin; TC—total cholesterol; TG—itriglycerides;
ALT—alanine transaminase, AST—aspartate transaminase.

3.3. Treatment Tolerability and Adverse Events

Treatment with osilodrostat was generally well tolerated. During 156 weeks of obser-
vation, every patient experienced at least one adverse event (AE) suspected to be related to
osilodrostat. Overall, all six patients experienced the AE of increased ACTH concentration.
Five of the six patients (83.33%) presented with Al; there was no need to discontinue
osilodrostat in any of these patients, and the dose was temporarily adjusted. A transient
increase in 11-deoxycorticosterone (DOC) was observed in all patients, mainly after initiat-
ing osilodrostat treatment or during dose escalation. However, only two of the patients
presented with the clinical effect of DOC accumulation (hypertension and hypokalemia
in patient two and hypokalemia in patient four). All four female patients had a periodic
increase in testosterone level, but only one presented with induced mild hirsutism, which
resolved with time on continued treatment. Arthralgia, myalgia, or fatigue occurred in
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three of the six patients (50%), nausea, decreased appetite or hypekalemia in two patients
(33.33%), and headache or hypertension in one patient (16.67%).

3.4 Description of Specific Cuses
¢ Patient#1

The first patient we would like to detail is a 28-vear-old woman with persistent CD),
complicated by obesity, decreased bone mineral density (BMD), impaired glucose toler-
ance, and arterial hypertension. Diagnostics found an onset in adelescence (at 16 vears
of age) when a non-intentional weight gain of 10 kg in six months with central and facial
redistribution of bodv fat occurred, accompanied by acne and purple strize on the thighs
and lateral surfaces of lhe lrunk. Al (hal lime, lhe body weighl cenlile charl corresponded
to the 97th percentile, while height was between the 30th and 75th percentiles. The hor-
monal evaluation confirmed ACTH-dependent hypercortisolemia and an MRI visualized
a 3 » 5 mm lesion of weak conlrast enhancemenl in the posterior parl of the pituilary
gland. The patient was diagnosed with CD and, in June 2011, underwent a successful,
uncomplicated TSS with biochemical and clinical remission, requiring six months of hydro-
cortisone replacement. Fathology examination identified densely granulated corticotroph
adenoma with Ki-67 > 3%. About two years after the neurosurgery, the patient noticed
weight gain, discoloration of the skin all over her body and repoerted secondary amenorrhea.
I'he hormonal evaluation revealed CD recurrence. A follow-up MRI did not visualize a
lesion compatible with a pituitary adenoma. In September 2013, the patient underwent an
unsuccessful surgical exploration of the sella turcica without biochemical remission in a
postoperative assessment.

Due to the persistent uncontrolled hypercorlisolemia, the palient required medical
therapy. In 2015-2016, the patient was treated with long-acting release (LAR) pasireotide.
However, therapy had to be discontinued because of the induced hyperglycemia. In the fol-
lowing years, 2016 and 2017, the pationt was treated with levoketoconazole, but the therapy
was discontinued due to asymptomatic QT interval prolongation on ECG. In 2017-2018,
the patient was switched to ketoconazole in combination with cabergoline; however, she
reported continued weight gain, increased streteh marks on the abdominal skin, and per-
sistent amenorrhea. Ketoconazole therapy had te be stopped due to its unavailability in
Poland, while cabergoline was discontinued because of low effectiveness. Considering
comorhid arterial hypertension and the patient’s reported deterioration of visual acuity,
she was assessed ophlhalmologically and diagnosed wilh grade I vascular retinopalhy.

Due to the lack of clinical and biochemical contrel of the primary disease and gradually
increasing complications of hypercortisolemia, the patient was offered to participate in the
phase III LINC-4 Lrial. Al the lime of enrollment {Seplember 2018), Lhe hormenal lesls were
as follows: morning TSC—290.0 nmol/L (WRR), morning ACTH—2.9. pmol/L (WRR),
mUFC—322 8 nmol/day (2.3x ULN), mLNSC—13.65 nmol/L (5.5« TLN). According to
randomization, the patient was allocated to a placebo group and started an osilodrostat of
2 mg BID in the 12th week of the study. On the 14th week, laboratory assessment revealed
TSC 546 nmol /L (WRR), mLNSC 12.15 nmol/L (5% ULN), and mUEFC 433.4 nmol/d
{3+ LLN); thorefore, the dose was increased to 5 myg BID, then in week 17 and 23 to
10 and 20 mg BID, respectively, which was maintained through the end of the week 47
of the study. The first significant decrease in hypercortisclemia severity was obtained at
woek 23: TSC 257 nmol /1 (WRR), mLNSC 5.1 nmol /1L (25 ULN), mUFC 174,85 nmol/d
(1.3x ULN), and lreatmenl was conlinued al a daily dose of 40 mg. The normalizalion of
mULC (113.55 nmol/d; WRR) and mLNSC (1.95 nmol,/L; WRR) was achieved on the 32nd
and 60th weeks of the study, respectively. In subsequent weeks, according to the results of
hormonal tests and the patient’s clinical assessment, doses were modified appropriately
and oscillated between 40 and 60 mg. After 156 weeks of freatment, a significant decrease
in mUFC t0 17.2 nmol/d (WRK) was achieved.

The patient tolerated the treatment well. There were no signs of adrenal insufficiency,
except at week 132, when in the hormonal evaluation a significant reduction in morning
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TSC was found (75 nmol/T, <lower limit of normal). The dose of esilodrostat was reduced
to 20 mg BIN and continued after that until week 156 of the study. The patient episodically
reporled a mild degree of faligue and mild inlermiltent headaches. The ECG demonstraled
a mild prolongation of the QTc interval, which did not significantly progress in the following
weeks of the study with treatment ata maximum daily dose of 60 mg. After the introduction
of osilodroslal, lestosterone levels increased significantly during dose escalalion (maximum
at week 48: 12.21 nmol/L—7.8x ULN, 3.67-fcld increase compared to baseline); however,
the patient did not present clinically significant hyperandrogenism {Ferriman and Gallwey
seore rated between € and 2 during the whaole 136 weeks” observation).

During the treatment with osilodrostat, the patient’s waist circumference decreased,
and moderate weight reduction occurred, with the complete normalization of fat redistribu-
tion in the neck and supraclavicular regions and resolution of other cushingoid features—
atrophy of proximal muscle groups and central obesily.

¢ Tatient #2

The second example of a patient whose clinical case we would like to detail is a 33-year-
old male whose diagnostics started in September 2014 due to rapid unintentional weight
gain with contral fat redistribution, facial plethora, and purple striae. (IS was suspected,
and the baseline hormonal evaluation confirmed ACTH-dependenl hypercorlisolemia:
positive corticotropin-releasing hormone {CRH) stimulation test, anterior pituitary lesion
maoasuring 3 ¢ 2.5 % 2 mm visualized in MR, and positive bilateral inferior petrosal sinus
sampling combined wilh CRH slimulation were compatible with CD). Other hormonal find-
ings included thyrotropic and gonadotropic insufficiency. In November 2014, the patient
underwent successful, uncomplicated TS5 and required transient hydrocortisone substi-
tution. In regular subsequent follow-ups, there was no recurrence of hypercortisclemia.
Similarly, no tumer regrowth was found on the control MRI.

In February 2018, the patient reported a weight gain of 20 kg over the past few months
and noticeably high hleod pressure in in-home measurements. Tho hormenal evaluation
revealed ACTII-dependent hypercortisolemia and a positive result of the combined LDDST
and desmopressin test (CDDT) indicated the recurrence of CD. An MRI revealed a 2 mun fo-
cus of weak contrast enhancement on the left side of the anterior pituitary gland. In August
2018, the palienl underwenl a second TSS; however, the suppression of cortisol secrelion
was not achieved, compatible with persistent CD. Over the subsequent three months, the
clinical features of hypercortisolemia dramatically intensified, including weight gain of
ancther 10 kg, easy skin wounding, pustular skin lesions, and new purple striae. Based
on an oral glucose tolerance test (OGTT), the patient was diagnosed with impaired FP'G,
and treatment with metformin was intreduced. Hypotensive treatment with ramipril was
also continued. Due to the refractory CD, the patient was offered to participate in the
phase III LINC-4 trial. At the time of enrollment (December 2018), the hormonal tests
wete as follows: morning TSC—500 nmol /L (WRR), morning ACTH—5.3 pmel /L (WRR),
mLUFC 33164 nmol/day (24x ULN), mLNSC 20,85 nmel /1L (8.36% LLN}. According
lo randomizalion, lhe patient was allocaled lo the osilodroslal group. Based on the sludy
protocol, he initially received osilodrostat at a dose of 2 mg BID, which then was adjusted
every 4 weeks with an escalation sequence of 5-10 mg BID until week 12 when the dose was
reslarted. Throughoul the open-label phase of the sludy, lhe dose of osilodrostat was svs-
tematically increased from the initial 2 mg to 30 mg BID according to the results of hormonal
evaluations and the investigators” clinical assessments. Several periods require particular
comments during lrealimenl. Significanl improvement in hypercortisolemia severily was
achieved after just 12 weeks of the treatment. In the hormonal evaluation performed on
week 14, mUFC reduced nearly 5.5-fold from the baseline (61195 nmol/L; 4~ ULN). A
normalization of mUFC and mINSC was achieved in weeks 20 and 26 of the study, re-
speclively, wilh a dose of osilodroslal of 20 mg BID. However, at week 26, rapid reduction
in hypercortisclemia severity was found in hormenal evaluation (mUFC 52 45 nmel/day,
TINSC 1.55 nmol /T, TSC 157 nmol /1), and as a result the dose of osilodrostat was reduced
lo 15 g BID, allhough that lime palienl did not report any fealures of adrenal insulficiency.
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Noteworthy is the favorable metabolic effect as early as the 14th week—a decrease
of 10 kg in body weight and an improvement in metaholism parameters—producing a
reduction in TC and FPG. However, lreatmenl with melformin was also continued al thal
time. During the first 8 weeks of the study, a mild transient increase in ALT (67 U/L)
activity was observed, which did not worsen during the subsequent increase in the daily
dose, even lo a maximum of 60 mg during the open-label phase of lhe trial.

The patient tolerated the treatment well. Atweek 56, the patient reported headache,
persistent fatigue, and muscle and joint pain. Considering the reported symptoms of AL,
the dose of osilodrostat was reduced, but then based on the increased mUEC from two
subsequent visits and the absence of symptoms of Al the dose was increased again to 25 mg
BID on week 64, which the patient tolerated well. A relevant increase in blood pressure
was ohserved in week 108 of the study along with mild hypokalemia. Lahoratory tests
at Lhat lime revealed significantly elevated DOC concenlration: 5447 pmol/L (122 ULN,
RR: <454 pmol/L). The dose of ramipril taken was increased, and spironoclactone was
included. However, during following woeks the hypertension control worsened as the DOC
concenlration increased even more (during osilodroslal up-tilralion lo maximum dose of
60 mg)—atweek 132 it was 14 253 pmol/L (31.4 ULN)}—meaning further antihypertensive
and mineralocorticoid receptor blockade treatment intensification was required, which
resulted in satisfactory BP control at week 156. DOC concentration at that the end of the
observation declined to 3693 pmol /T (8.15x ULN).

Treatment with osilodrostat resulted in spectacular improvements both biochemically
and clinically. After 156 weeks of treatment, a pleasing decrease in mUFC to 110.6 nmel/d
(WRR) was demonstrated. Therapy with osilodrostat also resulted in excellent enhance-
ment in clinical features of hypercortisolemia—fat redistribution and muscle atrophy
disappeared, and the severity of striae decreased.

. Pationt #3

The next pationt presented is a 23-year-old woman with hypercortisolemia symptoms
appearing during pregnancy, when she experienced significant weight gain (approximately
20 kg) with purple striae and developed gestational hypertension. Postpartum, secondary
amenorrhea appeared, striae intensified, and the patient presented with hirsutism, acne,
and a lendency lo easy bruising. Furthermore, lhere was a cenlral body [al redistribution
and moderate muscle atrophy with weakness. The patient was referred to the depart-
ment of endocrinclogy, and in December 2013, she was diagnosed with ACTH-dependent
hypercertisolemia. Additional comorbidities included diabetes mellitus and osteoporo-
sis. An MRI revealed a hypointense focal pituitary lesion measuring 6x4 mm. Pending
surgery, bridging therapy with ketoconazole was implemented, and TS5 was successfully
performed in January 2014.

After four years of remission, from January 2018, the patient showed signs of CD
recurrence, e g, weight gain with central fat distribution, generalized weakness, muscle
fatigue, hirsutism, acne, purple striae, tachyeardia, and hypertension. The hormonal eval-
ualion confirmed ACTH-dependent hypercortisolemia, and positive high-dose DST and
CDDT were compatible with CD. An MRI revealed a small (1.5 mm) hypointense lesion on
the left side of the anterior pituitary. In September 2018, the patient underwent a second
T55; however, the postoperative hormeonal evalualion showed persislenl hypercorlisolemia.
Due to the refractory CT, the patient was offered to participate in the phase III LINC-4
trial. At the time of enrollment (Novemhber 2018), the hormonal tests were as follows: morn-
ing TSC—328.0 nmmol/L (WRR), ACTH—10.0 pmol /L (WRR), mLFC—380.03 nmnol /24 h
(2,755 ULN), mLNSC—7.35 nmol /L (2.94:x ULN). According to randomization, the patient
was allocated to the placebo group and started on osilodrostat of 2 mg BID in the 12th week
of the study. Initially, we observed a significant improvement in clinical symptoms and
biochemical conlrol of the disease; mUFC and mLNSC had normalized only after 5 and
8 weeks, respectively. The response to the treatment was highly satisfactory, and the patient
periodically required a dose reduction to 1 mg daily. At week 36 of the study, hor body
weighl had decreased by 6 kg, At thal lime, mUFC and mIINSC were 34.97 nmol/24 h and
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0.80 nmol/ L, respectively. However, a pituitary MRI performed at week 48 showed tumor
size progression (9 x 5 x 8 mm). ACTH at that time was 24 pmol/L (2,16 ULN).

From week 60, the patient noticed a gradual increase in body weight, which was
assumed to be associated with the course of the primary disease, evidenced by an increase
in mUFC (421,60 nmol/24 h, 3.06 x ULN); therefore, the osilodrostat dose was increased.
Unfortunately, conducting unscheduled visits with more detailed diagnostics was much
more difficult in Poland at that time due to the ongoing COVID-19 pandemic. Due to
epidemiological reasons, the visit in week 72 could only be conducted remotely. In the 84th
week of the study, the physical examination showed weight gain (67 kg, BML: 26.8 kg/m?)
with central fat distribution, dorsal and supraclavicular fat pads, new abdominal purple
striae, generalized hyperpigmentation, and an increase in BP. There was a sudden increase
in mUFC (2878.75 nmol /24 h, 20.86x ULN), mLNSC (33.25 nmol/L, 13.3x ULN), and
morning TSC (1046 nmol/L, 1.85x ULN). ACTH (182.7 pmol/L, 16.46x ULN) had signifi-
cantly increased—by approximately 18.3-fold compared to baseline. Pituitary MRI revealed
a further enlargement of the tumor (12 x 8 x 14 mm) extending to the left sinus cavernous,
adjacent to the left internal carotid artery, without chiasmatic compression. The patient
reported no headaches or visual disturbances.

Due to the corticotroph tumor progression (CTP), the patient was discussed during
a multidisciplinary pituitary tumor board and qualified for the next operation. However,
it was decided to continue osilodrostat treatment at an increased dose (5 mg BID) to
control hypercortisolemia. The patient underwent a third TSS in October 2020 (week 100),
however, it was possible to only partially remove the tumor. Morning TSC on the first
postoperative day (511.18 nmol/L, WRR) showed persistent CD, and it was decided to
continue osilodrostat. Pathology examination identified corticotroph adenoma with a high
proliferation index (Ki-67 > 10%). A controlled pituitary MRIL, performed in week 120,
showed even further tumor progression: 14.5 x 8.5 x 15.5 mm. In June 2021 (week 136), the
patient underwent a single-session Gamma Knife stereotactic radiosurgery for the residual
tumor at a dose of 20 Gy. From the onset of CTP, osilodrostat was maintained at 5 mg BID,
which allowed the disease to be controlled (mUFC < ULN) from week 120. At week 156 (at
the end of this study observation), the patient reported fatigue and decreased appetite; low
mUEFC (33.05 nmol/24 h, WRR) indicated Al and the osilodrostat was reduced to 2 mg BID.
The MRI showed a slight regression of tumor remnant (11.5 x 7 x 13 mm). The patient
remains eucortisolemic to date on a small dose of osilodrostat.

4, Discussion

CD remains a major diagnostic and therapeutic challenge. Uncontrolled, chronic hy-
percortisolemia is associated with significant morbidity, including metabolic complications
comprising glucose metabolism impairment and dyslipidemia, arterial hypertension, hy-
percoagulability, increased risk of infections, and psychoneurological complications, which
overall results in impaired quality of life, increased mortality, and reduced life expectancy
compared to that of the general population. The goal of the treatment is to reverse signs
and symptoms of hypercortisolemia by achieving cortisol normalization, improving quality
of life, alleviating the burden of morbidity, and reducing mortality.

TS5 is a treatment of choice in CD with a promising remission rate (70-90%); how-
ever, long-term recurrence rates reach up to 35% [10,15]. Pharmacotherapy has had a
secondary role in managing patients with CD, but thanks to the development of several
novel drugs, it has become more relevant. The spectrum of available medications in
CD includes adrenal steroidogenesis inhibitors, glucocorticoid receptor antagonists, and
pituitary-directed drugs; however, they exhibit specific limitations [10,12-14]. In light of the
unmet medication need for the optimal medical treatment of patients with CD, osilodrostat
(a potent inhibitor of 11-3-hydroxylase synthase enzyme) has emerged. In clinical trials,
osilodrostat provided rapid onset and long-term control of cortisol production, sustained
control of biochemical parameters, and improved clinical signs and physical manifestations
of hypercortisolemia and patient-reported outcomes.
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Smaller studies depicting the cases of patients in real-life clinical settings can be valu-
able supplements to large clinical trials. This report documents the course of osilodrostat
therapy in a group of six Polish patients previously taking part in the LINC4 study and
indicates its effectiveness as a long-term treatment option for patients with CD. The results
of our observational study are consistent with those obtained during the clinical trials.
Osilodrostat allowed for achieving biochemical control, resolution of clinical symptoms
of hypercortisolemia, and improvement in the quality of life of all patients in the study.
By week 36, mUFC < ULN was achieved in all patients at a median osilodrostat dose of
4 mg BID. At the end of the observation, mUFC normalization was sustained in all patients
at a median osilodrostat dose of 3 mg/day. At week 96 (LOV for mLNSC), 4/6 patients
had mLNSC < ULN. In all patients, the highest mUFC and mLNSC level reduction was
observed in the first 36 weeks of the treatment (p = 0.031). Since mUFC and mLNSC seem to
be equal in assessing the efficacy of pharmacological treatment of CD and the best prognosis
is associated with normalization of both parameters [20], complete biochemical control
(defined as both parameters < ULN) at week 96 was achieved in 4/6 patients. However, all
patients presented with normalization of mUFC and mLNSC at least temporarily, and after
week 96, assessing mLNSC was no longer possible. There was no apparent relationship be-
tween baseline mUFC or mLNSC and the osilodrostat dose required for mUFC or mLNSC
normalization, and the dose range to maintain disease control was 1 mg every three days
to 30 mg BID.

All patients demonstrated significant improvement from baseline in most metabolic
parameters, including weight, BMI, waist circumference, TC, TG, FPG and HbAlc, and
this was most evident at week 36 and then sustained throughout the study period. The
osilodrostat allowed for discontinuation of antilipidemic drugs in one of the three and
hypoglycemic treatment (metformin) in two of three (one diabetic and one with IGT)
patients taking the drugs at baseline. Improvement in BP control was most evident early
in osilodrostat treatment: the most significant decrease in mean SBP and mean DBI’ was
achieved at weeks 72 and 36, respectively. However, from week 96, a slight increase in mean
SBP and mean DBP was observed, and a maximum mean SBP and mean DBP during the
study were observed at weeks 132 and 156, respectively. This change was probably because,
in 4/5 patients under antihypertensive treatment at baseline, osilodrostat allowed for the
dose or number of the drugs to be reduced. On the other hand, one hypertensive patient at
baseline presented high BP between weeks 108 and 144 of the study due to the osiledrostat
dose escalation and the DOC accumulation effect, requiring intensifying antihypertensive
treatment (including implementation of mineralocorticosteroid blockage). However, mean
SBP and BDP remained WRR during the whole study period. Of course, the analysis of
BE lipid parameters, FPG, and HbAlc in the presented patients has limited value, mainly
since the patients were taking antihypertensive, antilipidemic, and /or hypoglycemic drugs
before osilodrostat initiation. Clinically significant QTcF prolongation (=450 ms) did not
occur in any of the patients.

The three cases presented in detail confirm high osilodrostat effectiveness in CD
management and highlight the specific clinical situations that physicians may have to face
during osilodrostat therapy. In the first case, osilodrostat was the “last chance” medical
treatment, considering the necessity to discontinue the pasireotide and levoketoconazole
because of their side effects and unsuccessful combination therapy with ketoconazole and
cabergoline with further hypercortisolemia progression. The patient experienced one of
the expected osilodrostat AE because, after its initiation and dose titration, testosterone
levels increased significantly. However, clinically the patient did not present hirsutism or
other hyperandrogenic features. Increased testosterone concentration in females during
osilodrostat treatment have been reported in 11.7-24.7% during clinical trials [18,21]. It
results from the shift of adrenal steroidogenesis towards androgens after the inhibition
of cortisol production [22]. In the presented patient, testosterone level then returned to
baseline with time on continued osilodrostat after longer follow-up (week 144). That
observation is consistent with data from extension phases of LINC studies, where increased
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testosterone levels in females resolved during long-term treatment [19,21,23]. Nevertheless,
hirsutism in most CD females during osilodrostat treatment improves or remains stable
from baseline [18,24].

The second of the presented patients illustrated a spectacular improvement in uncon-
trolled, refractory hypercortisolemia upon osilodrostat treatment. The osilodrostat allowed
for a normalization of mUFC (24 x ULN at basline) and mLNSC (8.35xx ULN at baseline)
after 20 and 26 weeks, respectively, which confirms its effectiveness, even in patients with a
more severe course of the disease. As in the previously discussed case, this patient also
experienced osilodrostat AE related with 113-hydroxylase enzyme blockade—a significant
adrenal hormone precursor increase (the concentration of DOC exceeded 31 ULN at one
point) manifesting as hypertension and mild hypokalemia that occurred from week 108.
The patient required further antihypertensive treatment intensification with implementa-
tion of spironolactone, which allowed for BP re-control at week 156, and oral potassium
supplementation. Mineralocorticoid precursor increase-related AEs have been reported
in patients during clinical trials, represented by hypertension (12.4-21.9%), hypokalemia
(13.1%), and peripheral edema (15.3-16.4%) [17,18,21].

The third patient we presented, after an initial good response to osilodrostat treatment,
developed a significant COP after 72 weeks, requiring a multimodal approach, including os-
ilodrostat up-titration, surgery, and radiosurgery. Tumor size changes have been previously
reported with osilodrostat. In the LINC-3 study, tumor volume decreased or increased
significantly (by >20%) in 32.8% and 37.5% of CD osilodrostat-treated patients, respec-
tively [17]. Fontaine-Sylvestre et al. described a specific LINC-3 trial case of CTP requiring
surgical intervention after long-term treatment (over four years) with osilodrostat for per-
sistent CD [25]. Antonini et al. presented a patient with significant CTP after six months
of osilodrostat therapy that was eventually treated with radiosurgery [26]. CTP was also
reported during treatment with ketoconazole [27,28] and mifepristone [29], which suggests
that blocking cortisol production or action by medications may provoke the growth of the
corticotroph adenoma. It is suggested that osilodrostat therapy should be stopped if CTP is
observed [30]; however, no specific recommendations are available. In the described case,
we decided to continue osilodrostat and increased the daily dose to stabilize the hypercorti-
solemia and the patient’s clinical condition, which allowed for safe subsequent treatment
procedures (TSS, pituitary radiosurgery) and resulted in CD re-control. Controversy exists
about whether CTP during osilodrostat treatment is caused by loss of negative cortisol
feedback (due to a decrease in cortisol concentration) or whether it is driven by genetic
mechanisms implicated in corticotroph tumor development, implying that it is a part of
the natural history of CD. In vitro studies did not show that osilodrostat had an impact
on ACTH production or cell growth [31]. However, the case we presented and previously
mentioned by Fontaine-Sylvestre et al. [25] and Antonini et al. [26] implies that regular
biochemical and radiological monitoring is necessary for patients treated with osilodrostat,
even when they are well controlled on a stable osilodrostat dose. In addition, an increase
in ACTH concentration was observed in each of the patients participating in the study.
Median ACTH concentration significantly increased during the whole study period, and at
156 weeks’ follow-up (91.6 pmol/L, 8.25x ULN, range: 11.1-200 pmol/L), it was 9.49-fold
higher (p = 0.031) compared to baseline (9.65 pmol/L, WRR, range: 2.9-28.60 pmol/L).
Detailed analysis of tumor volume was not possible in the presented group; however, in
2/6 patients the tumor remained stable, in 2/6 patients there was a significant (>20%)
increase in tumor volume, and in 2/6 patients there was a radiological disappearance of the
initially visible tumor. There was no clear correlation between change in tumor volume and
osilodrostat dose nor ACTH concentration. These data are consistent with those observed
in clinical trials, indicating that the effect of osilodrostat on corticotropic tumor size is
ambiguous and requires further study. However, data show that there is no correlation
between change in tumor volume and change in ACTH concentration [19]. The evolution
of pituitary tumor in every patient is summarized in Table 4.
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Table 4. Evolution of pituitary tumor image on MRI during study period. The size of the tumor is
presented in millimeters. In case of small pituitary tumors, only two or one (maximal) dimensions

are given.

Baseline Week 26 Week 48 Week 72 Week 96 Week 144
Patient 1 4x3 No visible No visible No visible 4x3 5x3
Patient 2 10 x 13 x 10 10 x 13 x 10 10 x 13 x 10 10 x 13 x 10 14 x 16 x 14 14 x 16 x 14
Patient 3 15 3.5 x55 7x5x%x8 12 x8x14* 145 x 85 x 155 ** 115 x 7 x 13
Patient 4 2.5 x4 3 x4 25 x4 25 x4 no visible no visible
Patient 5 45 x4 4x3 35 %25 3.5 x 25 3.5 x25 3.5 x 2.5
Patient 6 3 X252 2 2 2 2 no visible

* Performed at week 84. ** Performed at week 120.

The second most common AE reported in the 156 weeks of osilodrostat treatment
was Al (5/6 patients). Al/hypocortisolism-related AEs have been reported in 14.6-54.0%
of patients, mainly during osilodrostat titration [16-18,21,23]. However, the percentage
of patients experiencing Al was increasing in longer follow-up and occurred even in
patients on a stable dose of osilodrostat after prolonged treatment [23,32]. Al events in
the analyzed group generally occurred during the titration phase and were not associated
with a specific osilodrostat dose, which is consistent with previous observations [33]. In
two patients, Al occurred after a longer time of observation (as presented earlier); however,
in the third of the detailed cases, the late Al occurrence might not have been strictly
related to osilodrostat but was the effect of concomitant neuro- and radiosurgery. None of
the patients discontinued osilodrostat because of the hypocortisolism—dose adjustment
and in some cases transient hydrocortisone implementation was sufficient. Ours and
previously reported experience indicates that patients treated with osilodrostat should be
thoroughly educated about its potential side effects (especially the risk of Al and related
symptoms) and supplied with “in case” hydrocortisone tablets, as hypocortisolemia can
occur at any time during osilodrostat treatment [30,34,35]. In the presented patients, it
was sufficient to administer hydrocortisone for a few days at a typical replacement dose
and reduce the osilodrostat dose. The osilodrostat dose was then readjusted to achieve
eucortisolemia. However, given osilodrostat’s high effectiveness in hypercortisolemia
control and, therefore, the relatively high risk of Al, a “block and replace” approach should
be considered in specific cases. However, Al is not specific to osilodrostat AE, and the
possibility of its occurrence in patients treated with oral steroidogenesis inhibitors in general
(5.3-18.5% with ketoconazole, 3.2-9.5% with levoketoconazole, 12% with metyrapone)
should be expected [13,14]. The higher incidence of Al during osilodrostat treatment is
probably due to its particular potency and 11-beta-hydroxylase selectivity compared to
other steroidogenesis inhibitors. It is worth mentioning that escaping after the initial
response may occur in up to 22.7% of patients treated with ketoconazole and 18.7% with
metyrapone [13,14]. Furthermore, the safety profile of osilodrostat appears to be faverable.
The main limitations of using ketoconazele and levoketoconazole are hepatotoxicity and
elevations in liver enzymes, which are reported in 2.6-18.4% and 11.7-44.6% of patients,
respectively [13,14]. In the analyzed group, only one patient had a mild, transient increase in
liver enzyme activity >ULN during the study. Mean ALT and AST activity even decreased
compared to baseline during the study period in the analyzed group. No liver-related AEs
of osilodrostat were reported in previous studies. [16-18,21,23]. Adrenal androgens and
mineralocorticoid precursor increase-related AEs are the main limitations of metyrapone
use; however, they may occur in 42.3-58.4% of patients on osilodrostat, as previously
mentioned [14,21]. Nevertheless, Bonnet-Serrano et al. showed a smaller increase in
11-deoxycortisol and androgen concentrations in patients with osilodrostat compared with
metyrapone therapy [36]. Additionally, mean levels of adrenal hormone precursors and
androgens decreased during long-term osilodrostat treatment [23]. Osilodrostat also has
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a longer half-life compared with metyrapone and ketoconazole, which allows for BID
administration and may increase patient compliance [12-14]. Moreover, ketoconazole and
levoketoconazole are unavailable in Poland at the moment. In specific scenarios (especially
of severe hypercortisolemia), osilodrostat in combination with other anticortisolic agents
can be considered; however, data on such an approach are limited [37,38].

5. Conclusions

Despite progress in the treatment of CD, it remains a real challenge for endocrinol-
ogists and neurosurgeons, especially in the case of recurrent disease and when patients
cannot feasibly undergo surgery. In light of the unmet need for the optimal treatment of
patients with CD, osilodrostat emerged as a novel stercidogenesis inhibitor. The analyzed
group of patients shows the long-term effectiveness and safety of the treatment with os-
ilodrostat in real-life clinical practice, as treatment in all patients was reimbursed by the
Health National Fund after completing the clinical trial. Our study reinforced previous
reports demonstrating that osilodrostat is an effective and well-tolerated treatment option
for patients with CD and provides sustained hypercortisolemia control. Treatment with
osilodrostat should be individualized for each patient, and the clinical evidence gathered
through this study might assist in optimizing treatment decisions by physicians.
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Abstract

Endogenous Cushing’s syndrome (CS) is associated with increased morbidity and mortality. Early diagnosis and initia-
tion of therapy are essential, but effective treatment remains a challenge. In a long-term follow-up, biochemical control
of hypercortisolemia, especially when severe, is difficult to achieve. Life-threatening hypercortisolemia is difficult to
control due to the limitations of pharmacotherapy, including its side effects, and may require etomidate infusion in the
intensive care unit (ICU) to rapidly lower cortisol levels. The effectiveness of hypercortisolemia management can be
increased by a dual blockade of cortisol production. We report the efficacy, safety, and tolerability of combined therapy
with two steroidogenesis inhibitors, etomidate, and osilodrostat, in a 32-year-old woman diagnosed with severe ACTH-
dependent hypercortisolemia, subsequently maintaining a stable level of cortisol with osilodrostat monotherapy. This
approach enabled achievement of relatively rapid control of the hypercortisolemia while using an etomidate infusion and
concomitant increasing doses of oral osilodrostat applying a “titrations strategy.” Our experience shows that it is worth

taking advantage of the synergistic anticortisolic action of etomidate with osilodrostat.

Keywords Cortisol - Cushing’s syndrome - Etomidate + Osilodrostat - Severe hypercortisolemia

Introduction

Endogenous Cushing’s syndrome (CS), which results from
excess cortisol production, has an annual incidence of 0.2
to 5 cases per million population [1, 2]. Approximately
80% of all endogenous CS cases are caused by cortico-
trophin (ACTH) hypersecretion (ACTH-dependent CS),
of which 90% are represented by corticotroph pituitary
adenomas (Cushing’s disease, CD), while ectopic ACTH
syndrome (EAS) occurs in about 10% of cases [1, 2]. CS
is associated with increased morbidity and mortality; thus,
early diagnosis and implementation of therapy are nec-
essary to prevent numerous complications, especially in
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the case of severe hypercortisolemia (SH) [3-5]. SH is
defined as a significantly elevated random serum cortisol
level (>36-41 pg/dL), a 24-h urinary free cortisol (UFC)
level greater than four-fold the upper limit, and/or profound
hypokalemia (< 3.0 mmol/L) [6, 7].

The treatment of choice for CS, which gives the pos-
sibility of complete recovery, is surgical resection of the
primary lesion which caused excess cortisol production
[2, 8]. Pharmacological therapy is essential, especially
in patients with contraindications to surgical procedure,
as adjuvant treatment when the surgery was not radical,
and in recurrent cases of CS [9]. Prompt pharmacological
intervention leading to normalization of cortisol produc-
tion is cruecial in the case of life-threatening SH and while
awaiting surgery (bridging therapy) since there might be a
significant delay before an unequivocal diagnosis is estab-
lished [6, 9]. Medical treatment options include steroido-
genesis inhibitors, pituitary-targeting agents, and gluco-
corticoid receptor antagonists [8, 10]. These drugs can be
used synergistically, increasing the potency of anticortiso-
lic action and reducing the risk of possible side effects by
lowering the dose of the individual agent [2]. The choice
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of a particular medication and therapeutic protocol is
highly individualized and depends on the center’s expe-
rience; however, etomidate — a short-acting intravenous
anesthetic agent — is considered the most effective for
the rapid inhibition of cortisol overproduction [2, 10-12].
It acts by reversible blockage of the 11-B-hydroxylase
enzyme (the final step of cortisol biosynthesis) and, addi-
tionally, 17a-hydroxylase/17,20-lyase and cholesterol
side-chain cleavage enzyme [13-16]. Alternatively, rapid-
acting oral steroidogenesis inhibitors, such as ketocona-
zole, metyrapone, or osilodrostat, might be considered
in SH management. Osilodrostat is a novel adrenostatic
agent that inhibits the activity of 11-p-hydroxylase as well
as 18-hydroxylase enzyme (suppressing cortisol and also
aldosterone synthesis) [17-21]. Recent reports show that
osilodrostat can control SH relatively quickly [22-24].

A potential therapeutic option for life-threatening hyper-
cortisolism is the use of combined treatment with etomi-
date and osilodrostat; however, no such procedure has to
date been documented. Herein, we present a patient with
ACTH-dependent SH brought under control with the com-
binative therapy of two steroidogenesis inhibitors, etomi-
date and osilodrostat.

Case presentation

A 32-year-old female, diagnosed with multiple sclerosis
(SM) years ago and treated with dimethyl fumarate for
2.5 years, was admitted to the Department of Internal
Medicine, due to deterioration of her general condition,
polydipsia, polyuria, qualitative disturbance of conscious-
ness, and profound hypokalemia (1.9 mmol/L) found dur-
ing SM therapy routine assessment. For about 2 months
before the hospital admission, facial hair growth, acne
lesions, rounded facial features without accompanying
weight gain, and a tendency to bruise had been observed.
In addition, at the same time, secondary amenorrhea was
noted: the patient had been taking contraceptive drugs for
2 years and had discontinued them a few days after the
onset of symptoms.

Physical examination revealed elevated blood pressure,
moon face with visible acne lesions, and muscular atro-
phy of the limbs. BMI was 22.4 kg/m® The laboratory
tests showed severe hypokalemia (2.2 mmol/L), hypergly-
cemia meeting the criteria for diabetes mellitus with an
HbAlc value of 5.9%, and preserved C-peptide secretion
(3.5 ng/mL, N: 0.78-5.19). During the hospital stay, oral
hypoglycemic drugs (linagliptin and empagliflozin) were
administered. Despite compensation of disturbances in the
water—mineral balance, it was not possible to stabilize the
kalemia.

@ Springer

Due to the clinical features of hypercortisolemia, the
hormonal diagnostics was extended: the abnormal cir-
cadian rhythm of cortisol secretion was confirmed and
impaired glucocorticoid feedback was demonstrated with
an overnight 1 mg dexamethasone suppression test. A sig-
nificant degree of ACTH-dependent hypercortisolemia
was diagnosed [UFC: 7155 pg/24 h (N: 4.3-176) midnight
serum cortisol: 69.64 pg/dL (N: < 3.4), ACTH: 167 pg/mL.
(N: 6-48)].

During hospitalization in the Department of Internal
Diseases, the psychotic symptoms worsened: the patient
was consulted psychiatrically and treated with quetia-
pine, hydroxyzine, and lorazepam. Due to the exhaus-
tion of diagnostic and therapeutic possibilities in the
abovementioned hospital, the patient was referred to our
Clinic — the Department of Internal Medicine, Endo-
crinology and Diabetes, Medical University of Warsaw,
Warsaw, Poland — for treatment continuation.

Laboratory tests on admission to the Department
of Endocrinology revealed profound hypokalemia
(2.1 mmol/L) and elevated levels of serum corti-
sol (106 pg/dL), ACTH (154 pg/mL) and androgens
[DHEA-S 1200 pg/dL (N: 95.8-511.7), and total testos-
terone 4.29 ng/dL (N: 0.38-1.97)]. The CRH stimula-
tion test showed a significant (over fivefold) increase
in concentration of ACTH and cortisol (by 33%). Treat-
ment with an oral stercidogenesis inhibitor, osilodrostat,
was started at increasing doses, which improved the
patient’s general condition in the first days of therapy.
Osilodrostat dose titration is presented in Fig. 1. During
treatment, transient increase in alanine aminotransferase
activity (122 U/L, N: 0-35) and persistent hypokalemia
were observed despite intravenous and oral potassium
supplementation and high doses of spironolactone.

Due to the ineffectiveness of the above treatment in low-
ering the serum cortisol, persistent hypokalemia (Fig. 2),
increasing severe edema of the lower limbs found in the
physical examination (weight gain by 3.1 kg within 7 days),
and the patient’s reported significant deterioration in well-
being, on the 11th day of treatment with osilodrostat, after
obtaining the patient’s consent, it was decided to begin
therapy with etomidate combined with the current cure
with osilodrostat at a gradually increasing dose (Fig. 1).
Etomidate therapy was conducted in the conditions of an
intensive internist supervision room (non-ICU) at the ini-
tial dose 0.015 mg/kg/h and then modified according to the
value of cortisolemia, kalemia, and glycemia and blood
pressure control. During the treatment with etomidate, the
monitoring of potassium and cortisol values was performed
several times a day, including every 3 h on the first days
of treatment. The patient tolerated the combined therapy
(etomidate and osilodrostat) well and during the follow-
ing days, an improvement in her general condition was
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patient reported persistent dizziness, which she also expe-
rienced after completing the etomidate infusion. During
treatment with etomidate, the patient obtained from+1 to

observed, including mood balancing and reduction of lower
limb swelling. Blood pressure and blood glucose control
were correct. Nausea and vomiting were not observed. The
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0 points on the RASS scale. In the first 2 days of com-
bined treatment, due to increased hypokalemia (Fig. 2), the
patient required intravenous and oral potassium substitu-
tion, and then only oral substitution in combination with
spironolactone, which was part of the antihypertensive
reatment.

Alter stabilization ol cortisol levels and kalemia, treat-

ment with etomidate was discontinued on the 19th day of

the combined therapy (on the 29th day of osilodrostat treat-
ment), and treatment with an oral steroidogenesis inhibi-
tor was continued at doses modified according to the per-
formed hormonal assessments. On the following days, a
decrease in the requirement for osilodrostat was observed.
In the course of the treatment, the activity of ALT was also
normalized, and the levels of testosterone (2.96 nmol/L.)
and DHEA-S (185 pg/dL) decreased pronouncedly.

Due to the significant drops in blood pressure, the anti-
hypertensives were firstly reduced and then discontinued
and the correct values were obtained in the control meas-
urements. During hospitalization at the clinic, the patient
was consulted once again psychiatrically: the quetiapine

treatment was supplemented with pregabalin, the dose ol

which was reduced as recommended after the correction
of cortisol level.

Fig.3 Frontal and sagittal
MRI demonstrating a normal
pituitary without signs of
microadenoma in the presented
patient: a Frontal T1-weighted
pre-contrast scan. b Frontal
T1-weighted post-contrast
scan. ¢ Sagittal T1-weighted
pre-contrast scan. d Sagittal
T1-weighted post-contrast scan

@ Springer

To further diagnose ACTH-dependent hypercorti-
solemia, an MRI of the pituitary gland was performed
in which the inconclusive image as to the presence of
microadenoma was visualized (Fig. 3). In the opinion
ol the experienced consultant neurosurgeon, an ambigu-
ous change in the pituitary gland is not the source of the
patient’s autonomous production of ACTH. To search for
the ectopic source of ACTH secretion, a chest-abdomen-
pelvis CT with contrast was performed in which no abnor-
malities were visible, while positron emission tomography
(PET) with °® Ga-DOTA-conjugated peptides showed no
areas of increased tracer accumulation.

The patient was discharged from the clinic in good
general condition, with the final cortisol levels as shown
in Fig. 1. Continuation of the treatment with osilodrostat
at a dose of 6 mg twice a day, quetiapine, pregabalin, and
prolonged-release metformin was recommended. A follow-
up took place after 14 days. The patient was in good gen-
eral condition and did not report any complaints. Morning
serum cortisol (14.3 pg/dl.), UFC (103 ug/24 h), DHEA-
S (104.3 pg/dl), and potassium level (4.0 mmol/I.) were
within normal range. An increased level ol Lestosterone was
observed (6.06 nmol/L.). The dose of osilodrostat was main-
tained. The patient is still currently followed up at our clinic.
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Discussion

The treatment of CS is complex and challenging as no
medication has complete and definitive efficacy in hyper-
cortisolemia management. A large, multicenter study
showed that biochemical control is not achieved in up to
30% of patients with CD in a long-term follow-up [25].
Conventional pharmacological therapy is often ineffective
in controlling life-threatening SH. The use of the drugs
individually is also limited by the frequent occurrence of
their side effects. A possible therapeutic approach, which
minimizes adverse events and increases treatment effi-
cacy, is to use two or more drugs simultaneously with
an additive synergistic or/and complementary mechanism
of anticortisolic action. The most common is the com-
bined use of high doses of metyrapone and ketoconazole
[26-28]. There are also data presenting the option of a
triple combination with the additional usage of mitotane
[29]. Despite good effectiveness, the latter treatment pro-
tocols were, however, associated with numerous serious
side effects (mainly liver damage) [27, 29, 30]. In SH,
the use of mitotane is limited due to its relatively slow
onset of action [29]. Steroidogenesis inhibitors have also
been studied in combination with pituitary-directed agents
(pasireotide and cabergoline); however, such therapy is
used in patients with persistent or recurrent CD rather than
for the purpose of controlling SH [31-34]. Lawrence et al.
reported a patient with severe EAS, due to a thymic neu-
roendocrine tumor, who was successfully controlled with
a combination regimen of ketoconazole and mifepristone
[35]. However, it is difficult to monitor the efficacy and
safety of such treatment because measuring serum cortisol
and/or UFC is not objective in that case [36].
Osilodrostat is a particularly potent oral and selective
inhibitor of 11-beta-hydroxylase compared with other ster-
oidogenesis inhibitors [19]. It also has a prolonged half-life
compared with metyrapone, enabling less frequent medi-
cation intake, which may improve patient compliance [17,
19]. Typically, in CD, it is initiated at 2 mg orally twice
daily and titrated by 1-2 mg every 2 weeks based on cortisol
level [8]. In a phase HI study (LINC 4) in patients with CD,
osilodrostat normalized UFC excretion in 77% of patients
after 12 weeks’ treatment [20]. Recently, osilodrostat has also
been shown to have the potential of controlling SH relatively
quickly; however, limited relevant data are available [22, 23].
Haissaguerre et al. reported three patients with SH treated
successfully with osilodrostat monotherapy [22]. Starting
doses (2-7 mg/day) were titrated every 2-5 days (reaching
maximal doses of 7-44 mg/day) and normal plasma corti-
sol concentration was achieved within 2 weeks [22]. Sub-
sequently, Bessieéne et al. reported a case of severe EAS and
presented a regimen with an even higher starting dose of

osilodrostat (20 mg/day) applying the “block and replace”
strategy [23]. This approach allowed for the normalization
of cortisol levels in only 6 days [23]. Recently, Amodru et al.
also reported successful hypercortisolism control with keto-
conazole-osilodrostat combination therapy [24].

In the presented patient, osilodrostat was introduced at
2 mg BID and the dose was gradually increased on subse-
quent days using a dose-titration strategy. The serum cor-
tisol level was more than halved after 6 days of treatment.
On the 10th day, the patient reported worsening well-being,
and an increase in peripheral edema was observed. Morn-
ing cortisol at that time was 62.9 pg/dL. Due to the dete-
rioration of the patient’s condition, insufficient response to
current treatment, and no clear protocol for the osilodrostat
monotherapy in SH, the patient was started on a continuous
etomidate infusion. We decided to continue osilodrostat
simultaneously and, therefore, the patient did not receive
the initial bolus of etomidate, while the starting dose of
medication (0.015 mg/kg/h) was lower than that assumed
in most treatment protocols [2, 11, 37, 38]. The premise of
that approach was to gradually reduce cortisolemia through
combination therapy, with cross-titration of osilodrostat
and etomidate so that the etomidate infusion could be
stopped with the serum cortisol in the desired range and
maintained through osilodrostat monotherapy.

The tolerance of combined osilodrostat and etomidate
therapy was surprisingly good: apart from persistent dizzi-
ness, the patient did not report any additional side effects.
Mild ALT elevation was noted after starting osilodrostat,
but it normalized spontaneously within further hospitaliza-
tion. During etomidate infusion, the patient was assessed
with the RASS scale, obtaining + 1 point on the starting
day of the combinative treatment and 0 points on each
subsequent day until the end of the infusion. However,
the patient’s condition during the first day of etomidate
therapy reflected the effect of hypercortisolemia rather
than the side effect of etomidate initiation. This is also
evidenced by the fact that despite increasing the dose of
etomidate, the patient’s assessment on the RASS scale did
not change. Moreover, studies suggest that sedative symp-
toms of etomidate are not experienced at doses smaller than
0.1-0.3 mg/kg/h [39].

The combined therapy lasted 19 days and etomidate infu-
sion was discontinued at the 18 mg daily osilodrostat dose.
At that time, serum cortisol and UFC were 17.7 pug/dL and
243 ug/24 h, respectively. Unfortunately, UFC rebounded
in 48 h to 3493 pg/24 h and, therefore, the osilodrostat
dose was increased to 25 mg/day over the next few days.
Unexpectedly, over the following days, a marked decline in
cortisol serum level (4.4 pg/dL) and UFC (12 pg/24 h) was
noted, and the osilodrostat dose was reduced by half. The
patient was discharged home in good general condition on
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a stable dose of osilodrostat (12 mg/day). After 14 days, at
the follow-up, morning serum cortisol (14.3 ng/dL), UFC
(103 nug/24 h) and potassivm level (4.0 mmol/L) were cor-
rect and osilodrostat dose remained unchanged.

There was also a notable decrease in testosterone and
DHEA-S levels during the hospitalization. An increase in
testosterone concentration may be expected while using
osilodrostat because of compensatory ACTH stimulation
and shift from corticosteroid to androgen synthesis [19,
40]. Probably, this concerned the etomidate effect on the
activity of other adrenal steroidogenesis enzymes [15, 16].
Some data suggest that higher doses of osilodrostat may
affect the 17a-hydroxylase/17,20-1yase activity leading
to decreased adrenal androgens synthesis [19, 40]. How-
ever, at the follow-up, testosterone level notably increased
(6.06 nmol/L), most likely as an osilodrostat side effect in
the mechanism described above.

Possibly, the starting dose of osilodrostat in the pre-
sented patient could have been higher, with more rapid
dose titration: that is, either we should have introduced
etomidate earlier or increased its flow more quickly. How-
ever, that would have required the “block and replace”
strategy, which should be reserved for the most severe
and life-threatening cases of hypercortisolemia as in the
previously mentioned case reported by Bessiéne et al. [2,
23]. In addition, there are no supporting data on the supe-
riority of such a regimen over the “titration strategy” in
less severe cases. Furthermore, in the days following the
combined treatment, we observed an improvement in the
general condition of the patient, which reflected a gradual
improvement in hypercortisolemia. Despite the longer time
of hypercortisolemia normalization throngh combination
therapy, we were able to balance the level of cortisol with
the minimum risk of adrenal insufficiency in non-ICU con-
ditions. Slower hypercortisolemia control also allows the
patient to adjust to lower levels of cortisol and to let the
receptors regain normal sensitivity [7].

Conclusions

In conclusion, combined therapy with osilodrostat and eto-
midate was well tolerated and highly effective in control-
ling ACTH-dependent SH and provides an alternative to
the current therapeutic regimens. This strategy enabled us
to reduce the risk of medication side effects and control
the level of cortisol with minimized risk of adrenal insuf-
ficiency in non-ICU conditions, despite the longer time of
hypercortisolemia normalization. Complementary obser-
vations are needed to confirm the efficacy and safety of
the above therapeutic approach in SH management and to
establish optimal starting doses and cross-titration strategy
of osilodrostat and etomidate.
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Abstract

Purpose Severe Cushing's syndrome (SCS) is a life-threatening endocrine condition that requires prompt medical inter-
vention. Intravenous etomidate infusion is considered to be the most effective in rapid cortisol overproduction inhibition.
This single-center retrospective study aimed to present the safety and effectiveness of intravenous, low-dose, lipid-
formulated etomidate infusion in patients with SCS.

Methods Seven patients with complicated SCS related to ectopic ACTH syndrome (n = 6) or Cushing’s disease (n = 1) who
received low-dose etomidate infusion as a part of their cortisol-lowering treatment between April 2019 and April 2024 in the
Department of Internal Medicine, Endocrinology and Diabetes of Medical University of Warsaw were included in the study.
A continuous etomidate infusion was initiated at 0.01-0.02 mg/kg/h.

Results In all patients, rapid control of hypercortisolemia was achieved with a median time of 30 h (range: 1248 h). Median
serum cortisol concentration reduced from 101.9 pg/dL (range: 78.2-119.6 pg/dL) before etomidate to 19.5 pg/dL (range:
18.3-22.5) after 72 h of etomidate treatment. Etomidate infusion was followed by etomidate and osilodrostat combined
treatment and then osiledrostat monotherapy in four patients; one patient underwent adrenalectomy, and two patients died
during etomidate infusion due to complications of advanced malignancy.

Conclusions This study shows that low-dose and short-term lipid formulation etomidate therapy is highly effective in severe
hypercortisolemia management. Combined therapy with etomidate and osilodrostat is well tolerated and could serve as a
bridge in long-term SCS treatment.

Keywords Cushing’s syndrome - Ectopic ACTH syndrome * Etomidate * Osilodrostat * Severe hypercortisolaemia

Introduction

Endogenous Cushing’s syndrome (CS) is an endocrine con-
dition caused by cortisol overproduction, with an incidence of
2-8 cases per million people per year [1]. Most cases
(approximately 80%) are caused by adrenocorticotropin
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Medical University of Warsaw, Warsaw, Poland
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(ACTH) hypersecretion—either by pituitary (Cushing’s dis-
case [CD], 85-90%) or neuroendocrine non-pituitary tumors
(ectopic ACTH syndrome [EAS], 10-15%) [2-4]. Severe CS
(SCS) 1s a life-threatening endocrine emergency with numer-
ous complications and high mortality, especially if it is not
diagnosed promptly enough and appropriate treatment is not
implemented [5]. Although SCS seems to constitute less than
5% of CS cases, it remains a great therapeutic challenge for
endocrinologists and appears to be an important inter-
disciplinary clinical issue [6]. SCS is defined as dramatically
elevated random serum cortisol concentration (>41 pg/dL;
1100 nmol/L), a 24-h urinary free cortisol greater than five-
fold the upper limit of normal, and/or profound hypokalemia
(<3.0mmol/L) with the co-occurrence of at least one
of the following hypercortisolemia complications: sepsis,
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Table 1 Summary of baseline patients characteristics

Patient Sex and Diagnosis Hypercortisolemia Baseline serum Baseline ACTH,  Baseline potassium,
age complications cortisol, pg/dL pg/mL mmol/L

1 F/31 EAS (thymic LCNEC) DM, HK, HT, P, PM 782 936.7 22

2 F/34 CD DM, HK, HT, P, PM 106.0 167.0 19

3 Fiol EAS (SCLC) DM, HF, HK, HT, PM 101.9 603.9 1.9

4 M/74 EAS (pulmonary HF, HK, HT, PM, § 1153 1088.0 2.4
LCNEC)

5 M/75 EAS (SCLC) DM, HF, HK, HT, PM, § 832 932.1 2.1

6 M/g4 EAS (urinary bladder ~ DM, HF, HK, HT, PM, § 118.6 1497 22
SCNEC)

7 74 EAS (SCLC) DM, HK, HT, PM, § 930 284.5 20

ACTH adrenocorticotropin, CD Cushing’s disease, DM diabetes mellitus, ¥ female, HF heart failure, HK hypokalaemia, HT hypertension, LCNEC
large-cell neuroendocrine carcinoma, M male, P psychosis, PM proximal myopathy, § sepsis, SCLC small cell lung cancer, SCNEC small cell

neurcendocrine carcinoma

opportunistic infection, refractory hypokalemia, uncontrolled
hypertension, heart failure, gastrointestinal hemorrhage, acute
psychosis, progressive debilitating myopathy, thromboembo-
lism or uncontrolled hyperglycemia and ketoacidosis [5].

SCS requires rapid medical intervention, including
symptomatic treatment of cortisol-induced complications
and hypercortisolemia control with adrenal steroidogenesis
inhibitors and simultaneously complex diagnostic workup
determining the primary source of the disease [3, 7].
Choosing a particular steroidogenesis inhibitor is highly
individualized and depends on the center’s experience, as
there are no strict recommendations and therapeutic proto-
col for SCS.

The most effective in rapid cortisol overproduction
inhibition is considered to be etomidate—a short-acting
intravenous anesthetic agent [8, 9]. It reversibly inhibits 11-
B-hydroxylase enzyme (CYP11B1)—the last step of cortisol
biosynthesis, 17a-hydroxylase/17,20-Iyase (CYP17A1) and
cholesterol side-chain cleavage enzyme (CYP11AL) [9, 10].
Etomidate can be used to control hypercortisolemia quickly
and as a bridging therapy to other medical or surgical
interventions when the patient’s condition improves.
However, despite its high therapeutic potential in SCS, it is
rarely utilized in endocrinological practice.

In this article, we present the effectiveness and safety of
etomidate treatment in patients with SCS hospitalized in the
Department of Internal Medicine, Endocrinology and Dia-
betes of the Medical University of Warsaw, a tertiary center
in Poland, between April 2019 and April 2024,

Material and methods
This descriptive, retrospective study was conducted on

seven patients with SCS hospitalized in the Department of
Internal Medicine, Endocrinology, and Diabetes, Medical
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University of Warsaw, Poland between April 2019 and
April 2024, The patients were included in the stady if they
met the criteria for SCS and received etomidate infusion as
a part of their cortisol-lowering treatment.

Etomidate therapy was conducted in the conditions of an
intensive internist supervision room (non-intensive care
unit, ICU) with metabolic, hemodynamic, respiratory, and
neurologic monitoring. Level of sedation was assessed by
using the Richmond Agitation-Sedation Scale (RASS)
score. The target RASS score was 0, which correlates with
alert and calm patient. We used etomidate compounded in a
lipid emlsion formulation (Efomidate lipuro) in a 2 mg/ml.
concentration. A continuous etomidate infusion was initi-
ated at a rate of 0.01 to 0.02 mg/kg/h and administered
intravenously through a drug pump. No initial intravenous
bolus of etomidate was administered prior to infusion.

During the etomidate infusion serum cortisol concentration
and potassium were assessed initially every 6h and then
every 12h after hypercortisolemia stabilization. Blood sami-
ples were collected via an arterial cannulation. All measure-
ments of cortisol were performed with the Abbott Alinity
immunoassay (normal range: 3.7-19.7 pg/dL). Plasma ACTH
was measured by using the LIAISON XL chemiluminescent
immunoassay (normal range: 4,7-48,8 pg/mL).

Vital signs (heart rate, blood pressure, respiratory rate,
blood oxygen saturation) assessment was conducted every
3h. The etomidate infusion was titrated in increments of
0.005 to 0.01 mg/kg/h based of the absolute values and the
rate of change in serum cortisol concentration. The infusion
rate was not up titrated more frequently than every 6 h. The
initial therapeutic serum cortisol concentration target was
15-25 pg/dL. This was higher than the average physiolo-
gical cortisol level, but it was necessary to ensure appro-
priate cortisol concentration in patients with severe general
condition. For patients with a milder general condition or
for those whose initial severe condition improved, a
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Table 2 Summary of etomidate treatment in presented patients

Reason to stop etomidate

therapy

Duration of etomidate

infusion, days

Time to potassium
normalization, hours

Time totarget
cortisol, hours

Target cortisol,

ug/dL

mg/kg/h

Patient  Starting etomidate dose, Max etomidate dose,
mg/kgh

Adrenalectomy

24
72

36
48

Osilodrostat implementation
Osilodrostat implementation

Death

19
19

12
30
30
18
24

12
36
12
18

Osilodrostat implementation

Death

17

Osilodrostat implementation

14

0.06
0.03
0.08

0.02

0.015
0.02
0.01

2

0015

0.025
0.06

0.015

5
6

0.015
0.01

0.025

therapeutic cortisol target of 10-20 pg/dL was considered
appropriate. A change in the patient’s general condition
(deterioration or improvement) was followed by an ade-
quate change in the target serumm cortisol. Once the target
cortisol concentration was achieved, the etomidate infusion
was continued to maintain serum cortisol in the desired
range until implementation of long-term oral medical or
surgical treatment could be initiated. The study was
approved by the Ethics Committee of Medical University of
Warsaw (permission number: AKBE/170/2024).

Results

We identified 7 patients (four women) with median age 74
years (range: 31-84) treated with etomidate for SCS between
April 2019 and April 2024. In six patients CS was secondary
to EAS, and one patient presented with CD. Median baseline
serum cortisol was 101.9 ug/dL (range: 78.2-119.6 ug/dL)
and median ACTH was 6039pg/ml  (range:
149.7-1088.0 pg/mL). Mean baseline serum potassium con-
centration was 2.10+0.17 mmol/mL. Hypercortisolemia
complications from the most common included: hyperten-
sion, hypokalemia, proximal myopathy (all patients), diabetes
(six patients), sepsis (four patients), heart failure (three
patients) and psychosis (two patients). All patients with EAS
had distant metastases at the time of SCS diagnosis. Details
of each patient are summarized in Table 1.

Dosing and effectiveness

A continuous etomidate infusion was initiated at rate of
0.01-0.02 mg/kg/h. In six patients etomidate was a first-line
therapy, and in one patient (with CD) it was introduced as
an additional form of treatment due to the ineffectiveness of
oral steroidogenesis inhibitor. The initial goal serum cortisol
was 10-20 pg/dL in four and 15-25 pg/dL in three patients.
Target serum cortisol concentration was achieved in all
patients with median time of 30h (range: 12-48 h). Median
serum cortisol concentration reduced from 101.9ug/dL
(range: 78.2-119.6 ng/dL) before etomidate to 27.2 ug/dL
(range: 11.3-33.4), 21.3 pg/dL (range: 18.6-24.4), and
19.5 pg/dL. (range: 18.3-22.5) after 24, 48, and 72h of
etomidate treatment, respectively. The median maximum
achieved etomidate infusion rate to maintain cortisol in the
targeted level was 0.03 mg/kg/h (range 0.02-0.08 mg/kg/h).
The infusion was continued for a median duration of 14
days (range: 5-19 days). Normokalaemia was achieved with
median time of 18h (range: 6-72h). Hypokalemia was
corrected in all patients through combined intravenous and
oral administration of potassium along with spironolactone
50-200 mg/day per os in five and potassium canrenoate
200-400 mg/day intravenously in two patients. Mean serum
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potassium concentration rise from 2.10+ 0.17 mmol/mL
before etomidate to 3.40 £0.86 mmol/L, 4.10 £ 0.67 mmol/
L, and 4.20 £ 0.48 mmol/L after 24, 48, and 72h of eto-
midate treatment, respectively. Glucose control improved
from the beginning and in three out of six patients with
cortisol-induced diabetes it was possible to withdrawn
insulin therapy during etomidate infusion. Similarly,
improvement in hypertension control was observed in all
patients, which allowed for reduction (in four patients) or
discontinuation (in two patients) antihypertensive therapy
during etomidate infusion. Data regarding the treatment
with etomidate are summarized in Table 2 and Table 3.

In four patients, the etomidate infusion was continued
until the oral steroidogenesis inhibitor (osilodrostat) was
successfully implemented, and in one, until the adrena-
lectomy. Before switching to osilodrostat monotherapy,
patients were receiving combination therapy (etomidate and
osilodrostat). The median duration of combined etomidate
and osilodrostat therapy was 7 days (range: 5-19 days).
Two patients continued osilodrostat in ,,block and replace”
approach and in two patients osilodrostat was titrated by
gradual dose increase. Data regarding the treatment with
osilodrostat are summarized in Table 4 and. Figure 1 pre-
sents evolution of serum cortisol concentration during
combined treatment with etomidate and osilodrostat.

Safety

All patients tolerated their etomidate infusion well. At base-
line, five of them had a RASS score of 0. Two patients
initially presented with hypercortisolemia-induced psychosis,
one with a RASS score of +1 and second with +2, that
improved to 0 during etomidate treatment. One patient with
an mitial 0 RASS score experienced slight somnolence with a
RASS score of -1. In the rest of the patients the initial RASS
score remaimed unchanged throughout the etormidate nfusion.
Two patients died during the etomidate infusion: one due to
antibiotic resistant Actretobacter baumannii sepsis and the
other from respiratory failure secondary to unresectable large
cell neurcendocrine carcinoma of the lung. One patient
experienced adrenal insufficiency episode with hypotension
requiring transient hydrocortisone implementation and eto-
midate dose reduction. No substantial changes in renal
function during the etomidate infusion were observed. Mild
hyperkaliemia occurred in one patient, but reducing potas-
sium supplementation was sufficient to correct it.

Discussion
In this study, we report the effectiveness and safety of

continuous intravenous low-dose, lipid-formulated etomi-
date infusion treatment outside the ICU in seven patients
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Table 3 Serum cortisol response to etomidate therapy during first 72 h of treatment

24 36 48 60 72

0 12

Time of etomidate treatment, hours

272 (113-334) 244 (167365 213 (18.6-24.4) 212 (124-24.5) 195 (18.3-22.5)
0.02 (0.02-0.03) 0.025 (0.02-0.04)

41.0 (20.4-55.8)
0.02 (0.01-0.02)

101.9 (78.2-119.6)
0.015 (0.01-0.02)

Serum cortisol, pgfdL

0.02 (0.02-0.04)

0.02 (0.01-0.03)

0.02 (0.01-0.03)

Etomidate dose, mg/kg/h

Values are shown as medians and ranges
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Table 4 Summary of

. . Patient Time of combined
osilodrostat treatment in

Osilodrostat treatment

Max osilodrostat

Maintenance osilodrostat

. therapy, days strate dose, mg/d dose, mg/d
presented patients Dy, 8y & &
2 19 Titration 25 12
3 8 Titration 40 32
5 4 Block and replace 50 50
7 7 Block and replace 60 50
Patient 2 Patient 3
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Fig. 1 The evolution of serum cortisol levels during wreatment with
etomidate and osilodrostat is depicted. Cortisol values represent the
average ol 2 to 4 measurements taken during the day. The shaded arca

with SCS in our center’s experience. All analyzed paticnts
achieved a target cortisol level and normalized serum
potassium concentration within a median of 30 and 18h,
respeetively. The ctomidate infusion served as bridging
therapy for osilodrostat monotherapy in four paticnts and
for adrenalectomy in onc patient.

SCS is a challenging and life-threatening condition
accompanied by acute cardiovascular, infectious and
metabolic complications, leading to high mortality. Rapid
confrol of cortisol levels is essential with simultaneous
preventive and curative treatments of cortisol-induced
comorbidities. In most cases, SCS is associated with EAS
—neuroendocrine tumors found in different locations, with
varying degrees of histological differentiation and aggres-
siveness, may secrete ACTH and lead to SCS [7, 111
Nevertheless, SCS may also occur in patients with CD and
ACTH-independent hypercortisolemia.

Cortisol (ug/dt)
¥ oE &

Etomidate dose (mg/ke/h)

Onsilodrostat dose (mg/day)

4

—— Oxlodrontat dose

—Cothel — Flomidate doss

indicates the target cortisol level. An arrow marks the beginning of
hydrocortisone administration for patients who initiated the “block and
replace” teatment regimen with osilodrostat

Etomidate is an imidazole derivative, intravencus ancs-
thetic agent, and one of its side effeets includes suppression
of adrenocortical function [12, 13]. It reversibly inhibits
CYP11B1, CYP17A1 and (at higher doses) CYPL1AI,
ultimately inhibiting cortisol biosynthesis [13]. Inhibition of
adrenal steroid synthesis significantly limits the use of
ctomidate in anesthetic practice but gives the possibility of
its off-label use in patients with SCS. Etomidate allows for
highly effective and rapid control of hypercortisolemia, and
normalization of cortisol concentration could be achieved
within a dozen or so hours [8, 9]. In addition, it is the only
steroidogenesis inhibitor which may be administered par-
enterally, therefore, it can also be used as a first-line treat-
ment in severely ill patients or when oral cortisol-lowering
agents cannot be used |5, 9, 10].

Since the first report of etomidate-induced steroidogen-
esis inhibition [13], several studies of its effectiveness in
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hypercortisolemia control have been published, and various
therapeutic protocols have been proposed [8, 14-17]. A
standard etomidate infusion protocol requires patient hos-
pitalization in the ICU. Initially, the patient receives a bolus
etomidate dose of 2.5-35mg over 2-3 min, followed by a
continuous infusion (0.1-1.0 mg/kg/h), titrated according to
the therapeutic response. However, such a procedure results
in a complete blockade of adrenal steroid biosynthesis and
necessitates implementing hydrocortisone substitution
[8, 9, 14]. It also increases the risk of adrenal crisis and
propylene glycol toxicity if etomidate in propylene glycol
formulation is used. Therefore, the possibility of using low-
dose etomidate treatment to control SCS was suggested,
which does not require hospitalization of the patient in the
ICU [16]. Constantinescu et al. studied the outcome of two
series of SCS patients treated either with a standard eto-
midate dose in ICU or a low dose in non-ICU settings. The
low-dose group achieved target cortisol levels slower, but
without inducing adrenal insufficiency or other side effects,
and without the need for intensive care resources [14]. In
addition to this data, Carroll et al. proposed a standardized
intravenous low-dose etomidate infusion protocol [15].

In our cohort of patients, we used an even lower starting
dose of etomidate (0.01-0.02 mg/kg/h) and omitted its initial
loading dose. In all patients, etomidate effectively reduced
cortisol concentration to the target range in a median time of
30h. That further confirms the use of a very low dose of
etomidate in SCS management. Interestingly, the median
time to reach the target cortisol concentration in our group
was shorter, despite using lower doses of etomidate compared
to the studies mentioned [14, 15]. This could be attributed to
the higher target cortisol concentration in some of the septic
patients we analyzed and the older age of the group we
studied; elderly patients require decreased ctomidate doses
due to reduced protein binding and clearance [18]. Indeed,
the longest tirme to achieve the target cortisol concentration
was observed in the youngest patients in our group. There-
fore, doses of etomidate need to be individualized in each
clinical sitwation and rely on patient’s clinical careful
assessment. The standard treatment protocol should be rather
considered only in the most severe, critical cases requiring
hospitalization in the ICU. It is also important to note that the
effect of etomidate on adrenal blockage may continue even
after treatment discontinuation due to accumulation in the
subcutaneous tissue [9].

How to qualify patients with SCS for treatment in or
outside the ICU remains to be determined. It was previously
recommended that etomidate treatment in patients with SCS
only occur in the ICU setting [8]. However, this was mainly
related to using a classic therapeutic protocol and high
doses of etomidate. In previous years, collected data indi-
cate that low-dose etomidate infusions can be administered
outside of the ICU and do not necessarily have to be
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conducted under anesthesiologic control. In our opinion, the
decision regarding the place of treatment should be made
primarily based on the patient’s clinical condition and the
given center’s experience in managing patients in severe
state. In the analyzed group, endocrinologists carried out the
treatment within the intensive internist supervision room, a
coherent part of our department intended to treat patients in
general severe condition. This room has a system of con-
tinuous patient monitoring, so its concept is similar to the
ICU. Most internal medicine departments in Poland have at
least one bed adapted for intensive supervision. In case of
any doubts regarding etomidate pharmacotherapy, we could
consult the ICU team. Similarly, in case of a sudden dete-
rioration of the general condition, the patient could be
qualified for further treatment in the ICU. However, we are
aware that in different countries and healthcare systems, the
organization of given units varies and the treatment condi-
tions of specific groups of patients may differ significantly.
Not all endocrinology centers have the expertize and
appropriate facilities to allow treatment to be carried out in a
general ward. On the other hand, intensive care specialists
might not be familiar with the complexity of SCS and the
specifics of therapy for such patients. In such cases, eto-
midate therapy should be conducted in close cooperation
between the endocrinologist, the intensive care specialist,
and the anesthesiologist. Some authors suggest that etomi-
date treatment could be initiated in the ICU and continued
in the general ward after the patient has clinically stabilized
[19]. However, given the rarity and potentially lethal
complications of SCS, we strongly recommend that these
patients be managed in tertiary centers with experience in
fully managing this condition.

It is considered that formulations of etomidate in a lipid
emulsion should be preferred due to possible propylene
glycol toxicity [9, 15], which may result in plasma hyper-
osmolarity, lactic acidosis, thrombosis, and acute kidney
injury [10, 15, 20]. However, published data on its use in
patients with SCS are lacking, as in the most reports, eto-
midate in propyl glycol formulation was used [14, 15, 17].
To our knowledge, this report summarizes the largest cohort
of patients treated with lipid formulation of etomidate,
confirming its equal effectiveness to the propylene glycol
formulation. Considering the known and potential compli-
cations of propylene glycol toxicity, the lipid formulation of
etomidate should be regarded as superior in the case of
etomidate use consideration in SCS.

Regardless of the formulation, etomidate treatment appears
to have a high safety profile as an cortisol-lowering agent,
and its use in SCS has been reported in adolescents [21, 22],
children [23], and even infants [24]. Sedation is typically
observed at higher doses than those that suppress cortisol
production [9, 10]. However, the level of sedation should be
assessed through the etomidate treatment, for example, using
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the RASS score [15]. In our cohort, only one patient
experienced slight sommolence with a RASS score of —1
during etormidate infusion. The same patient presented with a
brief episode of adrenal insufficiency, requiring temporary
hydrocortisone implementation and etomidate dose reduction.
However, it occurred during the infusion of a relatively low
dose of etomidate (0.015 mg/kg/h) during the second day of
the treatment. This patient had significantly increased liver
enzyme activity, most likely secondary to numerous liver
metastases and cortisol-induced hepatotoxicity. Because
hepatic enzymes metabolize etomidate, liver damage pre-
sumably led to increased etomidate half-life. Very rarely does
etomidate cause significant hepatotoxicity, which, never-
theless, must be considered [18]. However, the increased
activity of liver enzymes in our patient was not likely the
result of etomidate therapy itself, as it was already observed
at baseline before the introduction of etomidate. Although the
activity of liver enzymes initially increased during treatmient,
it significantly improved during subsequent days of therapy.
Two of the presented patients died during the etomidate
infusion; however, their death was a result of their end-stage
malignancy disease and initial hypercortisolemia complica-
tions, and was not etomidate-related.

‘We have previously published our initial experience with
etomidate and osilodrostat combination therapy in a 32-
year-old female with SCS due to CD [25]. At that time,
evidence for the osilodrostat monotherapy in SCS and dose
titration strategy was limited. We initiated the patient’s
treatment with osilodrostat at a gradually increased dose.
After one week, due to an insufficient response, we decided
to start treatment with etomidate. However, we continued
osilodrostat simultaneously. This approach aimed to control
hypercortisolemia quickly and then cross-titrate the doses of
osilodrostat and etomidate to eventually discontinue the
etomidate infusion and maintain hypercortisolemia control
with osilodrostat monotherapy. This patient is also included
in the current study. Since then, real-world evidence of
osilodrostat use in SCS and EAS has emerged [26, 27], and
an algorithm for the practical use of osilodrostat in SCS has
been proposed [27]. That raises the question of whether
there is still a place for etomidate in managing SCS in the
era of new oral steroidogenesis inhibitors.

Despite increasing evidence of the effectiveness of osi-
lodrostat as a first-line therapy in SCS, its global avail-
ability, especially considering the treatment price, is limited.
For example, in Poland, novative medications are
financed through a specific emergency access procedure.
The process of obtaining osilodrostat for a patient takes at
least several days. It may not significantly affect the prog-
1nosis in cases of milder forms of CS, but in patients with
SCS, even a delay of several days in the hypercortisolemia
treatment may have disastrous consequences. On the other
hand, another oral steroidogenesis inhibitor, ketoconazole,

is not registered for the treatment of CS in Poland and
currently is unavailable in our country. Moreover, metyr-
apone is not reimbursed in Poland, and the hospital st
cover the eventual treatment fee. Mitotane is an additional
therapeutic option, but it is mainly intended for patients
with adrenocortical cancer and its use in SCS is limited due
to the relatively slow onset of action. Taking this into
account, etomidate therapy remains the only salvation for
patients with SCS, serving as bridging therapy until the
possibility of treatment with osilodrostat is available. Ulti-
mately, the etomidate infusion was followed by combined
etomidate and osilodrostat treatment and, eventually, osi-
lodrostat monotherapy in four of the presented patients.
Continuous etomidate infusion was maintained while initi-
ating osilodrostat treatment to prevent rebound hypercorti-
solemia. The combination treatment aimed to provide stable
control of hypercortisolemia while increasing the osilodro-
stat dose and reducing the ctomidate dose until its dis-
continuation. In two patients, the osilodrostat dose was
gradually increased, while in the other two patients, osilo-
drostat was implemented at a high dose with rapid escala-
tion and continued in the ,block and replace” regimen.
However, no specific protocol was followed, and ther-
apeutic decisions were made based on the patient’s clinical
condition and laboratory tests results. This significantly
limits the possibility of proposing a specific scheme for
transitioning from etomidate to osilodrostat. However, on
Fig. 1 we present graphs showing the evolution of the mean
serum cortisol concentration to illustrate the combined
treatment process with etomidate and osilodrostat.

Our study has several limitations. The most important
one is relatively small number of participants; however, it is
still significant when taking into account how extremely
rare SCS is and how infrequently etomidate is utilized in
this indication. Our study also lacks patients with ACTH-
independent CS. The stady has a refrospective nature,
therefore presents the results of real clinical practice, as no
strict treatment protocol was followed.

Conclusions

Low-dose and short-term etomidate therapy is effective in
SCS control and safe to conduct in non-ICU settings. Our
experience also suggests that initiating treatment with an
ctomidate bolus may not always be necessary, but this
requires further investigation. Lipid formulation of etomi-
date appears to have similar effectiveness to propylene
glycol-formulated one; however, given the potential pro-
pylene glycol-induced toxicity, etomidate in lipid formula-
tion should be preferred in SCS management. In cases
where quick access to a potent oral steroidogenesis inhibitor
is not available, etomidate may be the only viable treatment
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option for SCS patients. Furthermore, combined therapy
with etomidate and osilodrostat was well tolerated and
could serve as a bridge in long-term SCS treatment. How-
ever, this requires further reports on the use of other oral
steroidogenesis inhibitors in combination with etomidate.
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Abstract: Background/Objectives: Pasireotide-LAR represents a novel therapeutic option
for patients with Cushing’s disease (CD). Its efficacy and safety were assessed in clini-
cal trials; however, the real-world evidence is still scarce. Methods: The study aimed
to evaluate the impact of 12-month pasireotide-LAR therapy on disease control, glucose
metabolism, lipid profiles, and adverse effects in a real-life setting. We retrospectively
studied prospectively collected data of patients with persistent or recurrent CD admin-
istered with pasireotide-LAR in a single pituitary center. Results: Mean urinary free
cortisol (mUFC) showed a sustained decrease from baseline, with the most pronounced
decrease in the first 3 months of therapy (p = 0.007). The analysis of mean late-night sali-
vary cortisol showed fluctuations over time, with the largest mean reduction in mLNSC at
3 months. During the therapy, an improvement in blood pressure control was observed,
with a significant decrease in systolic blood pressure during the first 6 months of treatment
(p = 0.005). Hyperglycemia was the most common adverse effect. Fasting plasma glucose
and glycated hemoglobin (HbAlc) showed a gradual increase during pasireotide-LAR
treatment, with the HbAlc significantly increasing at the last follow-up (p = 0.04). Con-
clusions: Pasireotide-LAR is an effective alternative treatment in selected patients with
CD. Pasireotide-LAR is overall safe and well tolerated, with hyperglycemia being the most
common but manageable adverse event.

Keywords: cortisol; Cushing’s disease; hyperglycemia; pasireotide; pituitary tumor

1. Introduction

Adrenocorticotrophin (ACTH)-secreting pituitary tumors are the leading cause of
endogenous Cushing’s syndrome (CS) and traditionally are defined as Cushing’s disease
(CD) [1,2]. Both in the active phase of the disease and after achieving remission, CD is
associated with the presence of various comorbidities and a significantly reduced quality
of life [3,4]. Optimization of the long-term outcomes in CD requires an early accurate diag-
nosis, careful selection of treatment, and management of the disease and its comorbidities
by experienced clinicians [1,4].

Transsphenoidal selective surgery (TSS) is considered a first-line treatment, with a
remission rate of approximately 80% in patients with micro- and 60% with macroadenomas,
if the procedure is performed by an experienced neurosurgeon [1]. For patients with
non-radical surgery or recurrent disease and when surgery is contraindicated, not feasible,
or not accepted, in recent years, the possihility of pharmacotherapy has emerged as a
second-line treatment due to the availability of new drugs. The medical agents utilized in
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CD treatment target adrenal steroidogenesis, somatostatin and dopamine receptors in the
pituitary gland, and glucocorticoid receptors [5,6].

Pasireotide is a second-generation somatostatin receptor ligand (SRL) with the highest
affinity for somatostatin receptor subtype 5 (SSTR5), the most abundantly expressed SSTR
in corticotropinomas [7-9]. Pasireotide long-acting release (LAR) is a modified, long-
acting version of pasireotide which is administered intramuscularly once monthly, with a
similar efficacy and safety profile as the short-acting form [5,8]. In a phase 3 clinical trial
(NCTO01374906), at month seven, mean urinary free cortisol (mUFC) normalization was
achieved in 41% of CD patients [8].

The data from clinical practice on patients with CD treated with pasireotide are
limited, and most of them concern the subcutaneous formulation of pasireotide [10-13],
with isolated data on pasireotide LAR [14]. Hence, in this study, we aim to present the
impact of 12 months of pasireotide LAR treatment on the disease control, cardiovascular
parameters, and glucose and lipid profiles in patients with persistent or recurrent CD at a
single center in Poland in a real-world setting.

2. Materials and Methods
2.1. Study Population

We identified 8 patients with active CD treated with pasireotide LAR under the Na-
tional Health Fund drug program in the Department of Internal Medicine, Endocrinology,
and Diabetes of the Medical University of Warsaw. The patients were evaluated between
January 2022 and June 2024 during routine outpatient visits by the drug program schedule.
Six patients received pasireotide LAR for at least 12 months and were considered suitable
for the analysis. The patients” detailed characteristics before and during the pasireotide
LAR treatment are summarized in Table 1.

Table 1. Patient characteristics.

Patient 1 Patient2 Patient3 Patient4 Patient5 Patient &
Sex F F F M F F
Diagnosis Recurrent CD Recurrent CD Persistent CD Persistent CD Recurrent CD Persistent CD
Number of 1 1 1 5 2 >
neurosurgeries
Other therapies QOsilodrostat Ketoconaque Ketoconazole
3 PP - - Temozolomide -
priorto pasireotide RTH RTH
H . . Hypertension Hypertension .
ypertension Hypertension M2 M2 Hypertension Hypertension
Comorbidities et 16T Dyslipidemia Dyslipidemia 1GT Dgglipidemia
Dyslipidemia Dyslipidemia Osteopososis Osteoporosis Dyslipidemia
Pituitary MRI U
Prior to pasireotide m, 3mm Undetectable Undetectable M, 54 x 45 x 47 mm m, 8 x 7 x5 mm Undetectable
AtLFU m,3mm Undetectable Undetectable M, 55 x 40 x 47 mm m,7 X 7 x4mm Undetectable
mUFC (ug/24 h) U
Prior to pasireotide 132.0 144.0 217.7 1924 245.6 1824
AtLFU 92.2 1130 55.8 36.4 1922 59.0
mLNSC (ng/mL) U
Prior to pasireotide 12.8 7.0 69 Notavailable 29 Neotavailable
AtLFU 10.8 7.4 24 0.1 13.6
Max pasireotide
LAR dose 20 40 20 20 40 10
(mg/28 days)
Hyperglycemia Hyperglycemia
P Hyporcortisolism . Hyperglycemia Elevated ALT, AST, Hyperglycemia
Passliges:g:cI‘;AR Elevated ALTand Hyperglycemia Detectable biliary and GGT Hyperglycemia Abdominal pain and

AST
Hair loss

Hypocortisolism sludge Abdeminal pain and diarrhea

diarrhea
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2.4. Statistical Analysis

Statistical analysis was carried out using the Prism 9.0 software package (GraphPad
Software, Inc., Bonstron, MA, USA). The differences between the timing points were
analyzed with a one-way ANOVA, followed by a Dunnett’s post hoc test. The level of
statistical significance was set at a p-value < 0.05. The results were expressed as means
and SDs.

3. Results
3.1. Characteristics of Study Population

Six patients (five women) received pasireotide LAR for at least 12 months (the mean
[SD] pasireotide LAR exposure was 16.6 [6.40] months) and were considered suitable for
the analysis. The study cohort’s mean (SD) age was 45.8 (9.6) years. All patients but one har-
bored a pituitary microadenoma (in three patients, the pituitary tumor was not detectable
on MRI). At diagnosis, all patients underwent TSS as a first-line treatment; three patients
had persistent and three patients had recurrent disease. Two patients underwent repeated
TSS, and three received previous pituitary radiotherapy. Three patients were previously
treated pharmacologically (including osilodrostat, ketoconazole, and temozolomide). The
mean (SD) mUFC and mLNSC at study entry were 185.68 ug/24 h (41.11) and 9.90 nmol/L
(4.10), respectively. The detailed patient characteristics are summarized in Table 1.

3.2. Effectiveness and Hormonal Parameter Analysis

The analysis of mean (SD) mUFC showed a significant decrease from a baseline of
185.68 ug/24 h (43.11) to the subsequent time points, with the last observed value (LOV)
showing a mean (SD) mUFC of 91.93 ug/24 h (56.54). The post hoc Dunn’s test revealed
statistically significant reductions in the mUFC levels at all analyzed time points. The
analysis of mean mLNSC levels showed fluctuations over time, with a baseline mean (5D)
0f 9.90 nmol/L (4.10) and an LFU of 6.85 nmol/L (5.04); the analysis of differences relative
to the baseline revealed the largest mean reduction in mLNSC at 3 months.

The analysis of morning serum cortisol showed stable mean (SD) values over time,
ranging from a baseline of 14.62 ug/dL (4.24) to 13.13 ug/dL (4.67) at the LFU. The analysis
of mean (SD) midnight serum cortisol showed a decrease from a baseline of 16.22 ug/dL
(4.64) to 9.75 pg/dL (3.77) at the LFU. The analysis of morning ACTH levels showed
relatively stable mean (SD) values over time, ranging from a baseline of 48.38 pg/mL
(11.17) to 53.51 pg/mL (30.68) at the LFU. The post hoc Dunn’s test comparing the baseline
levels of mLNSC, morning and midnight serum cortisol, and ACTH to the subsequent time
points revealed no statistically significant differences.

A complete hormonal evaluation at each time point during pasireotide LAR treatment
is detailed in Table 2 and Figure 1.

Table 2. Hormonal parameter changes during pasireotide LAR treatment in analyzed group.

Baseline 3 Months 6 Months 9Months 12 Months LoV
Mean Mean a Mean a Mean a Mean a Mean a
SD) (SD) p-Value SD) p-Value SD) p-Value SD) p-Value SD) p-Value
ACTH, 48.38 46.43 50.1 489 47.03 5351
pg/mL aL17) (1757) 054 (A7.42) 098 (29.39) 0.9 (21.09) 099 (30.68) 095
Morning
serum 14.62 13.08 13.13 13.7 14.27 13.13
cortisol, (4.24) (349 0.64 3.11) 0.73 (4.86) 0% (357) 099 @.67) 0.95
pg/dL
Midnight
serum 1622 12.73 11.13 11.68 1148 9.75
cortisol, (4.64) (376) 066 6 038 (2.19) 0.15 (3.07) on @&77) 0.05
ug/dL
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Baseline 3 Months 6 Months % Months 12 Months LOY
Mean Mean e Mean o Mean . Mean . Mean N
D) S p-Value sD) p-Value (sD) p-Value sD) p-value (D) p-Value
mUTC, 185.68 86.72 - 106.53 " 87.59 95.85 - 91.93
pg/2h @3.11) 4354) 0007 47.33) 0.02 (31.83) 0.01 (53.0) 003 (56.54) 004
mLNSC 9.9 7.17 1246 8.32 9.07 6.85
’ 0 0.82 A
ng/mlL 1) (3.36) 0.16 (2.67) 0.58 3.2) 079 (3.67) 0.82 (5.14) 060
* Dunnett’s post hoc test, comparison to baseline. Abbreviations: ACTH, adrenccorticotropin; LAR, long-acting
release; LOV, last observed value; mLNSC, mean late-night salivary cortisol; mUFC, mean urinary free cortisol.
A B C
Morning serum cortisol Midnight serum cortisol ACTH
20 25 100
T 20 80 - T
15 1 T T
. - .. 18 . N o % T
g . g “9e.... _‘__.%_____ A i [ S GRS SRS S e |
= 10 l T 40 1
10 -
- s = = 1
T T T T T T T T T r T v T T T T T T
Start Im &m m 12m Lov Start 3m &m m 12m Lov Start 3m &m Im 12m Lov
D E
mUFC mLNSC
250 20
200
15
g o g 10 .. “',‘ T
- {.- L S I | S N
- 1 I 5 N &

T T T T T T T T
st 3m &m sm 12m  LOV Start  3m 6m  9m  12Zm  LOV

Figure 1. Mean and SD changes in morning serum cortisol (A), midnight serum cortisol (B), ACTTI
(C), mUI'C (D), and mLNSC (E) throughout study. * is provided when significant difference (p < 0.05)
compared to baseline was found, and ** when p < 0.01. Abbreviations: ACTH, adrenocorticotropin;
LOV, last observed value; mLNSC, mean late-night salivary cortisol; m, months; mean late-night
salivary cortisol; mUFC, mean urinary free cortisol.

3.3. Effects on Metabolic and Cardiovascular Pararmcters

The analysis of body weight and BMI revealed a gradual decrease in the mean [S1D]
values from the baseline (81.70 kg [13.08] and 29.33 kg/m? [5.80], respectively) to the LFU
(77.30 kg [8.83] and 27.91 kg /m? [4.00], respectively). However, the post hoc Dunn’s test
comparing the baseline to the subsequent time points indicated no statistically significant
differences. The analysis of SBP and DBP showed a reduction in the mean [SD] values
from the baseline (146.00 mmHg [13.04] and 95.83 mmHg [13.06], respectively) to the LFU
(126.67 mmllg [9.00], 89.67 mmllg [9.16], respectively). The post hoc analysis revealed
statistically significant differences for the SBI at 6 months, 9 months, and LI'U, but no
significance was observed for the DBF. A complete evaluation of the metabolic and cardio-
vascular paramcters at cach time point during pasircotide LAR trcatment is detailed in
Table 3 and Figure 2.
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Table 3. Motabolic, cardiovascular, and liver parameter changes during pasireotide TAR treatment in
analyzed group.

Baseline 3 Munths 6 Months ¥ Manths 12 Months LOV
I:/ES;‘ I:/;el;:‘ p-value * I\(J;ef;;‘ p-value ® l\éel‘;;‘ p-value * I:/;ES)“ p-value * I:;QSI" p-Yalue *
“e?:ll{lt\ g (183158) (Eg;; 1% 1708 8553 .19 \Zzi, b7 (;77'*327; 055 (sf;'::) U3
k]zkﬂwl ; U%J 010 lz; Jif') 0.4 \2_780\‘; 0.3213 (2486101) 0.47 &70% 049
weile  h0n e o7 GEsy o 0w g ee B on BT
n}fgg ‘?“32) ’ 075 045 :’62;3 .86 "2‘83] .92 S’g 050
HBATE, 3 (azEJ (? i; 014 0.46 (?:éj) 023 (?:g‘) 0.7 (S:EZ) 0.04
|S ,‘T‘r’L\I r;j;rj j 533,; ez [;:iZJ . é(;;; U6 mn:\;;, i (ﬂ?; 054
T " NV T
W5 B e B B2 on R gy mE gy
ﬁgﬁ d% |[9:€;7j g 14?1:: o0 0. (45211171; m (3.1:) o0 ﬁ‘?% n.16

2 Dunnett’s post hoe test, comparison to baseline. Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; DBP, diastolic bloed pressure; FPG, fasting plasma glucose; CCT,
gamma-glutamyltransferase; HbAle, glycated hemoglobing HDL-C, high-density ipoprotein cholesterol; LAR,
long-acting release; L1 -C, low-density lipoprotein cholesterol; T.OV, last observed value; SBE, systolic blood
pressure; 'TC, total cholesterol; 1Gs, triglicerides.

A B

Roury woignt Bt
a0 -

e .
3 I I ~g
E2 | \ £
P TN 2
\ !
i i
s ! i "
- T =t T
@0 o Se fm ot 1OV el Ta Bm o gm v LDy
58P bap
tan. 1
],
" . ‘
! wod
Iw T‘* i ) ‘
£ 3 od £
£ 4 L
128 -
0 :
v v T T T T v v T v T T
Stt  m me Re fm OV ThA M kn Sp dGm o LGV

Figure 2. Moan and 512 changes in weight (A), BMI (B), SBIP (C), und 1B (D) throughout study. *is
provided when significant difference (p < 0.05) compared to baseline was found, and ** when p <0.01.
Abbreviations: BMI, body mass index; DBI diastolic blood pressure; LOV, last observed value; SBD,
systolic blood pressure.
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3.4. Effect on Lipid Profiles

The analysis of TC levels showed a general decrease in the mean [SD] values from the
baseline (222.50 mg/dL [61.48]) to the LFU (156.83 mg/dL [38.35]), with some fluctuations
observed at intermediate time points. A statistically significant decrease was observed at
the LFU. The analysis of LDL-C and HDL-C levels showed a decrease in the mean [SD]
values from the baseline (134.6 mg/dL [53.74] and 50.47 mg/dL [9.67], respectively) to the
LFU (87.50 mg/dL [33.41] and 42.67 mg/dL [12.71], respectively), with some fluctuations
observed at intermediate time points. A statistically significant decrease was observed for
the HDL-C at 9 and 12 months. The analysis of TG levels showed a gradual decrease in
the mean [SD] values from the baseline (185.82 mg/dL [62.44]) to the LFU (128.50 mg/dL
[45.76]); however, there was no statistical significance at subsequent time points. A complete
evaluation of the lipid profiles at each time point during pasireotide LAR treatment is
detailed in Table 3.

3.5. Effect on Glucose Metabolism

The baseline mean (SD) FPG level was 93.90 mg/dL [10.65], and the mean (SD)
HbAlc was 5.59% [0.33]. In the analyzed group, initially, five patients presented with
glucose metabolism impairment (two patients had diabetes, and three had prediabetes)
and were receiving hypoglycemic medications (three patients were taking metformin, and
two patients were taking semaglutide). The analysis of FPG and HbAlc showed a gradual
increase in the mean [SD] values from the baseline to the LFU (113.67 mg/dL [27.33] and
6.57% [0.89], respectively). The most considerable FPG level and HbhAlc increases from
the baseline was observed at the LFU. A statistically significant increase in HbAlc was
observed at LFU; however, the changes in the FPG level did not reach statistical significance.
These results indicate a general upward trend in the FPG level and the HbAlc, with more
pronounced increases at later time points. A complete evaluation of the glucose metabolism
parameters at each time point during pasireotide LAR treatment is detailed in Table 3 and

Figure 3.
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Figure 3. Mean and SD changes in FPG (A) and HbAlc (B) throughout study. * is provided when
significant difference (p < 0.05) compared to baseline was found. Abbreviations: FPG, fasting plasma
glucose; HbAlc, glycated hemoglobin; LOV, last observed value.

In all patients, hyperglycemia-related adverse events (AEs) occurred; one initially
prediabetic patient was diagnosed with diabetes. The remaining patient who had a normal
glucose metabolism at study entry developed impaired fasting glucose during pasireotide-
LAR treatment, which was managed with diet therapy. None of the patients in the current
study dropped out due to hyperglycemia-related AEs. All cases were managed safely and
successfully: the deterioration of the glucose metabolism required an increase in the dose
(in two patients) or the addition of new hypoglycemic drugs (in three patients) to achieve
the optimal glycemic control. The preferred drugs were metformin and semaglutide. There
was no need to introduce insulin in any of the patients. Detailed data on the adjustments to
antidiabetic drugs are provided in Table 4.
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Table 4. Glycemic status and antidiabetic treatment during pasireotide LAR treatment in

analyzed group.

Baseline 6 Months 12 Months LFU
Status Prediabetes Prediabetes Prediabetes Prediabetes
Patient 1 HbAle, % 53 5.0 57 5.7
Treatment 5%,0.25 mg/week 57,0.25 mg/week 5% 0.5 mg/week 52,05 mg/week
Status Prediabetes Prediabetes Prediabetes Prediabetes
Patient 2 HbAlc, % 57 57 59 59
M, 15 g/day M, 15g/day M, 1.5g/day
Treatment M, 15g/day 57,0.25 mg/week 52 0.5 mg/week 87,05 mg/week
Status Diabetes Diabetes Diabetes Diabetes
HbAlc, % 56 65 7.1 7.3
Patient 3
SP, 14 mg/day
5° 7mg/da 5°,7mg/da g
Treatment 5,7 mg/day il (2 meleay MXR,2g/day
M-XR, 1g/day M-XR,1g/day D.10 mg/day
Status Diabetes Diabetes Diabetes Diabetes
Patient 4 HbAlc, % 6.0 60 59 7.6
Treatment M, 1.5g/day M, 15g/day M, 15 g/day M,2.550 g/day
Status Prediabetes Diabetes Diabetes Diabetes
o
Patient 5 HbAlc, % 58 64 7.2 72
52 05 mg/week 57,0.5mg/week
Treatment, dose M-XR, 1g/day M-XR,2g/day MXR, 2 /day MR, 25/day
Status Normal glycemicstatus Prediabetes Prediabetes Prediabetes
Patient 6 HbAlc, % 5.1 57 52 57
Treatment - Diet Diet Diet

2 Subcutaneous formulation of semaglutide, ® Oral formulation of semaglutide.

3.6. Safety

Pasireotide was generally well tolerated, with the AEs mainly mild and manageable.
The most common side effect was pasireotide-related hyperglycemia, which occurred in all
patients analyzed, as described above, Two patients reported moderate hypocortisolism-
related AFEs. The symptoms of low cortisol were usually observed for several days after
pasireotide injection, which required the transient use of a single morning dose of hydro-
cortisone. Transient gastrointestinal symptoms (abdominal pain and diarrhea) occurred
in two patients. No increase in the bilirubin concentration was observed. The analysis
of bilirubin levels showed relatively stable mean [SD] values over time, with a slight de-
crease from the baseline (0.51 mg/dL [0.09]) to the LFU (0.41 mg/dL [0.13]). However, the
changes in the bilirubin levels were minimal and not statistically significant over time. Two
patients experienced arise in ALT and AST activity (exceeding 3x the ULN in one, which
required the temporary discontinuation of pasireotide LAR treatment). One patient also
experienced a transient mild increase in GGT activity. The analysis of ALT, AST and GGT
levels showed fluctuations over time, with the mean [SD] values ranging from the baseline
(29.42 IU/mL [13.26], 20.88 IU/mL [10.23], and 34.33 IU/mL [24.86], respectively) to the
LFU (39.67 TU/mL [29.15], 34.17 TU/mL [32.98], and 41.67 IU/mL [34.67], respectively).
The post hoc Dunn’s test comparing the baseline to the subsequent time points revealed no
statistically significant differences. A complete evaluation of the liver parameters at each
time point during pasireotide LAR treatment is detailed in Table 3. One patient, who had a
normal gallbladder upon ultrasonographic examination at baseline, displayed detectable
biliary sludge during treatment. Hair loss was reported in one patient. No significant QT
prolongation was observed in any of the patients.
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4. Discussion

This analysis reports the efficacy and safety of treatment with pasireotide LAR in
patients with CD in a real-life setting based on the experience of a single center in Poland.
To our knowledge, this is the first report of pasireotide LAR treatment efficacy in Poland in
patients with CD.

The results of our observational study are mostly consistent with those obtained from
clinical trials. In our cohort, the mean mUFC showed a significant and sustained decrease
from the baseline to the LFU with statistical significance at all analyzed time points, with
the most pronounced decrease in the first 3 months of therapy. mUFC normalization upon
pasireotide-LAR treatment was achieved in all four patients with an elevated mUFC at
baseline; however, during the entire analyzed observation period in one patient, there
was an escape from pasireotide-LAR’s initial efficacy, and no further normalization of the
mUFC, despite the escalation of therapy, was achieved.

Pasireotide LAR therapy was discontinued in half of the analyzed patients due to its
long-term ineffectiveness, including two patients with initially normal mUFC, where the
decision to stop treatment was based on persistently elevated mLNSC. Initial disease control
with mUFC normalization was achieved in another patient, but an escape from pasireotide
LAR efficacy was observed during further follow-ups. The analysis of mean late-night
salivary cortisol showed fluctuations over time, with the largest mean reduction in mLNSC
at 3 months. mUFC and mLNSC are considered to be complementary measurements
for monitoring pharmacological treatment responses in CD. However, the best clinical
improvementis seen in patients with the normalization of both parameters [15]. Identifying
patients who could benefit from pasireotide LAR treatment is essential for efficient patient
management. Research indicates that lower baseline mUFC levels are associated with
higher rates of UFC normalization in response to pasireotide treatment [8,16]. However,
studies evaluating the efficacy of pasireotide LAR therapy did not include patients with
CD and normal mUFC. It would seem that these patients should respond very well to
pasireotide LAR therapy. However, our observations show that pasireotide LAR was not
able to restore this group of CD patients’ normal circadian rhythms of cortisol secretion;
the clinical effects in these patients were unsatisfactory due to the persistently disturbed
circadian cortisol secretion with elevated LNSC. The patients who completed pasireotide
LAR therapy were switched to osilodrostat and are now well controlled. It should be
noted, however, that the group of patients we analyzed who are continuing treatment
with pasyreotide LAR are the patients who have a history of pituitary radiotherapy. Thus,
the potential influence of baseline radiotherapy treatment on the subsequent improved
response to pasireotide LAR therapy cannot be entirely excluded.

Ubiquitin-specific protease 8 (LUSP-8) gene mutational status could be a potential
marker of the pasireotide response, as mutant USP8 forms may upregulate SSTR5 tran-
scription [1,17,18]. Indeed, recent in vitro studies report a significantly better response to
pasireotide treatment in human corticotroph tumors carrying USP8 mutations [17,19]. Stud-
ies report that USP8-mutant tumors are smaller, but have worse long-term postoperative
outcomes compared to wild-type tumors, with a tendency toward shorter recurrence-free
survival in USP8-mutant patients [17,20].

The analysis of ACTH levels showed relatively stable mean values over time. A
detailed analysis of tumor volume was not possible in the presented group because, in
three patients, the pituitary tumors were not detectable on MRI at either baseline or LFU. In
the other three, the sizes of the pituitary tumors remained stable, including a patient with a
large (54 x 45 x 47 mm) solid-cystic tumor after repeated TSS, Gamma Knife radiosurgery,
and temozolomide treatment. One factor that should be considered in the selection of
pharmacological therapy for patients with CD should also be the size of the pituitary tumor.
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In patients with corticotroph macroadenomas, pasireotide may decrease the size of the
tumor, or at least limit its potential for further growth [21]. Pasireotide LAR therapy may
also be considered in such cases as an add-on therapy to steroidogenesis inhibitors [22],
especially considering the growing number of reports of corticotroph tumor progression
during osilodrostat treatment [23,24].

Considering all this, pasireotide LAR therapy seems effective in a particular group
of patients with CD. The most significant benefit from the treatment may be obtained by
patients with a milder form of the disease (mUFC < 2x the ULN), but at the same time with
a specific secretion profile (where the increased LNSC is not the dominant abnormality).
Additionally, patients with macroadenomas may benefit from the stabilization/reduction
in tumeor size. The USP8 mutation status may be helpful in selecting treatment.

A decrease in the mean SBP values from the baseline to the LFU was observed in
the analyzed group, with the most pronounced effect after 6 months of pasireotide LAR
therapy. The analysis of DBP showed a slight decrease in the mean values from baseline
during the observation period. In two patients, reducing the doses of antihypertensive
drugs was possible. Interestingly, a reduction in BP values was also observed in the patients
in whom hypercortisolemia control was not achieved. However, according to clinical trial
data, pasireotide treatment improves hypertension control independently from cortisol
reduction [25]. The body weight and BMI in the analyzed group gradually decreased during
the observation, but no statistical significance was found. The lipid profile assessment
revealed a gradual decrease in the TC, LDL-C, HDL-C, and TGs upon analysis. Interestingly,
statistical significance was found only for the HDL-C decrease at months 9 and 12.

Hyperglycemia is a known side effect of pasireotide treatment. The stimulation of
pancreatic SSTR-5 suppresses insulin secretion, which, combined with negative effects on
incretin hormone secretion, leads to pasireotide-induced hyperglycemia. [26,27]. Previous
data also indicate that if hyperglycemia occurs, it is most likely during the first three months
of treatment with pasireotide, with stabilization over time [28-30].

Pasireotide-related hyperglycemia occurred in all analyzed patients. Consistent with
previous studies on pasireotide, the hyperglycemia-related AEs were mainly mild and
manageable. However, in the analyzed group, gradually increasing FPG and HbAlc levels
were observed, with the greatest differences in relation to the initial value and LOV. That
difference in the time of the most significant deterioration in the glucose metabolism com-
pared to earlier reports may be due to several factors. Firstly, the risk of hyperglycemia
was closely monitored in the analyzed group, as nearly all patients, except for one, ex-
hibited signs of impaired glucose metabolism upon entering the study. Most patients
were taking glucose-lowering drugs before starting treatment with pasireotide-LAR. The
initial deterioration in the glucose metabolism control in the first months of treatment led
to the intensification of hypoglycemic treatment, which may not reflect the actual effects
of pasireotide-LAR therapy in the first analyzed time points. Additionally, at the LFU,
in half of the patients, the CD was not controlled biochemically, which was associated
with an escape from pasireotide-LAR initial efficacy, and the active hypercortisolism likely
worsened the glucose metabolism control. None of the patients discontinued pasireotide
treatment because of hyperglycemia.

At our center, we recommend closely monitoring blood glucose in patients treated
with pasireotide and management with antidiabetic medications, focusing on metformin
and /or incretin-based therapy. Experts indeed recommend that after lifestyle changes and
pharmacotherapy with metformin, combination therapy with agents targeting the incretin
pathway is recommended [31-34]. Some experts go even further and propose that when, in
pasireotide-induced hyperglycemia, pharmacotherapy is necessary, incretin-based medica-
tions should be considered as first-line treatment as an alternative to metformin [33,35].
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[t is also worth mentioning that the glucose metabolism status returned to the initial
in the three patients in whom pasireotide was discontinued due to lack of effectiveness;
that supports previous observations that pasireotide-related hyperglycemia is reversible
upon treatment discontinuation [36]. To conclude, the hyperglycemia observed during
pasireotide treatment is manageable in most patients without the need for treatment
discontinuation. The risk factors may be used to identify patients who require more careful
and proactive monitoring to optimize their outcomes during pasireotide treatment, thereby
ensuring continuous treatment and improved results.

In two patients, symptoms of adrenal insufficiency were observed during pasireotide
LAR therapy. Low morning serum cortisol levels were usually observed for several days
after pasireotide LAR injection, which required the transient implementation of a morning
dose of a hydrocortisone substitution. Interestingly, these were the two patients who had
a normal mUFC at baseline. That may indicate that treatment with pasireotide LAR in
patients with such a secretory profile of the pituitary tumor is not able to normalize mLNSC,
on the one hand, and on the other hand, leads to low morning cortisol levels and the need
for temporary hydrocortisone substitution during the day. Both patients are currently well
controlled with a single evening dose of osilodrostat. Less commonly reported AEs, in line
with the previous evidence, included gastrointestinal disturbances and transient elevations
of liver enzyme activity. In one patient, the ALT activity exceeded 3x the ULN, but this
occurred while the patient was using alternative therapies (unspecified herbs); therefore,
the actual effect of pasireotide LAR cannot be fully assessed. Cholelithiasis is a recognized
AE associated with long-term treatment with SRLs [26]. In our cohort, three patients
were post-cholecystectomy at baseline. One patient who had a normal gallbladder upon
ultrasonographic examination at baseline developed detectable biliary sludge during
pasireotide LAR treatment managed with ursodeoxycholic acid. Two patients presented
with gallbladder polyps at baseline, whose size did not change during observation. One
patient experienced significant hair loss that occurred after more than 6 months of therapy
and resolved when pasireotide LAR was discontinued.

The study’s main limitations are its small number and retrospective nature. However,
considering the rarity of CD, the limited number of patients treated with pasireotide LAR in
Poland, and the lack of previously published data in this area from our country, it remains
representative. Another limitation is the lack of complete data on the mLNSC in two
patients, which did not allow for a detailed analysis of this parameter.

5. Conclusions

In conclusion, the current study, based on real-world evidence and performed on
a limited cohort of patients, demonstrated that treatment with pasireotide LAR is an
effective therapeutic option for selected patients with CD. However, even in the patients
whose complete biochemical control of the disease was not achieved, pasireotide LAR
improved BP control, improved anthropometric parameters including the weight and
BMI, and ameliorated the lipid profile. Glucose metabolism impairment was the most
common adverse effect, and it can usually be successfully controlled. Patient-tailored,
effective medical therapies are needed to optimize the long-term outcomes for patients
with persistent CD.
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The following abbreviations are used in this manuscript] ACTH—adrenocorticotropin; AE—
adverse event; ALT—alanine transaminase; AST—aspartate transaminaze; BMI—body mass in-
dex; CD—Cushing’s disease; CS—Cushing’s syndrome; DBP—djiastolic blood pressure; ECG—
electrocardiogram; FPG—fasting plasma glucose; GGT—gamma-glutamyltransferase; HbAlc—
glycated hemoglobin; [GT—impaired glucose tolerance; [IFG—impaired fasting glucose; mLNSC—
mean late-night salivary cortisol; mUFC—mean urinary free cortisol; LFU—last follow-up; LOV—last
observed value; MRI—magnetic resonance imaging; QQTc—corrected QT interval; SBP—systolic
blood pressure; TC—total cholesterol; TG—triglycerides; TSS—transsphenoidal selective surgery;
ULN—upper limit of normal; USP8—ubiquitin-specific protease 8.
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7. PODSUMOWANIE

Zespot Cushinga, stanowi cigzkie zaburzenie endokrynologiczne o zréZznicowanym obrazie
klinicznym oraz istotnie zwigkszonej chorobowosci 1 $miertelnosci, zwlaszcza w przypadku
braku adekwatnego leczenia. Standardem postegpowania pozostaje leczenie operacyjne.
U stosunkowo duzej grupy chorych, pomimo zastosowania leczenia chirurgicznego, dochodzi
jednak do nawrotu lub utrzymywania si¢ hiperkortyzolemii, co wymaga wdrozenia innych form
leczenia, w tym farmakoterapii. W ostatnich latach nastgpit istotny postep w opracowywaniu
nowych czasteczek farmakologicznych oddzialujacych na ro6znych poziomach osi
podwzgorze—przysadka—nadnercza. Pomimo rosnacej liczby danych pochodzacych z badan
klinicznych, konieczna jest dalsza ocena ich skutecznosci i bezpieczenstwa w warunkach
rzeczywistej praktyki klinicznej. Niniejsza rozprawa doktorska odpowiada na t¢ potrzebe,
przedstawiajac doswiadczenia terapeutyczne zwigzane ze stosowaniem osilodrostatatu,
pasyreotydu LAR oraz etomidatu — zar6bwno w monoterapii, jak i w schematach leczenia
skojarzonego — u pacjentow z ACTH-zalezng hiperkortyzolemia.

W pierwszej pracy Cushing’s Disease: Long-Term Effectiveness and Safety of Osilodrostat
in a Polish Group of Patients with Persistent Hypercortisolemia in the Experience of a Single
Center oméwiono dlugoterminowe efekty stosowania osilodrostatatu w grupie pacjentow
z przetrwalg lub nawrotowa chorobg Cushinga. Jest to pierwsze takie opracowanie dotyczace
pacjentow w Polsce. Uzyskane wyniki jednoznacznie wskazuja wysoka skutecznosé
1 bezpieczenstwo stosowania osilodrostatu w warunkach rzeczywistej praktyki kliniczne;.
Osilodrostat umozliwil osiggnigcie peinej kontroli biochemicznej 1 ustgpienie klinicznych
objawdéw hiperkortyzolemii oraz popraweg jakosci zycia wszystkich leczonych pacjentow.
Mediana czasu potrzebnego do osiaggnigcia normalizacji mUFC wynosita 5 tygodni, przy
medianie stosowanej dawki osilodrostatu wynoszacej 10 mg na dobe. Pod koniec okresu
obserwacji prawidlowe mUFC utrzymywato si¢ u wszystkich pacjentow przy medianie dawki
osilodrostatu wynoszacej 3 mg na dobe. Z kolei mediana czasu potrzebnego do normalizacji
mLNSC wyniosta 9,5 tygodnia, a mediana dawki osilodrostatu wynosita 10 mg na dobg. Nie
stwierdzono wyraznego zwigzku mig¢dzy wyjsciowym stopniem nasilenia hiperkortyzolemii
a dawka osilodrostatu potrzebng do normalizacji mUFC lub mLNSC. Zakres dawek
stosowanych w celu utrzymania dlugoterminowej kontroli choroby u poszczegolnych
pacjentow byt szeroki (od 1 mg co trzy dni do 60 mg na dobg), co odzwierciedlato indywidualng
zmiennos$¢ odpowiedzi na leczenie i podkresla konieczno$¢ dostosowywania dawki leku do

potrzeb kazdego pacjenta. Wszystkich sze$ciu pacjentoéw osiggneto 1 utrzymalo peing
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odpowiedz na leczenie, przy czym zaden nie przerwal terapii z powodu jej nieskutecznosci
w ciggu 156 tygodni obserwacji.

U wszystkich pacjentéw obserwowano istotng poprawe parametréw kardiometabolicznych
w trakcie terapii osilodrostatem. Najwyrazniejsza poprawa wystagpita w ciggu pierwszych 36.
tygodni leczenia i utrzymywata si¢ przez caty okres obserwacji. U czgsci pacjentow mozliwe
byto zmniejszenie dawki lub calkowite odstawienie lekow hipoglikemizujacych,
hipotensyjnych i/lub hipolipemizujacych.

Dzialania niepozadane, ktore wystgpity podczas terapii osilodrostatem mialy charakter
przejsciowy 1 byly skutecznie kontrolowane. W zadnym przypadku nie zaistniata koniecznos$¢
trwalego przerwania leczenia. U wigkszo$ci pacjentow wystgpit przynajmniej jeden epizod
hipokortyzolemii indukowany osilodrostatem, gldwnie w okresie dostosowywania dawki — nie
wymagato to jednak odstawienia leku, a jedynie redukcje dawki oraz czasowe wprowadzenie
hydrokortyzonu w dawkach substytucyjnych. Ze wzgledu na ryzyko dziatan niepozadanych
zwigzanych z hipokortyzolemig, niezb¢dna jest kompleksowa edukacja pacjentow, w ramach
ktérej na poczatku terapii nalezy omowi¢ objawy wskazujace na niedoczynno$¢ kory nadnerczy
oraz przeszkoli¢ pacjentow w zakresie stosowania glikokortykosteroidow.

Szczegotowa analiza troje pacjentow ujawnita réznorodne sytuacje kliniczne oraz
potencjalne specyficzne dziatania niepozadane zwigzane z terapig osilodrostatem, takie jak
akumulacja androgendéw 1 prekursorow steroidogenezy nadnerczowej o dziataniu
mineralokortykoidowym oraz ryzyko progresji wielkos$ci guza przysadki.

W publikacji Cushing’s syndrome: a combined treatment with etomidate and osilodrostat in
severe life-threatening hypercortisolemia, po raz pierwszy w literaturze przedstawiono
przypadek pacjentki z cigzkim zespotem Cushinga u ktorej celem kontroli hiperkortyzolemii
wykorzystano leczenie skojarzone osilodrostatem 1 etomidatem. U prezentowanej pacjentki
osilodrostat poczatkowo zastosowano w monoterapii z szybka eskalacja dawki, uzyskujac
wstepnie zadowalajacy efekt kliniczny. Ze wzglgdu na pogorszenie stanu pacjentki w kolejnych
dniach leczenia, obserwowang niewystarczajaca odpowiedz na terapi¢ oraz brak
jednoznacznego protokotu dotyczacego monoterapii  osilodrostatem < w  cigzkiej
hiperkortyzolemii, do leczenia wdrozono etomidat. Terapia byta kontynuowana w formie
skojarzonej, a dawki osilodrostatu i etomidatu byly tak dobierane, aby mozliwe bylo
przerwanie wlewu etomidatu przy utrzymaniu st¢zenia kortyzolu w pozadanym zakresie
1 dalsze prowadzenie leczenia osilodrostatem w monoterapii. Terapia skojarzona trwata 19 dni,
a infuzje etomidatu zakonczono po skutecznej stabilizacji stezen kortyzolu i potasu przy dawce

osilodrostatu wynoszacej 18 mg na dobe. Potaczenie osilodrostatu i etomidatu okazato sig
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wysoce skuteczne w kontroli hiperkortyzolemii — pozwolito na szybkie obnizenie stezenia
kortyzolu, co umozliwilo stabilizacj¢ stanu klinicznego pacjentki. W kolejnych dniach
hospitalizacji dawka osilodrostatu byta dostosowywana, a ostatecznie pacjentka w dobrym
stanie ogolnym, przy stabilnej dawce 12 mg na dobe, mogla zosta¢ wypisana ze szpitala.

Przypadek ten wskazuje, ze kombinacja leczenia osilodrostatu i etomidatu stanowi
warto$ciowa alternatywe¢ terapeutyczng w leczeniu cigzkich, zagrazajacych zyciu postaci
hiperkortyzolemii, szczegdlnie w sytuacjach, gdy monoterapia jest niewystarczajaca lub
istniejg ograniczenia w stosowaniu innych lekéw. Krotkoterminowa terapia skojarzona byta
dobrze tolerowana i nie wigzala si¢ ze zwigkszonym ryzykiem dziatan niepozadanych.

W publikacji Is there still a place for etomidate in the management of Cushing’s syndrome?
The experience of a single center of low-dose etomidate and combined etomidate-osilodrostat
treatment in severe hypercortisolemia oceniano skutecznos$¢ i bezpieczenstwo niskodawkowe;j
terapii etomidatem u pacjentOw z zagrazajaca zyciu hiperkortyzolemig. Dodatkowo
w wybranych przypadkach przeprowadzono analiz¢ schematu terapeutycznego opartego na
terapii skojarzonej etomidatem i osilodrostatem.

U pacjentéow terapie etomidatem rozpoczeto w dawce 0,01-0,02 mg/kg/h. Osiagnigcie
docelowego stezenia kortyzolu w surowicy odnotowano u wszystkich pacjentow w medianie
czasu wynoszacej 30 godzin, przy czym mediana maksymalnej szybkos$ci infuzji koniecznej do
utrzymania kortyzolu w pozadanym zakresie wynosita 0,03 mg/kg/h. Mediana czasu
potrzebnego do normalizacji st¢zenia potasu w surowicy wynosita 18 godzin, natomiast
mediana calkowitego czasu prowadzenia wlewu etomidatu wynosita 14 dni.

Wszyscy pacjenci  dobrze tolerowali wlew etomidatu, bez wystapienia dziatan
niepozadanych wymagajacych przerwania terapii. U jednego pacjenta wystapil epizod
niedoczynnosci kory nadnerczy, ktory wymagat czasowego wprowadzenia hydrokortyzonu
oraz redukcji dawki etomidatu. Dwoch pacjentow zmarto w trakcie leczenia, jednak zgony te
nie byly bezposrednio zwigzane z samym leczeniem etomidatem, lecz wynikaly ze stopnia
zaawansowania choroby nowotworowej oraz powiklan hiperkortyzolemii. Obserwacje te
wskazuja, ze terapia etomidatem w ci¢zkich przypadkach zespotu Cushinga jest bezpieczna,
a ryzyko powaznych dziatan niepozadanych jest ograniczone przy odpowiednim
monitorowaniu pacjentow i zapewnieniu wlasciwego wsparcia klinicznego.

W zastosowanym schemacie terapeutycznym pomini¢to typowo stosowang wstepng dawke
inicjujaca etomidatu w postaci dozylnego bolusa, a do terapii wykorzystano etomidat w emuls;i
lipidowej. W wigkszosci opublikowanych doniesien dotyczacych terapii etomidatem oceniano

jednak skuteczno$¢ preparatu w formulacji z glikolem propylenowym. Niniejsza praca
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obejmuje najwigksza dotychczas kohort¢ pacjentdow leczonych etomidatem w emuls;ji
lipidowej, potwierdzajac jego porownywalng skutecznos¢ w stosunku do formulacji z glikolem
propylenowym. W $wietle tych obserwacji oraz znanego ryzyka toksyczno$ci glikolu
propylenowego, wyniki te sugeruja, ze w leczeniu SCS etomidat w emulsji lipidowej powinien
by¢ preferowany.

U czterech pacjentow wlew etomidatu prowadzono az do skutecznego wprowadzenia
doustnego inhibitora steroidogenezy — osilodrostatu. Przed przejsciem na monoterapi¢
osilodrostatem pacjenci otrzymywali terapi¢ w schemacie skojarzonym, co pozwolitlo na
stopniowe ustabilizowanie st¢zenia kortyzolu i przygotowanie pacjentdéw do kontynuacji
leczenia doustnego. Mediana czasu trwania terapii skojarzonej wynosita 7 dni. Dane
pochodzace z niniejszej pracy potwierdzaja obserwacje wczesniejszego opisanego przypadku
1 wskazuja na wysoka skutecznos¢ terapii skojarzonej etomidatem i osilodrostatem w szybkiej
kontroli hiperkortyzolemii. Obserwacje te podkreslaja rowniez, ze terapia skojarzona, przy
wlasciwym monitorowaniu i kontroli dziatan niepozadanych, moze by¢ bezpiecznie stosowana
w praktyce klinicznej.

W ostatniej pracy Real-World Experience with Pasireotide-LAR in Cushing’s Disease:
Single-Center 12-Month Observational Study oceniono skuteczno$¢ 1 bezpieczenstwo
pasyreotydu LAR w leczeniu choroby Cushinga w warunkach rzeczywistej praktyki. Jest to
pierwsze takie opracowanie dotyczace polskich pacjentéw.

U wszystkich pacjentéw stwierdzono istotne obnizenie mUFC, szczeg6lnie w pierwszych
miesigcach terapii, a u czterech chorych z podwyzszonym mUFC na poczatku leczenia
uzyskano jego normalizacj¢. Analiza mLNSC wykazata zmienno$¢ w czasie, przy czym
najwiekszy $redni spadek obserwowano w ciggu pierwszych trzech miesigcy terapii. Uwage
zwraca jednak ograniczona skuteczno$¢ pasyreotydu LAR w zakresie przywracania
prawidlowego rytmu dobowego wydzielania kortyzolu — utrzymujace si¢ podwyzZszone
wartosci LNSC korelowaty z niezadowalajaca poprawa kliniczng u czgsci pacjentéw.Terapia
pasyrotydem LAR zostala przerwana u polowy analizowanych pacjentéw z powodu
dlugoterminowej nieskutecznosci leczenia. W$réd nich bylo dwoje pacjentow, ktorzy
poczatkowo mieli prawidtowe warto§ci mUFC, jednak decyzja o zakonczeniu terapii zostata
podjeta ze wzgledu na utrzymujace si¢ podwyzszone warto§ci mLNSC. U kolejnego pacjenta
poczatkowo uzyskano kontrole choroby i normalizacj¢ mUFC, jednak w trakcie dalszej
obserwacji stwierdzono utrate skuteczno$ci terapii. Majac na uwadze komplementarnos$¢

mUFC i mLNSC w monitorowaniu leczenia oraz fakt, Ze najlepsze efekty kliniczne obserwuje
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si¢ przy normalizacji obu parametrow, podczas kwalifikacji do terapii pasyreotydem LAR
warto dodatkowo uwzglednia¢ profil wydzielniczy guzéw kortykotropowych.

W analizowanej grupie obserwowano spadek s$rednich warto$ci skurczowego ci$nienia
tetniczego w poréwnaniu z warto$ciami wyjsciowymi, przy czym efekt ten byt najbardziej
wyrazny w ciggu pierwszych szeSciu miesigcy terapii pasyrotydem LAR. Analiza
rozkurczowego cis$nienia tetniczego wykazata niewielki spadek $rednich wartos$ci w trakcie
okresu obserwacji. Co istotne, obnizenie wartosci ci$nienia t¢tniczego zaobserwowano takze
u pacjentdw, u ktorych nie uzyskano petnej kontroli biochemicznej hiperkortyzolemii.

Hiperglikemia zwigzana z leczeniem pasyrotydem LAR wystapita u wszystkich
analizowanych pacjentow. W badanej grupie obserwowano stopniowy wzrost stezenia glukozy
na czczo oraz odsetka hemoglobiny glikowanej, przy czym najbardziej nasilone zmiany
odnotowano w pozniejszych punktach obserwacji. W Zzadnym przypadku hiperglikemia nie
stanowita jednak przyczyny przerwania leczenia pasyrotydem LAR. Warto rowniez podkreslic,
ze u trzech pacjentow, u ktorych terapi¢ pasyrotydem LAR zakonczono z powodu jej
nieskutecznos$ci, parametry gospodarki weglowodanowej powrdcity do wartosci wyjsciowych.

Farmakologiczne leczenie hiperkortyzolemii odgrywa coraz istotniejsza role
W postepowaniu z pacjentami z zespotem Cushinga, zardwno jako terapia pomostowa jak i tez
leczenie dlugoterminowe w przypadkach nieskutecznosci lub niemozno$ci zastosowania metod
radykalnych. Dobdr odpowiedniej strategii terapeutycznej powinien mie¢ charakter
zindywidualizowany 1 uwzglednia¢ stopien nasilenia hiperkortyzolemii, profil chordb
wspotistniejacych, ryzyko dziatan niepozadanych, a takze dostepnos¢ poszczeg6lnych lekow,
ich rejestracje oraz koszty leczenia. Dostepne obecnie leki roznig si¢ mechanizmem dzialania,
skutecznoscig oraz profilem bezpieczenstwa, co stwarza mozliwo$¢ elastycznego dopasowania
terapii do potrzeb klinicznych pacjenta, ale jednocze$nie wymaga doswiadczenia oraz $cistego
monitorowania leczenia. Niezbedne sg dalsze badania oceniajace skutecznos¢ i bezpieczenstwo
farmakoterapii hiperkortyzolemii w warunkach rzeczywistej praktyki klinicznej. Pozwolg one
na petniejsza oceng dtugoterminowej efektywnosci leczenia, lepsze zrozumienie profilu dziatan
niepozadanych oraz identyfikacje rzadkich i nietypowych powiktan, ktére moga nie ujawniac¢
si¢. w badaniach klinicznych. Takie dane sg kluczowe dla dalszej optymalizacji strategii

terapeutycznych i poprawy rokowania pacjentow z zespotem Cushinga.
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. WNIOSKI

Nowoczesne terapie farmakologiczne (osilodrostat, pasyreotyd LAR, skojarzona terapia
osilodrostatem i1 etomidatem) stanowig istotne uzupetnienie leczenia zespolu Cushinga,
szczegblnie u pacjentow z nawrotem choroby, przetrwala hiperkortyzolemig oraz

w ciezkich przypadkach wymagajacych pilnej interwencji kliniczne;.

Osilodrostat jest skutecznym i dobrze tolerowanym doustnym inhibitorem steroidogenezy
nadnerczowej, umozliwiajacym zaréwno szybka kontrole hiperkortyzolemii, jak i poprawe
parametréw metabolicznych oraz sercowo-naczyniowych, nie tylko w kréotkoterminowe;j

obserwacji, lecz takze w ramach leczenia przewleklego.

Etomidat stosowany w niskich dawkach pozostaje warto$ciowa opcja terapeutyczng
w ciezkich postaciach ACTH-zaleznej hiperkortyzolemii, zapewniajac szybkie dziatanie
1 korzystny profil bezpieczenstwa. Terapia skojarzona etomidatem i osilodrostatem moze
stanowi¢ skuteczng strategi¢ terapeutyczng w sytuacjach krytycznych, wymagajacych

bardzo szybkiej normalizacji stezenia kortyzolu.

Pasyreotyd LAR jest efektywna opcja terapeutyczng u wybranych pacjentow z przetrwalg
lub nawrotowa choroba Cushinga, szczegodlnie w przypadkach lagodnego nasilenia

hiperkortyzolemii.

W kazdym przypadku zespotu Cushinga konieczna jest indywidualizacja 1 personalizacja
leczenia farmakologicznego z uwzglednieniem stanu klinicznego pacjenta, chorob

wspotistniejacych oraz wystepujacych powiktan hiperkortyzolemii.

Prace wchodzace w sklad niniejszej rozprawy maja zaréwno charakter oryginalny, jak
1 poznawczy oraz stanowig zrodlo praktycznych wskazéwek dla endokrynologdéw
zmagajacych si¢ z ta bardzo rzadka, ale obciazajaca endokrynopatia, jaka jest zespot
Cushinga.
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Lek. Joanna Sobolewska
OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s Disease: Long-Term Effectiveness and Safety of
Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in the
Experience of a  Single  Center, Biomedicines 2023, 11(12), 3227,
https://doi.org/10.3390/biomedicines11123227, o$wiadezam, iz mo6j wilasny wklad
merytoryczny w przygotowanie, przeprowadzenic i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: gromadzenic i opracowanie danych do analizy, interpretacj¢
wynikéw oraz przygotowanie manuskryptu.

M6j udzial procentowy w przygotowaniu publikacji okreslam jako 35%.

Wikiad Fukasza Dziatacha w powstanie publikacji oceniam na 55%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie ww. pracy jako czg$é rozprawy doktorskiej lek.
Eukasza Dziatacha.
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Moj udzial procentowy w przygotowaniu publikacji okreslam jako 40%.

Wkiad Lukasza Dzialacha w powstanie publikacji oceniam na 50%, obejmowal on
konceptualizacjg pracy, gromadzenie i opracowanie danych, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie ww. pracy jako czgs¢ rozprawy doktorskiej lek.
}.ukasza Dzialacha.
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osilodrostat treatment in severe hypercortisolemia, Endocrine 87, 1305-1313 (2025),
https://doi.org/10.1007/s12020-024-04135-1, o$wiadczam, iz m6j wlasny wklad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badafi oraz przedstawienie pracy w formie
publikacji stanowi: gromadzenie i opracowanie danych do analizy, przygotowanie
manuskryptu.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 7.5%.

Wkiad Lukasza Dziatacha w powstanie publikacji oceniam na 80%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie ww. pracy jako cze$é rozprawy doktorskiej lek.
Lukasza Dziatacha.

(podpis oswiadczaj 0)
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Warszawa, 08.01.2026 .

Dr n. med. Wioleta Respondek
OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s Disease: Long-Term Effectiveness and Safety of
Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in the
Experience of a  Single  Center, Biomedicines 2023,  11(12),  3227;
https://doi.org/10.3390/biomedicines11123227,  o$wiadczam, iz moéj wihasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: gromadzenie i opracowanie danych do analizy, krytyczna
rewizja artykulu oraz ostateczna akceptacja pracy.

MGj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad Fukasza Dzialacha w powstanie publikacji oceniam na 55%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie ww. pracy jako czgs¢ rozprawy doktorskiej lek.
Lukasza Dziatacha.
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(podpis oéwiadc%ajqcego)
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Warszawa, 08.01.2026 r.
Dr n. med. Wioleta Respondek

OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s syndrome: a combined treatment with etomidate and
osilodrostat in severe life-threatening hypercortisolemia, Hormones-International Journal of
Endocrinology and Metabolism, 2022, DOL: 10.1007/s42000-022-00397-4, ofwiadczam, iz
m6j wrasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie i opracowanie danych,
krytyczna rewizja artykutu oraz ostateczna akceptacja pracy.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad Fukasza Dziatacha w powstanie publikacji oceniam na 50%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie ww. pracy jako czeséé rozprawy doktorskiej lek.
Lukasza Dziatacha.

Wioldle.  Lespoudele

(podpis o$wiadczajgcego)
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Warszawa, 08.01.2026 1.
Dr n. med. Wioleta Respondek

OSWIADCZENIE

Jako wsp6tautor pracy pt. Is there still a place for etomidate in the management of Cushing’s
syndrome? The experience of u single center of low-dose etomidate and combined etomidate-
osilodrostat treatment in severe hypercortisolemia, Endocrine 87, 1305-13 13 (2029),
https://doi.org/10.1007/s12020-024-04135-1, o$wiadczam, iz moj wlasny wktad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: gromadzenie danych do analizy, krytyczna rewizja artykutu oraz ostateczna
akceptacja pracy.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad Lukasza Duzialacha w powstanie publikacji oceniam na 80%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przy gotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie ww. pracy jako czgs¢ rozprawy doktorskiej lek.
F.ukasza Dzialacha.

(podpis oéwiadczajacego)
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Warszawa, 08.01.2026 1.
Dr n. med. Wioleta Respondek

OSWIADCZENIE

Jako wspélautor pracy pt. Real-World Experience with Pasireotide-LAR in Cushing’s
Disease: Single-Center 12-Month Observational Study Journal of Clinical Medicine, 2025,
DOI:  10.3390/jcm14082794, ofwiadeczam, iz mdj wlasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badarl oraz przedstawienie pracy w formie
publikacji stanowi: gromadzenie danych do analizy krytyczna rewizja artykutu oraz ostateczna
akceptacja pracy.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Fukasza Dzialacha w powstanie publikacji oceniam na 95%, obejmowal on
konceptualizacjg pracy, gromadzenie i opracowanie danych do analizy, interpretacjg wynikow,
przygotowanie manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie ww. pracy jako czgS¢ rozprawy doktorskiej lek.
Lukasza Dzialacha.

(podpis oswiadczajacego)
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Warszawa, 08.01.2026 r.

Dr hab. n. o zdr. i n. med. Katarzyna Szamotulska

OSWIADCZENIE

Jako wspolautor pracy pt. Cushing's Disease: Long-Term Effectiveness and Safety
of Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in
the Experience of a Single Center, Biomedicines 2023, 11(12), 3227,
doi.org/10.3390/biomedicines11123227, oéwiadezam, iz moéj wihasny wkiad
merytoryczny W przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: opracowanie danych do analizy.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wklad Lukasza Dzialacha w powstanie publikacji oceniam na 55%, obejmowatl on
konceptualizacj¢ pracy, gromadzenie i opracowanie danych do analizy, interpretacje
wynikéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie ww. pracy jako czg$¢ rozprawy
doktorskiej lek. Lukasza Dzialacha.

(podpis oswiadczajacego)
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Warszawa, 08.01.2026 1.

Lek. Agnieszka Wojciechowska-Luzniak
OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s syndrome: a combined treatment with etomidate and
osilodrostat in severe life-threatening hypercortisolemia, Hormones-International Journal of
Endocrinology and Metabolism, 2022, DOI: 10.1007/s42000-022-00397-4, o$wiadczam, iz
moj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: krytyczna rewizja artykulu oraz ostateczna
akceptacja pracy.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Lukasza Dzialacha w powstanie publikacji oceniam na 50%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych, przygotowanie manuskryptu.

Jednocze$nie wyrazam zgodg na wykorzystanie ww. pracy jako ¢zgéé rozprawy doktorskiej lek.
Lukasza Dziatacha.

(podpis o$wiadczajgcego)
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Warszawa, 08.01.2026 1.

Lek. Agnieszka Wojciechowska-Luzniak
OSWIADCZENIE

Jako wspélautor pracy pt. I there still a place for etomidate in the management of Cushing’s
syndrome? The experience of a single center of low-dose etomidate and combined etomidate-
osilodrostat treatment in severe hypercortisolemia, Endocrine 87, 1305-1313 (2025),
https://doi.org/10.1007/s12020-024-04135-1, o$wiadczam, iz moj whasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w formie
publikacji stanowi: krytyczna rewizja artykutu oraz ostateczna akceptacja pracy.

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 2.5%.
Whklad Lukasza Dziatacha w powstanie publikacji oceniam na 80%, obejmowal on

konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie ww. pracy jako cze$¢ rozprawy doktorskiej lek.
Lukasza Dzialacha.
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Warszawa, 08.01.2026 r.

Dr n. med. Pawel Kuca

OSWIADCZENIE

Jako wspotautor pracy pt. Is there still a place for etomidate in the management of Cushing’s
syndrome? The experience of a single center of low-dose etomidate and combined etomidate-
osilodrostat treatment in severe hypercortisolemia, Endocrine 87, 1305-1313 (2025),
https://doi.org/ 10.1007/s12020-024-04135-1, oswiadczam, iz mo6j wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: krytyczna rewizja artykutu oraz ostateczna akceptacja pracy.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Lukasza Dziatacha w powstanie publikacji oceniam na 80%, obejmowal on
konceptualizacjg pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie ww. pracy jako czgé¢ rozprawy doktorskiej lek.
Lukasza Dziatacha.

(podpis o$wiadczajacego)
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Warszawa, 08.01.2026 .

Prof. dr hab. n. med. Przemystaw Witek

OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s Disease: Long-Term Effectiveness and Safety of
Osilodrostat in a Polish Group of Patients with Persistent Hypercortisolemia in the
Experience of a  Single  Center, Biomedicines 2023,  11(12), 3227,
https://doi.org/10.3390/biomedicines 11123227, oéwiadczam, iz mo6j wiasny  wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: konceptualizacja pracy, krytyczna rewizja artykutu oraz
ostateczna akceptacja pracy.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Lukasza Dzialach w powstanie publikacji oceniam na 55%, obejmowat on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygetowanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie ww. pracy jako czes¢ rozprawy doktorskiej lek.
Lukasza Dziatacha.

(podpis o$wiadczajacego)
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Warszawa, 08.01.2026 r.

Prof. dr hab. n. med. Przemystaw Witek

OSWIADCZENIE

Jako wspotautor pracy pt. Cushing’s syndrome: a combined treatment with etomidate and
osilodrostat in severe life-threatening hypercortisolemia, Hormones-International Journal of
Endocrinology and Metabolism, 2022, DOL: 10.1007/s42000-022-00397-4, o$wiadczam, iz
moéj whasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: krytyczna rewizja artykutu oraz ostateczna
akceptacja pracy.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Fukasza Dzialacha w powstanie publikacji oceniam na 50%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych, przygotowanie manuskryptu.

Jednoczes$nie wyrazam zgodg na wykorzystanie ww. pracy jako czgs¢ rozprawy doktorskiej lek.
Lukas7a Dziatacha.

(podpis o$wiadczajacego)
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Warszawa, 08.01.2026 r.
Prof. dr hab. n. med. Przemystaw Witek

OSWIADCZENIE

Jako wspotautor pracy pt. Is there still a place for etomidate in the management of Cushing’s
syndrome? The experience of a single center of low-dose etomidate and combined etomidate-
osilodrostat treatment in severe hypercortisolemia, Endocrine 87, 1305-1313 (2025),
https://doi.org/10.1007/s12020-024-04135-1, o$wiadczam, iz méj wlasny wklad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w formie
publikacji stanowi: konceptualizacja pracy, krytyczna rewizja artykulu oraz ostateczna
akceptacja pracy.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Lukasza Dziatach w powstanie publikacji oceniam na 80%, obejmowal on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacje wynikow,
przygetowanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie ww. pracy jako czesé rozprawy doktorskiej lek.
Lukasza Dziatacha.

(podpis o$wiadczajacego)
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Warszawa, 08.01.2026 r.
Prof. dr hab. n. med. Przemystaw Witek

OSWIADCZENIE

Jako wspélautor pracy pt. Real-World Experience with Pasireotide-LAR in Cushing’s
Disease: Single-Center 12-Month Observational Study Journal of Clinical Medicine, 2025,
DOL:  10.3390/jcm14082794, o$wiadczam, iz moj wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: konceptualizacja pracy, krytyczna rewizja artykutu oraz ostateczna
akceptacja pracy.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2.5%.

Wkiad Eukasza Dziatacha w powstanie publikacji oceniam na 95%, obejmowat on
konceptualizacje pracy, gromadzenie i opracowanie danych do analizy, interpretacj¢ wynikow,
przygotowanie manuskryptu.

Jednoz:’zes'nie wyrazam zgode na wykorzystanie ww. pracy jako cze$é rozprawy doktorskiej lek.
Lukasza Dzialacha.

odpis o$wiadczajaceg0o)
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BIBLIOTEKA UCZELNIANA

Nr referencyjny Warszawa, 22.12.2025
BIBG/Punktacja/ 6 55 /2025/AM

Sz. Pan

Lukasz Dzialach

Katedra i Klinika Chor6b Wewnetrznych,
Endokrynologii i Diabetologii WUM

ANALIZA BIBLIOMETRYCZNA PUBLIKAC]I
PANA LUKASZA DZIALACHA
WCHODZACYCH W SKEAD CYKLU PUBLIKAC]I STANOWIACYCH ROZPRAWE DOKTORSKA

Nawrvs
Impact MNiSW aJWyzszy

Lp. | Opis bibliograficzny Factor Kwarty]

Artykuty

Dzialach L [korespondencyjny], Respondek W, Witek P.
Real-World Experience with Pasireotide-LAR in Cushing's
1. |Disease: Single-Center 12-Month Observational Study. 2,9 140 Q1
Journal of clinical medicine. 2025;14(8):2794.

Rodzaj publikacji: praca oryginalna

Dzialach L [korespondencyjny], Sobolewska J, Respondek
W, Wojciechowska-Luzniak A, Kuca P, Witek P. [s there still
a place for etomidate in the management of Cushing's
syndrome? The experience of a single center of low-dose
etomidate and combined etomidate-osilodrostat treatment
in severe hypercortisolemia. Endocrine. 2025;87(3):1305-
1313.

Rodzaj publikacji: praca oryginalna

2,9 100 Q2

Dzialach L [korespondencyjny], Sobolewska ], Respondek
W, Szamotulska K, Witek P. Cushing's Disease: Long-Term
Effectiveness and Safety of Osilodrostat in a Polish Group
3. |of Patients with Persistent Hypercortisolemia in the 3,9 100 Q2
Experience of a Single Center. Biomedicines.
2023;11(12):3227.

Rodzaj publikacji: praca oryginalna

’ Kwarty! z roku publikacji, wedtug Impact Factor.
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Dzialach L, Sobolewska ], Respondek W, Wojciechowska-

Luzniak A, Witek P. Cushing's syndroeme: a combined

treatment with etomidate and osilodrostat in severe life-
@ threatening hypercortisolemia. Hormones (Athens). 3,2 70 Q3

2022;21(4):735-742.

Rodzaj publikacji: opis przypadku
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BIBLIOTEKA UCZELNIANA

Nr referencyjny Warszawa, 22.12.2025
BIBG/Punktacja/656/2025/AM

Sz. Pan
Lukasz Dzialach
Katedra i Klinika Choréb Wewnetrznych,
Endokrynologii i Diabetologii WUM

ANALIZA BIBLIOMETRYCZNA CALOKSZTALTU DOROBKU PUBLIKACYJNEGO
PANA LUKASZA DZIALACHA,
W POSTEPOWANTIU O NADANIE STOPNIA NAUKOWEGO DOKTORA

Impact MNISW Najwyzszy

Lp. | Opis bibliograficzny Factor kwartyl

I. Artykuly opublikowane w czasopismach naukowych lub w recenzowanych materialach z
kenferencji migdzynarodowych ujetych w aktualnym wykazie MNiSW*
Dzialach L, [korespondencyjny], Respondek W, Siejka A,
Witek P. Prolonged adrenal suppression after osiledrostat
discontinuation in a patient with Cushing's disease with
eventual hypercortisolism relapse: Case Report and literature
review, Frontiers in medicine. 2025;{12):1629387.

Rodzaj publikacji: opis preypadku, praca pogladowa

Laskowski G, Dzialach L, Maksymiuk-Klos A, Witek P.
Successful non-surgical treatment of bilateral macronodular
2. |adrenocortical disease with osilodrostat. Endokrynologia| 21 70 Q3
Polska. 2025;76(6):674-675.

Rodzaj publikaeji: opis praypadiu

Dzialach L [korespondencyjny], Respondek W, Witek P. Real-
World Experience with Pasireotide-LAR in Cushing's Disease:
3. |Single-Center 12-Month Observational Study. Journal of | 29 140 Q1
clinical medicine. 2025;14(8):2794.

Rodzaj publikacji: praca orvginaina

Dzialach L [korespondencyjnyl, Sobolewska J, Respondek W,
Wojciechowska-Luzniak A, Kuca P, Witek P. Is there still a
place for etomidate in the management of Cushing's
4. |syndrome? The experience of a single center of low-dose 2,9 100 Q2
etomidate and combined etomidate-osilodrostat treatment in
severe hypercortisolemia. Endocrine. 2025;87(3):1305-1313.

Rodzaj publikacji: praca orvginalna

3,0 70 Q1

1 Kwartyl z roku publikacji, wedtug Impact Factor.

2 Wykaz sporzgdzony zgednie z przepisami wydanymi na podstawie art. 267 ust. 2 pkt 2 {it. b Ustawy z dnia 20 lipca 2018 r. - Prawo
o szkolnictwie wyzszym i nauce (Dz. U. z 2022 r., poz. 574 z pdin. zm.). Wykaz stanowi zatacznik do komunikatu MNiSW 2z 5
stycznia 2024 r. w sprawie wykazu czasopism naukowych i recenzowanych materiatow z konferencji migdzynarodowych
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Dzialach L [korespondencyjny], Sobolewska ], Zak Z,
Respondek W, Witek P. Prolactin-secreting pituitary
adenomas: male-specific differences in pathogenesis, clinical
presentation and treatment. Frontiers in Endocrinology.
2024;(15):1338345.

Rodzaj publikacji: praca pogladowa

4,6

100

Q1

Sobolewska |, Dzialach E, Respondek W, Wojciechowska-
Luzniak A, Witek P. Ectopic ACTH syndrome in the course of
ACTH-secreting pancreatic neurcendocrine tumour in a
patient with a pituitary lesion - diagnoestic challenges and
individual approach. Endokrynologia Polska. 2024;75(1):113-
114,

Rodzaj publikacji: opis przypadku

2,1

70

Q3

Sobolewska ], Dzialach L, Kuca P, Witek P. Critical illness-
related corticosteroid insufficiency (CIRCI) - an overview of
pathogenesis, clinical presentation and management.
Frontiers in Endecrinology. 2024;(15):1473151.

Rodzaj publikacji: praca pogladowa

4,6

100

Q1

Dzialach L [korespondencyjny], Sobolewska ], Respondek W,
Wojciechowska-Luzniak A, Witek P. Pituitary apoplexy as the
first ~ manifestation  of  non-functioning  pituitary
neuroendocrine tumour. Endokrynologia Polska.
2024;75(1):111-112.

Rodzaj publikacji: opis prevpadku

2,1

70

Q3

Dyrka K, Dzialach L, Niedziela M, Jonczyk-Potoczna K,
Derwich K, Obara-Moszynska M. Central Diabetes Insipidusin
Children as a Diagnostic Challenge. Clinical pediatrics.
2024;63(8):1044-1055.

Rodzaj publikacji: praca oryginalna, opis przypadku

0,7

70

Q4

10.

Dzialach L [korespondencyjny], Wojciechowska-Luzniak A,
Maksymowicz M, Witek P. Case report: A challenging case of
severe Cushing's syndrome in the course of metastatic thymic
neuroendocrine carcinoma with a synchronous adrenal
tumor. Frontiers in Endocrinology. 2024;(15):1399930.

Rodzaj publikacji: opis praypadku

4,6

100

Q1

11.

Dzialach L [korespondencyjny], Sobolewska J, Respondek W,
Szamotulska K, Witek P. Cushing's Disease: Long-Term
Effectiveness and Safety of Osilodrostat in a Polish Group of
Patients with Persistent Hypercortisolemia in the Experience
of a Single Center. Biomedicines. 2023;11(12):3227.

Rodzaj publikacji: praca oryginalna

3,9

100

Q2

12.

Kober P, Rusetska N, Mossakowska BJ, Maksymowicz M,
Pekul M, Zielinski G, Styk A, Kunicki ], Dziatach £, Witek P,
Bujko M. The expression of glucocorticoid and
mineralocorticoid receptors in pituitary tumors causing
Cushing's disease and silent corticotroph tumeors. Frontiers in
endocrinology. 2023;(14):1124646.

Rodzaj publikacji: praca oryginalna

3,9

100

Q2

Soholewska ], Zak Z, Dzialach E, Witek P: Autoimmune
disorders associated with type 1 diabetes: clinical overview
and principles of management. Paediatrics and Family
Medicine. 2023; 19 (4): 295-304.

Rodzaj publikacji: praca pogladowa

0,1

140

Q4

ul. Zwirki i
02091 W

www. hiblioieka

tel 44822 1166011

biblivicka@wum.edu.pl

um.edi.pl

107



Dzialach L, Sobolewska ], Respondek W, Wojciechowska-
Luzniak A, Witek P. Cushing's syndrome: a combined
treatment with etomidate and osilodrostat in severe life-
threatening  hypercortisolemia.  Hormones  {Athens). 32 70 Q3
2022;21(4):735-742,

Rodzaj publikacji: opis przypadku

Obara-Moszynska M, Dzialach L, Rabska-Pietrzak B, Niedziela
M, Kapczuk K. Uterine Development During Induced Puberty
15. [ in Girls with Turner Syndrome. Frontiers in endocrinolegy. 6,055 100 01
2021;(12):707031.

Rodzaj publikacji: praca oryginalna

14.

Lacznie: | 46,755 | 1400 -

11, Artykuly opublikowane przed 1.01.2019 r. w czasopismach ujetych w wykazie czasopism
MNiSW z dnia 25.01.2017 r., o ile czasopismo uzyskala co najmniej 10 pkt.

Lacznie: - - -

II1. Pozostale artykuly

Lacznie: - - -

Lacznie (cz. I- 11I): | 46,755 | 1400 -

V. Monografie naukowe/rozdzialy w monografiach wydane przez wydawnictwa ujete w wykazie
MNiSW" lub jednostki organizacyjne podmiotdw, ktdrych wydawnictwa sa ujete w tym wykazie

V. Pozostale monografie lub rozdzialy w monografiach

brak

VI. Patenty

brak

DYREKTOR

? Wykaz sporzadzony zgednie z przepisami wydanymi na podstawie art. 267 ust. 2 pkt 2 lit. a Ustawy z dnia 20 lipca 2018 r. - Prawo
o szkolnictwie wyzszym i nauce (Dz. U. 7 2022 r,, poz. 574 z pdin. zm.). Wykaz ogtoszony komunikatem MEIN z dnia 22 lipca 2021 r.
w sprawie wykazu wydawnictw publikujacych recenzowane monografie naukowe.

SAAR T 660 1]

hibliotcka@wum.edu.pl

108



