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3.1 Epidemiologia raka jajnika

W 2020 na $wiecie odnotowano ok. 314 000 nowych przypadkoéw raka jajnika (OC, ang.
ovarian cancer) i 207 000 zgonoéw (1). OC stanowi powazny problem dotyczacy zdrowia
kobiet. Odnoszac si¢ do innych nowotworow ztosliwych, rak ten pod wzgledem czestosci
wystepowania plasuje si¢ na 6smym miejscu oraz jest sibdma przyczyng zgonow kobiet

zmagajacych si¢ z chorobg onkologiczng (2).

Wedtug raportu opracowanego przez Krajowy Rejestr Nowotworow w 2021 roku w Polsce
odnotowano 3624 nowych przypadkéw raka jajnika oraz 2639 zgondw czynigc ten nowotwor
szostym pod wzgledem czestosci zachorowalnos$ci oraz czwartg przyczyna zgondéw (3). Rak
jajnika uwazany jest za najbardziej $miertelny nowotwor ginekologiczny (4). Wczesne stadia
raka jajnika najczgsciej przebiegaja bezobjawowo lub wystepuja objawy niespecyficzne,
skutkuje to w ok. 75% przypadkow postawieniem diagnozy w zaawansowanym stadium
choroby — Il 1 IV, gdy wspotczynniki przezycia 5-letniego wynosza odpowiednio 40% 1 20%
(5, 6). Natomiast szacuje si¢, ze w przypadku rozpoznania raka jajnika we wczesnym stadium

5-letni wskaznik przezycia przekracza nawet 90% (5).

3.2 Czynniki ryzyka zachorowania na raka jajnika

Ryzyko zachorowania na OC wzrasta wraz z wiekiem. Ponadto istnieje szereg innych
czynnikow ryzyka takich jak: wczesna menarche (przed 12. rokiem zycia), p6Zna menopauza
(po 50. roku zycia), urodzenie pierwszego dziecka po 30. roku zycia, nierodztwo, niestosowanie
doustnych srodkow antykoncepcyjnych, estrogenowa terapia zast¢pcza stosowana przez ponad
5 lat, nieptodno$¢, brak karmienia piersig. Endometrioza, zespot policystycznych jajnikow oraz
choroba nowotworowa w wywiadzie pacjentki a takze rak jajnika, piersi, macicy lub jelita
grubego w rodzinie zwigkszaja ryzyko wystapienia raka jajnika. Do czynnikow zwigzanych ze

stylem zycia mozna zaliczy¢ diete bogatottuszczowa 1 otylo$¢ oraz palenie tytoniu (7, 8).

Do zachorowania na raka jajnika mogg przyczyniac si¢ rowniez predyspozycje genetyczne.
Szacuje sig, ze ok. 23% przypadkoéw OC charakteryzuje si¢ etiologig dziedziczng a za rozwdj
nowotworu odpowiedzialne sg gldwnie germinalne warianty patogenne (GPVs, ang. germline
pathogenic variants) w genach kodujgcych biatka zaangazowane w napraw¢ DNA poprzez
rekombinacje homologiczng (HR, ang. homologous recombination) 0raz naprawe

niedopasowania (MMR, ang. mismatch repair). Do szlaku HR nalezg BRCA1, BRCAZ2,
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RAD51D, RAD51C, BRIP1 natomiast do MMR zalicza si¢ geny zwigzane z zespotem Lyncha:

MLH1, MSH2 i MSH6 (9, 10).

3.3 Kilasyfikacje raka jajnika

System oceny zaawansowania raka jajnika FIGO (International Federation of Gynecology

and Obstetrics) jest narzedziem pomagajagcym klinicystom w okre$leniu rokowania oraz

doborze leczenia. Klasyfikacja ta opisuje zakres rozprzestrzenienia si¢ nowotworu i odnosi si¢

do stopnia zaawansowania nowotworéw jajnika, jajowodéw i otrzewnej. W Tabeli 1.

przedstawiono te klasyfikacje (11).

Stopien I: Nowotwor ograniczony do
jajnikéw lub jajowodow

IA Guz ograniczcony do 1 jajnika lub jajowodu|
(nienaruszona ciaglos¢ torebki guza) brak zmian nal
powierzchni jajnika Iub jajowodu, brak komorek
nowotworowych w plynie lub w poptuczynach z jamy
otrzewnowej

IB Guz ograniczony do 2 jajnikdw lub jajowodow|
(nienaruszona ciggto$¢ torebki guzéw) brak zmian nal
powierzchni jajnikow lub jajowodow, brak komorek
nowotworowych w plynie lub w poptuczynach z jamy
otrzewnowej

IC Guz ograniczony do 1 lub 2 jajnikdéw lub 2 jajowodow z:

IC1 sroédoperacyjnym uszkodzeniem ciaglosci torebki

1C2 naruszona ciagloscia torebki przed operacjg lub

IC3 obecnoscia guza na powierzchni jajowodu lub jajnikal
komoérkami nowotworowymi w ptynie lub popluczynach Z
jamy otrzewnowej

Stopien I1: Nowotwor ograniczony do
jajnikéw lub jajowodow z zajeciem
struktury miednicy mniejszej (ponizej
ptaszczyzny wchodu miednicy) lub
ierwotny rak otrzewnej

ITA Zajgcie i/lub wszczepy na powierzchni macicy i/lub
jajowodu/jajowodow
IIB Zajecie innych struktur miednicy mniejszej

Stopien III: Nowotwor obejmujacy 1 lub 2
jajniki lub jajowdd/jajowody, lub pierwotny
rak otrzewnej z przerzutami do otrzewne;j
poza miednica mniejsza i/lub przerzuty do
weztow chtonnych zaotrzewnowych

IITIA1 Przerzuty nowotworowe obecne tylko w weztach|

chlonnych zaotrzewnowych (potwierdzony cytologicznie

lub histologicznie)

IIIA1(i) Szeroko$¢ przerzutow w najwigkszym wymiarze <

10 mm

IIIA1(ii) Szerokos¢ przerzutow w najwickszym wymiarze >|

10 mm

IITIA2 Mikroskopowe przerzuty do otrzewnej poza miednica)|

mniejsza (powyzej ptaszczyzny wchodu miednicy) z lub beZ
rzerzutow do wezidw chlonnych zaotrzewnowych

I1IB Makroskopowe przerzuty do otrzewnej poza miednica|

mniejszg o Srednicy < 2 cm w najwigkszym wymiarze z lub

bez przerzutdéw do weztdw chtonnych zaotrzewnowych

(wlaczajac w to zajecie przez nowotwor torebki watroby i

Sledziony bez naciekania ich migzszu)

IIIC Makroskopowe przerzuty do otrzewnej poza miednica|

mniejszg o srednicy > 2 cm w najwigkszym wymiarze z lub|

bez przerzutow do weztow chtonnych zaotrzewnowych




(wlaczajac w to zajecie przez nowotwor torebki watroby i
Sledziony bez naciekania ich migzszu)

Stopien IV: Odlegte przerzuty (wylaczajac
przerzuty do otrzewne;j)

IVA Wysigk w jamie oplucnowej z potwierdzonymi
cytologicznie komdrkami nowotworowymi

IVB Przerzuty do migzszu watroby i $ledziony oraz
przerzuty do narzadoéw poza jama brzuszng (wlaczajac w to
wezly chlonne pachwinowe i wezly chtonne poza jamg|

brzuszng)

Tabela 1. Klasyfikacja FIGO.

Klasyfikacja WHO (World Health Organization) wyr6znia nastepujace gtowne typy raka

jajnika:

1. guzy nabtonkowe (ang. epithelial tumors)

2. guzy mezenchymalne (ang. mesenchymal tumors)

3. guzy mieszane nabtonkowe 1 mezenchymalne (ang. mixed epithelial and

mesenchymal tumors)

4. guzy zrebu sznurdw piciowych (ang. sex-cord stromal tumors)

5. guzy z komorek rozrodczych (ang. germ cell tumors)

6. potworniak monodermalny

1 guzy typu somatycznego powstajagce w torbieli

dermoidalnej (ang. monodermal teratoma and somatic type tumors arising in

dermoid cyst)

7. guzy inne (ang. miscellaneous tumors)

8. guzy mezotelialne (ang. mesothelial tumors)

9. guzy tkanek migkkich (ang. soft tissue tumors)

10. zmiany guzopodobne (ang. tumor-like lesions)

11. guzy limfoidalne/mieloidalne (ang. lymphoid/myeloid tumors)

12. guzy wtoérne (ang. secondary tumors) (12).



Ponad 95% wszystkich przypadkow OC stanowi nabtonkowy rak jajnika (EOC, ang.
epithelial ovarian cancer), ktory na podstawie stosowanej w praktyce klinicznej klasyfikacji
histologicznej dzieli si¢ na pie¢ podtypow:

9 surowiczy o niskim stopniu ztosliwosci (LGSC, ang. low-grade serous ovarian cancer)

1 surowiczy o wysokim stopniu ztosliwosci (HGSOC, ang. high-grade serous ovarian

cancer)

1 sSluzowy (MC, ang. mucinos ovarian cancer)

1 jasnokomoérkowy (CCC, ang. clear cell ovarian cancer)

1 endometrioidalny (EC, ang. endometrioid ovarian cancer) (6, 13, 14).

3.4 Charakterystyka molekularna surowiczego raka jajnika o wysokim stopniu
ztosliwosci 1 leczenie ukierunkowane molekularnie

Sposrod wymienionych podtypdéw EOC najczesciej — w ponad 70% przypadkoéw wystepuja
HGSOC. Guzy te charakteryzuja si¢ licznymi, zltozonymi zmianami genetycznymi oraz
znaczng heterogeniczno$cig zarowno wewnatrz guza (ITH, ang. intratumor heterogeneity), jak
i pomigdzy guzami (15). Przektada si¢ to na skuteczno$¢ planowanego leczenia. Przykladem
jest terapia celowana inhibitorami PARP (PARP1, ang. poly-ADP-ribose polymerase inhibitors),
ktora wykazuje skuteczno$¢ u pacjentek z HGSOC z niedoborem rekombinacji homologicznej
(HRD, ang. homologous recombination deficiency) spowodowanej m.in. mutacjami w genach
BRCAI 1 BRCA2. Szacuje si¢, ze zmiany molekularne w tkance guza powodujace niedobor HR
wystepuja w 50% przypadkéw kobiet z rozpoznanym HGSOC co potencjalnie kwalifikuje do
leczenia celowanego. Jednak pomimo poczatkowo wystepujacej dobrej odpowiedzi na leczenie
obserwuje si¢ narastajaca lekoopornos$¢ (16). Z tego wzgledu istnieje nieustajaca potrzeba
poszukiwania nowych skutecznych biomarkerow pozwalajacych na przewidywanie
skutecznos$ci planowanej terapii oraz opracowywania nowych strategii leczniczych, do ktérych

pacjentki kwalifikowane bylyby na podstawie badan genetycznych.

3.5 Sekwencjonowanie nastepnej generacji

Postep technologiczny umozliwil rozwdj technik sekwencjonowania. Sekwencjonowanie
nastepnej generacji (NGS, ang. next-generation sequencing) ma szerokie zastosowanie w
onkologii. Wykrycie specyficznych mutacji somatycznych pozwala na dobdr terapii celowanej,
za$ wariantow germinalnych na identyfikacj¢ pacjentéw z grupy wysokiego ryzyka i objecie
ich opieka medyczng. Dziatania te wpisuja si¢ w koncepcje medycyny spersonalizowanej i

przyczyniaja si¢ do polepszenia stanu zdrowia poszczego6lnych jednostek a tym samym
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spoteczenstwa. Oprocz zastosowania klinicznego NGS wykorzystywany jest w badaniach
naukowych w celu statego poglebiania wiedzy na temat choroby i opracowywania nowych

potencjalnych terapii i strategii diagnostycznych (17, 18, 19).

Technologia NGS umozliwia identyfikacj¢ rdéznych zmian genomowych czesto
obserwowanych w nowotworach, w tym wariantow pojedynczego nukleotydu (SNV, ang.
single nucleotide variants), matych insercji/delecji (indel), zmiennosci liczby kopii (CNV, ang.
copy number variation) oraz genow fuzyjnych w nowotworach hematologicznych lub guzach
litych (20). Ze wzgledu na zakres analiz wykonywanych w technologii NGS mozna wyr6zni¢:
sekwencjonowanie ukierunkowane (TS, ang. targeted sequencing) pozwalajace na wykrycie
wariantow w panelu genéw powigzanych z dang jednostkg chorobows; sekwencjonowanie
catego eksomu (WES, ang. whole exome sequencing) oceniajace wszystkie fragmenty kodujace
biatka oraz sekwencjonowanie catego genomu (WGS, ang. whole genome sequencing)
pozwalajace na przeanalizowanie ok. 95-98% ludzkiego DNA (21). Najwazniejsze informacje

o wymienionych rodzajach sekwencjonowania przedstawiono na Rycinie 1.

DO DA

Sk eacionowaate Sekwencjonowanie calego' Sekwencjonowanie calego
ukieruljlkowane chsomn R
(TS, targeted sequencing) (WES, whole exome (WGS, whole genome
s 1 sequencing) ) sequencing)

Zakres: wybrane geny (zazwyczaj

10-200) powiazane z dana choroba . Zasapstist: ckomy

wszystkich znanych gendw Zakres: cate ludzkie DNA

Glehokosé: najwicksza glebokosé
sekwencjonowania >500X

Glebokosé: najmniejsza glebokosé

Glebalcas- o' chokuic sekwencjonowania >30X

sekwencjonowania 50-100X

Dokladnosé: wysoka Dokladnosé: dobra Dokladnos¢: niska

Koszt: najbardziej efektywne
kosztowo

Koszt: najbardziej kosztowne

Koszt: efektywne kosztowo

Rycina 1. Poréwnanie technik sekwencjonowania NGS w zaleznosci od zakresu analiz.

Mimo iz, WES 1 WGS dostarczajg zdecydowanie wigcej informacji a przechowywane

surowe dane mozna podda¢ powtornej analizie po zakonczeniu proceséOw laboratoryjnych, w
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praktyce klinicznej stosowane jest sekwencjonowanie ukierunkowane. Wraz ze wzrostem
zakresu analizy NGS ro$nie koszt, czas realizacji badania a takze niezbgdne sg bardziej
zaawansowane analizy bioinformatyczne wymagajace wydajniejszych  rozwigzan
informatycznych oraz bardziej wykwalifikowanego personelu (20, 21). Wzrost dostepnosci
metod wysokoprzepustowych i stale pogiebiajaca si¢ wiedza na temat patogenezy molekularnej
chordb sktaniajg do ponownego przeanalizowania i ustalenia zakresu badan genetycznych a

takze opracowania skutecznych oraz ekonomicznych rozwigzan laboratoryjnych (22).

3.6 Zalecenia odnos$nie badan molekularnych

ESMO (European Society for Medical Oncology) zaleca pacjentkom z HGSOC wykonanie
badan w technologii NGS w zakresie genow BRCAI/2 w polaczeniu z sygnaturg HRD.
Natomiast jesli jako$¢ wyizolowanego DNA jest nicoptymalna i/lub w przypadku wywiadu
rodzinnego, kobiety, u ktorych nie wykryto somatycznych mutacji BRCA1/2, powinny zosta¢
skierowane do genetyka klinicznego. Warto wspomnie¢, iz ESMO rekomenduje badania NGS
guza w krajach, w ktorych dostepne sa ukierunkowane terapie (23). Nalezy opracowac strategie
diagnostyczne, ktore przyniosg korzys$¢ jak najwickszej liczbie pacjentdéw. Istnieje potrzeba
doprecyzowania lokalnych wytycznych odnosnie rekomendowanego rodzaju badan
molekularnych w zaleznosci od cech klinicznych pacjentki a takze kwestii ich refundacji. W
celu rozpowszechniania koncepcji onkologii ukierunkowanej kluczowym zadaniem systemow
opieki zdrowotnej jest zapewnienie pacjentom dostepu do diagnostyki genetycznej poprzez
powotywanie nowych specjalistycznych jednostek oraz utworzenie sieci placowek
umozliwiajacej wykonanie badania niezaleznie od miejsca zamieszkania. Nalezy podkresli¢
rowniez potrzebe statego podnoszenia kwalifikacji personelu medycznego zaangazowanego w

proces diagnostyczno-terapeutyczny oraz wspotpracy w multidyscyplinarnym zespole (24, 25).

3.7 Perspektywy oraz wyzwania w diagnostyce i terapii raka jajnika

W pracy przegladowej wchodzacej w sktad rozprawy doktorskiej (publikacja nr 1)
przedstawiono dostgpne opcje terapeutyczne oferowane pacjentkom z HGSOC oraz terapie
celowane na etapie badan przedklinicznych lub klinicznych z obiecujagcymi wynikami.
Omowiono réwniez kwestie badan molekularnych u pacjentek z grupy wysokiego ryzyka
wystapienia raka jajnika, tj. z rodzinng predyspozycja oraz poruszono temat analiz NGS —

mozliwos$ci 1 wyzwania zwigzane z tg technikg badawcza.
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Szacuje sig, ze ok. 50% guzow HGSOC charakteryzuje si¢ defektami HR (ang. homologous
recombination), ktére oprécz zmian w genach BRCAI i BRCA2 moga by¢ spowodowane
mutacjami w ATM, BRIP1, CHEK2, NBN, PALB2, RAD51B (26, 19). Guz moze naby¢
niestabilno$¢ genomowa poprzez wzajemnie wykluczajace si¢ zaburzenia w innych szlakach.

Zmianami takimi sg amplifikacja CCNE] 1 inaktywacja RB1 (26).

Wykrycie powyzej wymienionych zmian molekularnych pozwala na dobér odpowiedniej
terapii celowanej. W przypadku wystepowania HRD (ang. homologous recombination
deficiency) rak jajnika moze by¢ z powodzeniem leczony inhibitorami PARP. Guz z utratg
funkcji RB1 jest wrazliwy na terapie zwigzkami platyny, natomiast w przypadku nadekspresji

CCNE1 wystepuje wigksza opornos¢ na tego typu leczenie (27).

FDA (Food and Drug Administration) dopuscita do stosowania w leczeniu raka jajnika oraz
piersi kilka inhibitorow PARP. Moga by¢ one réwniez podawane w potaczeniu z lekami
antyangiogennymi (28). Ze wzgledu na rozwijajacg si¢ z czasem lekooporno$c¢ oraz rézne cechy
molekularne guzéw poszukiwanie nowych strategii leczniczych stalo si¢ tematem wielu badan
naukowcOw na calym $wiecie. Na Rycinie 2. przedstawiono opcje leczenia celowanego
zaakceptowane przez FDA oraz znajdujace si¢ w fazie badan klinicznych opisane w publikacji

nr 1 wchodzacej w sklad rozprawy doktorskie;.

HRD, w tym utrata funkcji BRCA1/2 amplifikacja
CCNE1

—— inhibitory kinazy Aurora ‘
mutacja
TP53 1. terapia antyangiogenna

MONOTERAPIA

lifikacja MYC ~ 50%
PARPI 2. inhibitor CDK2 , -

1. inhibicja mTORC1/2

2. inhibicja mTORC1/2 i
paklitaksel

3. THZ-1 (inhibicja CDK7, CDK12

PTEN typu . - and CDK13)
2. PARPI i ICB pierwotna lub nabyta opornos¢ na
| dzikiego | G

b amplifikacja 1 3. inhibitor PLK1 przywraca wrazliwo$¢
KRAS na PARPI

TERAPIA SKOJARZONA 3. inhibitor kinazy PKMYT1

1. PARPI i leki antyangiogenne 4. WEETI-ATRI

PARPi w potaczeniu z:

4. PARPI i DNMTi - lekami antyangiogennymi -BETI inhibitory PARG
- PI3BK/AKTI - DNMTi
- EGFRi - HDACi

Rycina 2. Opcje leczenia ukierunkowanego HGSOC zatwierdzone przez FDA i bedgce w fazie badan.
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Wraz ze wzrostem opcji leczenia celowanego istnieje potrzeba dostosowywania zakresu
laboratoryjnych badan molekularnych. Istotne jest, aby testy nie ograniczaly si¢ do
poszukiwania wariantow sekwencyjnych jedynie w BRCAI i BRCA2, lecz uwzgledniaty inne
geny odpowiedzialne za HRD a takze zaangazowane w pozostale szlaki, ktorych zaburzenia
rowniez prowadza do rozwoju raka jajnika. Wynik takiego badania daje pacjentce szans¢ na
pozarejestracyjne stosowanie leku (ang. off-label treatment) lub otrzymanie terapii w ramach

udzialu w badaniach klinicznych (29).

Rak jajnika moze by¢ spowodowany genetycznymi predyspozycjami. Wyrdznia si¢
nastepujace zespoty chorobowe powodujgce wzrost ryzyka rozwoju raka jajnika: dziedziczny
(HBOC, ang. Hereditary Breast and Ovarian Cancer) (30, 31). HOC i HBOC w wigkszosci
przypadkéw uwarunkowane sg przez patogenne warianty w genie BRCA I lub BRCA2 (31, 32).
Wsrdd innych mutacji powigzanych z tymi zespotami chorobowymi wymienia si¢ zmiany w
genach PALB2, ATM, RAD51C/D, BRIP1 a takze MLHI1, MSH?2 i MSH6 (32). Z tego powodu
wazne jest, aby testy wykonywane w celu wykrycia genetycznych predyspozycji umozliwiaty
identyfikacj¢ wariantdéw w innych genach niz jedynie BRCA1 1 BRCA2 (33). W przypadku tych
badan istotne jest réwniez, aby umozliwialy wykrycie charakterystycznych wariantow

wystepujacych ze zwickszong czestotliwoscia w danej grupie etnicznej (34).

Na Rycinie 3. podsumowano znaczenie badan molekularnych wykonywanych w
technologii NGS zaréwno dla pacjentek ze zdiagnozowanym rakiem jajnika, jak 1 dla cztonkow

rodziny chorej.

PACJENTKA ZE ZDIAGNOZOWANYM RAKIEM JAJNIKA CZE ONEOWIE RODZINY

PACJENTKI
krew
tkanka (ptynna krew

£ 3 biopsja) [ .

ldenlyﬁl;gqa identyfikacja
IO i wariantow
somatyczny! germinalnych
’ ZASTOSOWANIE KLINICZNE BADAN WYKONYWANYCH W TECHNOLOGII NGS
« przewidywanie rokowania « opieka medyczna
dobdr terapii « charakterystyka heterogenno$ci guza « chemoprewencja
celowanej « monitorowanie leczenia w czasie « Operacja zmniejszajaca
« wczesne wykrywanie wznowy ryzyko

Rycina 3. Zastosowanie technologii NGS w procesie diagnostyczno-terapeutycznym raka jajnika.
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Zastosowanie technologii NGS w praktyce klinicznej niewatpliwie znaczaco przyczynia
si¢ do poprawy rokowania pacjentek z rakiem jajnika oraz wspiera programy prewencyjne
umozliwiajac identyfikacje osob z grupy wysokiego ryzyka rozwoju nowotworu. Nalezy mieé
jednak na uwadze wyzwania i trudnosci jakie wigzg si¢ z ta technika badawczg. Niezbedne jest
stale rozwijanie 1 opracowywanie bardziej wydajnych protokotdéw procedur laboratoryjnych w
celu uniknigcia otrzymania btednych wynikoéw badan molekularnych z materiatu biologicznego
jakim jest tkanka FFPE (ang. Formalin-Fixed Paraffin-Embedded oraz poprawa czutosci
ptynnej biopsji zanim bedzie mogta by¢ stosowana w praktyce klinicznej (35, 36). W badaniu
wykonanym w technologii NGS generowane sg dane wymagajace obrobki przy uzyciu narzedzi
bioinformatycznych, ktére powinne by¢ nieustannie udoskonalane, aby analiza dostarczata jak
najwigcej wiarygodnych informacji majacych znaczenie kliniczne (37). Nalezy mie¢ na
uwadze, iz guzy wykazuja si¢ znaczng heterogennoscig czasowa. Z tego wzgledu badanie NGS
powinno by¢ wykonane réwniez po leczeniu oraz w przypadku nawrotu choroby (38). Wigze
si¢ to z generacja dodatkowych kosztow. Do walidacji testow NGS moga by¢ wykorzystane

dane in silico zamiast fizycznych probek, przyczyni si¢ to do ograniczenia wydatkow (39).

Kluczowym aspektem odnoszacym si¢ do danych z sekwencjonowania jest klasyfikacja
wykrytych wariantow. Istnieja klasyfikacje odrgbne dla wariantbw somatycznym i
germinalnych , ktére zostaty przedstawione w Tabeli 2. (40, 41). Ze wzgledu na réznice
wystepujace w obu skalach na raporcie z badania warto przedstawi¢ stowng nazwe kategorii

odnoszaca si¢ do opisywanego wariantu, aby unikna¢ potencjalnych nieporozumien.

Somatyczne warianty sekwencyjne Germinalne warianty sekwencyjne

Tier I - warianty o duzym znaczeniu klinicznym Klasa 1 - niepatogenne

Tier Il - warianty o potencjalnym znaczeniu | Klasa 2 - prawdopodobnie niepatogenne
klinicznym
Tier III - warianty o nieznanym znaczeniu | Klasa 3 - niepewne
klinicznym (VUS, ang. variant of uncertain
significance)

Tier IV - warianty o znanym nieistotnym znaczeniu | Klasa 4 - prawdopodobnie patogenne
(uwazane za ‘tagodne Ilub prawdopodobnie
fagodne)

Klasa 5 - zdecydowanie patogenne

Tabela 2. Klasyfikacja wariantow sekwencyjnych o charakterze somatycznym i germinalnym.
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4 Cele pracy

Rak jajnika stanowi istotny globalny problem dotyczacy zdrowia kobiet a tym samym jest
wyzwaniem wspoiczesnej medycyny. W dobie medycyny spersonalizowanej kluczowe jest
indywidualne podejscie do kazdego przypadku, pomimo takiej samej diagnozy klinicznej.
Mozliwe jest to dzieki zastosowaniu nowoczesnej technologii sekwencjonowania nastepne;j

generacji pozwalajacej na charakterystyke danego pacjenta na poziomie molekularnym.
Cele niniejszej pracy byty nastepujace:

1. Identyfikacja wariantdw sekwencyjnych zaréwno o charakterze somatycznym, jak i
germinalnym, ktére moga odpowiada¢ za dziedziczng predyspozycje do wystapienia
raka jajnika.

2. Prdba powigzania na poziomie molekularnym raka jajnika z najczestszymi chorobami

wspotistniejacymi poprzez wykrycie wariantow germinalnych.
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5 Materiat i metody

Szczegdtowe informacje na temat wykorzystanych materiatlow oraz zastosowanych metod
zostaly przedstawione w pracy oryginalnej wchodzacej w sklad rozprawy doktorskiej

(publikacja nr 2).

5.1 Materiat

Analizy mialy charakter retrospektywny i zostalty wykonane na 20 probkach pobranych
od kobiet z rozpoznanym HGSOC. Materiat biologiczny zostal zgromadzony w Biobanku
Uniwersytetu Medycznego w Biatymstoku w ramach projektu MOBIT — High Quality MOBIT
Oncology Biobank a na wykonanie badania uzyskano zgode Komisji Bioetycznej Uniwersytetu
Medycznego w Biatymstoku (numer referencyjny: APK.002.54.2022). Kryterium witaczenia
pacjentek do badania byta dostepno$¢ materiatu badawczego w postaci tkanki z guza,
zarchiwizowanej w postaci bloczkéw parafinowych oraz prébki krwi pelnej pobranej na EDTA

a takze dane kliniczne zawarte w ankietach.

Biobank UMB spelnia europejskie standardy jakosci pozyskiwania oraz
przechowywania materiatu biologicznego. Probki tkanek pobierane sg tuz po resekcji guza
przez wykwalifikowany personel — lekarz patolog lub przeszkolona pielggniarka, Ktorzy
pobierajg fragment zgodnie ze schematem okreslonym w procedurach. W niniejszym badaniu
uzyto probek utrwalonych w formalinie zatopionych w parafinie (FFPE, ang. Formalin-Fixed
Paraffin-Embedded). Pobrane fragmenty guza zostaty umieszczone w oznakowanych numerem
identyfikacyjnym probowkach z formaling a nastgpnie przetransportowane do Zakladu
Patologii w celu opracowania bloczkéw parafinowych. Natomiast krew zostata pobrana od
pacjentek w dniu zabiegu operacyjnego do probdéwek z EDTA. Antykoagulant ten umozliwia
wykonanie badan technikami biologii molekularnej. Probki krwi przechowywane sg w

Biobanku w zamrazarkach niskotemperaturowych (-80°C).

5.2 Charakterystyka kliniczno-morfologiczna raka w badanej grupie

Wszystkie pacjentki (N=20) miaty rozpoznanego raka jajnika HGSOC. W Tabeli 3.

przedstawiono podzial badanej grupy pod wzgledem zaawansowania nowotworu wg
klasyfikacji FIGO.

Stopien zaawansowania | Liczba pacjentek
IC3 1
A 2
1AL 1
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1B 3
Inic 12
1\ 1

Tabela 3. Liczba pacjentek w zaleznosci od stopnia zaawansowania nowotworu wg klasyfikacji FIGO.

5.3 Metody
5.3.1 lzolacja DNA

Do izolacji DNA wykorzystano komercyjne zestawy odczynnikow zgodnie z instrukcja
producenta. Zestaw ReliaPrep™ FFPE gDNA Miniprep System (Promega, USA) zostat
zastosowany do izolacji materialu genetycznego z tkanek nowotworowych utrwalonych w
formalinie i zatopionych w parafinie (FFPE). Z kolei izolacje DNA z krwi przeprowadzono

przy uzyciu zestawu NucleoSpin Dx Blood (Macherey-Nagel, Niemcy).

Nastepnie uzyskane izolaty DNA oznaczono ilosciowo oraz jako$ciowo przy uzyciu
spektrofotometru  NanoDrop™ 2000c¢ (Thermo Scientific, USA). Dodatkowo stezenie
wyizolowanego DNA okreslono przy uzyciu fluorymetru Qubit 3.0 z wykorzystaniem zestawu
Qubit dsDNA HS Assay Kit (Invitrogen, USA).

5.3.2 Sekwencjonowanie nastgpnej generacji (NGS)

W celu identyfikacji zmian o charakterze somatycznym wykorzystano celowane panele
genowe. Zgodnie z zaleceniami producenta przygotowano biblioteki do sekwencjonowania
NGS przy uzyciu zestawow VariantPlex BRCA + PALB2 v.2 (Archer, USA) oraz VariantPlex
Solid Tumor (Archer, USA). Zastosowanie tych dwoch paneli pozwolito zarowno na wykrycie
wariantow sekwencyjnych typowych dla raka jajnika, jak i zmian w 67 genach, o ktérych
wiadomo, ze sg zaangazowane w rozwoéj wielu nowotwordw litych. Sekwencjonowanie

przeprowadzono na sekwenatorze MiSeq dzialajagcym na platformie Illumina.

Sekwencjonowanie catego eksomu (WES) przeprowadzono, aby zidentyfikowaé
warianty o charakterze germinalnym. Biblioteki do sekwencjonowania zostaly przygotowane
przy uzyciu protokotu Illumina DNA Prep with Enrichment (lllumina, USA),
sekwencjonowanie wykonano na sekwenatorze NovaSeq 6000 dziatajacym na platformie

IHlumina.

5.3.3 Analiza danych z sekwencjonowania

Dane uzyskane z sekwencjonowania przy uzyciu ukierunkowanych paneli genowych

zostaly przekonwertowane na zdemultipleksowane pliki FASTQ, a nastgpnie przetworzone
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przy uzyciu oprogramowania Archer Analysis dostarczanego przez producenta odczynnikdow.
Na potrzeby tego badania do analizy wybrano warianty o czestotliwosci wystgpowania (VAF)
> 2%.

Natomiast do obrobki bioinformatycznej danych pochodzacych z sekwencjonowania
calego egzomu uzyto potoku Sarek (nf-core/sarek v3.4.2). Surowe odczyty sekwencjonowania
zostaly porownane z ludzkim genomem referencyjnym (GRCh38) przy uzyciu Burrows-
Wheeler Aligner (BWA-MEM?2). Genome Analysis Toolkit (GATK) HaplotypeCaller
wykorzystano do wywotywania wariantow dla wariantdw pojedynczych nukleotydéw (SNV) i
krétkich insercji/delecji (indels). Nastepnie warianty zostaty przefiltrowane i pozostawiono
zbiory danych wysokiej jakosci. Adnotacje wariantéw przeprowadzono przy uzyciu SnpEff19
i Variant Effect Predictor (VEP), a nastepnie dokonano adnotacji w bazie danych Catalogue of
Somatic Mutations in Cancer (COSMIC).

W badaniu tym oceniono regiony kodujace 70 gendéw zwigzanych z chorobami
nowotworowymi — te same, ktore wchodzity w zakres panelow zastosowanych do identyfikacji
wariantow somatycznych. Ponadto po wstepnej analizie informacji zawartych w historii
choroby pacjentek wyloniono cztery grupy najczesciej wystepujacych  chordb
wspotistniejacych: otylos¢, choroby sercowo-naczyniowe, choroby autoimmunologiczne,
choroby drog zétciowych. Na podstawie danych zawartych w literaturze wybrano tacznie 34
geny zwigzane Z patogeneza tych chorob. Skupiono si¢ na wariantach z czgstoScia
wystepowania alleli mniejszosciowych (MAF) <2%. Warianty zostaty sklasyfikowane zgodnie
ze standardami American College of Medical Genetics and Genomics (ACMG) i Association
for Molecular Pathology (AMP). Znaczenie w chorobach wspotistniejacych i klasyfikacja

wykrytych wariantéw zostaty sprawdzone w bazie danych ClinVar.
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KOBIETY ZE ZDIAGNOZOWANYM HGSOC

N=20
TKANKA GUZA KREW . .
identyfikacja wariantow | identyfikacja wariantow | | DANE KLINICZNE )
. germinalnych .~ b -

somatycznych

BADANIA W TECHNOLOGII NGS

Panele genowe: £ Analiza informacji
1. VariantPlex®-HS BRCA+PALB2: BRCA1, BRCA2, PALB2 | | Selowencjonowanie caloeksomowe (WES): | zawartych w historii
choroby

2 VARIANTPlex® Solid Tumor: o =
1. 70 genow zaangazowanych w kancerogeneze

ABL1, AKT1, ALK, APC, ATM., AURKA, BRAF, CCND1, . i . i
2. Geny powigzane z chorobami wspéfistniejacymi:

CCNE1, CDH1, CDK4, CDKN2A, CSF1R. CTNNB1, DDR2,
A. Otylos¢: FTO, LEP, LEPR, POMC, MC4R, PCSK1, SIM1,
BDNF, NTRK2, GRHB, POMC

EGFR, ERBB2, ERBB3, ERBB4, ESR1, EZH2, FBXW7,
FGFR1, FGFR2, FGFR3, FLT3, FOXL2, GNA11, GNAQ, B. Choroby sercowo-naczyniowe: ABCG5, ABCGS, APOB,
APCE, LDLR, LDLRAP1, LIPA, PCSK9, F2, F5, MTHFR,

GNAS, H3F3A, HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3, KDR, CETP
C. Choroby autoimmunologiczne: HLA, CTLA4, PTPN22,

KIT, KRAS, MAP2K1, MDM2, MET, MLH1, MPL, MYC, MYCN
TNF, PLAU, ITGAM, RAP1A, ATPGB4

NOTCH1, NPM1, NRAS, PDGFRA. PIK3CA, PIK3R1, PTEN,
D. Choroby drog z6iciowych: ABCGS, ABCGS, LDLR,

PTPN11, RB1, RET, RHOA, ROS1, SMAD4, SMARCE1, SMO, S s e e e e

SRC, STK11, TERT, TP53, VHL

Integracja uzyskanych wynikow i przygotowanie raportu dla kazdej pacjentki

l

Przygotowanie podsumowania odnosnie calej badanej grupy

Rycinal. Schemat przebiegu badan.



6 Wyniki

Szczegotowy opis uzyskanych wynikéw znajduje si¢ w pracy oryginalnej wiaczonej do

rozprawy (publikacja nr 2).

6.1 Charakterystyka grupy badanej

Badana grupa liczyta 20 kobiet z rozpoznanym rakiem HGSOC. Wszystkie pacjentki
nalezaty do populacji polskiej. Mediana wieku badanych kobiet wynosita 64 lata (zakres od 39
do 88 lat). U wigkszosci pacjentek — 16 zdiagnozowano raka w stadium III, u jednej w stadium
I, u dwoch w stadium II i u jednej w stadium IV. U pietnastu z 20 kobiet (75% pacjentek) w
ankiecie widniata informacja na temat wystepowania chorob wspoétistniejacych, natomiast u 10

(50% pacjentek) odno$nie wystepowania chorob nowotworowych w rodzinie.

6.2 Wykryte warianty sekwencyjne o charakterze somatycznym

Wykorzystanie testow panelowych pozwolito na identyfikacje w badanej grupie tacznie
122 wariantéw somatycznych w genach zaangazowanych w proces kancerogenezy. W genach
o najsilniejszym powigzaniu z rakiem jajnika, czyli BRCAl, BRCA2 oraz PALB1 wykryto
odpowiednio 7, 16 i 7 wariantdw.

6.3 Wykryte warianty sekwencyjne o charakterze germinalnym

Dzigki wykonaniu analiz WES 1acznie zidentyfikowano 177 wariantow, w tym 92 w
genach zwigzanych z nowotworami, 53 w genach zwigzanych z chorobami uktadu krazenia, 13
w genach zwigzanych z otyloscia, 14 w genach zwigzanych z zaburzeniami

autoimmunologicznymi oraz 5 w genach zwigzanych z chorobami drog zétciowych.

Listy zawierajgce wszystkie zidentyfikowane warianty znajdujg si¢ w repozytorium pod
adresem https://doi.org/10.5281/zen0d0.14710360.

6.4 Analiza przypadkow poszczegdlnych pacjentek

Po uzyskaniu danych z sekwencjonowania opracowano raporty dla kazdej z pacjentek
obejmujace rowniez dostepne dane kliniczne. Wyrdzniono warianty somatyczne, ktorych
obecno$¢ kwalifikuje do zastosowania leczenia ukierunkowanego molekularnie. W kontekscie
wariantow germinalnych skupiono si¢ na tych sklasyfikowanych jako patogenne,
prawdopodobnie patogenne lub o niepewnym znaczeniu klinicznym, a takze wariantach
zwigzanych z oporno$cig na leki. Ponadto przedstawiono warianty zidentyfikowane zarowno

w tkance nowotworowej pacjentki, jak 1 we krwi, niezaleznie od ich znaczenia klinicznego.
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W badanej grupie udalo si¢ wykry¢ trzy mutacje zalozycielskie w genie BRCAI1
charakterystyczne dla Polskiej populacji. Wariant BRCAT1 ¢.181T > G (p.Cys61Gly) wykryto
u jednej pacjentki zard6wno w tkance guza, jak i we krwi. U kolejnej kobiety zidentyfikowano
wariant BRCA1 c¢.4035del (p.Glul346LysfsTer20) rowniez w tkance oraz we krwi. Natomiast
obecnos¢ BRCAT1 ¢.5266dup (p.GInl1756ProfsTer74) stwierdzono tylko w tkance guza jednej
pacjentki.

W badanej grupie wystgpowaty rowniez mutacje rekurencyjne opisywane w literaturze
przez polskich badaczy: BRCA1 c.1067A > G (p.GIn356Arg) — w tkance i krwi dwoch
pacjentek, BRCA1 c.1695dup (p.Lys566fs) — u trzech pacjentek w tkance i u jednej we krwi.
Jesli chodzi o gen BRCA2 wykryto jeden przypadek wariantu o charakterze somatycznym.
BRCA2 ¢.658 659del (p.Val220fs) jest mutacjg rekurencyjng wystepujaca w polskiej populacji

wsrod kobiet ze zdiagnozowanym rakiem piersi.

U siedmiu pacjentek (35% pacjentek) wykryto warianty sekwencyjne o charakterze
zardwno somatycznym, jak i germinalnym w genach BRCA1, BRCA2 i PALB2. Obserwacje
te zdajg si¢ wskazywac na dziedziczny charakter raka, dodatkowo potwierdzaja to informacje
o przypadkach nowotworéw w rodzinie u trzech kobiet, niestety w pozostalych przypadkach
historia choroby byla niekompletna. W kwestii wspotwystepowania wariantdow 1 ich
potencjalnych interakcji u jednej z pacjentek odnotowano obecno$¢ dwoch wariantow w genie
PALB2 zar6wno w guzie, jak 1 we krwi. Zastosowanie szerszego panelu genéw pozwolito na
wykrycie wariantdéw somatycznych i germinalnych u kolejnych o$miu kobiet. Wystepowanie
kilku wariantow nawet o charakterze tagodnym lub potencjalnie tagodnym w potaczeniu z
dodatnim wywiadem rodzinnym raka jajnika zdaje si¢ potwierdzal tez¢ o zlozonych

interakcjach wariantow.

Dzigki wykonaniu analizy WES zidentyfikowano warianty germinalne o niepewnym
znaczeniu klinicznym lub sprzecznych klasyfikacjach patogennosci. We krwi 17 pacjentek
(85% pacjentek) wykryto warianty w genach zwigzanych z chorobami sercowo-naczyniowymi.
Informacja na temat wystepowania tych schorzen zawarta byta jedynie w historii choroby
jedynie 8 pacjentek. U dwoch pacjentek z otytoscig II 1 III stopnia wystgpowaty warianty w
genach POMC, FTO 1 LEPR, wykazano takZze wspolwystgpowanie wariantow w genach
PALB2 i BRCAL. Ze wzgledu na powigzanie z chorobami sercowo-naczyniowymi do analiz
zostat wigczony gen MTHFR. Pozwolito to na identyfikacje u 45% pacjentek wariantu MTHFR
c.665C > T (p.Ala222Val), ktory jak podaje baza ClinVar, odpowiedzialny jest za toksycznos¢
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metotreksatu. Doustna chemioterapia z zastosowaniem tego leku stanowi obiecujacg metode

leczenia nawrotowego raka jajnika.
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7 Whnioski

1.

Integracja wynikow analiz NGS z danymi klinicznymi pacjentki ukazuje indywidualny
charakter kazdego przypadku z tym samym rozpoznaniem — HGSOC.

Wykrycie dotychczas nie opisywanych w literaturze wariantdéw sekwencyjnych
zarbwno o charakterze somatycznym, jak i germinalnym stanowi podstawe do
poszukiwania kolejnych wariantow, ktorych obecno$¢ s$wiadczy o dziedzicznej
predyspozycji do wystgpienia raka.

Uwzglednienie obcigzenia genetycznego chorobami wspolwystepujagcymi z rakiem
jajnika, na ktoérych rozwo6] wpltyw ma styl zycia moze znaczaco wplynaé na
opracowywanie strategii profilaktycznych.

Kluczowa jest wlasciwa interpretacja wynikow badan i odniesienie ich do stanu
klinicznego pacjenta a takze kompletno$¢ informacji przekazywanych przez pacjentki
pracownikom stuzby zdrowia.

Wraz ze wzrostem zakresu opcji terapeutycznych konieczne jest opracowanie
laboratoryjnej $ciezki diagnostycznej, ktéra pozwoli na najlepsza klasyfikacje
pacjentow do okreslonych terapii. Wazne jest uwzglednienie wariantow sekwencyjnych
powiazanych z odpowiedzig na leki.

Podejécie do raka jak do choroby determinowanej przez zmiany genetyczne i

wykorzystanie technologii NGS moze znacznie poprawi¢ rokowanie kobiet z HGSOC.
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Due to predictions of increasing incidences and deaths from ovarian cancer, this
neoplasm is a challenge for modern health care. The advent of NGS technology
has made it possible to understand the molecular characteristics of many
cancers, including ovarian cancer. The data obtained in research became the
basis for the development of molecularly targeted therapies thus leading to the
entry of NGS analysis into the diagnostic process of oncological patients. This
review presents targeted therapies currently in preclinical or clinical trials, whose
promising results offer hope for their use in clinical practice in the future. As more
therapeutic options emerge, it will be necessary to medify molecular diagnostic
regimens to select the best treatment for a given patient. New biomarkers are
needed to predict the success of planned therapy. An important aspect of public
health is molecular testing in women with a familial predisposition to ovarian
cancer enabling patients to be included in prevention programs. NGS
technology, despite its high throughput, poses many challenges, from the
quality of the diagnostic material used for testing to the interpretation of
results and classification of sequence variants. The article highlights the role of
molecular testing in ongoing research and also its role in the diagnostic and
therapeutic process in the era of personalized medicine. The spread of genetic
testing in high-risk groups, the introduction of more targeted therapies and also
the possibility of agnostic therapies could significantly improve the health
situation for many women worldwide.

KEYWORDS

ovarian cancer, HGSOC, targeted therapy, cancer screening, HBOC (hereditary breast
and ovarian cancer), cancer predsion medicine
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1 Introduction

Ovarian cancer (OC) is diagnosed in a large number of women
around the world annually - in 2020, 313959 new cases were
reported - significantly reducing their comfort level and also
taking the lives of many of them (207,252 deaths) (1, 2). OC
ranks seventh in cancer inddence and is fifth leading cause of
cancer-related death in women worldwide (1), in addition is
considered to be the most lethal gynecological cancer (3).
Statistical studies have shown a general downward trend in the
incidence and mortality of ovarian cancer over the past decade
linked, no doubt, to advances in medicine. However, the significant
growth in incidence in younger women is worrisome (2).

It is known that the increased risk of devdoping ovarian cancer
is related to genetic predisposition and family history (Hereditary
Ovarian Cancer - HOC). Hereditary cancers, ie. those caused by
inherited mutations in genes that predispose to cancer
development, account for as many as 20-25% of epithelial ovarian
cancer cases (4). It is worth mentioning that breast and ovarian
cancers show some common features at the molecular level (5). The
distinct disease syndrome is Hereditary Breast and Ovarian Cancer
(HBOC) in which the risk of breast and ovarian cancer is higher
than in the general population (6). Breast cancer cases due to HBOC
are estimated to account for 2 to 7%; for ovarian ancer, the range is
15 to 18% (4).

Whether spontancously occurring or assodated with a genetic
predisposition, OC represents a major global problem and a
challenge of modern medicine. Undoubtedly, the development of
next-generation sequencing (NGS) technology has contributed to a
better knowledge and understanding of cancer biology and,
moreover, in the detection of high-risk groups (7). This is crucial
in the early diagnosis of cancer and also in the sdection of targeted
therapy (8). NGS panels approved for use in patient diagnosis allow
assessment of both somatic and germline vanants, as well as single
or global genomic changes (7). Such broad capabilities of NGS
technology make it widdy used in scientific research and patient
diagnostics, including oncology, and an important step towards
personalized medicine. However, many factors influence the success
and improvement of NGS research, such as sequencing chemistry,
sequencing technology, bioinformatics and data analysis (9).

2 Molecular pathogenesis of
ovarian cancer

High-grade serous ovarian cancer (HGSOC) is the most
common histological type of ovarian cancer and accounts for
about 75% of ovarian cancers of epithdial origin (10). Despite the
common histological features identified by pathologists, HGSOC
tumors have significant differences in the dinical course of the
disease, induding response to treatment (11). HGSOCs exhibit
significant heterogeneity due to differences at the molecular
level (12).

The TP53 somatic mutation occurs as the first molecular
alteration involved in HGSOC carcinogenesis and is referred to as
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a driver mutation. This condition was identified in 96% of HGSOC
cases (3). The protein encoded by TP33, called p53, is a
transcription factor that activates genes engaged in DNA repair,
cdl cycle and apoptosis after nonreversible DN A damage (13). Loss
of p53 function promotes tumorigenesis, but does not itself cause a
malignant phenotype, and at least one more genotoxic event is
required. Most frequently, this is a BRCA1/2 mutation. BRCAL/2
can lose its functionality through somatic mutation, germline
mutation or through promoter hypermethylation, which belongs
to epigenetic modifiations. It is worth noting that mutations are
mutually exclusive with epigenetic silenang of the BRCA1/2 gene
(3). BRCA1 and BRCA2 proteins are involved in DNA repair
through homologous recombination (homologous recombination
repair (HRR)) (14). Defectsin HRR are estimated to occur in 50% of
HGSOC ases. Besides changes in BRCA1/2, it can be caused by
mutations in ATM, BRIPI, CHEK2, NBN, PALB2, RAD51B (3, 14).
However, an HGSOC tumor can acquire genomic instability
through disruption in another pathway. BRCA 1/2 loss of function
is mutually exclusive with CCNEI amplification and RBI
inactivation. Both CCNEI and RBI are involved in the Rb cdl
cycle regulation pathway (3). The protein cyclin E1 forms a complex
with cydin-dependent kinase 2 (CDK2) to promote cell cyde
progression from G1 to S phase (15). Cyclin E1 expression rdies
on E2F transcription factors that are bound to retinoblastoma
protein (Rb) (16). Amplification of CCNEI and ddetion of RB1
hasten the cell cycle, leading to defective S-phase progressionand an
clevated number of chromosome breaks, resulting in genomic
instability. CCNEI amplification appears in about 20% of HGSOC
cases while RBI inactivation occurs in 10% of HGSOC (3).

3 Targeted treatment options —
available now and under study

Currently, the standard of care for patients with stage O-IV
ovarian cancer is platinum-based chemotherapy and surgical
cytoreduction (16). Ovarian tumors with HRD are characterized
by higher sensitivity to platinum and poly (ADP-ribose) polymerase
inhibitor (PARPi) therapies. When RBI function is lost, the tumor
is also sensitive to platinum based therapies. In contrast, ovarian
cancer with CCNE1 overexpression shows greater resistance to
platinum compound therapies (17). Identifying the pathogenesis
of the tumor at the molecular level allows the choice of

targeted therapy.

3.1 Tumors with HRD including loss of
BRCA1/2 function

3.1.1 PARP inhibitors monotherapy

For the treatment of breast and ovarian cancer, the Food and
Drug Administration (FDA) has approved several PARPi. These
drugs are effective for cancer patients with mutated BRCA 1/2 and
for treating recurrent platinum-sensitive ovarian cancer (18, 19). A
meta-analysis by Staropoli et al of 1,839 epithdial ovarian cancer
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patients showed a statistically significant benefit from PARPL A
prolongation of survival time was confirmed, with no significant
differences in progression-free survival (PFS) for the individual
pharmaceuticals in this group (20). PARPi acts through synthetic
lethality with loss of BRCA1/2 functionality. This occurs due to the
destabilization of replication forks by PARPi, homologous
recombination does not function properly in these cells and
consequently DNA double-strand breaks (DSBs) occur, which
cause cell death (21, 22). Imtially, PARPi was used only in
patients with an identified BRCA1/2 mutation. However, the
treatment is known to be dfective for homologous recombination
deficiency (HRD), which an be also caused by mutations in other
genes. This approach has allowed a significant expansion of the
group of patients in whom targeted therapy can be used (23). The
use of PARP: in clinical practice has resulted in improved PFS.
Despite its high efficacy, not all patients with tumors with mutations
in BRCAI/2 or HRD respond to treatment, and moreover, most
patients eventually develop resistance (24).

3.1.2 Combination therapies to improve
PARPI efficacy and therapeutic strategies
for PARPi resistance

Strategy that appears to be very promising in clinical practice is
combination therapy involving PARP inhibitors and antiangiogenic
drugs. The combination of these medications has been shown to
result in a significant prolongation of PFS in both women with
newly diagnosed advanced OC and with recurrent disease (25).
Combinations with PI3K/AKT (phosphoinositide 3-kinase/protan
kinase B), EGFR (epidermal growth factor receptor) and BET
(bromodomain and extraterminal domain) inhibitors are
proposed as other therapies that an overcome PARP: resistance
(24). Noteworthy are the findings of Gasimla et al The researchers
analyzed the molecular profiles of BRCA2-deficient HGSOC
tumors resistant to PARPL They concluded that in these ases
KRAS amplification is responsible for the resistance. The
researchers suggest that inhibition of PLK1 (Polo-Like Kinase 1),
which plays a role in regulating cell division, restores PARPi
sensitivity (19). Immunogenicity plays an important role in the
response to treatment. Kraya et al. showed differences in the
immunogenicity of ovanan tumors with mutations in BRCA1/2
and distinguished two groups: tumors with PTEN loss and BRCAI
promoter hypermethylation, and tumors with wild-type PTEN.
Cancers in the first group were characterized by significantly
reduced CD3+, CD84+, and FOXP3+ T cell composition and
higher HRD scores. The researchers suggest that combination
therapy involving PARPi and immune checkpoint blodade (ICB)
may be effective in patients with BRCA 1/2 deficiency and wild-type
PTEN (26). Shein et al. suggest that assessing the expression of
immune-related genes may be an dfective biomarker for esimating
OS in women with ovarian cancer (27). The incorporation of
epigenetic regulation into therapy was explored by Pulliam et al.
R hers have sh that inhibiion of DNMTI (an enzyme
involved in DNA repair) sensitizes breast and ovarian cancers
resistant to PARP inhibitor therapy. Moreover, DNMTi and
PARPi therapy is effective regardless of BRCA status (18). Gupta
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et al reported synergistic effects of histone deacetylase inhibitors
(HDACI) and PARPi in vitro in ovarian cancer cells with an efficient
homologous recombination mechanism. HDACi induces defective
DNA repair, leading to an increase in the number of DSBs and, by
repressing HR, enhances the action of PARPL The researchers
indicate that this therapy could have signifiant effedts in poor-
prognosis tumors with CCNEI amplification (28). The challenge is
to develop a scheme to classify patients for monotherapy or
combination therapy. Necessary for this is the search for
biomarkers, especially at the molecular level (25, 26).

Poly(ADP-ribose) glycohydrolase (PARG) inhibitors, similarly
to PARPI, destabilize replication forks and induce DNA damage
(21). However, PARG inhibitors show activity in BRCA wild-type
cdls, making them an effective alternative for patients with primary
oracquired PARPiresistance (29). Successful completion of dinical
trials on the efficacy of PARG inhibitors and a deeper
understanding of their mechanism of action, as wel as finding
markers to predict susceptibility to therapy, is essential for the
development of a new targeted drug effective in many types of
cancer, not limited to ovarian cancer (21, 29).

3.2 Tumors with CCNE1 amplification

CCNE!1 amplification is common in many types of cancer.
Tumors with this molecular alteration are charactenized by relative
resistance to chemotherapy and, in addition, van Wagensveld et al.
showed alower content of immune cells which may result in a worse
response of patients to immunotherapy (30). Therefore, finding
targeted therapies for this genetic change has become a challenge
for many researchers. Along with CCNE! amplifiation, TP53
mutation is often present. In this group, significantly longer overal
survival (OS) was observed in patients who received antiangiogenic
therapy (31). One other strategy in cancers with CCNE!
amplification is CDK2 inhibition. The resulting CDK2-cydin-El
complex plays a role in chromosomal instability. Therefore, CDK2
inhibitors could inhibit tumorigenesis. CCNE! amplification could
be considered a biomarker of susceptibility to CDK2 inhibition.
However, the oncogenic dfect of cydin El independent of CDK2
should be considered (32). Gallo et al conducted studies in cel
models and showed that CCNEI overexpression results in
susceptibility to PKMYT1 kinase inhibition. PKMYT1 kinase is a
negative regulator of CDK1 and the selective inhibitor developed by
the researchers appears to be an effective therapeutic strategy. The
drug isintended for oral use,and clinical trials are currently ongoing
for use as monotherapy or in combination with gemcitabine (33).
High levels of cydin El cause upregulation of the ATR axis, which
induces the ATR/Chkl/WEEIL phosphorylation ascade (34). Xu
et al. conducted studies on cell lines and xenografts with CCNE!
overexpression. The researchers showed that this genetic alteration
causes sensitivity to WEEIL inhibition and atada telangiectasia-
associated Rad3 (ATR) inhibition (WEELi-ATRi). Preclinical
studies on a number of such drugs are currently underway and
four ATRiand one WEEL are in phase | - 11 clinical trials for efficacy
in cancer therapy (35, 36). Xu et al. suggest thatby combining thetwo
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inhibitors, it will be possible to use lower doses of the drug, thereby
reducing toxicity. However, the authors emphasize that treatment
with WEEL-ATRi, despite good tolerance in mice, requires in vivo
studies before use in clinical practice (15).

3.3 Tumors with amplification of
other genes

In addition to the most common amplification found in
HGSOC which is OCNEI amplification, somatic copy number
alterations (SCNAs) also affect MYC, PIK3CA, KRAS and TERT
and may also become targets for personalized therapy. Martins et al.
show that MYC copy number correlates with the in vitro response
to mTORCI1/2 inhibition. Moreover, the researchers showed that
activation of the mTOR survival pathway in ovarian tumors with
MYC amplification is associated with a higher frequency of SCNAs
in PI3K pathway genes. The coexistence of these two SCNAs also
ocaurs in squamous cell lung cancer and triple-negative breast
cancer (37). Meanwhile, Martins et al. demonstrated the efficacy
of combination therapy involving mTOR pathway inhibition and
paclitaxel in HGSOC tumors with MYC amplification (38).
Transcription of the MYC oncogene depends on CDK7, CDK12,
and CDK13, among others. Zeng et al. propose as a therapeutic
strategy the use of THZ-1, which inhibits the aforementioned
cyclin-dependent kinases which leads to a decrease in MYC
expression levels and thus inhibition of tumor growth (39).
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3.4 Tumors with RB1 inactivation

RBI mutations are found in several cancer types including OC,
which are further characterized by resistance to available therapies.
Gong et al. tested 36 cell cycle inhibitors, of which the Aurora kinase
inhibitors AURKA and AURKB showed the strongest synthetic
lethality against small cell lung ancer (SCLC) cell lines. AURKA
showed significantly higher selectivity compared to AURKB and
was also wdl tolerated by mice (40). While Oser et al. demonstrated
the efficacy of Aurora kinase B on SCLC cell lines with RBI loss of
function, they also point to good tolerance in experimental animals
and suggest the possibility of using it in other types of ancer with
this genetic alteration (41).

Figure 1 and Table 1 summarize the treatment options for
women with HGSOC that may be possible in the near future.

4 Hereditary predisposition
to ovarian cancer

Most cases of HOC and HBOC are determined by germline
mutations m BRCA1 or BRCA2 (6,42). It is esimated that about 1
in 400-800 individuals carry the germline pathogenic variant of the
BRCA1 and/or BRCA2 genes (43). Patients are placed under
medical supervision if diagnosed as carrying a BRCA mutation.
Chemoprevention or risk-reducing surgical treatment: risk-
reducing mastectomy and risk-reduction salpingo-oophoretomy
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TABLE1 Targeted treatment options In OC awailable now and under study.
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Targeted treatment options in ovarian cancer

available now (approved by FDA)

« PARPi (paly{ADP-ribose) polymerase inhibitar) .
« PARPi + antiangiogenic drugs

under study

PARPi + ICB (u checkpaint blockade)

PARPi + PI3K/AKTi (phosphoinositide 3-kinase inhibitor/prot=in kinase B inhibitor)
PARPi + BETi (bromodomain and extraterminal domain inhibitor)

PARPi + PLKli (Polo- like Kinase | inhibitor)

PARPi + DNMTi (DNA methyltransferase inhibitor)

PARPi + HDAGI (histone deacetylase inhibitor)

PARGi (poly{ADP ribose) glymhydralase inhibitar)

CDK2i (cyclin-dependent kinase 2 inhihitar)
PKMYTIi (Protein Kinase, Memb A
WEEL + ATRi

mTORCI/2i

mTORC1/2i + paclitaxel

CDK7i + CDK12i + CDK13i {cydin-dependent kinase 7, 12 and 13 inhibitors)
AURKA and AURKB {Awrarz kinase inhibitors)

d Tyrosine/Th

may be used to reduce the risk of developing breast and ovarian
cancer (44).

As for familial or hereditary ovarian cancer syndromes, they are
caused by inherited mutations in tumor suppressor genes. In
addition to BRCAI and BRCA2 genes belonging to the Fanconi
anemia pathway, mutations in PALB2, ATM, RAD5IC/D and
BRIP] are also known to increase the risk of ovarian cancer.
Another important pathway is the mismatched DNA repair
pathway and genes such as MLH 1, MSH2 and MSHG6 (42).

Beyond the increased risk of developing breast and ovarian
cancer, individuals in the HBOC group are at increased risk of
developing other cancers, such as melanoma, pancreatic ancer and,
in the case of men, prostate ancer (6). The risk of developing a
specific ancer is rdated to the type of mutation. Women who have
inherited the pathogenic BRCA ] variant tend to suffer from ovarian
cancer at a younger age. In contrast, patients with a mutation in
BRCAZ have a greater predisposition to develop male breast cancer,
prostate cancer, pancreatic cancer and melanoma (45). Other
HBOC-related genes include ATM, BRIPI, CDHI, PALB2, PTEN,
RADS5IC,and TP53 (46). Velazquez et al used a pand of 35 genesto
study hereditary cancers. In the case of HBOC, pathogenic variants
were noted in the following genes: BLM, BRCA2, BRIP1, CHEK2.
The researchers underline that by using the expanded panel, they
were able to detect pathogenic variants that would not have been
detected with routindy used diagnostic pands (47). Resch et al. also
demonstrated the benefits of using wider gene panels in their study.
Most of the pathogenic variants identified were BRCAI, BRCA2.
However, they also detected variants in CHEK2 and RADSIC and
also in ATM, BARDI, MUTYCH and SMARCA4 which would not
have been possible with a standard panel (48).

It should also be taken into account that the etiology of HBOC
may be related to constitutional mosaic variants. These variants an
involve somatic and also germinal cells, and can therefore be passed
onto offspring. In their work, Hidalgo Mayoral et al. desaribed a
clinical case of a breast cancer patient in whom they detected a
mosaic variant 9648 + 1G>A in the BRCA2 gene. The authors
point to other cases reported in the literature and emphasize the
role of BRCA1/2 mosaic variants in HBOC. Due to the low allele
frequency (VAF), many of these may have been missed in genetic
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analyses. A separate diagnostic algorithm is needed to detect
potential mosaic variants using NGS sequencing (49).

Despite the significant genomic similarities between ovarian
and breast tumors and the existence of the HBOC disease entity,
these tumors show some distnguishing features. Weber-Lassalle
et al. subjected samples of HBOC patients to genetic analysis. The
researchers identified germline variants in BARD! in breast cancer
patients. Moreover, the presence of these variants was associated
with an earlier onset of cancer (42.3 years) compared to the overall
study group (48.6 years). BARDI variants were not detected in
ovarian cancer (50).

5 Molecular diagnostics of patients
diagnosed with ovarian cancer

It is extremely important that testing is not limited to BRCAI/2.
The benefit of expanding molecular analyses was demonstrated by
Tao et al 25% of HGSOC patients had genetic alterations other than
disorders leading to BRCA loss of function. This gives patients a
chance to receive off-label treatment or other therapies desaribed in
this review as part of their partiapation in clinical trials (51).

Currently available tests to assess HRD include: analysis of
genes associated with homologous recombination repair, genomic
“scars” and/or mutational signatures, and real-time functional
assessment of HRD. It should also be remembered that the HRD
phenotype is very complex and thus extremdy difficult to assess
reliably and unequivoally in a single analysis. These validated tests
can be used to make treatment decisions for PARPL. However, they
are not cffective in predicting the group of patients who will not
benefit from PARPL, Le they have no negative predictive value
(23, 52).

Considering the mutually exclusive nature of the occurrence of
BRCA mutations and CNNE1 amplification, the detection of high-
level amplifiation in combination with CCNE] overexpression can
be used as a criterion for predicting PARPi resistance (53).
However, there are reports that genetic changes primarily thought
to be mutually exclusive can c-occur. This is particularly true for
loss of RB fundtion, which appears to co-occur in tumors with
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BRCA1/2 mutations or other disorders of homologous
recombination pathway genes (54). Perhaps understanding this
aspect will become possible through the use of spatial genomic,
transcriptomic and proteomic technology. Spatial biology offers the
possibility to analyze different cellular subclones and also complex
interactions with the tumor microenvironment (TME), which
together determine the process of carcinogenesis in an
individual (55).

It should be noted that CCNE! overexpression can occur
without copy number amplification. Clinical trials have
demonstrated the dficacy of WEE1 in both patients with CCNE!
amplifiation and overexpression. Therefore, future studies will
probably evaluate the possibility of using CCNEI expression
instead of amplification of this gene as a marker of susceptibility
to WEEI therapy (56).

It is also worth mentioning that the use of PARP: prolonged
PFS, but not OS. Therefore, it is important to consider the use of
another therapeutic option. Unfortunatdy, immunotherapies in
ovarian cancer have been less successful than in non-small cell
lung ancer and melanoma. In order to improve the efficacy of this
therapy, patient selection based on immunological profiling
including assessment of high-grade microsatellite instability
(MSIH), mismatch repair deficiencies (AMMR) and HRD is
proposed (57).

6 Molecular tests for HBOC

In order for a patient to qualify for genetic testing, a woman
must mect criteria outlined in national guidelines. These include
age, hormone receptor status in BC, OC histology, and history of
cancers that may be related to HBOC in the family. Although,
these guidelines in different countries cover the same aspects
however, the cutoff points may vary. There is a need to refine
consistent recommendations between countries for monitoring
mutation carriers specifiailly in genes other than BRCA1/2 (58).

The deasion to use a multigene panel is up to the clinidan.
The physician, after analyzing the patient’s phenotype and taking
a health history, can choose the most appropriate molecular
diagnostic option to identify HBOC, or to exclude it with higher
probability. In addition to commercially available panel tests with
a wide range, some laboratories also offer custom-designed pands
after listening to the clinidan’s suggestions (45).

Despite improvements in diagnosis through the use of
multigene panels, the issue of variants of uncertain significance
(VUS) remains crucial. There is a need for algorithms as wdl as
improved data flow and monitoring the situation globally to
identify variants on which further research should be conducted
to determine their clinical significance (59). These issues are
discussed in more detail in the next section of the article.

Another important aspect is that HBOC tests should be
tailored to different ethnic groups, as each has charactenstic
variants that occur with increased frequency compared to other
groups. This approach can contribute to a better understanding of
the molecular characteristics of specific communities of people
andlead to the development of genetic tests dedicated toa speafic
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community which will markedly improve the sensitivity and
specificity of the test (60).

7 NGS - opportunity, challenges,
analysis report and interpretation
of results

With the advent of sequencing technologies, we have seen
their continued evolution. Sanger sequencing, referred to as first-
generation sequencing, is limited to regions of interest within the
genes of interest. The development of next-generation sequencing
technologies has enabled comprehensive sequencing of larger
regions of the genome. In the case of gene panels, gene
fragments whose genetic variation is responsible for the
occurrence of a defined phenotype are sequenced. It 1s also
possible to sequence targeted protein-coding regions of all genes
- whole exome sequencing (WES) and even whole genome
sequenang (WGS), ie. coding and non-coding sequences. NGS
allows for more extensive analyses and is consequently more
efficient due to the time and cost savings compared to Sanger
sequencing (61).

Using advances in technology such as NGS, it is possible to
make treatment decisions (62). Currently, biopsy material
archived in the form of formalin-fixed paraffin-embedded
(FFPE) blocks is used for molecular diagnosis of solid tumors
(63). In this material, due to the fixation process, there may be
changes in nucleic aads, their degradation and also modification
of nitrogenous bases, which will be misread as a sequence vaniant
in NGS analysis. To prevent these errors, researchers are
developing new and more efficient protocols for nucleic acid
isolation and library preparation (64). Another aspect of crucial
importance in the fight against ovarian cancer worldwide is early
detection and also monitor disease progression based on
molecular testing. Many studies are looking into the possibility
of using liquid biopsy, which has the undoubted advantage of
being non-invasive (62). Analysis of cell-free tumor DNA
(ctDNA) circulating in the blood, which an be performed using
the NGS technique, has many potential applications such as early
detection of both primary discase and recurrence, predicting
prognosis, characterization of tumor heterogeneity and
monitoring of treatment over time (7, 65). However, the
researchers point out that protocols for analyzing material
obtained by liquid biopsy need to be refined, ctDNA enrichment
methods need to be improved and the sensitivity of analytical
techniques for detecting at low allele frequencies needs to be
optimized. Further research is needed before liquid biopsy can be
used in clinical practice (66).

The discovery of mutually exclusive pathways and also their
interactions has become the basis for the development of new
targeted therapies and, in the future, diagnostic regimens that
qualify patients for treatment (67). Also in the case of approved
drugs - PARPi, whose action is based on the concept of synthetic
lethality, incoming data from studies show that it is essential to
know the genetic context of the pathogenic change (68). For better
insight and understanding of the clinical course of the disease, it is
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necessary to take into account not only individual genomic
changes but their complex interrelationships, which together
make up the characteristics of a given patient and thus
determine the success of the planned therapeutic strategy (69).
Consequently, there is a need to develop new biomarkers, the
combined use of which will enable a better understanding of the
patient’s clinical condition and allow the selection of the optimal
treatment pathway (68).

NGS sequencing has provided a wealth of data regarding the
molecular biology of cancers, including HGSOC. However, it is now
known that the use of bioinformatics analysis and toals is essential.
It 1s through these that the pathways of carcinogenesis can be
analyzed in depth (67). To detedt homologous recombination
deficiency, research uses methods based on whole-exome or
whole-genome sequencing. However, in the practice of molecular
diagnostic onclogy, targeted sequencing panels are most often
used. Therdfore, the number of identifiable mutations is too low for
HRD signature analysis, and as a result, many cases with HRD are
not identified and patients do not receive PARP: treatment. Gulhan
et al. propose a computational tool called Signature Multivariate
Analysis (SigMA), which enables detection of mutation signatures
from panel sequencing data. The rescarchers’ impressive results
indicate that the use of SigMA could significantly increase the
number of patients who could be considered for targeted therapy
(70). Schouten et al. developed a classifier that detects HRD-
associated mutations based on evaluation of sequence variants in
a panel of genes, epigenetic changes, and copy number alteration.
The classifier proved to be an dfective tool identifying most ancers
with BRCA loss-of-function and BRCA-like phenotype, as well as all
analyzed tumors with the RADSIC germbne mutation (71). In
contrast, Li et al areated a signature predictive of initial platinum
resistance (IPR) not dependent on HRD but based on the
differential expression of 11 genes. The researchers also identified
significant differences in the characteristics of tumor infiltrating
lymphocytes. The results suggest that patients with a high-IPR
signature should show a better response to ICB (72).

In order for knowledge of the molecular profiles of tumors to
be realistically reflected in clinical practice, that is, for treatment to
be applied to a patient, it is important to keep in mind the
significant heterogeneity of OC tumors, both temporally and
spatially. For this reason, it seems reasonable that sequencing
should also be performed after treatment and in relapse (73). This
involves more research and thus cost generation. In silico data can
be used to validate NGS assays instead of physical samples. In
addition to high throughput and reliability, the use of in silico data
makes it possible not to generate incremental costs associated with
sequencing additional samples. These data can be successfully
used to simulate hard-to-find gene variants, low-frequency
variants or specific classes of variants (e.g, medium-sized
insertions) (74).

The clinical course of the disease varies depending on the gene
in which the pathogenic variant is present, whether the variant is
germline, somatic, or an epigenetic modification, and the location of
the change, i.e. which codon is affected (75). Therefore, correct and
clear reporting and classify of detected changes is crucial. Somatic
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sequence variants are classified based on their clinical significance:
tier I - variants of strong clinical significance; tier Il - variants of
potential clinical signifiance tier I1I - variants of unknown dinicl
signifiance (VUS); and tier IV - variants of known non-signifiant
significance (considered benign or probably benign). According to
current guiddines, variants from tiers I-II must be included on the
NGS analysis report, while it is not reccommended to include lesions
classified as tier IV. Tiers I and IT have therapeutic, prognostic and
diagnostic significance. VUS variants are the most challenging, and
it is essential to report them which will enable researchers to deade
later on their redassification (76). Whereas germline variants are
classified in a five-tier system: class 1 — non-pathogenic; class 2 -
likely not pathogenic class 3 - uncertain; class 4 - likdy pathogenic;
and dass 5 - definitely pathogenic (77). Due to the distinctiveness of
the scale used in the classification of somatic and germline
sequential variants, it is helpful to include a verbal category name
that indicates the pathogeniaty of the variant to avoid potential
confusion and misunderstanding.

Also extremely useful in the classification of variants are
informatics tools that allow for the efficient flow of incoming
data from NGS analyses. Hirotsu et al. demonstrated the utility of
using MH BRCA and MH Guide developed by Molecular Health
in determining the significance of VUS. The authors show
significant value in confirming or exdusion of HBOC and also
in predicting susceptibility to PARP1 application when a variant of
unknown clinical significance is detected (78).

8 Conclusions

Modern medicine hasa great knowledge of the malecular-level
changes involved in carcinogenesis, resulting in breakthroughs in
patient diagnosis and treatment. A pproaching cancer as if it were
a discase determined by genetic changes and using NGS
technology can significantly improve the prognosis of women
with HGSOC. The use and utility of NGS testing in OC is
summarized in Figure 2. However, despite its high efficiency,
performance, NGS poses many challenges. Bioinformatics tools
and the use of algorithms to obtain comprehensive and reliable
molecular characterization of a patient’s sample are helpful. It is
crucial to properly interpret the test results and relate them to the
patient’s clinical condition. There is also a need to search for new
therapeutic targets and conduct clinical trials of further targeted
therapies. Before introducing new drugs into clinical practice, it is
necessary to evaluate thar efficacy, selectivity against tumor cells
and also possible side effects. Clinical trials on the efficacy of new
molecularly targeted drugs are being conducted around the world
and Table 2 collects examples of such trials. A great opportunity
may be the possibility of tumor-agnostic therapy, i.e. the use of
targeted drugs regardless of the type of cancer just on the basis of
finding the presence of a specific genetic change. Biomarkers
should be sought to predict the response to the planned therapy.
A very important aspect is the identificaion of women with a
hereditary predisposition to ovarian cancer. As the range of
therapeutic options grows, it is necessary to develop a
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TABLE2 Clinical trisls of drugs that can be used to treat ovarlan cancer.

NCT Official study title

number

PLK1 inhibitor (Polo-like Kinase 1 inhibitor)

NCTO01121406 | Phase IT Randomized Trial of the Palo-like Kinase | Inhibitar BI 6727 Monatherapy Versis I ig2or’s Choice Chematherapy Plase 2
in Ovarian Cancer Patients Resistant ar Refractory to Platinum-based Cytatoxic Therapy

PI3K inhibitor (phosphoinositide 3-kinase inhibitor}

NCT05768139 | First-in-Human Study of STX-478, 2 Mutant-Sdective PI3Ka Inhibitar 2s Monotherapy and in Combination With Other Antineoplastic Phase 1
Agents in Parfidpants With Advaneed Solid Tumar Phase 2

NCT05295589 | A Randomized Phase IT Trial Comparing the Combimation of PI3K Inhibitor Copanlisih (BAY 80.6946) and PARP Inhibitor Olaparib Phase 2
{AZD2281) to Standard Chematherapy in Patients With R: Platinum Resi Ovarian, Fallopian Tube, or Primary
Peritonaal Cancer Who Have Progressed Through Prior PARP Inhibitor Therapy

NCT02476955 | An Open label Phase 1b Study of ARQ 092 in Combimetion With Other Antineoplastic Agents in Subjects With Selected Salid Tumars Phase |

NCT01363232 | A Phase Ih, Open-label, Multi -center, Dase escalation and Expansion Study of an Orally Administered Combination of BKM120 Plus Phase |
MEKI162 in Adult Patients With Selected Advanced Solid Tumors

NCT02307240 | Phase T Open Iabel, Multi- center Study to Assess the Safety, Tolerability and Pharmacakinetics of Orally Administered CUDG 907, 2n Phase |
HDAC and PI3K Inhibitor, in Subjects With Ad {/Relapsed Solid Tumoars

NCT03586661 | A Phase Ib Study of the Oral PARP Inhibitor Niraparib With the Intr PI3K Inhibitor Copanlisi for R End, ial and Phase |

Recurrent Ovarian, Primary Peritaneal, or Fallopian Tube Cancer

NCT05082025 | Phase 2 Study of PI3K Inhibitor C lisib in Combimtion With Ful in Selectad ER+ andior PR+ Cancers With PI3K (PTK3CA, Plase 2

PIK3R1) and/or PTEN Alterations

NCT04586335 | Open Label, Phase Ib Study to Evaluate the Safety, Tolerahility, Pharmacakinetics and Clinical Activity of CYH33, an Omal PI3K Inhibitor Phase |
in Combination With Olparib, an Oral PARP Inhibitor in Patients With Advancad Salid Tumars

NCTO05683418 | A Study to Evaluate the Safety and Tolerability of the Covalent Phasphainasitide 3 -Kinase (PI3K)-Alpha Inhibitor, TOS-358, in Adult Phase |
Subjects With Select Solid Tumors
NCT01363232 | A Phase Ib, Open-label, Multi -center, Dose sscalation and Expansion Study of an Orally Administered Combination of BKM120 Plus Phase |
MEK162 in Adult Patients With Selected Advanced Solid Tumoars
(Continued)
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TABLE2 Continued

O 3 d a
DE g
AKT inhibitor (protein kinase B inhibitor}
NCT01226316 | A Phase I, Open-Label Mulicentre Study to Assess the Safety, Tolerahility, Phar kinetics and Prdiminary Anti Activity of Phase 1
Ascending Doses of AZD5363 Under Adaptable Dosing Schedules in Patients With Advanced Salid Malignancies
NCT04055649 | Phase IT Study of ONC201 Plus Weekly Paclitaxe] in Patients With Platinum-Resistant Refractory or Recurrent Epithelial Ovarian, Phase 2
Fallopian Tube, or Primary Peritonea Cancer
NCT01283035 | A Phase IT Study of MK-2206 in the Treatment of Recurrent High-Grade Serous Plati Resi Owarian, Fallopian Tube, or Primary Phase 2
Peritoneal Cancer
NCTOM31054 | Ph dynamic Triak Malecular Marker & Imaging Studies as Primary Endpaints to Determine Optimal Biokgical Dosage of Perifosine, | Phase |
Onally Avail AKT PH Domain Inhibitor Combined w/ Docetaxd in Patients w/Relapsed Epithelial Ovarian Cancer
NCT01653912 | An Open-Label Phase UIT Study of GSK2110183 in Combination With Carboplati Pxlitixd in Subjects With Plati Phase 1
Resistant Ovarian Cancer Phase 2
NCTO01690468 | A Phase TA/IB Trial of PTX-200 and Carboplatin in Patients With Phtinum-Resistant Recurrent Ovarian Cancer Phase |
Phase 2
NCT02476955 | An Open-label Phase 1b Study of ARQ 092 in Combination With Other Antineoplastic Agents in Subjects With Selected Salid Tumors Phase |
NCT01266954 | An Open Label Study To I igate the Ph okinetics and Pharmamdymmics of Repeat Escalting Dases of the Oral AKT Inhibitor Phase |
GSK2141795 by 18F FDG PET Analysis in Subjects With Ovarian Cancer
EGFR inhibitor (epidermal growth factor receptor inhibitor)
NCTO0049556 | Phase IT Pilat Study of Clinical Activity and Proteomic Pathway Profiling of the EGFR Inhibitor, ZD 1839 (Iressa; Gefiinib), in Patients Phase 2
With Epithdial Ovarian CGancer ar Cervical Cancer
BET inhibitor (bromodomain and extraterminal domain inhibitor)
NCT02711137 | A Phase 1/2, Open-Labd, Dase Esalaton/Dose-Expansion, Safety and Talerability Study of INCB057643 in Subjects With Phase |
Advanced Malignandes Phase 2
NCT05252390 | Phase 1/2 Safety and Efficacy Study of NUV 868 as Monotherapy and in Combination With Oliparih or Enmlutamide in Adult Patients Phase |
With Advanced Saolid Tumars Phase 2
NCT04840589 | Phase UTh Trial Evahuting the Safety and Efficacy of BET Inhibitor, ZEN0G3694 With PD-1 Inhibitor, Nivolumab With or Without CTIA- | Phase |
4 Inhihitar, Ipilimumab in Solid Tumars
NCT05071937 | Phase 1l Study of 2 BET Inhibitor, ZEN003694, Combined With 2 PARP Inhibitar, Talsmparib, in Patients With Recurrent Ovarian Cancer | Phase 2
NCT05950464 | A Phase I B Study of Comhination ATR (M1774) and BET Inhihition (ZENOO-3694) © Exploit ARID1A Loss in Recurrent Ovarian and Phase |
Endometrial Cancer
DNMT inhibitor (DNA methyltransferase inhibitor)
NCTO3206047 | A Randomized Phase 2 Trial of Atemlzumab (MPDIL3280A ), SGI-110 and CDX-1401 Vaccine in Recurrent Ovarian Cancer Phase |
Phase 2
NCT02201899 | An Open Label Phase 11 Trial of Guadecitabine and Pembralizumah in Phti Resi R Ovarian Cancer Phase 2
HDAC inhibitor (histone deacetylase inhibitor)
NCTO00045006 | Phase I Clinical Trial of Oral Suberoylanilide Hydroxamic Acid - SAHA (MSK390) in Patients With Advanced Solid Tumors and Phase 1
Hematalogic Mdignandes
NCT00413075 | Open Label, Dase Escalation Trial of Oral PXDI01 in Patients With Advanced Salid Tumaors Phase 1
NCTO00413322 | A Phase I Safety, Pharmacodynamic, Anti-Tumor Activity, and Pharmacakinetic Study of PXD101 Alone and in Combination With 5- Phase 1
Fluorourad! in Patients With Advanced Solid Tumors
NCTO00993616 | A Phase IT Evaluation of Belinostat (NSC #726630) and Carhoplatin (NSC #241240) in the Treatment of Recurrent or Parsistent Platinum- Phase 2
Resistant Ovarian, Fallopian Tube, or Primary Peritoneal Cancer
NCT00020579 | A Phase I Study of an Oral Histone Deacetylxe Inhibitar, MS-275, in Refractory Solid Tumaors and Iymphomas Phase |
NCT00421889 | A Phase ITT Safety, Ph 5 ic, and Ph kinetic Study of T Iy Administered PXD 101 Plus Carhoplatin or Paclitaxel Phase |
or Bath in Patients With Advmd Solid Tumours Phase 2
NCT04703920 | A Phase | Dase Esaalation Trial of Takzoparib in Combination With Belin, for M i Breast Cancer, Metastatic Castration Phase 1
Resistant Prostate Cancer, and Metstatic Ovarian Cancer
(Continued)
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TABLE2 Continued

NCT Official study title
number
NCT00132067 | A Phase IT Evaluation of Varinostat, (SAHA, NCI-Supplied Agent [NSC #701852]) in the Treatment of Persistent or Recurrent Phase 2
Epithdial Ovarian ar Primary Peritoneal Carcinoma
NCT0215523 | A Randomizad, Phceho-cntralled, Double-blind, Multicenter Phase 1b/2 Study of Avdumab With or Without Entinostat in Patients With | Phase |
Advanced Epithelial Ovarian Cancer Which Has Progressed or Recurrad After Finst-line Pltinum-based Chematherapy and at Ieast Two Phase 2
Subseq Lines of T With a Safety Leadiin
NCT00301756 | A Phase 2 Study of PXD10! in Pltinum Resistint Epithelial Ovarian Tumors and Micropapil lary/Borderline (LMP) Ovarian Tumors Phase 2
NCT02728492 | Open-label Mubi Multiple Aseending Dose Study to Evaluate Safety, Talerability and Ph. kinetics of Quisi a2 Histone Phase |
Deacetylase Inhibitor, in Combimation With Gemcitabine + Cisplatin Ch herapy {Second Line for Patients With Non-small Cell
Lung Cancer) or Paditaxel + Carhoplatin Chemotherapy (Send Line for Patients With Non-small-cell Lung Cancer, Secand and
Subkequent Lines far Patients With Epithelial Ovarian Cancer)
NCT02948075 | Multicenter, Open- kibel Study of Safety and Efficacy of Quisi in Combination With Paclitixe] + Carbopltin Ch herapy in Phase 2
Patients With M ic or Localy Ad d Epithdial Ovarian Gancer, Prnmrﬂy?emoxnlorhllamenb:(krcmRmmm
First Line Plati Paclitaxel Based Chemotherapy
NCT02307240 | Phase I Open Label Multi-center Study to Assess the Safety, Tolerahility and Phar kinetics of Orally Administered CUDC 907, 2n Phase 1
HDAC and PI3K Inhibitor, in Subj With Advanced/Relapsad Solid Tumars
NCT04315233 | A Phase ITh Trial of the CDK4/6 Antigonist Ribociclib And The HDAC Inhihitor Belinostat In Patients With Metistatic Triple Negative Phase |
Breast Cancer And Recurrent Ovarian Cancer With Resp Prediction By G ics (CHARGE)
PARG inhibitor (poly(ADP-ribose} glycohydrolase inhibitor)
NCT05787587 | A Study of PARG Inhibitor IDEI6! in Partigpants With Advanaed Salid Tumors Phase |
CDK2 inhibitor (cyclin-dependent kinase 2 inhibitor
NCT04553133 | Phase 1/2A Dose Escalation, Finding And Expension Study Evaluating Safety, Tolaability, Pharmacokinetics, Pha dynamics And Anti | Phase |
Tumar Activity Of PF-07104091 As A Single Agent And In Combination Therapy Phase 2
NCT05205341 APhaelOpmhbeanhmw.DosEsahmnAMDosqumumSnﬂyToEwlmm&&qTdanbiql.wmm Phase |
d And Ant Activity of PF-07224826, As A Single Agent And In Combination With Endocrine Therapy In
leapunumﬂlhwd&)hd'fnmn
PKMYT1 inhibitor (Protein Kinase, Membrane Associated Tyrosine/Threonine 1 inhibitior)
NCT04855656 | Phase | Study of the Safety, Pharmacokinetics, Plarmamdymamics and Preliminary Clinical Activity of RP-6306 Alane or in Combination Phase 1
With RP-3500 in Patients With Advanced Solid Tumaors
NCT05147272 | Phase | Study of the PKMYTI Inhibitor RP-6306 in Combination With Gemcitahine far the Tr of Ad: ed Salid Tumans Phase |
(MAGNETIC Study)
NCT05147350 | Phase | Study of the PKMYT! Inhibitor RP-6306 in Combination With FOLFIRI for the Treatment of Advanced Salid Tumors Phase |
WEE1 inhibitor
NCT03345784 | A Phase I Study of the Wee | Kinase (Wee 1) Inhibitor AZD1775 in Combination With Radiatherspy and Cisplatin in Cervical, Upper Phase |
Vagind and Uterine Cancers (10041848, 10008224, 10008238, 10046838, 10014735)
NCT01164995 | Phase IT Pharmacalogical Study With Wee-1 Inhibitor MK-1775 Combined With Carboplatin in Patients With p53 Phase 2
Mutated Epithdial Ovarian Cancer and Farly Relapse (< 3 Months) ar Progression During Standard First Line Tr
NCT04763368 | A Phase 1, Open-Label, Multi-Center, Dose Escalition and Expansion Study to Evaluate Safety, Tolerability, Pharmacokinetics, and Anti- Phase |
Tumar Activity of the WEEI Inhibitor IMP7068 Manotherapy in Patients With Advanced Solid Tumors
NCT05368506 | An Early Phase [ Study of the Ph dy ics of WEEI Inhibitor, ZN-<3, in M ic Salid Tumars Farly
Phase |
NCT02101775 | A Randomized Phceho-Contralled Phase IT Trial Comparing Gemdtbine M hea gy to Gemcitahine in Combination With AZD 1775 Phase 2
(MK 1775) in Women With Recurrent, Phtinum Resistant Epithdial Ovarian, Primary Peritaned, or Fallopian Tube Cancers
ATR inhibitor
NCTO4657068 | A Phase [/Tla, Open-label, Multi center Study to Aswess the Safety, Tolerability, Ph kinetics and Preliminary Efficacy of the ATR Phase |
Kinase Inhibitor ART0380 Admini d Orally & Monatherapy and in Combination to Patients With Advanced or Metastatic Phase 2
Solid Tumors
NCT04491942 | A Phase | Trial of the ATR Inhibitor BAY 1895344 in Combination With Cisplatin and With Gsphtin Plus Gandtibine in Advancad Phase 1
Solid Tumors With an Emphasis on Urathelial Gardnoma
{Continued)
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NCT Official study title Study
number phase
NCT05350464 | A Phase 1B Study of Combination ATR (M1774) and BET Inhibiion (ZEN0O-3694) © Explait ARIDIA Loss in Recurrent Ovarian and Phase |
Endometrial Cancer
NCT04149145 | Trial of M4344 and Niraparib in Patients With PARP Resistant Recurrent Ovarian Cancer Phase |
NCT03462342 | Combimation ATR and PARP Inhibitor (CAPRI) Trial With AZD 6738 and Olaparib in Recurrent Ovarian Cancer Phase 2
NCTO2487095 | A Phase I/TI Trial of Topotecan With VX-970 (M6620), an ATR Kinase Inhibitar in Small Cell Cancers Phase |
Phase 2
NCT04267939 | An Open-label Phase 1b Study to D the Maxi Tok i and/or R ded Phase 2 Dase of the ATR Inhibitar Phase 1
Elimusertib (BAY 1895344) in Combination With PARP Inhibitor Nirgparih, in P; With R: Advanced
Solid Tumors and Ovarian Cancer
NCT04616534 | Phase | Trid of Gendthine Combined With the Elimusertib (BAY 1895344) ATR Inhibitor With Exp Cohorts in Ad d Phase |
Pancreatic and Ovarian Cancer
NCT04065269 | ATARL ATr Inhibitor in Combination With Olaperib in Gynaemogical Cancers With ARId1A Loss Phase 2
NCT02595892 | Phase 2 Study of M6620 (VX-970) in Combination With G Versus Gemcitahine Alone in Subjects With Pltinum -Resistant Phase 2
Recurrent Ovarian ar Primary Peritoneal Fallopian Tube Cancer
Aurora kinase inhibitor
NCT01091428 | Randomized Phase 2 Study of MLN8237, an Aurora A Kinase Inhibitor, Plus Weeldy Paclitaxel or Weskly Paditaxel Alone in Patients Phase 2
With Recurrent Epithelial Ovarian, Fallopian Tube, or Primary Peritoneal Cancer, Preceded by a Phase 1 Partion in Patients
With Ovarian or Breast Cancer
NCT00853307 | A Phase 2 Study of MLN8237, 2 Novel Aurara A Kinase Inhibitor, in the Treatment of Ptients With Platinum-Refractory or Phtinum - Phase 2
Resistant Epithdial Ovarian, Fallopian Tube, or Primary Peritoneal Cardnama
mTORC1/2 inhibitor
NCT01149434 | Drug- Drug Interaction Study of J1-101 & Everalimus in Advanced Solid Tumors, Expansion Pharmacodynamic Study of J1-101 in Phase 1
Ad d Low Grade End Tumors, Ovarian Cancers or K-RAS Mutint Colon Cancers Phase 2
NCTO2208375 | A Phase Ib Study of the Oral PARP Inhibitor Olaparibh With the Oral mTORCY/2 Inhibitor AZD20 14 or the Oral AKT Inhibitor AZD5363 | Phase |
for Recurrent Endometridl, Triple Negative Breast, and Ovarian, Primary Peritoneal, or Fallopian Tube Cancer Phase 2
NCT04998760 | A Multi-center Clinical Study to Evaluate Dual mTORCI/2 Inhibitor (ATG 008) or Sdective Inhibitor of Nudear Export Compound Phase 2
(ATG-010) in Combi With Ch herapy in Patients With Relapsed ar Metastatic Ovarian Cancer, Endometrial Cancer, and
Cervical Cancer
CDK?7 inhibitor {cyclin-dependent kinase 7 inhibitor)
NCT04726332 | A Dose Escalition and Expansion Study of the Safety and Pharmacokinetics of XL102 as Single-Agent and Combimtion Therapy in Phase 1
Subjects With Inoperable Locally Advanced ar M ic Salid Tumars
NCTO3134638 | A Phase | Study of SY-1365, a Sdective CDK7 Inhibitor, in Adult Patients With Advanced Salid Tumars Phase 1

Daa from ClinialTriak gov avallable as of July 31, 2023,

laboratory diagnostic pathway that allows the best classification of
patients for specific therapies. Pursuing these goals will contribute
to more efficient diagnosis and treatment from an economic
perspective and, invaluably, to improving the quality and
prolonging the lives of patients. This can only be achieved
through continuous improvement of skills and cooperation
between clinicians and laboratory diagnostiaans.
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Abstract: Ovarian cancer represents a significant global health issue, posing a significant
challenge for the field of medicine. One strategy to improve the prognosis for women around

the world is to implement modern technologies and apply the concept of personalized medicine.

This study employed an in-depth case study of patients diagnosed with high-grade serous
ovarian cancer. Advanced genetic testing methods and a comprehensive review of the patient’s
medical history were utilized to identify new potential markers for early detection of the disease
and eligibility for treatment. In this study, next-generation sequencing (NGS) technology was
utilized for analysis. Tissue panel tests were performed to detect somatic mmtations, while

whole exome sequencing (WES) was conducted on blood samples to detect germline mutations.

The results obtained were then analyzed in the context of the patient’s medical history to
identify patients with a familial predisposition to cancer and to look for an association with
comorbidities. The utilization of genetic testing and the analysis of patients” medical histories
facilitated the identification of somatic and gemmline variants in genes associated with
carcinogenesis. This approach led to the identification of ovarian cancer-specific and novel
variants. Furthermore, germline variants associated with comorbidities were identified. The
utilization of contemporary molecular biology methodologies can markedly enhance the
diagnostic accuracy of patients and allow the development of new diagnostic tests.

Keywords: ovarian cancer; HGSOC: NGS; WES: personalized medicine

1. Introduction

The incidence and mortality rates of cancer are rising at an alarming rate on a
global scale. Furthermore, cancer is the leading cause of death worldwide [1]. In terms
of ovarian cancer (OC). it is the seventh most common malignant neoplasm in women
and the eighth leading cause of mortality [2]. In 2020 OC was the third most prevalent
and most lethal gynaecological cancer globally [3,4]. It is also important to note that
up to 75% of these cancers are diagnosed at an advanced stage. resulting in relatively
low 5-year survival rates of 40% and 20% in stage III and IV, respectively [5]. The
most frequently occurring subtype of OC is epithelial ovarian cancer (EOC), which
accounts for up to 95% of all cases [6]. EOC is a heterogeneous group comprising five
histological subtypes: high-grade serous ovarian carcinoma (HGSOC), low-grade
serous carcinoma (LGSC), endometrioid carcinoma (EC), clear cell carcinoma (CCC)
and mucinous carcinoma (MC) [5]. HGSOC is the most commonly diagnosed
histological subtype of ovarian cancer, accounting for 70% of all EOC cases [6].
HGSOC is undoubtedly a significant issue in women’s health. This cancer is
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distinguished by its highest degree of aggressiveness among OC subtypes [7].
Additionally, a significant proportion of patients develop chemoresistance, despite an
initial response to treatment [8]. The differences in the course of the disease and the
question of whether the therapy used will be successful in women with HGSOC can
be attributed to the significant heterogeneity of this type of cancer due fo differences
at the molecular level [9]. An estimated 50% of HGSOC tumors have features of
homologous recombination deficiency (HRD). including BRCA1/2 mutations. The
detection of these genetic alterations in a patient’s tumor tissue allows the use of a
molecularly targeted treatment—a poly ADP-ribose polymerase inhibitor (PARPi)
[10].

The technology that makes such genefic testing possible is next-generation
sequencing (NGS). In the era of personalized medicine, NGS is playing a major role
in oncology. allowing the most effective therapy to be selected for each patient. as
well as testing family members and identifying high-risk individuals [11]. The
extensive scope of analysis enabled by NGS technology allows for the distinction
between targeted sequencing (TS) and whole-exome sequencing (WES). TS
encompasses a panel of genes whose regions associated with a particular disease entity
are assessed in a single analysis. In contrast. WES permits the analysis of all protein-
coding fragments. i.e.. exons in all human genes known to date [12]. In an era such as
that of personalized medicine, it is of the utmost importance to adopt an individual
approach to each case with the same clinical diagnosis. The conceptual foundation of
the study entailed an exhaustive examination of cases of HGSOC, encompassing
advanced genetic testing utilizing NGS technology. with the integration of the
resulting data with the patient’s comprehensive medical history. Panel tests for tumor
tissue and WES analysis for blood were performed, allowing the detection of somatic
and germline variants. Preliminary analysis of the information contained in the
patients’ medical histories identified four groups of comorbidities. namely obesity,
cardiovascular diseases. autoimmune diseases. and biliary tract diseases. which were
most common in the study group. The objective of the present study was twofold:
Firstly. to assess familial hereditary predisposition to cancer; and secondly. to attempt
to establish a molecular link between cancer and comorbidities. WES was selected for
the identification of germline variants due to its comprehensive ability to analyze all
protein-coding regions, offering a broader scope than standard germline testing. WES
provides critical insights into potentially actionable mutations that might not be
detected through targeted gene panels. This broader view can guide treatment
decisions earlier. identify hereditary mutations before they manifest clinically, and
detect variants related to drug resistance or other non-cancer-related conditions, which
could significantly impact therapeutic outcomes.

2. Materials and methods

2.1. Patients
The study cohort comprised 20 patients with HGSOC. Prior to the
commencement of the study, informed consent was obtained from all patients. a

medical history was taken. and data were pseudonymized. The biological material was
biobanked at the Biobank of the Medical University of Bialystok as part of the MOBIT

-
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project. The study was approved by the Bioethics Committee at the Medical University
of Bialystok (reference number: APK 002.54.2022). Patients were selected for
inclusion in the study based on the availabilify of relevant biological material,
including intraoperatively collected tissue from the fumor. archived in the form of
paraffin blocks, and a whole blood sample collected in EDTA. Furthermore, clinical
data was incorporated as a valuable source of information.

2.2. DNA isolation

The ReliaPrep™ FFPE gDNA Miniprep System (Promega. USA) kit was
employed for the isolation of DNA from formalin-fixed and paraffin-embedded (FFPE)
tumor tissues. In turn, the isolation of genetic material from blood was conducted using
the NucleoSpin Dx Blood kit (Macherey-Nagel. Germany). in accordance with the
manufacturer’s instructions. Subsequently. the DNA isolates were quantified utilizing
a NanoDrop™ 2000c spectrophotometer (Thermo Scientific. USA). Additionally, the
coefficients 260/230 and 260/280 were evaluated. Samples exhibiting the requisite
quality. as indicated by an A260/A280 ratio exceeding 1.8 and an A260/A230 ratio
exceeding 1.5. were deemed suitable for subsequent analysis.

Afterwards. the concentration of the isolated DNA was determined using a Qubit
3.0 Fluorimeter with the Qubit dsDNA HS Assay Kit (Invitrogen. USA).

2.3. Next-generation sequencing

Targeted gene panels were used to identify somatic molecular alterations. The
VariantPlex Solid Tumor (Archer, USA) is an NGS panel that is capable of detecting
single nucleotide variants (SNVs). copy number variants (CNVs), and
insertions/deletions (indels) in 67 genes that have been identified as being associated
with the development of solid fumors. Furthermore. analyses were conducted using
the VariantPlex BRCA + PALB2 v.2 (Archer. USA). This panel is employed to
identify the most prevalent sequence variants specific to ovarian cancer. The library
preparation kits employ the use of Anchored Multiplex PCR (AMP), a target
enrichment method that employs molecular barcoded adapters and single, nested.
gene-specific primers for amplification. thereby facilitating open-ended capture of
DNA. This is especially crucial for FFPE material. which is frequently characterized
by degraded nucleic acids. The utilization of AMP chemistry ensures the generation
of reliable results. In accordance with the manufacturer’s guidelines. the prepared
VariantPlex BRCA + PALB?2 libraries were subjected to sequencing with 1.5 million
reads per sample, while the VariantPlex Solid Tumor libraries were sequenced with
2.5 million reads per sample. Next-generation sequencing was performed on the
MiSeq sequencer running on the Illumina platform.

To identify germline sequence variants, whole-exome sequencing (WES) was
conducted. The libraries for sequencing were prepared using the Illumina DNA Prep
with Enrichment protocol (Illumina, USA). Next-generation sequencing was
performed on the NovaSeq 6000 sequencer running on the Illumina platform.

2.3.1. Targeted gene panels sequencing data analysis

The sequencing data were converted to de-multiplexed FASTQ files and
subsequently processed using Archer Analysis, a software package that enables the
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comprehensive secondary analysis of sequencing data, including read
trimming/cleaning. de-duplication. error correction. alignment. and mutation calling.
This software is provided by the reagent manufacturer and is capable of performing
these functions. For the purposes of this study. variants with an allele frequency (AF)
= 2% were selected for analysis.

2.3.2. Whole-exome sequencing data analysis

Whole-exome sequencing data were processed using the Sarek pipeline (nf-
core/sarek v3.4.2) [13-16]. The pipeline follows GATK4 Best Practices for
preprocessing. Raw sequencing reads were aligned fo the human reference genome
(GRCh38) using the Burrows-Wheeler Aligner (BWA-MEM?2) [17]. Post-alignment
processing included duplicate marking and base quality score recalibration. Variant
calling for single nucleotide variants (SNVs) and short insertions/deletions (indels)
was performed using the Genome Analysis Toolkit (GATK) HaplotypeCaller.
Variants were filtered to refain those with a minimum read depth of 30x. Datasets with
less than 85% of the exome covered at = 30 read depth were excluded. The remaining

datasets were of high quality, with 98.9% of targeted bases covered at = 30 read depth.

Variant annotation was conducted using SnpEff19 [18] and the Varant Effect
Predictor (VEP) and further annotated against the Catalogue of Somatic Mutations in
Cancer (COSMIC) database.

For this study. coding regions. including flanking intronic regions. of 70 genes
related to ovarian cancer and 34 additional genes related to comorbidities were
evaluated. Variants with a minor allele frequency (MAF) < 2% were initially explored.
Functional classification of mutations followed guidelines from the Association for
Molecular Pathology (AMP). the American Society of Clinical Oncology (ASCO).
and the College of American Pathologists (CAP). The tumor mutation burden (TMB)
was calculated for the entire exome region of each sample using established methods.
Variants were classified according to standards from the American College of Medical
Genetics and Genomics (ACMG) and AMP. with categories such as “pathogenic.”
“likely pathogenic.” “variant of uncertain significance™ (VUS), and “(likely) benign.”
Hypomorphic variants. showing low to moderate cancer association in large studies.
were also included. Classification incorporated empirical pathogenic variant burdens
and MAF levels from the Exome Aggregation Consortium (ExAC) database. The
significance of comorbidities and the classification of variants was retrieved from the
ClinVar database.

Figure 1 shows a flow chart of the study.
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Figure 1. Summary of the study process. considering its elements.
3. Results

3.1. Clinico-pathological characterization

The median age of the female subjects under analysis was 64 years (range 39 to
88 years). The majority of patients (as many as 16) had been diagnosed with stage III
cancer, with one patient having been diagnosed with stage I. two with stage II. and one
with stage IV. Fifteen of the 20 women reported the presence of additional health
conditions, collectively referred to as “comorbidities™ (75% of patients). The
questionnaires included information about a family history of cancer in 10 of the
women (50% of patients). All patients belonged to the Polish population.

3.2. Somatic variants by panel tests

The utilization of panel tests enabled the identification of 122 somatic variants in
cancer-related genes within the study group. With regard to the genes with the greatest
confirmed importance in ovarian cancer. 7 variants were identified within the BRCA!
gene. 16 within BRCA2. and 7 within PALB2.
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3.3. Germline variants by whole-exome sequencing

A WES analysis revealed a total of 177 variants across all 20 subjects: 92 in genes
linked to cancer, 53 in genes associated with cardiovascular disease, 13 in genes
associated with obesity. 14 in genes linked to autoimmune disorders, and 5 in genes
associated with biliary diseases.

A comprehensive list of all identified variants can be found in the repository [19].

3.4. Patient reports

A comprehensive data set on each patient was compiled. and a detailed report
was generated for each individual. encompassing all available clinical information and
a comprehensive catalogue of identified sequence variants. With respect to somatic
variants. those that meet the criteria for molecularly targeted treatment in women
diagnosed with ovarian cancer are highlighted. In the context of germline variants.
those classified as pathogenic. probably pathogenic. or of uncertain clinical
significance. in addition to variants associated with drug resistance, are presented.
Furthermore, variants identified in both the patient’s fumor tissue and blood.
irrespective of their clinical significance. are presented.

4. Discussion

In the analysis of genetic predisposition to a particular disease entity within a
specific population. consideration of founder mutations is of paramount importance.
In the context of Poland. three specific founder mutations have been identified within
the BRCAI gene. These are designated as 5382insC (c.5266dupC: p.Gln1756Profs).
C61G (300T = G: c.181T = G), and 4153delA (c.4035delA; p.Glul346Lysfs) [20.21].
In the study group. one patient’s BRCAl ¢.181T > G (p.Cys61Gly) variant was
detected in tissue and blood. and one patient’'s BRCA1 c.4035del
(p-Glu1346LysfsTer20) also in tissue and blood, and one patient’s BRCA1 ¢.5266dup
(p.GIn1756ProfsTer74) only in tumor tissue. It is estimated that founder mutations
account for approximately 80% of pathogenic variants in the Polish population [20].
However. recurrent mutations are also included in clinical practice tests: 185delAG
(c.68_69delAG; p.Glu23Valfs) and ¢.5370C > T (¢.5251C = T: p.R1751%) [21].
Nevertheless. in the present study, these two variants were not identified in any of the
patients. and each subsequent study reveals new recurrence variants specific to the
population of the region. In their article, Kluska et al. emphasize the efficacy of NGS
testing. The researchers succeeded in detecting new recurrent mutations among Polish
patients with hereditary breast/ovarian cancer [22]. In the present study, two variants
mentioned by Kluska et al [22]. were identified. The first of these, BRCA1 ¢.1067A =
G (p.GIn356Arg). was found to be present in the blood of two patients and. moreover.
also in the tumor tissue. The second variant. BRCA1 ¢.1695dup (p.Lys566£s). was
germinal in one patient and somatic in three. With regard to the BRCA?2 gene. one
patient was found to have a variant designated as a ‘BRCA2 c.658_659del
(p-Val220fs)". which has been characterized as a recurrent mutation in Polish women
diagnosed with breast cancer [23]. This variant was also identified within the tumor.

The study also sought to identify potential novel mutations that may be associated
with hereditary ovarian cancer. In consideration of all detected sequence variants in
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seven patients (35% of patients). the same variants were identified in fumor tissue and
blood in the BRCAI. BRCA2. and PALB? genes, which are the genes most strongly
associated with ovarian cancer and responsible for hereditary predisposition to the
disease. The mother of one patient had a history of breast cancer. the father of another
had testicular cancer, and the third patient had a family history of liver cancer in the
father and suspected cancer in the mother. which may indicate a familial predisposition
to cancer (15% of patients). In contrast, in the remaining four cases, there was no
information about a family history of cancer. It is noteworthy that one patient exhibited
the presence of two PALB2 ¢.2014G > C (p.Glu672GIn) and PALB2 ¢.2993G > A
(p-G1y998Glu) variants in both the tumor and blood samples. However. these variants
are classified as benign and benign/likely benign. respectively.

In eight women. variants of both somatic and germline nature were identified in
other genes known to be involved in the development of solid tumors. In one patient,
the DDR2 ¢.1323G > A (p.Met441Ile) variant was observed in conjunction with a
variant in the PALB2 gene. Another patient exhibited the ERBB2 c.2446C = T
(p-Arg816Cys) and KDR ¢.1444T = C (p.Cys482Arg) variants. It is noteworthy that
an identical variant in the XDR gene was also identified in one more case. In this
patient, no variants were identified in the BRCAI., BRCA2. or PALB? genes.
Additionally. a medical history review revealed that the patient’s mother had a
diagnosis of ovarian cancer. These findings suggest that the presence of mutations in
multiple genes associated with carcinogenesis could potentially contribute fo an
increased risk of hereditary ovarian cancer. However. further research is necessary to
clarify the exact role these mutations play in hereditary predisposition. Larger studies
are required to substantiate these initial observations and to fully understand the
complex interactions befween these genetic variants.

Another key objective of the study was to establish a molecular link between the
most prevalent comorbidities and ovarian cancer. Despite an exhaustive WES analysis
of 34 genes with a proven association with ovarian cancer comorbidities. no
pathogenic or likely pathogenic variants were identified. Nevertheless. a number of
variants of uncertain significance and conflicting classifications of pathogenicity were
identified in the patient’s blood. It seems probable that the combined effect of these
variants and lifestyle factors may result in the development of a disease that
subsequently increases the risk of ovarian cancer.

A total of 85% of patients (V= 17) were found to have at least one variant of
uncertain significance or conflicting classifications of pathogenicity in genes
associated with cardiovascular disease. Conversely. information on such conditions
was present in the medical history of only 8 patients. The discrepancy may be
attributed to the absence of an association between these variants and the progression
of the disease in terms of its clinical presentation. or alternatively. to the failure to
document this information during the patient interview.

In a patient with a body mass index (BMI) of 36.98. corresponding to class I
obesity. a POMC ¢.706C = G (p.Arg236Gly) variant was identified. This variant is
currently referred to as ‘conflicting classifications of pathogenicity”. In contrast. in a
woman with a BMI of 41.40 (class III obesity). a variant of uncertain significance,
FTO c601G = A (p.Val201lle) and LEPR ¢2260G > A (p.Val754Met), with
conflicting classifications of pathogenicity. was detected. It is noteworthy that the first
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patient also exhibited two variants in the P4LB2 gene. while the second patient
displayed a variant in BRCA1. In these cases. the co-occurrence of variants associated
with ovarian cancer and with a comorbid condition such as obesity was observed.

These observations, although based on a limited number of subjects. appear to
corroborate the hypothesis that there may be a molecular link between cancer and other
diseases that frequently co-occur.

The MTHFR ¢.665C = T variant (p.Ala222Val) was identified in as many as 45%
of the patients under investigation. The ClinVar database indicates that this variant is
responsible for methotrexate toxicity. Oral chemotherapy with methotrexate
represents a promising avenue of treatment for recurrent ovarian cancer [24]. The
awareness of the existence of this sequence variant in a patient may offer valuable
insights for the selection of an appropriate freatment. It is perfinent to underscore that
the variant in the MTHFR gene was identified as a consequence of its association with
cardiovascular disease and thus incorporated into the WES analyses.

The present study was conducted on a small study group in order to ascertain
whether the integration of clinical data and those obtained from advanced molecular
studies could be a suitable direction for larger-scale research. It is hypothesized that
significant information could be provided by studies divided into subgroups according
to comorbidities. which would allow an aftempt to determine whether the most
frequently detected variants or their complex interactions cause a significant increase
in the risk of developing ovarian cancer. The study was performed on archival
material. It was not possible to integrate the results obtained with information on
patients’ response to treatment and survival time. The patients in the study group are
of Polish origin: however. it should be noted that even within a single nation. there
exist subpopulations with varying frequencies of the genetic variants.

5. Conclusion

Ovarian cancer is unquestionably one of the most thoroughly characterized
cancers at the molecular level. Nevertheless. there is a lack of liferature concerning the
interaction of somatic and germline variants and the molecular connection to the
pathogenesis of comorbidities.

It has been demonstrated that the integration of NGS analysis results with patient
clinical data yields valuable insights and emphasizes the distinctive nature of each
clinical case. This approach has the potential to markedly enhance diagnostic accuracy
and the selection of appropriate treatment in the context of personalized medicine. The
identification of hitherto uncharacterized sequence variants in ovarian cancer, present
in both tissue and blood. may prompt a rethink of the approach to classifying cancer
as hereditary. Furthermore. it is crucial to consider the existence of molecular
differences across populations and to take into account the varying frequencies of
specific genetic variants. It is crucial to consider the genetic burden of lifestyle-related
comorbidities in ovarian cancer when developing prevention strategies. Additionally,
it 1s vital to emphasize the significance of obfaining a comprehensive medical history
from patients by healthcare professionals and educating them on the importance of the
information they provide for their diagnostic and therapeutic processes. as well as for
their families.
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It is our contention that the utilization of the potential afforded by contemporary
molecular biology. specifically NGS technology. including both panel tests and WES.
coupled with an individualized and comprehensive approach to each medical case.
constitutes a cornerstone of personalized medicine. This approach has the potential to
confer substantial benefits to the health of patients and to enhance the efficiency of
healthcare systems. It is our belief that establishing a molecular-level correlation
befween comorbidities and cancer would significantly enhance our understanding of
the disease, thereby facilitating the development of dedicated tests to assess
susceptibility to cancer within a given population. However. further studies in larger
cohorts are needed to confirm the clinical utility of performing NGS technology on a
broad scale.
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10 Streszczenie w jezyku polskim

Rak jajnika stanowi powazny problem dotyczacy zdrowia kobiet na calym $wiecie.
Pomimo postepu jaki dokonat si¢ w medycynie w ostatnich latach nadal przewidywany jest
wzrost zar6wno liczby zachorowan, jak i zgondw z powodu tej choroby. Nowotwor najczesciej
diagnozowany jest w zaawansowanym stadium, gdy opcje terapeutyczne sa ograniczone.
Poprawa skutecznosci diagnostyki i1 leczenia kobiet z rakiem jajnika stanowi wyzwanie
wspotczesnej medycyny. Wielkie nadzieje daje, cieszaca si¢ coraz wiekszg popularnoscia,
medycyna spersonalizowana, ktorej koncepcja opiera si¢ na indywidualnym podejsciu do
kazdego przypadku klinicznego. Pojawienie si¢ i dynamiczny rozwoj zaawansowanych technik
badawczych, takich jak sekwencjonowanie NGS, umozliwitlo poznanie charakterystyki
molekularnej wielu nowotworow w tym raka jajnika. Wyniki badan ujawnily znaczng
heterogennos¢ guzow, pomimo tego samego rozpoznania histopatologicznego. Poznanie
patogenezy choroby na poziomie molekularnym stato si¢ podstawa do opracowania terapii
celowanych stosowanych w leczeniu HGSOC — najczgstszego podtypu raka jajnika. Kolejnym
istotnym aspektem w walce z ta chorobg jest identyfikacja os6b z grupy wysokiego ryzyka
wystgpienia nowotworu. Wykrycie predyspozycji rodzinnych, mozliwe dzigki wykonaniu
badan genetycznych, pozwala na objecie pacjenta opieka medyczna 1 programami
profilaktycznymi. Istnieje nieustajaca potrzeba poszukiwania wiarygodnych biomarkerow
pozwalajacych na kwalifikacje kobiet do leczenia a takze prognozowania skutecznosci

zastosowanej terapii oraz pozwalajacych na ocene ryzyka zachorowania na raka jajnika.

Celem badan byla identyfikacja wariantéw sekwencyjnych linii somatycznej oraz
germinalnej w genach zwigzanych z kancerogeneza mogacych przyczyniaé si¢ do rozwoju
HGSOC oraz wariantow w genach zwigzanych 2z chorobami wspdtistniejacymi.
Przeprowadzono zaawansowane badania genetyczne w technologii NGS oraz dokonano
kompleksowego przegladu historii medycznej pacjentek, aby wyloni¢ nowe potencjalne
biomarkery predyspozycji genetycznych i kwalifikacji do leczenia. Wykonano testy panelowe
ukierunkowane na regiony genéw o potwierdzonej roli w procesie nowotworzenia w celu
wykrycia wariantow somatycznych. Natomiast do identyfikacji wariantéw sekwencyjnych o
charakterze germinalnym postuzono si¢ analiza WES, w ktorej oprocz regionéw kodujacych
genow zaangazowanych w kancerogeneze skupiono si¢ réwniez na genach powigzanych z

chorobami wspotistniejgcymi.
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W wyniku integracji danych uzyskanych z sekwencjonowania oraz informacji zawartych
w historii medycznej pacjentek odnosnie choréb nowotworowych w rodzinie wykryto nowe
potencjalne warianty mogace powodowac rozwdj raka jajnika. Ponadto zidentyfikowano
zmiany genetyczne o charakterze germinalnym w genach zwigzanych z chorobami
wspotistniejagcymi. Wykorzystanie zaawansowanych metod biologii molekularnej dostarcza
niezwykle cennej wiedzy o ztozonos$ci patomechanizmu choroby, ktora jest niezbgdna do

opracowywania nowych strategii leczniczych i diagnostycznych.
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11 Streszczenie w jezyku angielskim

Ovarian cancer represents a significant women's health concern on a global scale. Despite
the advances that have been made in medicine in recent years, a projected increase in both the
number of cases and deaths from the disease has been predicted. The diagnosis of cancer is
most often made at an advanced stage, by which time treatment options have become limited.
The challenge of modern medicine lies in the improvement of the efficiency of diagnosis and
treatment of women with ovarian cancer. The concept of personalised medicine, which is
gaining popularity, is predicated on an individual approach to each clinical case. The advent
and subsequent rapid development of advanced research techniques, such as NGS sequencing,
has enabled the molecular characterisation of numerous cancers, including ovarian cancer. The
study's findings indicated significant heterogeneity among the tumours, despite the uniform
histopathological diagnoses. The molecular pathogenesis of the disease has provided the
foundation for the development of targeted therapies for the treatment of HGSOC, the most
prevalent subtype of ovarian cancer. Another significant element in the battle against cancer is
the identification of individuals with a high risk of developing the disease. The capacity to
discern familial predisposition, facilitated by genetic testing, enables patients to access
healthcare services and preventive programmes. There is an ongoing need to search for reliable
biomarkers that allow women to qualify for treatment and also to predict the effectiveness of

the therapy used and allow assessment of the risk of ovarian cancer.

The objective of the present study was to identify somatic and germline sequence variants
in genes associated with carcinogenesis that may contribute to the development of HGSOC, as
well as variants in genes associated with comorbidities. A suite of advanced genetic tests was
conducted, utilising NGS technology. Concurrently, a thorough evaluation of the patients'
medical histories was undertaken to discern novel, hitherto undiscovered biomarkers that could
potentially serve as indicators of genetic predisposition and the suitability for specific treatment
modalities. Panel tests targeting regions of genes with a confirmed role in tumourigenesis were
performed to detect somatic variants. Conversely, WES analysis was utilised to identify
germline sequence variants, with a particular emphasis on genes associated with comorbidities,

in addition to the coding regions of genes implicated in carcinogenesis.

The integration of data obtained from next-generation sequencing and the analysis of
patients' medical histories, particularly concerning the presence of cancer within their families,

has led to the identification of novel potential variants that may be associated with ovarian

50



cancer. Furthermore, germline genetic alterations in genes linked to comorbidities were
identified. The application of sophisticated molecular biology methodologies engenders
profoundly valuable insights into the intricacies of the pathomechanism of the disease, a

prerequisite for the formulation of novel therapeutic and diagnostic strategies.
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Informacja o charakterze udzialu wspolautoréw w publikacji:

wDiagnostics and treatment of ovarian cancer in the era of precision medicine - opportunities
and challenges” autorow: Patrycja Aleksandra Buklaho, Joanna Kisluk, Jacek Niklinski,

opublikowanej w Front Oncol, 2023 Sep 6;13:1227657
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Bialystok, 02.06.2025
dr n.med. Joanna Kisluk

Zaklad Klinicznej Biologii Molekularnej
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

w»Diagnostics and treatment of ovarian cancer in the era of precision medicine - opportunities
and challenges” autor6w Patrycja Aleksandra Buklaho, Joanna Kisluk, Jacek Niklinski,
opublikowanej w Frontiers in Oncology, wchodzacej w sklad rozprawy doktorskiej
~ldentyfikacja interakcji istotnych molekularnie wariantéw sekwencyjmych o charakterze
somatycznym i germinalnym u pacjentek z niedziedzicznym i dziedzicznym rakiem jajnika przy
wykorzystaniu multigenowych testow panelowych oraz sekwencjonowania caloeksomowego w
technologii NGS” polegat na analizie i ocenie manuskryptu oraz opiece merytoryczne;.

Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Patrycie Aleksandre Buktaho

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o
zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 02.06.2025
prof. dr hab. n.med. Jacek Niklinski
Zakiad Klinicznej Biologii Molekularnej
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Bialystok

Oéwiadczenie

Oswiadczam, iz mdj udzial w przygotowaniu publikacji:

wDiagnostics and treatment of ovarian cancer in the era of precision medicine - opportunities
and challenges” autorow Patrycja Aleksandra Bukiaho, Joanna Kidluk, Jacek Niklinski,
opublikowanej w Frontiers in Oncology, wchodzacej w skiad rozprawy doktorskiej
wldentyfikacja interakeji istotnych molekularnie wariantow sekwencyjnych o charakterze
somatycznym i germinalnym u pacjentek z niedziedzicznym i dziedzicznym rakiem jajnika przy
wykorzystaniu multigenowych testéw panelowych oraz sekwencjonowania caloeksomowego w
technologii NGS” polegat na analizie i ocenie manuskryptu oraz opiece merytorycznej.

Jednoczesnie wyrazam zgodg na wykorzystanie przez mgr Patrycje Aleksandre Bukltaho
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o
zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 02.06.2025
dr n.med. Joanna Kisluk
Zaklad Klinicznej Biologii Molekularnej
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz méj udzial w przygotowaniu publikacji:

wIntegration of clinical data with results from next-generation sequencing technology used to
detect somatic and germline variants in patients with high-grade serous ovarian cancer”
autoréw Patrycja Aleksandra Buklaho, Joanna Kisluk, Witold Bauer, Jacek Niklinski,
opublikowanej w Journal of Biological Regulators and Homeostatic Agents, wchodzacej w
sklad rozprawy doktorskiej . J/dentyfikacja interakcji istotnych molekularnie wariantéw
sekwencyjnych o charakterze somatycznym i germinalnym u pacjentek z niedziedzicznym i
dziedzicznym rakiem jajnika przy wykorzystaniu multigenowych testéw panelowych oraz
sekwencjonowania caloeksomowego w technologii NGS™ polegat na opracowaniu metodologii,
przeprowadzeniu badan, weryfikacji wynikéw, analizie i ocenie manuskryptu oraz opiece
merytoryczne;.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez mgr Patrycije Aleksandre Buktaho
publikacji w post¢powaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o
zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 02.06.2025
dr n.med. Witold Bauer
Centrum Badan Klinicznych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Bialystok

Os$wiadczenie

Oéwiadczam, iz méj udzial w przygotowaniu publikacji:

»Integration of clinical data with results from next-generation sequencing technology used to
detect somatic and germline variants in patients with high-grade serous ovarian cancer”
autoréw Patrycja Aleksandra Bukiaho, Joanna Kisluk, Witold Bauer, Jacek Niklinski,
opublikowanej w Journal of Biological Regulators and Homeostatic Agents, wchodzacej w
skiad rozprawy doktorskiej .[dentyfikacia interakcji istotnych molekularnie wariantéw
sekwencyjnych o charakterze somatycznym i germinalnym u pacjentek z niedziedzicznym i
dziedzicznym rakiem jajnika przy wykorzystaniu multigenowych testéw panelowych oraz
sekwencjonowania caloeksomowego w technologii NGS™ polegal na opracowaniu metodologii
oraz weryfikacji wynikow.

Jednocze$nie wyrazam zgode na wykorzystanie przez mgr Patrycje Aleksandre¢ Bukiaho
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o
zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 02.06.2025
prof. dr hab. n.med. Jacek Niklinski
Zaktad Klinicznej Biologii Molekularnej
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Bialystok

Oéwiadczenie

Oswiadezam, iz mdj udziat w przygotowaniu publikacji:

»Integration of clinical data with results from next-generation sequencing technology used to
detect somatic and germiine variants in patients with high-grade serous ovarian cancer”
autorow Patrycja Aleksandra Buklaho, Joanna Kisluk, Witold Bauer, Jacek Niklinski,
opublikowanej w Journal of Biological Regulators and Homeostatic Agents, wchodzacej w
sklad rozprawy doktorskiej ,J/dentyfikacja interakcji istotnych molekularnie wariantéw
selowencyjnych o charakterze somatycznym i germinalnym u pacjentek z niedziedzicznym i
dziedzicznym rakiem jajnika przy wykorzystaniu multigenowych testow panelowych oraz
sekwencjonowania caloeksomowego w technologii NGS” polegal na analizie i ocenie
manuskryptu oraz opiece merytorycznej.

Jednoczesnie wyrazam zgodg na wykorzystanie przez mgr Patrycje Aleksandre Buklaho

publikacji w post¢gpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o
zdrowiu w dyscyplinie nauki medyczne.
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15 Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Bialystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Bialystok, 20.01.2022 r.

Uchwata nr: APK.002.54.2022

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (t.j. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, po zapoznaniu si¢
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice - wyraza zgode¢ naprowadzenie tematu badawczego:
.Zaawansowana analiza molekularna nowotworowych guzow litych™ przez
prof. dr hab. Jacka Niklinskiego wraz z zespotem badawczym z UMB.

Planowany okres realizacji od 20.01.2022 r. do 31.12.2025 r.

Z-tPrzewodni acej Kor
dr .MtofChr

7{1 Bigetycznej przy UMB

Pouczenie
1. Odwolanie od uchwaly komisji bioetyezne) wyrazajgeej opinig moze wniesc:
1) wnioskodawca;
2) kierownik podmiotu, w ktorym eksperyment medyezny ma by¢ przeprowadzony,
3) komisja bivetvezna wiasciwa dla oSrodka, ktéry ma uczestniczyé w wieloo$rodkawym eksperymencie medycznym
2. Odwolanie, o ktrym mowa w ust. |, wnosi si¢ za posrednictwem komisji bioetyezne), ktéra podjela uchwale, do Odwolawcze) Komisji
Bioetycznej w terminie 14 dni od dnia dorgczenia uchwaly wyrazajgcej opinig.
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