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Podékovani

Rada bych podékovala v§em kolegiim a spolupracovnikiim, ktefti se v pritbéhu uplynulych
let podileli na projektech prezentovanych v této habilitacni praci. VétSina vysledki
vznikla diky mezioborové spolupraci odbornikii riznych specializaci a byla by
nemyslitelna bez otevieného sdileni znalosti, zkuSenosti a spolecného usili o rozvoj
gynekologické onkologie.

Zcela zvlastni podékovani patti prof. MUDr. Vitu Weinbergerovi, Ph.D., s nimZ jsem
méla moZnost sdilet profesni cestu od pocatkii svého piisobeni v oblasti gynekologické
onkologie. Dékuji za dlouholetou podporu, diivéru, inspiraci a spolupraci pti budovani
odbornych i vyzkumnych aktivit, které vyznamné ovlivnily mé profesni smérovani.

Velmi dékuji také MUDr. Jitce Hausnerové, Ph.D., za dlouholetou odbornou i lidskou
podporu, nescetné odborné diskuse, cenné pripominky a spolupraci pii realizaci rady
vyzkumnych projektt.

Mé podékovani patii rovnéz vSem kolegiim, ktefi se podileji na péci o pacientky s
gynekologickymi malignitami ve Fakultni nemocnici Brno. KaZdodenni spoluprace
klinickych onkologli, onkogynekologli, patologli, radiologli, radia¢nich onkologd,
molekularnich biolog(, specializovanych sester a dalSich odbornikli predstavuje nejen
zaklad kvalitni péce o pacientky, ale také zdroj odborné inspirace a novych vyzkumnych
otazek.

Velmi si vazim rovnéZ spoluprace se cleny Mezioborové pracovni skupiny pro
onkogynekologii FN Brno, kolegy z Masarykovy univerzity, Centra precizni onkologie FN
Brno a partnerskych pracovist v Ceské republice i zahrani¢i. MoZnost podilet se na
spole¢nych klinickych a transla¢nich projektech vyznamné prispéla k mému odbornému
i védeckému rozvoji.

V neposledni fadé dékuji své rodiné za trpélivost, podporu a pochopeni béhem
celého obdobi, kdy tato prace vznikala. Jejich zdzemi, povzbuzeni a dliivéra pro mé byly
nepostradatelné a umoznily mi vénovat se vedle klinické prace také védecké ¢innosti.



STRUKTURA TEXTU PRACE

Tuto habilita¢ni praci tvori soubor 10 publikovanych praci, jejichz autorkou nebo
spoluautorkou je uchazecCka. Publikované prace jsou vloZeny v PDF formatu, tedy
v grafické podobé a jazyku odpovidajicim jejich plvodnimu casopiseckému nebo
kniZnimu vydani. Jednotlivé prace jsou uvedeny kratkymi shrnujicimi komentari vcetné
hodnoty impakt faktoru a poctu citaci ve Web of Science, jsou-li tyto ddaje k dispozici.
Komentare jsou také propojeny dopliiujicim textem, ktery jednotlivé publikace uvadi do
kontextu se soucasnym stavem poznani.
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KOMENTAR

PredloZend habilita¢ni prace je sestavena jako komentovany soubor publikaci
vénovanych problematice prognostickych a prediktivnich markert u gynekologickych
zhoubnych nadorii. Zatazené prace vznikaly v pribéhu posledniho desetileti a
dokumentuji postupny vyvoj odborného a védeckého zaméfeni autorky v oblasti
gynekologické onkologie. Spolecnym jmenovatelem vSech publikaci je snaha o lepsi
pochopeni biologické podstaty gynekologickych malignit a o vyuziti ziskanych poznatk
k individualizaci diagnostickych a l1é¢ebnych postupli. V poslednich dvou desetiletich
doslo v onkologii k zasadnimu posunu od tradi¢niho hodnoceni klinicko-patologickych
charakteristik nddort k integraci molekuldrnich a genetickych informaci, které stale
vyznamnéji ovliviiuji diagnostické i terapeutické rozhodovani. Pravé tento vyvoj
predstavuje zakladni ramec predloZené habilitacni prace.

Vyznamna cast prezentovanych vyzkumnych aktivit byla realizovana v ramci
Mezioborové pracovni skupiny pro onkogynekologii Fakultni nemocnice Brno, ktera
vznikla s cilem propojit klinickou péci s vyzkumnou c¢innosti a vytvoftit platformu pro
spolupraci Klinickych onkologli, onkogynekologli, patologli, molekularnich biologg,
radiologli, radiacnich onkologli a dalSich odbornosti. Mezioborova spoluprace
predstavuje nezbytny predpoklad moderniho klinického vyzkumu a umoZiiuje efektivni
prenos novych poznatkii mezi laboratornim a klinickym prostredim. Vytvoieni této
platformy vyznamné prispélo k rozvoji fady vyzkumnych projektli zamérenych na
biologické charakteristiky gynekologickych nadorti a jejich klinické souvislosti.

Prvni tematicky okruh habilita¢ni prace je vénovan karcinomu endometria. Toto
onemocnéni predstavuje nejcastéjsi gynekologickou malignitu ve vyspélych zemich a v
poslednich letech prosSlo zasadni proménou, zejména diky zavedeni molekularni
klasifikace. Ta vyznamné doplnila tradi¢ni klinicko-patologickou stratifikaci pacientek
v dobé diagnézy podle miry rizika recidivy a umoZnila presnéjsi odhad prognozy, vétsi
individualizaci lé¢ebnych postupi a v nékterych piipadech také predikci 1é¢ebné
odpovédi.

Publikace zatazené do této Casti prace se zaméruji na klinicky vyznam molekularni
klasifikace, moZnosti jeji implementace do béZné klinické praxe a vyuziti molekuldrnich
markeri pri rozhodovani o rozsahu operacni 1é¢by. Vyznamnou soucast téchto aktivit
predstavovala také mezinarodni spoluprace v ramci European Network of Individualized
Treatment in Endometrial Cancer (ENITEC), ktera umoznila zapojeni do projektt
zamérenych na validaci molekularné zalozenych prognostickych modelt a jejich vyuziti v
kazdodenni klinické praxi.

Druhy tematicky celek je vénovan karcinomu ovaria. Navzdory pokrokiim v
gynekologickych malignit a vyznamnym klinickym problémem zlistava zejména primarni
nebo ziskana rezistence k systémové 1éc¢bé. Publikace zarazené do této Casti prace se
zabyvaji studiem novych prognostickych a prediktivnich markert, zejména proteinu
Schlafen 11 (SLFN11), exprese PD-L1 a alteraci genu SMARCA4. Tyto prace prispély k
lepSimu pochopeni biologické heterogenity onemocnéni, mechanismi 1é¢ebné odpovédi
i vzniku rezistence k protinadorové lécbé. Soucasné reflektuji rostouci vyznam
nadorového mikroprostiredi a interakci mezi nddorovymi a imunitnimi bunikami, které
predstavuji jednu z klicovych oblasti soucasného onkologického vyzkumu.
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Postupné se vyzkumné aktivity autorky rozsitily také o problematiku komplexniho
genomového profilovani nadort a precizni onkologii. Zavedeni metod sekvenovani nové
generace umoznilo identifikovat molekularni alterace s potencidlnim terapeutickym
vyznamem a otevrelo cestu k SirSimu vyuziti cilené 1é¢by u pacientek s gynekologickymi
malignitami. Soucasti prezentovanych aktivit bylo rovnéZ hodnoceni vyznamu
genomového profilovani u pacientek z béZné praxe i posouzeni klinické a terapeutické
vyuzitelnosti identifikovanych molekuldrnich alteraci. Tyto prace dokumentuji postupny
piechod od studia jednotlivych biomarkert ke komplexnimu molekuldrnimu pohledu na
nadorové onemocnéni.

Soucasné s vyzkumem biomarkerti byla vyznamna c¢ast aktivit vénovana
implementaci novych poznatkl do klinické péce. Vedle vlastnich vyzkumnych projektti se
autorka podilela na zavadéni novych lécebnych postupi do Klinické praxe, tvorbé
odbornych doporuceni a realizaci klinickych studii. Zvlastni pozornost byla vénovana
hodnoceni novych moZnosti systémové 1écby gynekologickych malignit a jejich uplatnéni
v Kklinické praxi. Tyto aktivity predstavuji prirozené propojeni védecké prace s
kazdodenni péci o pacientky a odrazeji presvédcent, Ze hlavnim cilem klinického vyzkumu
neni pouze generovani novych poznatkii, ale predevSim jejich vyuziti ve prospéch
pacientek.

PredloZeny soubor publikaci dokumentuje postupny vyvoj vyzkumnych aktivit
autorky od studia jednotlivych prognostickych a prediktivnich markera az po integraci
molekuldrnich informaci do diagnostiky a 1écby gynekologickych malignit. Soucasné
odrazi dlouhodobou snahu o propojeni klinické a vyzkumné ¢innosti a o implementaci
novych poznatkii do kaZdodenni péce o pacientky s gynekologickymi nadory. Do
predkladané habilita¢ni prace nebyly zarazeny vSechny publikace autorky, ale pouze
vybrané prace zvolené s ohledem na jejich tematickou ndvaznost na predmét habilitacni
prace a schopnost odrazZet odborny a védecky vyvoj autorky. Zarazené studie predstavuji
prace, na jejichZ nadvrhu, ziskdvani a analyze dat, interpretaci vysledkd, pripravé rukopist
a/nebo celkovém védeckém smérovani se autorka vyznamnym zptsobem podilela.

V nasledujici ¢asti jsou uvedeny bibliografické udaje vybranych publikaci spolu s
charakteristikou podilu autorky na jednotlivych studiich.



COMMENTARY

The submitted habilitation thesis is presented as a commented collection of publications
focused on prognostic and predictive biomarkers in gynecological malignancies. The
included studies were conducted over the past decade and document the gradual
evolution of the author’s scientific and professional interests in gynecological oncology. A
common theme across the publications is the effort to deepen understanding of the
biological basis of gynecological cancers and to translate newly acquired knowledge into
individualized diagnostic and therapeutic approaches.

Over the past two decades, oncology has undergone a profound transformation,
shifting from the traditional assessment of clinicopathological tumor characteristics
toward the integration of molecular and genetic information, which increasingly
influences both diagnostic and therapeutic decision-making. This development forms the
conceptual framework of the present habilitation thesis.

A substantial portion of the research presented was conducted within the
Multidisciplinary Gynecologic Oncology Working Group at University Hospital Brno. The
group was established to link clinical care with research and to create a collaborative
platform for clinical oncologists, gynecologic oncologists, pathologists, molecular
biologists, radiologists, radiation oncologists, and other specialists. Interdisciplinary
collaboration represents an essential prerequisite for modern clinical research and
enables the effective translation of scientific discoveries from the laboratory into clinical
practice. The establishment of this platform significantly contributed to the development
of multiple research projects focused on the biological characteristics of gynecological
cancers and their clinical implications.

The first thematic section of the thesis is devoted to endometrial cancer. As the most
common gynecological malignancy in developed countries, endometrial cancer has
undergone substantial changes in recent years, particularly with the introduction of
molecular classification. This approach has significantly complemented traditional
clinicopathological risk stratification at the time of diagnosis and has enabled more
accurate prognostic assessment, greater individualization of treatment strategies, and, in
selected situations, prediction of treatment response. The publications in this section
focus on the clinical significance of molecular classification, its implementation in routine
clinical practice, and the use of molecular markers in treatment decision-making. An
important component of these activities was international collaboration within the
European Network of Individualized Treatment in Endometrial Cancer (ENITEC), which
provided opportunities to participate in projects focused on validating molecularly based
prognostic models and applying them in everyday clinical practice.

The second thematic section addresses ovarian cancer. Despite advances in surgical
and systemic treatment, ovarian cancer remains one of the most serious gynecological
malignancies, and both primary and acquired resistance to systemic therapy pose a major
clinical challenge. The publications in this part of the thesis focus on novel prognostic and
predictive biomarkers, particularly Schlafen 11 (SLFN11), PD-L1 expression, and
SMARCA4 alterations. These studies have advanced understanding of tumor
heterogeneity, mechanisms of treatment response, and the development of therapeutic
resistance. They also underscore the growing importance of the tumor microenvironment



and interactions between tumor and immune cells, which are key areas of oncological
research.

Over time, the author’s research expanded to include comprehensive genomic
profiling and precision oncology. The implementation of next-generation sequencing
technologies enabled the identification of molecular alterations with potential
therapeutic relevance and opened new opportunities for targeted treatment in patients
with gynecological malignancies. These activities also included evaluating genomic
profiling in routine clinical practice and assessing the clinical utility and therapeutic
actionability of identified molecular alterations. Collectively, these studies document a
gradual transition from investigating individual biomarkers to a comprehensive
molecular view of cancer.

In parallel with biomarker research, considerable attention was devoted to
translating new scientific findings into clinical care. In addition to conducting research
projects, the author helped introduce novel therapeutic approaches into routine practice,
developed clinical recommendations, and conducted clinical trials. Particular emphasis
was placed on evaluating new systemic treatment options for gynecological malignancies
and their application in everyday clinical practice. These activities represent a natural
integration of scientific research with patient care and reflect the conviction that the
primary goal of clinical research is not only the generation of new knowledge but also its
translation into meaningful patient benefits.

The collection of publications documents the gradual evolution of the author’s
research activities, from the study of individual prognostic and predictive biomarkers to
the integration of molecular information into the diagnosis and treatment of
gynecological malignancies. At the same time, it reflects a long-term effort to bridge
clinical and research activities and to facilitate the implementation of novel scientific
findings into the everyday care of patients with gynecological cancers. The studies
included in the present habilitation thesis do not represent the complete publication
record but rather a selection chosen for their relevance to the topic and their ability to
reflect the author's scientific development. The included studies are those in which the
author made a substantial contribution to study design, data acquisition and analysis,
interpretation of results, manuscript preparation, and/or overall research direction.
Together, these publications constitute the principal scientific outputs that form the basis
of the present habilitation thesis.

Bibliographic records for the selected publications, along with the author's
contribution to each study, are provided below.

[1] WEINBERGER, Vit, Marketa BEDNARIKOVA, Jitka HAUSNEROVA, Petra OVESNA,
Petra VINKLEROVA, Lubos MINAR, Michal FELSINGER, Eva JANDAKOVA, Marta
CIHALOVA and Michal ZIKAN. A Novel Approach to Preoperative Risk Stratification in
Endometrial Cancer: The Added Value of Immunohistochemical Markers. Frontiers In
Oncology [online]. 2019, 9(265, Article 265). ISSN 2234-943X. Available
at: doi:10.3389/fonc.2019.00265

Document Type: Article; IF = 4,848; median IF ONCOLOGY - 3,297; according to IF
ONCOLOGY Q2
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Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
40 20 40 40

[2] BEDNARIKOVA, Marketa, Petra VINKLEROVA, Jana GOTTWALDOVA, Petra

OVESNA, Jitka HAUSNEROVA, Lubos MINAR, Michal FELSINGER, Dalibor VALIK, Zdenka
CERMAKOVA and Vit WEINBERGER. The Clinical Significance of D]J1 and L1CAM Serum
Level Monitoring in Patients with Endometrial Cancer. Journal Of Clinical Medicine
[online]. 2021, 10(12, Article 2640). ISSN 2077-0383. Available at:
doi:10.3390/jcm10122640

Document Type: Article; IF = 4,964; median IF MEDICINE, GENERAL & INTERNAL -
2,982; according to IF MEDICINE, GENERAL & INTERNAL Q2; according to AIS
MEDICINE, GENERAL & INTERNAL Q2

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
70 90 90 90

[3] BEDNARIKOVA, Markéta *(corresponding author)*, ]. HAUSNEROVA, L.
MINAR, R. TASLEROVA, P. VINKLEROVA, L. EHRLICHOVA, ]. TRIZULJAK, I. BLAHAKOVA,
D. PRINC, K. MATULOVA, P. OVESNA, 0. SLABY and V. WEINBERGER. Molecular testing of
endometrial carcinoma in real-world clinical practice; [Molekularni testovani karcinomu
endometria - analyza prvnich zkuSenosti z klinické praxe]. Klinicka Onkologie [online].
2023, 36(3), 215-223. ISSN 0862-495X. Available at: doi:10.48095/ccko2023215
Document Type: Article; Category: Oncology - SJR Q4

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
60 90 90 70

[4] BEDNARIKOVA, M. *(corresponding author)*, M. KOBLIZKOVA, P. OVESNA, .
HAUSNEROVA, L.EHRLICHOVA, M. FELSINGER, M. TOMKOVA, L. MINAR a V.
WEINBERGER. Second and subsequent lines of systemic therapy in endometrial cancer:
A real-world clinical experience; [Druha a vyssi linie systémové lécby karcinomu
endometria - zkuSenosti z realné klinické praxe]. Klinicka Onkologie [online]. 2026, 39
(3), 1-12. ISSN 0862-495X. Available at doi: 10.48095/ccko20261

Document Type: The article was published in Klinickd onkologie on June 15, 2026;
however, as of the application date to initiate the habilitation procedure, it had not
yet been indexed in the Scopus database.

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
90 100 90 100

[5] BEDNARIKOVA, Markéta;
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Vit WEINBERGER; Petra BRETOVA a Lucie
EHRLICHOVA. Endometrial cancer; [Karcinom endometria]. In ZIKAN, Michal.




Onkogynekologie. 1. vyd. Praha: Maxdorf, 2024, s. 159-176. Jessenius. ISBN 978-80-7345-

786-0.

Document Type: Chapter in textbook

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
- 90 80 90

[6] BEDNARIKOVA, Marketa, Jitka HAUSNEROVA, Lucie EHRLICHOVA, Kvetoslava
MATULOVA, Eliska GAZARKOVA, Lubos MINAR and Vit WEINBERGER. Can Schlafen 11
Help to Stratify Ovarian Cancer Patients Treated with DNA-Damaging Agents?. Cancers
[online]. 2022, 14(10, Article 2353). ISSN 2072-6694. Available
at: doi:10.3390/cancers14102353

Document Type: Review; IF = 5,200; median IF ONCOLOGY - 3,600; according to IF
ONCOLOGY Q2; according to AIS ONCOLOGY Q2

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
- 80 90 90

[7] HAUSNEROVA, ], L. EHRLICHOVA, P. OVESNA, K. MATULOVA, J. CHLUBNOVA, V.
WEINBERGER and Markéta BEDNARIKOVA *(corresponding author)*. The role of
Schlafen 11 as a predictive biomarker in ovarian cancer patients treated with platinum-
based chemotherapy - results of the pilot analysis; [Vyznam nového prediktivniho
markeru Schlafen 11 u pacientek s karcinomem ovaria 1é¢enych chemoterapii zalozené
na platinovém derivatu - vysledky pilotni analyzy]. Klinicka Onkologie [online]. 2023, 36,
S127 - S130.ISSN 0862-495X. Available at: doi:10.48095/ccko2023S127

Document Type: Article; Category: Oncology - SJR Q4

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
50 70 80 70

[8] HAUSNEROVA, J., L. EHRLICHOVA, P. OVESNA, E. GAZARKOVA, ]. CHLUBNOVA, K.
MATULOVA, L. MINAR, V. WEINBERGER and M. BEDNARIKOVA *(corresponding
author)*. Pilot analysis of the PD-L1 expression in ovarian cancer patients treated with
platinum-based chemotherapy; [Pilotni analyza exprese PD-L1 u pacientek s ovaridlnim
karcinomem lécenych chemoterapii na bazi platiny]. Klinicka Onkologie. 2022, 35, S135 -
S137.1SSN 0862-495X.

Document Type: Article; Category: Oncology - SJR Q4

Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
50 70 80 70

[9] BEDNARIKOVA, Marketa,
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Jitka HAUSNEROVA, Petra POKORNA, Michal
FELSINGER, Svatopluk RICHTER, Lucie EHRLICHOVA, Jana ORLICKOVA, Lubos MINAR,




Ondrej SLABY and Vit WEINBERGER. SMARCA4-deficient dedifferentiated ovarian
carcinoma with rapid progression during adjuvant platinum-based chemotherapy: a case
report and implications for molecular-driven treatment strategies. Therapeutic Advances

In Medical Oncology [online]. 2025, 17(17588359251376858, Article
17588359251376858). ISSN 1758-8359. Available
at: doi:10.1177/17588359251376858
Document Type: Article; in 2024 IF = 4,200; median IF ONCOLOGY - 2,800;
according to IF ONCOLOGY Q2; according to AIS ONCOLOGY Q2
Experimental Research
work (%) Supervision (%) Manuscript (%) direction (%)
70 90 80 90

[10] POKORNA, Petra, Jana ORLICKOVA, Tana MACHACKOVA, Jitka HAUSNEROVA,
Lucie EHRLICHOVA, Robin JUGAS, Eliska HLOUSKOVA, Alena HOMOLOVA, Sara
VILMANOVA, Julia BOHOSOVA, Kamila SOUCKOVA, Marek SVOBODA, Vit WEINBERGER,
Ondrej SLABY and Marketa BEDNARIKOVA *(corresponding author)*. Genomic
complexity and evolution of high-grade serous ovarian cancer treated with platinum-
based chemotherapy: advancing precision oncology beyond BRCA1/BRCAZ2. Journal Of
Ovarian Research [online]. 2025, 19(1, Article 3). ISSN 1757-2215. Available
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1 Uvod

Gynekologické zhoubné nadory (ZN) predstavuji naddorova onemocnéni postihujici

zensky reprodukéni systém, kterd se tradi¢né rozdéluji podle mista ptivodu na nadory

vaje¢nikd, téla a hrdla déloZniho, pochvy a zevnich rodidel. Kazdoro¢né je v Ceské

republice diagnostikovano vice nez 4000 novych pripadi, ¢imz se tato skupina nadort

fadi vincidenci u Zen na druhé misto, hned za nadory prsu. Priblizné 1500 Zen na tato

onemocnéni rocné umira, coz odpovida tretimu mistu z hlediska mortality (Obr. 1).
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Obr. 1. Ivncidvence a mortalita zhoubnych nadorit u Zen v Ceské republice podle diagnéz (2023). Data: Néarodni onkologicky
registr CR, Cesky statisticky urad (korekce dle NOR).

Gynekologické malignity jako celek zaujimaji 14 % vSech nové diagnostikovanych
pfipadli zhoubnych nadori u Zen a 12 % vSech umrti. Nejcastéjsi gynekologickou
malignitou jsou nadory téla délozniho (47,2 %), nasledované nadory vajecniki (26,5 %),
nadory hrdla déloZniho (18,3 %) a nadory pochvy, resp. zevnich rodidel (8,0 %). Naopak
nejvyssi podil amrti je zaznamenan u zhoubnych nadora vajec¢niki (50,5 %) (Obr. 2).
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Obr. 2. Incidence a mortalita gynekologickych zhoubnych nddorti v kontextu celkové nddorové zdtéze Zen v Ceské

republice (2023). Data: CSU, korekce dle Ndrodniho onkologického registru.
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Z dlouhodobého hlediska je patrny pokles incidence nadort vaje¢nikt a déloZniho
hrdla, zatimco u nadort téla délozniho a pochvy pretrvava spise stabilni vyvoj. Naopak
vzestupny trend nové diagnostikovanych pripadi je pozorovan u nadorti zevnich rodidel.
Mortalita v poslednich letech vykazuje klesajici tendenci u naddort délozniho hrdla a
zevnich rodidel, zatimco u nadori vaje¢nikii, déloZniho téla a pochvy prevazuje spise
setrvaly stav (Obr. 3). Zatéz, kterou gynekologické zhoubné nadory predstavuji pro
systém zdravotni péce v Ceské republice, dale dokladaji tidaje o dlouhodobé nardistajici
prevalenci jednotlivych typt gynekologickych malignit, s vyjimkou nadort délozniho
hrdla (Obr. 4) [1].
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Obr. 3. Dlouhodobé trendy incidence (A) a mortality (B) gynekologickych zhoubnych nddorii v Ceské republice v letech
1993-2023 (absolutni poéty Zen). Data: Ndrodni onkologicky registr CR, Cesky statisticky tifad (korekce dle NOR).
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Obr. 4. Casovy trend prevalence vybranych gynekologickych zhoubnych nddorii v Ceské republice v obdobi 1990-2023
(absolutni pocty Zen): A) zhoubné nddory hrdla déloZniho, B) zhoubné nddory vajecnikii, C) zhoubné nddory téla
délozniho, D) zhoubné nddory zevnich rodidel. Data: Ndrodni onkologicky registr CR, Cesky statisticky tirad (korekce dle
NOR).

Z pohledu etiopatogeneze, mozZnosti prevence, klinického obrazu i prognézy jde o
velmi heterogenni skupinu nadorovych onemocnéni se specifickymi diagnosticko-
lé¢ebnymi postupy pro kazdou jednotlivou topiku. Zietelné rozdily lze pozorovat jiz ve
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vékové distribuci jednotlivych diagnéz. Zatimco zhoubné nadory délozniho hrdla jsou
Castéji diagnostikovany u mladsich Zen (30-49 let), nadory téla déloZniho a zevnich
rodidel postihuji predevsim Zeny vyssiho véku, s maximem vyskytu ve vékové skupiné
60-79 let u nadort téla délozniho, resp. 70 a vice pro nddory zevnich rodidel. Zhoubné
nadory vajec¢nikii se mohou vyskytovat ve v§ech vékovych kategoriich, nejvyssi incidence
je vSak pozorovana u Zen ve véku 50-79 let (Obr. 5).

VEKOVA DISTRIBUCE GYNEKOLOGICKYCH ZN V CR
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Obr. 5. Vékovd distribuce vybranych gynekologickych zhoubnych nddorti v dobé diagnézy u Zen v Ceské republice (absolutni
pocty Zen). Data: Ndrodni onkologicky registr CR, Cesky statisticky tirad (korekce dle NOR).

Prestoze vétsSina gynekologickych zhoubnych nadori vznika sporadicky, geneticka
dispozice se podili na vzniku priblizné 15 % karcinom? vajec¢nik, nejcastéji v souvislosti
se zarode¢nymi mutacemi genti BRCA1 a BRCAZ2, a 5 % karcinomli endometria v ramci
Lynchova syndromu. Vyznamnou roli v etiopatogenezi nékterych gynekologickych
malignit hraje také infekce lidskym papilomavirem (human papillomavirus; HPV). Ta je
zasadnim rizikovym faktorem zejména pro nadory délozniho hrdla (90-95 %) a podili se
rovnéz na vzniku ¢asti nadord pochvy (65-80 %) a zevnich rodidel (priblizné 60 %).
Karcinom déloZniho hrdla je zaroven jedinou gynekologickou malignitou, pro kterou je
v Ceské republice zaveden celoplo$ny screeningovy program. Ten je zaloZen na
cytologickém a kolposkopickém vySetieni déloZzniho hrdla a umozZnuje zachyt i 1écbu
prekanceréznich 1ézi. Vyznamny posun v prevenci karcinomu déloZniho hrdla i dalSich
HPV-asociovanych malignit predstavuje rovnéz ockovani proti HPV, které spolu
se screeningem vyznamné prispivd k dlouhodobému poklesu incidence tohoto
onemocnéni (Obr. 3A).

Spektrum dalSich rizikovych faktor asociovanych se vznikem gynekologickych
zhoubnych nadori se rovnéz lisi podle jejich organového plivodu. Napiiklad stavy
spojené se zvySenou estrogenni stimulaci jsou povazovany za vyznamny predispozi¢ni
faktor zejména pro nejcastéjsi histologicky typ karcinomu endometria, tedy
endometroidni karcinom. Vy$si poCet ovulaci je spojovan se zvySenym rizikem karcinomi
vajecnikl, zatimco faktory vedouci ke sniZeni poctu ovulaci, jako jsou téhotenstvi nebo
uzivani hormonalni antikoncepce (HAK), maji protektivni efekt. Z faktort Zivotniho stylu
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je prokazan rizikovy vliv koufeni zejména pro karcinomy délozniho hrdla, pochvy a
zevnich rodidel, naproti tomu rizikové sexualni chovani je spojovano predevsSim se
zvySenym rizikem infekce HPV a ndslednym vznikem karcinomu délozniho hrdla. Obezita
a dalsi metabolické determinanty jsou asociovany predevsim s vySSim rizikem vzniku
karcinomu endometria a v mensi mife také karcinomu vaje¢nikii. Pfredchozi ozareni
panve je spojovano zejména se vznikem sekundarnich nadort, v€etné sarkomi délohy a
nékterych nadora pochvy (Tabulka 1).

Tabulka 1: Prehled vybranych etiologickych a rizikovych faktorii spojenych se vznikem jednotlivych
gynekologickych zhoubnych nddorti.
Upraveno podle ESMO guidelines a FIGO Cancer Reports [2, 3]

Rizikovy faktor ZN délohy  ZN hrdla ZN vajecniku ZN pochvy ZN vulvy
Vék + + + +
HPV infekce + + +
Genetika + (+) +
Estrogenni stimulace T +
Nizsi pocet ovulaci,
HAK (protektivni) +
Koureni + + +
Obezita a metabolické

+ (+)
faktory
Rizikové sexualni

+

chovani
Ozéaieni panve + (+) +

Symbol + oznacuje vyznamnou epidemiologickou asociaci, symbol (+) méné castou nebo slabsi souvislost. HPV - Human
Papillomavirus; HAK - hormondlni antikoncepce; ZN - zhoubné nddory.

RovnéZz symptomatologie v dobé diagnézy neni u gynekologickych zhoubnych
nadorli totoznd. Spolecnym rysem je casto absence priznakd v casnych stadiich
onemocnéni, svyjimkou nadord délozniho téla, u nichZz byva patologické vaginalni
krvaceni zpravidla priznakem jiz v pocatecnich fazich nemoci. U ostatnich nadori je
typicky dlouhodobé bezpiiznakovy pribéh a nastup klinickych potizi az v pokrocilejsich
stadiich. Mezi nejcastéjsi projevy nadort délozniho hrdla a pochvy patri vedle
abnormalniho vaginalniho krvaceni (napriklad po pohlavnim styku nebo v menopauze)
také zapachajici ¢i krvavy vytok a bolesti pti pohlavnim styku nebo v podbiisku. Pfiznaky
nadort vajecniki jsou zpravidla velmi nespecifické; patii mezi né zejména pocity plnosti,
nadymani a zvétSovani objemu bricha souvisejici s rozsifenim nddoru mimo panevni
dutinu. Nadory zevnich rodidel na sebe mohou upozornit napriklad ipornym svédénim
¢i palenim, vznikem hmatné rezistence doprovazené chronickou bolesti, zménami barvy
kiize nebo vytokem a zvétSenim uzlin v tfislech [4-8]. Absence efektivniho screeningu a
pozdni nastup symptomul patii mezi hlavni pric¢iny skutecnosti, Ze az 75 % nadort
vajecnikil je diagnostikovano v pokrocilém stadiu onemocnéni (Obr. 6B). Naopak Casna
symptomatologie nadort téla déloZniho se zdsadnim zplisobem podili na vysokém podilu
casnych stadii v dobé diagndzy u této malignity (Obr. 6A).
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KLINICKA STADIA V DOBE DIAGNOZY V CR
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Obr. 6. RozloZeni klinickych stadii v dobé diagndzy u vybranych gynekologickych zhoubnych nddort v Ceské republice

(absolutni pocty Zen). Data: Ndrodni onkologicky registr CR, Cesky statisticky trad (korekce dle NOR).

Gynekologické zhoubné nadory se odlisuji také z hlediska histomorfologickych
charakteristik a spektra histologickych typi. Ve vSech lokalizacich sice prevazuji
karcinomy jako dominantni skupina nadorti, nicméné jejich zastoupeni a biologické
vlastnosti se vyrazné lisSi. U nadori téla délozniho je nejcastéjsi variantou dobte
diferencovany endometroidni adenokarcinom, ktery piredstavuje 70-80 % vsech piipadt
a jehoz prekancerdzou je endometroidni intraepitelidlni neoplazie (endometrioid
intraepithelial neoplasia, EIN). U nadori vajecnikt prevlada high-grade serézni karcinom
(high-grade serous carcinoma, HGSC), tvorici priblizné 70-75 % nové diagnostikovanych
piipadii a vétSinu Umrti na toto onemocnéni. VétSina téchto nadort vyrasta
z prekurzorovych 1ézi ser6zniho tubarniho intraepitelialniho karcinomu (serous tubal
intraepithelial carcinoma, STIC) lokalizovanych ve vejcovodu. U nddori délozniho hrdla
je dominantnim histologickym typem spinoceluldrni karcinom vyriistajici z dlazdicového
epitelu exocervixu (85-90 %), zpravidla na podkladé skvamozni intraepitelidlni 1éze
(SIL), zatimco adenokarcinomy predstavuji minoritni variantu (10-15 %). Obdobna
situace je u nadorli pochvy a zevnich rodidel, kde rovnéz prevladaji spinocelularni
karcinomy [9].

Obecné zasady lécby gynekologickych zhoubnych nadort vychazeji z obdobnych
principti jako u ostatnich solidnich tumort. Mezi zdsadni 1é¢ebné modality patri chirurgie,
ktera ma vedle terapeutického také zdsadni stagingovy vyznam, tedy umoziiuje presné
stanoveni rozsahu nemoci. Radioterapie jako dalSi lokalni 1é¢ebnda metoda doplnuje,
pripadné v indikovanych ptripadech nahrazuje operacni 1é¢bu. Systémova 1écba zahrnuje
jak standardni chemoterapii, tak i molekularné cilenou lécbu a imunoterapii, které
zaznamenavaji v poslednich letech vyznamny rozvoj vsouvislosti s pokroky v
molekularni biologii nddort. Role systémové 1écby se postupné rozsifuje z plivodné
pirevazné paliativniho ptistupu u pokrocilych stadii také do ¢asnéjsich fazi onemocnéni,
kde se stava nedilnou soucasti 1é¢ebnych postupli umoznujicich dlouhodobou kontrolu
nemoci a v fadé pripadt i jeji iplné vyléceni.
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Zasadnim faktorem ovliviiujicim prognézu jednotlivych typl gynekologickych
zhoubnych nadorli je stadium onemocnéni vdobé diagnézy. Zatimco pacientky
diagnostikované v prvnim stadiu dosahuji pétiletého preZiti kolem 90 %, ve druhém
stadiu klesa pribliZzné na 70 %, ve tfetim se pohybuje mezi 30-50 % a ve ¢tvrtém stadiu
zpravidla nepfesahuje 20 %. V Ceské republice je v priibéhu poslednich let patrny trend
ke zlepSovani preziti napric jednotlivymi stadii onemocnéni (Obr. 7). Na tomto vyvoji se
podili zejména optimalizace chirurgické 1écby, zdokonalovani radioterapeutickych
postupii a rozsirujici se dostupnost moderni systémové 1écby.
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A. ZN téla déloZniho B. ZN vajeéniki

+ 19951998 () 1 2000-2004 () . 2005-2009 () () 2010-2014%) () 2015-2019 (k) 4 2020-2022(p) 100 + 1995-1500 () [ 2000-2004 () . 2005-2000 () () 2010-2014 () () 2015-2010 ik

90

+

5leté relativni preiti [%)]

v3echna stédia stadium 1 stadium 2 stadium 3 stacium 4 viechna stadia stadium 1 stadium 2 stadium 3 stadium 4

C. ZN délozniho hrdla

<} 1995-100 k) 1N 2000-2004 (k) . 2005-2008 k) () 2010-2014 () () 2015-2015 (ky 4 2020-2022 (5}

+

Sietd relativni pre2iti (%)
@
3

vEechna stadia stadium 1 stadium 2 stadium 3 stadium 4

Obr. 7. Pétileté relativni preZiti Zen s vybranymi gynekologickymi zhoubnymi nddory v Ceské republice podle stadia v dobé
diagnézy. Data: Ndrodni onkologicky registr CR, Cesky statisticky tiad (korekce dle NOR).

Vedle stadia onemocnéni vdobé diagnézy ovliviiuji prognézu gynekologickych
zhoubnych nadort také dalsi klinicko-patologické faktory, mezi které patii predevsim
histologicky typ a stupen diferenciace (grading). U nadorl vajecnikii predstavuje
vyznamny nezavisly prognosticky faktor dosazeni nulového pooperacniho rezidua (R0),
u nadori délohy jsou vyznamnymi parametry hloubka stromalni invaze nebo pritomnost
lymfovaskularni invaze (lymphovascular space invasion, LVSI) a u nadort pochvy hraje
dtlezitou roli také lokalizace nadoru. Prognézu dale ovliviiuji rovnéz faktory na
strané pacientek, zejména vék a celkovy stav vdobé diagnozy. Prehled vybranych
klinickych, patologickych a laboratornich faktorG ovliviiujicich prognézu nad ramec
klinického stadia u nejcastéjsich gynekologickych zhoubnych nadori shrnuje Tabulka 2.

Tabulka 2: Prehled vybranych Kklinickych, patologickych a laboratornich prognostickych faktorii u
gynekologickych zhoubnych nddorii nad ramec stadia onemocnéni.
Upraveno podle ESMO guidelines a FIGO Cancer Reports [2, 3].

Diagnéza Faktor Typ faktoru Prognosticky vyznam
Délozni télo (karcinomy) LVSI Patologicky Nepftiznivy

Grading Patologicky Nepriznivy

Vék> 60 let Klinicky Nepriznivy
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Délozni hrdlo LVSI Patologicky Nepriznivy
Hloubka stromalni invaze Patologicky Nepriznivy
Velikost tumoru Klinicky Nepriznivy
SCCA Laboratorni Korelace s prognézou
Vajec¢nik (karcinomy) Reziduum po operaci (R+)  Klinicky Nepriznivy
CA125 po lécbé Laboratorni Korelace s prognézou
Vék T Klinicky Nepftiznivy
Vulva Hloubka stromalni invaze Patologicky Nepriznivy
Pozitivni resek¢ni okraje Patologicky Nepriznivy
Multifokalita Patologicky Nepriznivy
Vagina Velikost tumoru> 4 cm Klinicky Nepriznivy
Lokalizace nadoru Klinicky Nepfriznivy

LVSI - lymfovaskuldrni invaze; SCCA - antigen skvamdézniho karcinomu.

Tyto tradi¢ni Kklinicko-patologické parametry vSak nedokaZzi plné postihnout
interindividualni variabilitu biologického chovani nadorG téze lokalizace, stadia,
histologického typu i stupné diferenciace. V poslednich letech se proto do popredi zdjmu
dostava celd rada novych prognostickych markerd, které tyto charakteristiky doplnuji a
poskytuji dalsi informace o molekuldrnich vlastnostech nadorové tkané, jako jsou
poruchy DNA reparace, zmény v regulaci buné¢ného cyklu ¢i aktivace signalnich drah
podporujicich nddorovy rist. Pravé tyto rozdily v molekularnim profilu se zasadnim
zpusobem podileji na variabilité biologického chovani nadort a predstavuji zaklad
soucasného konceptu precizni onkologie. Jejich stanoveni umoziuje presnéjsi stratifikaci
pacientek podle rizika recidivy i celkové progndézy onemocnéni a prispiva k dalsi
individualizaci terapeutického pristupu, v€etné optimalizace rozsahu chirurgické 1é¢by a
indikace adjuvantni terapie. Souhrn klicovych molekularnich a biologickych markerd,
které jiZ v klinické praxi doplnuji tradi¢ni prognostické faktory, je uveden v Tabulka 3.

Tabulka 3: Priehled vybranych molekuldrnich a biologickych prognostickych markerit u gynekologickych
zhoubnych nddorii.
Upraveno podle WHO Classification of Female Genital Tumors a recentnich prehledovych praci [9-11].

Diagndza Marker Typ/alterace Prognosticky vyznam
Ovarium BRCA1/2 Germinalni/somatickd mutace Priznivéjsi progndza
HRD Deficit homologni rekombinace Ptiznivéjsi prognoéza

Endometrium POLE Patogenni mutace v exonukledzové  Prizniva progndza

doméné
MMR deficit MSI-H (molekularné); ztrata Intermediarni prognéza
exprese proteind (IHC)
TP53 mutace Nepftizniva prognéza
ER/PR ztrata exprese (IHC) Nepftizniva prognéza
Cervix HPV status HPV asociovany nador Ptiznivéjsi prognoéza
Vulva HPV status HPV asociovany nador Priznivéjsi progndza
TP53 mutace Neprizniva prognéza
Vagina HPV status HPV asociovany nador Pravdépodobné

vivs
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BRCA1/2 - mutace genil BRCA1/2; HRD - deficit homologni rekombinace; POLE - gen pro polymerdzu epsilon; MMR -
mismatch repair systém; MSI-H - vysokd mikrosatelitovd nestabilita; IHC - imunohistochemie; TP53 - gen TP53; ER -
estrogenové receptory; PR - progesteronové receptory; HPV - lidsky papilomavirus.

Vedle co nejpresnéjSiho stanoveni prognézy onemocnéni nabyva zasadniho
vyznamu také predikce odpovédi na systémovou lécbu. Zakladem systémové l1écby
gynekologickych zhoubnych nadort nadéle ziistavad tradicni chemoterapie, ktera
nespecificky cili na rychle proliferujici buriky a vedle Zadouciho cytotoxického tc¢inku na
nadorové bunky zptlisobuje také fadu nezadoucich ucinkd, jako jsou hematologicka,
slizni¢ni nebo gastrointestinalni toxicita. JiZ od prelomu 70. a 80. let 20. stoleti je
chemoterapie gynekologickych nadort zaloZena na platinovych derivatech, které jsou
v ramci kombinovanych rezimi od 90. let 20. stoleti dopliiovany taxany. Pies dlouholeté
klinické zkuSenosti nebyly dosud identifikovany validované prediktivni markery, které by
umoznily pred zahdjenim 1écby spolehlivé identifikovat pacientky s predpokladanou
odpovédi na chemoterapii. Rada pacientek s primarni nebo ziskanou rezistenci tak
podstupuje neucinnou lécbu zatiZenou fadou nezadoucich ucinkd.

Dlouha desetileti relativné neménné standardy systémové lécby zasadné proménil
nastup cilené 1écby, jejiz mechanismus uc¢inku spociva v zasahu na drovni specifickych
molekularnich struktur nebo signalnich drah, coZ umoZiiuje selektivnéj$i zasah do
nadorového ristu. Také molekularné cilena 1éc¢ba je vsak provazena rizikem vyskytu
nezadoucich ucinkd, jejichz spektrum se Casto lisi od toxicity klasické chemoterapie. Vedle
nesporného zlepseni 1écebnych vysledki tak cilena 1é¢ba prinasi i urcita rizika, zejména
ve smyslu specifické toxicity a vysoké finan¢ni naro¢nosti spojené s vyvojem a vyrobou
téchto inovativnich pripravka. Klinicky vyzkum proto spolu s vyvojem novych 1é¢iv klade
velky dlraz na identifikaci a validaci markert predikujicich 1é¢ebnou odpovéd’, které
umoznuji co nejpresnéjsi vybér pacientek profitujicich z této nakladné 1écby. Prehled
jednotlivych modalit systémové 1écby gynekologickych nadorti a souvisejicich
prediktivnich markert dostupnych v klinické praxi shrnuje Tabulka 4.

Tabulka 4: Prehled prediktivnich markerii pro systémovou lécbu gynekologickych zhoubnych nddorii dostupnych
v klinické praxi.
Upraveno podle recentnich mezindrodnich doporuceni [12-14].

Diagndza Lécebna modalita Prediktivni marker  Klinické vyuZziti

Ovarium Platinova chemoterapie Neni Rozhodovani vychazi z
klinického piedpokladu
senzitivity k platiné

Bevacizumab Neni Indikace na zakladé
klinickych faktora

PARP inhibitory BRCA1/2, HRD Predpoklad vyssi
ucinnosti

Checkpoint inhibitory PD-L1 CPS 21 Selekce pacientek
v konkrétni

terapeutické indikaci

Mirvetuximab FRa=275% Selekce pacientek
v konkrétni

terapeutické indikaci
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Endometrium Platinova chemoterapie Neni Lécba se ridi klinickymi

faktory
Checkpoint inhibitory MMRd; MSI-H Predpoklad vyssi
ucinnosti
Pembrolizumab + lenvatinib Neni Lécba se ridi klinickymi
faktory
Cervix Platinova chemoterapie + Neni Indikace je klinicka
bevacizumab
Checkpoint inhibitory + CHT * PD-L1 CPS 21 Selekce pacientek
bevacizumab v prvnf linii paliativn{
1écby
Checkpoint inhibitory + Neni Indikace v ramci
RT/CHT primarni neoperacni
1éCby
Vulva Chemoterapie / imunoterapie Neni Rozhodovani dle
Klinickych faktori
Vagina Chemoterapie / imunoterapie Neni Rozhodovani dle
Klinickych faktori
Vybrané Anti-HER2 1é¢ba HER?2 pozitivita Selekce pacientek
HER2-pozitivni (IHC/ISH) v konkrétni klinické
nadory situaci

PARP - poly(ADP-ribéza) polymerdza; BRCA - mutace genti BRCA1/2; HRD - deficit homologni rekombinace; MMRd -
deficit mismatch repair; MSI-H - vysokd mikrosatelitovd nestabilita; PD-L1 CPS - kombinované pozitivni skére; FRa -
foldtovy receptor alfa; HER2 - receptor 2 pro epidermdlni ristovy faktor; RT - radioterapie, CHT - chemoterapie; IHC -
imunohistochemie; ISH - in situ hybridizace.

Vzhledem k rostoucimu vyznamu biomarkert v onkologii je nezbytné jednoznacné
definovat pojmy prognostickych a prediktivnich markert, které jsou v odborné literatuie
nékdy pouZivany nepiesné nebo zaménitelné. Jejich spravné vymezeni je klicové pro
spravnou interpretaci vysledkt klinickych studii i raciondlni vyuziti v klinické praxi.
Pojem biomarker v kontextu predikce prognézy a odpovédi na lécbu obecné oznacuje
biologickou proménnou pritomnou vnadoru nebo produkovanou nadorem, jejiz
kvantitativni nebo kvalitativni stanoveni je asociovano sklinickym pribéhem
onemocnéni. Biomarkery mohou byt stanovovany riznymi metodami, nejCastéji
chemickymi, imunologickymi nebo molekuldrné-biologickymi. Podle analyzovaného
biologického materialu, ve kterém jsou detekovany, rozliSujeme markery solubilni a
tkaniové nebo bunécné. Zatimco solubilni markery jsou vySetfovany nejcastéji v krvi
(napt. antigeny CA125 nebo SCCA), tkanové nebo buné¢né markery jsou vazany primo na
nadorovou tkan, resp. nadorové bunky (napr. exprese proteinu p53 nebo hormonalnich
receptorti ER/PR) [15].

Prognosticky marker informuje o pravdépodobnosti preZiti nebo riziku recidivy
nezavisle na aplikované 1écbé. I kdyZ muiZe mit 1é¢ba srovnatelny efekt bez ohledu na
piitomnost nebo absenci markeru, jeho priikaz odrazi biologické chovani nadoru. Stejné
tak v situacich bez protinadorové 1é¢by maji pacientky s pritomnosti markeru odliSnou
prognézu neZ pacientky bez jeho prikazu. Prikladem molekuldrnich prognostickych
markeri u gynekologickych zhoubnych nadori jsou mutace genu TP53 nebo
exonukleazové domény genu POLE u karcinomu endometria (Tabulka 3).
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Prediktivni markery jsou na rozdil od prognostickych markeri spojeny s odpovédi
na konkrétni 1éCebny zasah, pricemz efekt 1éCby se vyznamné lisSi mezi pacientkami
s pritomnym markerem a bez néj [16]. Piikladem prediktivniho markeru
v onkogynekologii je priikaz defektu v systému oprav chybného parovani bazi, vyjadieny
ztratou imunohistochemické exprese nékterého z proteini mismatch repair systému
(mismatch repair deficiency; MMRd) nebo pritomnosti vysoké mikrosatelitové nestability
(microsatellite instability, MSI-h), viz Tabulka 4.

V kontextu vyuZziti nddorovych markert v klinické praxi je v§ak nutné piripomenout,
Ze jejich déleni na prognostické a prediktivni se mize v radé klinickych situaci stirat.
Ackoliv existuji markery s prevazné prognostickym nebo prediktivnim vyznamem, cela
fada markerti ma vyznam kombinovany a miZe byt vyuzita jak pro odhad prognézy
onemocnéni, tak pro predikci u€inku 1é¢by. Prikladem jsou mutace v genech BRCA1/2
nebo deficit homologni rekombinace u karcinomu vaje¢nikdi, které jsou spojeny
s priznivéjSi prognézou a zaroven predikuji vySsi ucinnost cilené 1écby inhibitory
poly(ADP-rib6za) polymerazy (PARP). Naopak, priikaz overexprese receptoru HER2 je u
gynekologickych nadorG vyuzivan predevSim jako prediktivni marker pro vybér
pacientek vhodnych k anti-HER2 cilené 1écbé.

Nartstajici vyznam prognostickych a prediktivnich markert odrazi Sirsi zménu
paradigmatu v onkologii, kdy se pozornost piresouva od uniformniho ptistupu k1écbé
smérem kjeji vétSi individualizaci. Dynamicky se vyvijejicilécebné postupy
v gynekologické onkologii v poslednich letech tento trend plné reflektuji. Vzhledem ke
komplexnosti problematiky a mnozstvi faktort ovliviiujicich volbu optimalni sekvence
diagnostickych a terapeutickych modalit by méla byt strategie 1é¢by u konkrétni
pacientky, at' jiz v dobé diagndzy nebo pfi recidivé onemocnéni, vzdy diskutovana v ramci
mezioborového tymu za Ucasti relevantnich odbornosti. Individualni doporucent se snaZzi
zohlednit veskera dostupna data tykajici se jak charakteristik nddorového onemocnéni,
tak i celkového stavu a preferenci pacientky.

Pres veSkeré pokroky zlistava klinické rozhodovani zatiZzeno urcitou mirou nejistoty,
a to i presto, Ze vychazi zkombinace dostupnych diikazii a klinickych zkuSenosti.
V klinické praxi tak casto celime situacim, kdy jsou pacientky zatiZeny nadmérné
agresivni lécbou, kterou by pri presnéjsi predikci prognézy nemusely podstupovat, nebo
naopak 1é¢bou nedostatecné ucinnou. SouCasné pretrvavaji skupiny pacientek, jejichZ
onemocnéni i pres primarni lécbu podavanou v souladu s platnymi doporucenimi
recidivuje a které musi nasledné podstupovat ¢asto velmi naro¢nou i nakladnou 1é¢bu, jeZ
je prinejmensim docasné vyrazuje z béZného Zivota.

V souvislosti s pokracujici klinickou potirebou dal$iho prohlubovani znalosti o
biologické povaze gynekologickych nadort ve vztahu kjejich diagnostice a 1écbé byl
vroce 2015 ve Fakultni nemocnici Brno iniciovan vznik Mezioborové pracovni skupiny
pro onkogynekologii (MPS OG) pod vedenim autorky této prace. Jejim cilem bylo propojit
odborniky rtznych specializaci podilejicich se na péci o pacientky s gynekologickymi
malignitami a vytvorit platformu pro rozvoj klinického a translacniho vyzkumu v této
oblasti.

V priibéhu nasledujicich let se MPS OG stala zdkladem Fady vyzkumnych aktivit
zaméfenych na studium prognostickych a prediktivnich markerti, molekularni
charakterizaci gynekologickych naddort a moZnosti individualizace protinddorové 1écby.
Clanky zahrnuté a komentované v této habilitaéni praci predstavuji vysledky odborné,
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védecké a pedagogické Cinnosti autorky, na nichZ se zdsadnim zplisobem podilela a které
vznikly v ramci této vyzkumné platformy.

Cilem habilita¢ni prace je zhodnotit klinicky vyznam vybranych prognostickych a
prediktivnich markerti a posoudit jejich piinos pro rozhodovani pri poskytovani
diagnosticko-1écebné péce v klinické praxi. Prace je rozdélena do dvou hlavnich casti.
Prvni je vénovana karcinomu endometria, nejcastéjSimu gynekologickému zhoubnému
nadoru, druha karcinomu ovaria, ktery predstavuje gynekologickou malignitu s nejvyssi

mortalitou.
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2 Karcinom endometria: prognostické a prediktivni
markery

Karcinom endometria se fadi mezi nddorova onemocnéni s celkové priznivou prognézou.
Primérné pétileté preziti Zen s touto diagnézou presahuje 80 % (Obr. 7), coz je
podminéno zejména diagnostikou v ¢asnych stadiich u 75 % vSech pripadl (Obr. 6), a to
predevsim v disledku c¢asného nastupu symptomatologie v podobé abnormalniho
gynekologického krvaceni. Nicméné priblizné ctvrtina pacientek je diagnostikovana
s lokalné pokrocilym nebo diseminovanym onemocnénim, u nichZ pétileté preziti
nepresahuje 50 % (Obr. 7). Navic 5-30 % pripadi recidivuje i pres inicialni Casné
stadium, coz odrazi limitovanou ucinnost primarni 1écby u ¢asti nemocnych [17, 18].

Zasadni 1écebnou modalitou karcinomu endometria je chirurgicka lécba, ktera ma
soucasné stagingovy vyznam. V pripadé diagnézy v asném stadiu, kdy je nador omezen
na délohu a pacientky maji nizké riziko recidivy, je samotny operacni vykon povazovan
za dostateCnou lécbu, protoZe riziko recidivy nepresahuje 5 %. Od stredniho rizika je
doporucovana adjuvantni radioterapie ke sniZeni rizika lokalnich recidiv, chemoterapie
ke sniZeni rizika vzniku vzdalenych metastdz, pripadné kombinace obou metod.
Samostatnd radioterapie s kurativnim zdmérem predstavuje alternativu pro pacientky, u
nichZ je chirurgicka lé¢ba kontraindikovana.

V pripadé lokalné pokrocilého nebo metastatického onemocnéni v dobé diagndzy je
zpravidla volen kombinovany lé¢ebny ptistup. Chirurgickou 1é¢bu zvazujeme vzdy, pokud
je redlné dosdhnout nulového pooperacniho rezidua za cenu akceptovatelné perioperacni
morbidity. V ramci systémové 1écby jsou k dispozici chemoterapie, hormondlni 1écba i
molekuldrné cilend terapie. Radioterapie miiZe byt vyuzita bud pooperacné v ramci
komplexni 1é¢by, nebo samostatné s paliativnim zamérem ke kontrole lokalni
symptomatologie [13, 19, 20].

2.1 Predikce rizika recidivy v dobé diagnozy

Stanovent rizika recidivy u pacientek s nové diagnostikovanym karcinomem endometria
predstavuje zakladni nastroj pro individualizaci primarni lécby, jejimZ cilem je
minimalizovat riziko recidivy pri soucasném omezeni nadbytecné l1éCebné zatézZe.
Pravidla pro rozdéleni pacientek do rizikovych skupin definuji evropska doporuceni pro
diagnostiku a lé¢bu karcinomu endometria, vznikajici na zakladé konsensu odbornych
spolecnosti zastupujicich klicové obory podilejici se na péci o tyto pacientky. Tato
doporuceni, priibézné aktualizovana v navaznosti na nové poznatky, predstavuji zaklad
pro tvorbu narodnich doporuceni Ceské onkologické spole¢nosti [21].

Zakladem stanoveni rizika recidivy je kombinace klinicko-patologickych faktord,
zejména klinického stadia, histologického typu, gradingu a pritomnosti lymfovaskularni
invaze. Klinické stadium definuje rozsah nadoru vdobé diagnézy podle jeho
anatomického Sireni, tzv. stagingu. Pro gynekologické nadory predstavuje mezinarodné
akceptovany systém stagingu Kklasifikace FIGO (International Federation of Gynecology
and Obstetrics). Kritéria pro zarazeni do jednotlivych stadii podle verze FIGO pro staging
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karcinomu endometria pouZivané pied integraci molekuldrni klasifikace pochazeji z roku
2009 a jsou uvedena v Tabulka 5 [22].

Tabulka 5: FIGO 2009 klasifikace pro stanoveni klinického stadia u karcinomu endometria pouZivand pred
integraci molekuldrni klasifikace

Stadium Definice
I Nador omezen na télo délozni
1A Nador omezen na endometrium nebo postihuje <% tloustky myometria
1B Nador postihuje = % tlouStky myometria
11 Nador postihuje cervikalni stroma
111 Lokalni a/nebo regionalni Sireni
I11A Nador postihuje serézu délohy nebo adnexa
I11B PostiZeni pochvy nebo parametrif
I1IC PostizZeni regionalnich panevnich nebo paraaortalnich lymfatickych uzlin
1\% Invaze nddoru do okolnich organi nebo vzdalené metastazy
IVA Nador postihuje sliznici mo¢ového méchyie nebo stieva
IVB Vzdalené metastazy

Ke klicovym patologickym faktorlim ovliviiujicim riziko recidivy patfi histologicky
typ nadoru a stupeni diferenciace (grading). Nej¢astéjsSim histologickym typem karcinomu
endometria je endometroidni adenokarcinom, jehoz low-grade varianta (drive dobie a
stredné diferencovany, tj. grade 1 a 2) je zpravidla spojena s priznivym biologickym
chovanim a velmi dobrou prognézou. Naproti tomu high-grade endometroidni
adenokarcinomy (grade 3) a non-endometroidni histologické typy, zejména serdzni,
svétlobunécné, nediferencované a dediferencované Kkarcinomy, jsou spojeny s
agresivnéjSim biologickym chovanim a nepiiznivéjsi prognézou. Zjednoduseny piehled
hlavnich histologickych typtli karcinomu endometria uvadi Tabulka 6 [9].

Tabulka 6: Histologické typy karcinomu endometria (upraveno dle WHO C(Classification of Female Genital
Tumours)

Histologicky typ Cetnost
Endometroidni karcinom ~ 80-85%
Ser6zni karcinom ~5-10%
Svétlobunécny karcinom 1-5%
Nediferencovany/dediferencovany karcinom 2%

Ostatni (vzacné):
SmiSeny karcinom, mesonephric-like adenokarcinom, skvamoézni karcinom, mucinézni karcinom

(intestinalni typ), karcinosarkom

Vedle klinického stadia, histologického typu a stupné diferenciace (gradingu) je
dalSim zasadnim patologickym faktorem ovliviiujicim prognézu karcinomu endometria
lymfovaskuldrni invaze (LVSI), definovana jako pritomnost nadorovych bunék
v lymfatickych a/nebo krevnich cévach peritumoralniho stromatu. Je spojena s vySSim
rizikem metastatického postiZeni lymfatickych uzlin, recidivy onemocnéni i horsi
progndzou.
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2.2 Rizikové skupiny pfed integraci molekularni klasifikace

V klinické praxi se riziko recidivy u pacientek s nové diagnostikovanym karcinomem
endometria posuzuje ve dvou krocich: nejprve predoperacné na zakladé histologie
z diagnostické biopsie a vysledkii zobrazovacich metod pro stanoveni rozsahu primarni
chirurgické 1é¢by, nasledné pooperacné podle definitivniho histopatologického nalezu
pro indikaci adjuvantni 1écby.

V dobé zahajeni védecko-vyzkumné ¢innosti MPS OG byly pacientky rozdélovany do
skupin podle miry rizika recidivy vyhradné na zakladé kombinace klinicko-patologickych
prognostickych faktord, tj. klinického stadia, histologického typu, gradingu a pritomnosti
lymfovaskularni invaze (viz kapitola 2.1). Zakladem chirurgické 1é¢by bylo, podobné jako
v soucasnosti, provedeni hysterektomie s bilaterdlni adnexektomii, ktera byla
v indikovanych ptipadech doplnéna stagingovym vykonem k posouzeni stavu panevnich
a paraaortalnich lymfatickych uzlin; u serézniho karcinomu byla rovnéz indikovana
omentektomie. Staging miznich uzlin byl provadén systematickou panevni a paraaortalni
lymfadenektomii. Tento vykon byl spojen s vyznamnym zvySenim rizika perioperacni i
pooperacni morbidity, zejména v diisledku prodlouzeni operacni doby, vyssiho rizika
poranéni cévnich a nervovych struktur nebo mocovodu a zvySeného vyskytu
pooperacnich komplikaci, v¢etné infekci, lymfokél, chronického lymfedému dolnich
koncetin a panevni bolesti.

Evropska doporuceni pro indikaci rozsahu chirurgické 1é¢by rozdélovala pacientky
na zakladé vysledku biopsie a predoperacniho stagingu do tii skupin. U pacientek s
nizkym rizikem recidivy, tj. endometroidnim adenokarcinomem grade 1-2 a povrchovou
invazi do myometria (<50 %), bylo doporuc¢eno provedeni samotné hysterektomie
s bilateralni adnexektomii. U pacientek ve stfednim riziku, tedy v pripadé
endometroidniho adenokarcinomu grade 1-2 s hlubokou invazi do myometria (=50 %)
nebo grade 3 a povrchovou invazi, bylo doporuceno zvaZzit rozsSifreni vykonu o
systematickou panevni a paraaortalni lymfadenektomii. U pacientek s vysokym rizikem,
tj. s endometroidnim adenokarcinomem grade 3 a hlubokou invazi do myometria nebo
non-endometroidnim histologickym typem, bylo provedeni systematické panevni a
paraaortalni lymfadenektomie povaZovano za standardni soucast chirurgického stagingu.
Rozdéleni pacientek do jednotlivych rizikovych skupin na zakladé predoperacniho
stagingu shrnuje Tabulka 7 [19].

Tabulka 7: Rozdéleni pacientek s karcinomem endometria do rizikovych skupin na zdkladé predoperacniho
stagingu podle evropskych doporuceni (2015)

Riziko Charakteristika
Nizké e Stadium IA, endometroidni karcinom grade 1-2
Stiredni e Stadium IA, endometroidni karcinom grade 3

e Stadium IB, endometroidni karcinom grade 1-2

Vysoké e Stadium IB, endometroidni karcinom grade 3

e Non-endometroidni typ

Po operaci nasledovalo prehodnoceni rizika recidivy na zakladé vysledku
definitivniho histopatologického vysSetieni, kdy jiZ byla zndma i pfitomnost nebo absence
lymfovaskularni invaze (LVSI). Na zakladé kombinace klinického stadia, histologického
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typu, gradingu a LVSI byly pacientky rozdéleny do péti rizikovych skupin (Tabulka 8),
které predstavovaly zakladni voditko pro indikaci pooperac¢ni 1écby. Pouze u pacientek
s nizkym rizikem byl samotny operacni vykon povaZovan za dostatecnou lécbu; u
pacientek se stfednim a vyS$Sim rizikem byla doporu¢ovana nasledna adjuvantni 1écba ve
formé radioterapie, chemoterapie nebo jejich kombinace [19].

Tabulka 8: Rozdéleni pacientek s karcinomem endometria do rizikovych skupin na zdkladé definitivniho
histopatologického vyseti‘eni pro indikaci adjuvantni 1é¢by
Upraveno podle evropskych ESMO/ESGO/ESTRO doporuceni, 2015

Riziko Charakteristika

Nizké e Stadium IA, endometroidni karcinom grade 1-2, LVSI negativni
Stiredni e Stadium IB, endometroidni karcinom grade 1-2, LVSI negativni
Vyssi stiredni e Stadium IA, endometroidni karcinom grade 3, bez ohledu na LVSI

e Stadium [, endometroidni karcinom grade 1-2 s piitomnosti LVSI

(bez ohledu na hloubku invaze)

Vysoké e Stadium IB, endometroidni karcinom grade 3, bez ohledu na LVSI
e Stadium II
e Stadium III, endometroidni karcinom bez makroskopického
rezidua

e Non-endometroidni karcinom

Pokrocilé nebo e Stadium III s makroskopickym reziduem po operaci

metastatické onemocnéni e Stadium IV

2.3 Tkanové prognostické markery a riziko recidivy

Stanoveni rizika recidivy na zakladé klinicko-patologickych faktorii nebylo dostate¢né
presné. Priblizné 20 % pacientek zarazenych do nizkého rizika po operaci zrecidivovalo,
zatimco u ¢asti pacientek Kklasifikovanych jako vysoce rizikové vedla primarni lécba
k dlouhodobé kontrole onemocnéni. Sohledem na rizika spojend s provedenim
systematické panevni a paraaortalni lymfadenektomie, zejména u cCasto obéznich
pacientek s ¢etnymi komorbiditami, bylo z klinického hlediska zasadni co nejptresnéjsi
zarazeni do rizikovych skupin jizZ v dobé diagnézy pred indikaci rozsahu operace, aby se
predeslo jak nadmérné zatéZujici operacni 1é¢bé, tak i podhodnoceni rizika s naslednym
nedostatecnym rozsahem lécby [23, 24].

Jednou z cest ke zpresnéni predikce rizika recidivy je identifikace prognostickych
markeri vysetritelnych v nddorové tkani ziskané diagnostickou biopsii. Pozornost byla
zamérena zejména na markery stanovitelné imunohistochemicky, tedy metodikou béZzné
dostupnou v rutinni histopatologické praxi s dobou odezvy v radu dni. Mezi tkanové
markery se znamym prognostickym vyznamem u karcinomu endometria patii stav
proteinu p53, exprese estrogenovych a progesteronovych receptorti (ER, PR), resp.
molekuly bunécné adheze L1 (L1CAM).

Gen TP53 patri mezi klicové regulatory bunécného cyklu a strazce integrity genomu.
Jeho produkt, protein p53, se podili na zastavé bunéc¢ného déleni a indukci apoptézy
v odpovédi na poskozeni DNA. Mutace vedouci k porusSe funkce p53 patfi mezi nejCastéjsi
genetické alterace v lidskych nadorech [25, 26]. U karcinomu endometria je mutace TP53
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typicka zejména pro non-endometroidni karcinomy, predevSim pro serézni karcinom.
Asociace mezi imunohistochemickym priikazem abnormalni exprese p53 a nepiiznivou
prognézou karcinomu endometria ve smyslu krat$i doby do progrese i celkového preziti
byla popsana jiz v 90. letech minulého stoleti [27, 28].

Vysoka exprese estrogenovych a progesteronovych receptorii (ER, PR) je naopak
typickd pro hormonalné dependentni karcinomy endometria, predevsim dobre
diferencované endometroidni adenokarcinomy, a je spojena s dobrou prognézou. Naproti
tomu ztrata exprese ER a PR je asociovdna s nepriznivou prognoézou, a to jak u
endometroidnich, tak i non-endometroidnich karcinomu [29, 30].

Molekula bunécné adheze L1 (L1-Cell Adhesion Molecule; L1CAM) je membranovy
glykoprotein z rodiny imunoglobulinli, ktery je vyznamnou soucasti procest
umoziujicich migraci a adhezi nadorovych bunék. Imunohistochemicky prikaz
overexprese L1CAM v bunkach karcinomu endometria je spojen s krat$i dobou do
progrese onemocnéni i celkovym preZitim a byva castéjsi u non-endometroidnich
karcinomi [31, 32].

Navzdory prokazanému prognostickém vyznamu markerd p53, ER, PR i L1CAM u
karcinomu endometria validovanému na multicentrickych retrospektivnich studiich
realizovanych jak na vzorcich tumori pacientek zarazenych do randomizovanych
Klinickych studii, tak i z redlné klinické praxe, nemély tyto poznatky v dobé zahajeni
védecko-vyzkumné Cinnosti MPS OG Zadny dopad na tehdy platna klinicka doporuceni
pro stratifikaci pacientek podle miry rizika v dobé diagnoézy.

2.3.1 Vlastni pfinos k problematice

V roce 2015 jsme v ramci MPS OG iniciovali projekt, jehoZ cilem bylo ovérit, zda zaclenéni
markeri ER, PR, L1CAM a p53 umozni zptesnit odhad rizika recidivy jiZ pred indikaci
operacni 1é¢by u pacientek s nové diagnostikovanym karcinomem endometria oproti
tehdejsi klinické praxi, kdy bylo riziko stanovovdno vyhradné na zakladé vysledki
klinického stagingu a histologického typu, resp. gradingu nadoru z diagnostické biopsie.
Imunohistochemické vysetieni markert bylo provadéno prospektivné standardizovanou
metodikou v ramci rutinniho histopatologického vySetreni. Pred statistickou analyzou
bylo provedeno druhé cteni vysledkli histologie i imunohistochemie expertnim
gynekopatologem.

Vysledky studie prokazaly, Ze zarazeni imunohistochemickych markert do
stavajicitho klinicko-patologického modelu vede k vyznamnému zlepSeni presnosti
preoperacni stratifikace pacientek. Zejména doSlo ke zvySeni senzitivity detekce
pacientek ve vysokém riziku z 48 % na 75,8 % a ke zlepSeni negativni prediktivni hodnoty
z 66 % na 78,9 %, pri zachovani srovnatelné specificity. Jako klicCové parametry nového
modelu se ukazaly exprese L1CAM, progesteronového receptoru a hloubka invaze do
myometria. Vysledky soucasné potvrdily prognosticky vyznam jednotlivych markerd, kdy
nizka exprese ER a PR, zvySend exprese L1CAM a pritomnost aberantni exprese p53 byly

Z Kklinického hlediska predstavuje zdsadni prinos studie skutecnost, Ze zaclenéni
markerii reflektujicich biologickou povahu nadoru kdosud wuzivanym Kklinicko-
patologickym parametrim umoziiuje vétsi individualizaci pri rozhodovani o rozsahu

vvvvv
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jiZ v dobé diagndézy miZe vést k adekvatni indikaci stagingovych vykont, vcetné
lymfadenektomie, a naopak umoZznit vyhnout se nadmérné zatéZujici 1écbé u pacientek s
nizkym rizikem. NavrZeny model tak predstavuje krok smeérem k individualizaci
lécebného pristupu zaloZeného na biologickych charakteristikach nadoru.

Priloha 1: A Novel Approach to Preoperative Risk Stratification in Endometrial Cancer:
The Added Value of Immunohistochemical Markers

WEINBERGER, Vit, BEDNARIKOVA, Marketa, HAUSNEROVA, Jitka, OVESNA, Petra,
VINKLEROVA, Petra, MINAR, Lubos, FELSINGER, Michal, JANDAKOVA, Eva, CIHALOVA,
Marta a ZIKAN, Michal. Frontiers in Oncology. 2019, 9, 265. ISSN 2234-943X.
doi:10.3389/fonc.2019.00265

IF = 4,848; median IF ONCOLOGY - 3,297; according to [F ONCOLOGY Q2

Typ prispévku: ptivodni prdce

Vlastni prinos autorky: koncept studie, identifikace vhodnych pacientek, klinickd
interpretace statistickych analyz a spoluautorstvi rukopisu
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Background: The current model used to preoperatively stratify endometrial cancer
(EC) patients into low- and high-risk groups is based on histotype, grade, and imaging
method and is not optimal. Our study aims to prove whether a new model incorporating
immunohistochemical markers, L1CAM, ER, PR, p53, obtained from preoperative biopsy
could help refine stratification and thus the choice of adequate surgical extent and
appropriate adjuvant treatment.

Materials and Methods: The following data were prospectively collected from
patients operated for EC from January 2016 through August 2018: age, pre- and
post-operative histology, grade, lymphovascular space invasion, L1CAM, ER, PR, p53,
imaging parameters obtained from ultrasound, CT chest/abdomen, final FIGO stage, and
current decision model (based on histology, grade, imaging method).

Results: In total, 132 patients were enrolled. The current model revealed 48% sensitivity
and 89% specificity for high-risk group determination. In myometrial invasion >50%,
lower levels of ER (p = 0.024), PR (0.048), and higher levels of LICAM (p = 0.001)
were observed; in cervical involvement a higher expression of L1CAM (p = 0.001), lower
PR (p = 0.014); in tumors with positive LVSI, higher L1ICAM (p = 0.014); in cases with
positive LN, lower expression of ER/PR (o < 0.001), higher LICAM (p = 0.002) and
frequent mutation of p53 (p = 0.008).

Cut-offs for determination of high-risk tumors were established: ER <78% (p = 0.001),
PR <88% (p = 0.008), and L1CAM >4% (p < 0.001). The positive predictive values
(PPV) for ER, PR, and L1CAM were 87% (60.8-96.5%), 63% (52.1-72.8%), 83%
(70.5-90.8%); the negative predictive values (NPV) for each marker were as follows: 59%
(54.5-63.4%), 65% (65.6-74.0%), and 77% (67.3-84.2%). Mutation of p53 revealed PPV
94% (67.4-99.1%) and NPV 61% (56.1-66.3%). When immunohistochemical markers
were included into the current diagnostic model, sensitivity improved (48.4 vs. 75.8%,
p < 0.001). PPV was similar for both methods, while NPV (i.e., the probability of
extremely low risk in negative test cases) was improved (66 vs. 78.9%, p < 0.001).
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Conclusion: We proved superiority of new proposed model using immunohistochemical
markers over standard clinical practice and that new proposed model increases
accuracy of prognosis prediction. We propose wider implementation and validation of

the proposed model.

Keywords: endometrial cancer, ER, imaging method, L1CAM, PR, preoperative biopsy, p53, risk stratification

INTRODUCTION

Endometrial carcinoma (EC) is one of the most common female
cancers. It predominantly has a favorable prognosis, due to the
early onset of signs and symptoms such as postmenopausal
bleeding or spotting, which lead to early-stage diagnosis in
most patients and five-year overall survival rates of up to 85%
(1). However, 20% of those EC patients who are estimated to
be at low risk of recurrence will nevertheless recur while up
to 50% of those designated “high-risk” will not (2, 3). It is
clear the prognostic markers currently used (FIGO stage, tumor
subtype, and histological grade) are far from optimal in terms
of preoperative stratification of patients into low- or high-risk
groups regarding surgical planning and adjuvant treatment.

One of the currently used prognostic markers is FIGO
stage. This is obligatory and determined by transvaginal
ultrasound of the pelvis (US). Computed tomography (CT) of
the chest and abdomen is an imaging method of choice and
is routinely used to exclude retroperitoneal lymphadenopathy
and metastases in parenchymal organs. The other prognostic
markers, histotype, and grade of tumor differentiation, are
assessed from a biopsy obtained either by dilatation and curettage
of the uterus or by hysteroscopy. Based on the established
FIGO stage, histotype, and tumor grade, patients are divided
into two groups regarding the recurrence risk. Low-risk patients
are treated with surgery alone, consisting of hysterectomy
and bilateral salpingo-oophorectomy, while high-risk patients
undergo more aggressive surgical treatment, including pelvic
(PLN) and/or paraaortic lymphadenectomy (PALN) with or
without adjuvant radiotherapy or chemotherapy. An aggressive
therapeutic approach is associated with significantly higher side
effects, such as increased blood loss, risk of thrombosis, infection,
lymphoceles, lymphatic ascites, and lymphedema (4, 5).

The discovery of new histotype-specific and prognostic
biomarkers for better stratification into high- or low-risk EC
seems to be urgently needed in order to avoid over- or
undertreatment of EC patients. The results of studies on potential
new biomarkers assessed immunohistochemically (IHC), related
to EC patient prognosis, were recently published. L1 cell adhesion
molecule (LICAM) overexpression and the loss of estrogen
receptors (ER) and/or progesterone receptors (PR) are associated
with poor prognosis and a high risk of relapse and death (6-
9). Mutations of the tumor protein p53 are associated with
L1CAM expression, but not universally (10). However, to our
best knowledge, neither the significance of LICAM, ER, and PR
expression nor knowledge of their relevant cut-offs together with
determination of p53 mutation status in preoperative biopsies
for pretreatment stratification into low- or high-risk have been

established yet. No IHC biomarkers from preoperative biopsy
are currently routinely used in the decision-making process for
EC management.

The purpose of this study was to evaluate the clinical
usefulness and added value of preoperatively assessed IHC
biomarkers L1CAM, ER, PR, and p53 in differentiation
between low- and high-risk EC patients through comparison
of the current clinical practice model with a proposed
model that includes immunohistochemical markers. The
secondary objective of our study was to evaluate the
correlation of IHC biomarkers with specific clinical (according
to preoperative ultrasound and CT chest/abdomen) and
pathological parameters.

PATIENTS AND METHODS

Patients

Patients undergoing surgical treatment for histologically proven
or suspicious EC in the oncogynecological center of University
Hospital Brno, Czech Republic, from January 2016 to August
2018 were consecutively included. The study was approved by the
Institutional Ethical Board as was a version of written informed
consent regarding tissue and clinical data use for scientific
purposes obtained from each eligible patient.

Preoperative Imaging

All patients underwent a clinical examination, preoperative
ultrasound staging examination, and CT of the chest/abdomen
according to the local guidelines (11, 12). Each patient
underwent both a transabdominal and a transvaginal US scan
within 14 days before a board discussion led by one of
the two oncogynecologists experienced in the field of US
diagnostics in gynecologic oncology. Each US examination
was immediately described in a written report; these reports
were used for study analysis. Descriptions and examination
reports were based on the standards applied by our center
(13). During US staging examination of the uterine cavity,
myometrium and cervix and pelvic lymph nodes were carefully
assessed in every patient to describe the local extent of the
tumor (14, 15).

Each patient underwent a CT scan of the chest, abdomen,
and pelvis within 14 days before board discussion and admission
to the operating theater. CT was performed with oral and
intravenous contrast in order to exclude bowel wall implants,
parenchymatous metastasis, and pathological lymphadenopathy.
When lymph nodes measured >1cm in the shorter axis or
morphological changes as a rounded shape or necrosis were
observed, tumor involvement was marked as suspicious.
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Risk Stratification and Clinical

Management
The extent of the surgery was determined by the
multidisciplinary board after dividing patients into the

low- or high-risk group based on clinical staging and the
preoperative histopathological examination and determination
of the histotype and grading. The low-risk group was defined as
endometrioid or mucinous carcinoma TNM stage cT1a or cT1b,
grade 1 and/or endometrioid or mucinous carcinoma TNM
stage cT1la, grade 2, all without clinical or imaging evidence of
lymphadenopathy (cNO) or distant metastases (cMO). Patients
were defined as high-risk unless these low-risk criteria were
met. Type A radical hysterectomy with bilateral salpingo-
ophorectomy was performed in all patients (16). Systematic
pelvic and paraaortic lymphadenectomy was performed in
the high-risk group only; in high-grade serous uterine cancer
cases, total omentectomy and appendectomy were added to the
staging procedure. The definitive histopathological examination
was provided by one of three pathologists with experience in
gynecological malignancies and contained data about stage,
histotype, and grade, lymphovascular space involvement (LVSI),
and measures of the [HC expression of markers LICAM, ER, PR,
and p53. Based on final histopathological findings, the patients
were once again stratified into low- or high-risk groups based on
the same preoperative criteria (i.e., irrespective of known IHC
status of ER, PR, LICAM, and p53) and, thereafter, decisions
regarding adjuvant treatment and follow-up were made by the
multidisciplinary board.

Clinical Data

Age, results of US and CT scan with respect to depth of
myometrial invasion, cervical involvement, lymphadenopathy,
parenchymal organ involvement, and pathological data from
biopsies (histotype, grading, IHC status of LICAM, ER, PR, p53)
were recorded.

Tissue and Immunohistochemistry

Analysis

All hematoxylin and eosin-stained slides were read by one
of three experienced gynecological histopathologist to confirm
histological subtype, grade, and (definitive excision specimen)
stage and the presence or absence of LVSL The evaluator
was blinded to patient characteristics. All specimens were
assessed according to the WHO Classification of Tumors
of Female Reproductive Organs, 2014 (17). No additional
later review of the slides was performed for the purpose
of this study because it would not copy our real clinical
practice. Immunohistochemical staining was performed on
formalin-fixed and paraffin-embedded (FFPE) tissue sections.
Immunohistochemistry for ER (clone SP1, product no. RBK
018-05, Zytomed, dilution 1:300), PR (clone 16, product no.
NCL-L-PGR-312, Novocastra, dilution 1:80), LICAM/CD171
(clone 14.10, product no. 826701, BioLegend, dilution 1:100), and
p53 (clone DO-7, product no. M7001, DAKO, dilution 1:300)
were performed using an automatic immunostainer (BenchMark
Ultra, Ventana Medical Systems, Tucson, AZ, USA) according

to the manufacturer’s instructions. For ER, PR, and p53, only
nuclear staining was scored as positive. Positivity of LICAM was
defined as distinct membrane staining. For ER, PR, and LICAM,
the percentage of positive tumor cells was assessed. p53 was
classified into wild type or mutant (excessive = strong diffuse
overexpression in more than 90% of tumor cells or completely
negative) phenotypes. Representative microphotographs of the
expression of estrogen receptor (ER), progesterone receptor (PR),
L1CAM and p53 in serous (high risk) and grade 1 endometrioid
(low risk) carcinoma are shown in Figures 1A-H.

Statistical Analysis

Categorical data were summarized using absolute and relative
frequencies and compared by Fisher’s exact test. Continuous
variables were summarized as median with 10 and 90™ percentile
and tested by the Mann-Whitney U-test.

A model for the best classification of final risk was built
using the CHAID growing method with crossover validation.
Misclassification cost for wrongly determining high-risk patients
as low-risk was set twice higher because of the preference for the
correct high-risk group EC patient determination.

The success of risk-group classification was evaluated using
four standard measures: (i) sensitivity is the ability of the test to
correctly identify those with an occurrence of the assessed marker
(true positive rate), whereas (ii) specificity is the ability of the test
to correctly identify those without an occurrence of the assessed
marker (true negative rate), (iii) positive predictive value (PPV) is
the probability that the marker is present when the test is positive,
whereas (iv) negative predictive value (NPV) is the probability
that the marker is not present when the test is negative. All these
statistics were accompanied by 95% confidence intervals (CI).

The comparison of sensitivities and specificities of the two
binary diagnostic tests in a paired study design was performed
using McNemar’s test with continuity correction. Differences in
(positive and negative) predictive values of two binary diagnostic
tests were tested using a generalized score statistic proposed by
Leisenring, Alonzo, and Pepe (18). All tests were performed as
two-sided at the significance level 0.05. Analyses were done in
IBM SPSS Statistics and R.

RESULTS

Clinical and Histopathological

Characteristics

From January 2016 to August 2018, 132 patients underwent
surgical treatment for EC in the oncogynecological center
of University Hospital Brno, Czech Republic, and have been
consecutively enrolled in the study. The median age was 66 years.
According to ultrasound and CT staging, before operation 95
patients (72%) were evaluated as FIGO stage IA, while 25 (19%)
were stage IB, 5 (4%) stage II, 3 (2%) stage III, and 4 (3%) were
at an unknown stage. Preoperative biopsy was available for all
132 patients; 102 patients had endometrioid cancer, of whom 50
(49%) had endometrioid or mucinous carcinoma grade 1 (EG1),
45 (44%) grade 2 (EG2), 6 (6%) grade 3 (EG3), and one had a non-
diagnostic grade. Seventeen (13%) patients were diagnosed with
non-endometrioid carcinoma (NEC). Furthermore, there were
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FIGURE 1 | Microphotographs showing representative examples of immunohistochemical expression of estrogen receptors (ER), progesterone receptor (PR), L1CAM
and p53 in tissue specimens of endometrial carcinomas. Magnification 100x. (A) Complete negativity of ER expression in serous carcinoma with 0% cells positive; (B)
Complete negativity of PR expression in serous carcinoma with 0% cells positive; (C) Strong diffuse membranous positivity of L1CAM expression in serous carcinoma
with 100% cells positive; (D) p53 nuclear overexpression (mutant pattern) in serous carcinoma; (E) Nuclear positivity of ER expression in grade 1 endometrioid
carcinoma with almost 100% cells positive; (F) nuclear positivity of PR expression in grade 1 endometrioid carcinoma with almost 100% cells positive; (G) complete
negativity of L1CAM expression in grade 1 endometrioid carcinoma with 0% cells positive; (H) p53 wildtype immunohistochemical pattern in grade 1 endometrioid

carcinoma.

eight cases (6%) of endometrial intraepithelial neoplasia (EIN)
in preoperative biopsy (Table1). Based on both histological
and clinical findings, 94 (71%) patients were preoperatively
classified as low-risk and 38 (29%) as high-risk by current
model and, consequently, the recommendation for the extent of
surgery was issued. In the high-risk group, PLN and PALN were
performed for 26 (20%) patients, apart from hysterectomy and
bilateral salpingo-oophorectomy. After the surgical procedure
and definitive histopathological examination, 82 (62%) patients
were at FIGO stage IA, 17 (13%) at FIGO stage IB, 19 (14%) FIGO
stage I1, 12 (9%) FIGO stage I1I and two (2%) with FIGO stage IV.
Regarding endometrioid or mucinous carcinoma grade, 30 (28%)
were at EG1, 69 (65 %) at EG2, 8 (7 %) EG3, 20 (15%) NEC, and 2
(2%) EIN. In contrast to the preoperative risk determination, the

final post-operative stratification in risk groups was as follows: 70
(53%) low-risk patients and 62 (47%) high-risk patients (Table 1).

Immunohistochemical Characteristics

The expression of markers ER, PR, LICAM, and p53
status were immunohistochemically evaluated from the
specimen obtained both by diagnostic procedure and
definitive surgery. The correlation of IHC markers between
preoperative examination and definitive histopathological
findings was statistically significant for all of the evaluated
markers (p < 0.005). In the preoperative specimen, the
expression was evaluable in 98 patients for ER and PR, 97 for
L1CAM, and 98 for p53 mutational status; results are listed
in Table 2.
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TABLE 1 | Patients’ clinical and histopathological characteristics.

Age at diagnosis 66 (50-78) p-value
Histology Preoperative Final specimen
(biopsy or imaging)
Endometrioid 102 (77%) 107 (81%) 0.216
(incl. mucinous)
Non-endometrioid 17 (13%) 20 (15%)
Serous 6 (35%) 2 (10%)
Clear cell 4 (24%) 2 (10%)
Carcinosarcoma 1 (6%) 2 (10%)
Undifferentiated 2 (11%) 3 (15%)
carcinoma
Mixed 4 (24%) 11 (55%)
carcinoma
EIN 8 (6%) 2 (2%)
Non-diagnostic 5 (4%) 3 (2%)
GRADE (ONLY ENDOMETRIOID)
G1 50 (49%) 30 (28%) 0.006
G2 45 (44%) 69 (65%)
G3 6 (6%) 8 (7%)
Non-diagnostic 1 (1%)
MYOMETRIAL INVASION
<50% 96 (73%) 93 (70%) 0.557
>50% 33 (25%) 39 (30%)
Unknown 3(2%)
CERVICAL INVASION
Yes 9 (7%) 24 (18%) 0.015
No 120 (91%) 108 (82%)
Unknown 3(2%)
LYMPHADENOPATHY
Yes 3 (2%) 9 (7%) 0.070
No 129 (98%) 123 (93%)
TUMOR BOARD DECISION
Low-risk EC 94 (71%) 70 (53%) <0.001
High-risk EC 38 (29%) 62 (47%)

values denote median (10-90th percentile) or n (%); p-values of chi-square or McNemar’s
test; G, grade; EC, endometrial cancer.

Correlation of IHC Markers With Disease
Extent (FIGO Staging)

The correlation was assessed between IHC markers in
preoperative tissue samples and the final histopathological
findings (e.g., myometrial invasion, cervical, and lymph node
involvement). Moreover, the correlation with LVSI was evaluated
because LVSI is one of the important markers for adjuvant
treatment strategy decisions. There were statistically significant
lower levels of ER (p = 0.024) and PR (0.048) and higher levels
of LICAM (p = 0.001) in tumors with myometrial invasion
>50%. In tumors with cervical involvement, a significantly
higher expression of LICAM was observed (p = 0.001), while
differences among levels of ER (p = 0.236) and PR (p = 0.108)
did not reach statistical significance. PR were significantly lower
(p = 0.014) and L1ICAM higher (p = 0.014) in tumors with

positive LVSL. In patients with positive LN, levels of ER and PR
were lower (p = 0.001 and p < 0.001, respectively); on the other
hand, levels of LICAM were higher (p = 0.002) and the mutation
of p53 more frequent (p = 0.008), see Table 3.

The Precision of EC Risk Stratification
Based on Markers Currently Used in

Clinical Praxis

Concerning depth of myometrial invasion, we classified all the
patients in whom invasion reached >50% as high-risk (n =
36) and the patients with invasion <50% as low-risk (n = 96).
Our approach to preoperative risk stratification of EC patients
revealed a sensitivity of 48% and specificity of 89% in terms
of high-risk group determination. Taking all current standard
prognostic markers together, it can be concluded that, whereas
low-risk EC patients are preoperatively classified with relatively
high accuracy (62/70, 82%), the determination of high risk is far
from optimal, since more than half of EC patients with actual
high-risk disease were established as low-risk. See Table 4.

The Accuracy of EC Risk Stratification by
Using IHC Markers

IHC markers were assessed in a preoperative tumor sample,
and optimal cut-offs for continuous markers (obtained
preoperatively) were designed using ROC analyses. At a
cut-off for ER <78% (p = 0.001), PR <88% (p = 0.008), and
LICAM >4% (p < 0.001), high-risk tumors were determined
with a sensitivity of 28% for ER (15.6-42.6%), 62% for PR
(46.4-75.5%), and 72% for L1CAM (57.4-84.4%). Specificity
was 96% (86.5-99.5%), 68% (52.1-79.2%), and 86% (73.3—
94.2%), respectively. The PPV was 87% for ER (60.8-96.5%),
63% for PR (52.1-72.8%), and 83% for LICAM (70.5-90.8%);
the NPV for each marker were as follows: 59% (54.5-63.4%),
65% (55.6-74.0%), and 77% (67.3-84.2%), respectively. The
sensitivity of p53 mutated status (p < 0.001) for high-risk
detection was low (34%), but the specificity was high (98.0%,
CI 88.7-99.9%), which represents PPV 94% (67.4-99.1%) and
NPV 61% (56.1-66.3%), respectively. If p53 mutated, there was
a high probability the patient fit into the high-risk group (15
out of 16 patients in our series). As far as accuracy of high-risk
determination in the largest number of patients was concerned,
the marker LICAM seemed to be the most robust: 34 from 41
patients who had LICAM values >4% were classified as high-risk
(Table 5, Figure 2).

The Added Value of IHC Markers for

Improvement of EC Risk Stratification

To evaluate whether IHC markers would contribute to more
accurate stratification of EC patients into risk groups, a
model consisting of parameters obtained by imaging methods
(myometrial invasion, cervical involvement, lymph node
involvement), histology (endometrioid or mucinous vs. non-
endometrioid), grade and IHC markers (ER, PR, LICAM, p53)
was introduced. According to risk stratification, the following
parameters have been shown as statistically significant and
crucial for the model: LICAM, PR, and myometrial invasion.
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TABLE 2 | Immunohistochemical biomarkers in preoperative biopsies.

IHC markers Overall values (n = 98) EG1 (n = 36) EG2 (n = 37) EG3(n=9) EIN (n = 3) NEC (n =13)
ER (%), n =98 86 (27) 95 (15) 96 (8) 71(34) 100 (0) 44 (42)
99 (40-100) 100 (90-100) 99 (85-100) 80 (0-100) 100 (100-100) 30 (0-100)
PR (%), n = 98 73 (34) 88 (21) 79 (28) 48 (39) 87 (23) 28 (33)
90 (5-100) 99 (60-100) 95 (30-100) 70 (0-95) 100 (60-100) 20 (0-85)
L1CAM (%), n = 97 16 (29) 2 (4) 7(19) 33 (35) 0() 72 (33)
3(0-70) 1(0-8) 3(0-15) 30 (0-100) 0(0-1) 85 (15-100)
p53,n =98
Mut 16 (16.3%) 1(2.8%) 2 (5.4%) 2 (22.2%) 0 (0%) 11 (84.6%)
Wt 75 (76.5%) 35 (97.2%) 32 (86.5%) 4 (44.4%) 2 (66.7%) 2 (15.4%)
Non-specific 7 (7.1%) 0 (0%) 3(8.1%) 3 (33.3%) 1(33.3%) 0 (0%)

Values denote mean (SD) and median (10-90th percentile) or n (%); means and SD are shown only for exploratory purpose since data are not normally distributed; IHC,
immunohistochemical markers; ER, estrogen receptors; PR, progesterone receptors; L1CAM, Licell adhesion molecule; mut, mutated; wt, wild type; EG1, endometrioid or
mucinous cancer, grade 1; EG2, endometrioid or mucinous cancer, grade 2; EG3, endometrioid or mucinous cancer, grade 3; EIN, endometrioid intraepithelial neoplasia; NEC,

non-endometrioid cancer.

TABLE 3 | Correlation of IHC markers from preoperative biopsy with staging after surgery.

ER (%) PR (%) L1CAM (%) p53 mut P53 wt
(N =98) (N =98) N=97) (N =16) (N =175)
Myometrial invasion p = 0.024 p = 0.048 p = 0.001 p =0.382
<50% (N = 66) 88 (26) 77 (31) 14 (29) 9 (14.8%) 52 (85.2%)
100 (60-100) 95 (20-100) 1(0-70)
>50% (N = 32) 83 (30) 65 (38) 20 (29) 7 (23.3%) 23 (76.7%)
98 (40-100) 82.5 (0-100) 5 (1-70)
Cervical involvement p =0.236 p=0.108 p = 0.001 p =0.070
Yes (N = 19) 82 (31) 60 (39) 32 (38) 6 (35.3%) 11 (64.7%)
95 (0-100) 70 (0-100) 8 (1-95)
No (N = 79) 88 (26) 76 (32) 12 (26) 10 (13.5%) 64 (86.5%)
99 (40-100) 90 (15-100) 2 (0-50)
LN (lymph node) metastases p = 0.001 p < 0.001 p = 0.002 p =0.008
Yes (N = 6) 43 (47) 11(20) 60 (36) 4 (66.7%) 2 (33.3%)
35 (0-95) 0.5 (0-50) 70 (4-100)
No (N = 92) 89 (23) 77 (31) 13 (27) 12 (14.1%) 73 (85.9%)
99 (70-100) 92.5 (20-100) 2 (0-50)
Lvsl p=0.111 p=0014 p=0.014 p = 0.260
Yes (N = 14) 74 (41) 48 (43) 23(32) 4(22.2%) 10 (55.6%)
95 (0-100) 45 (0-100) 6 (2-70)
No (N = 84) 89 (24) 77 (31) 15 (29) 12 (13.0%) 65 (70.7%)
99 (60-100) 93 (20-100) 2 (0-70)

Values denote mean (SD) and median (10-90th percentile) or n (%), p-value of Mann-Whitney U-test or Fisher’s exact test; means and SD are shown only for exploratory purpose since
data are not normally distributed; LV/SI, lymphovascular space involvemen,; mut, mutated; wt, wild type.

The procedure of classification is shown in Figure 3. The overall
EC risk stratification success was 78% for this model. Successful
group inclusion was observed for 80% of the low-risk patients
(56/70), and for 76% of high-risk patients (47/62 patients).

New Model in Comparison to Current
Practice

Immunohistochemical markers included in the current
diagnostic practice would significantly improve sensitivity (48.4
vs. 75.8%, p < 0.001) associated with a slightly, statistically
non-significant decrease in specificity (to 80%, p = 0.238).

Positive predictive values were similar for both methods, while
negative predictive value (i.e., the probability of extremely low
risk in negative test cases) was significantly improved (66 vs.
78.9%, p < 0.001) (Table 6, Figure 4).

DISCUSSION

The determination of an appropriate surgery and its adequate
extent is a crucial part of treatment in newly diagnosed EC
patients and significantly differs between the high- and low-risk
groups. Existing models determining patient risk are based on the
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FIGURE 2 | Each patient is represented by one bar. Patients on the left part of the figure (i.e., with L1CAM<4) was predicted as low risk. Blue bars represent wrongly
predicted patients here. On the contrary, gray bars on the right side of the figure represent patients wrongly predicted as high risk.

Final risk group Final risk group __ Overall  Sensitivity 95% CI) PPV (95% CI)
Category N % M low M high Percentage Specificity (9% CI) NPV (95% CT)
Wlownsk 70 35% Predicted sisk: low 56 15 538% 75.8% (63.3% - 85.8%)  77.0% (67.3% - 84.5%)
M Highrisk 62 47% Predicted risk: high 14 47 462% 80.0% (68.7% - 88.6%)  78.9% (70.3% - 85.5%)
Total 132 100% Percent Cormect 80.0% 75.8% 78.0%
L1CAM (%)
|
[
>7% 1-7% or missing

Category N % Category N %

Wlownsk 4 138% W Lownsk 33 508%

W Highrsk 25 862% M Highrisk 32 492%

Total 29 220% Total 65 492%

[
Myometrial invasion (US)
<50% >50% or missing <85%
¥ v

Category N % Category N % Category N % Category N %
Blownsk 30 66.7% Blownsk 3 150% Wlownsk 7 383% W lownsk 26 100%
MHighnsk 15 333% M Highnsk 17 850% MHighnsk 5 41.7% MHghnsk 0 0%
Total 35 341% Total 20 152% Total 2 9.1% Total 2% 19.7%

FIGURE 3 | Patients with L1CAM positivity >4% were identified as high risk; in fact 86% of them were high-risk indeed. Patients with L1CAM value from 1 to 4% were
further divided according to myometrial invasion. In case of myometrial invasion <50% they were stratified as low-risk, on the contrary in case of myometrial invasion

>50% or unknown they were classified as high-risk. Patients with L1CAM <1% were further disaggregated by PR value. In case of PR >85% they were identified as
low-risk (with success rate of 100%), on the other hand in case of PR <85% they were stratified as high-risk according to clinical preference for more precise high-risk

group determination even with the expectation of higher false positivity.
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TABLE 4 | Accuracy of low-/high-risk group classification according to current practice.

Final risk
Low-risk High-risk Total N Sensitivity (95% CI) PPV (95% CI)
Specificity (95% Cl) NPV (95% ClI)
Current model: low-risk 62 32 94 48.4% (35.5-61.4%) 78.9% (65.0-88.3%)
Current model: high-risk 8 30 38 88.6% (78.7-94.9%) 66.0% (60.0-71.4%)
Total N 70 62 132

ClI, confidence interval; PPV, positive predictive value; NPV, negative predictive value. Bold values are significant.

TABLE 5 | Correlation of IHC with final EC risk stratification.

Final risk
Low-risk High-risk Total N p-value ity (95% Cl) PPV (95% CI)
ity (95% ClI) NPV (95% CI)
ER <78 (high-risk) 2 13 15 0.001 27.7% (15.6-42.6%) 86.7% (60.8-96.5%)
ER 78+ (low-risk) 49 34 83 96.1% (86.5-99.5%) 59.0% (54.5-63.4%)
Total N 51 a7 98
PR <88 (high-risk) 17 29 46 0.008 61.7% (46.4-75.5%) 63.0% (52.1-72.8%)
PR 88+ (low-risk) 34 18 52 66.7% (52.1-79.2%) 65.4% (55.6-74.0%)
Total N 51 47 98
L1CAM <4 (low-risk) 43 13 56 <0.001 72.3% (57.4-84.4%) 82.9% (70.5-90.8%)
L1CAM 4+ (high-risk) 7 34 41 86.0% (73.3-94.2%) 76.8% (67.3-84.2%)
Total N 50 a7 97
p53 mut (high-risk) 1 15 16 <0.001 34.1% (20.5-49.9%) 93.8% (67.4-99.1%)
P53 wt (low-risk) 46 29 75 97.9% (88.7-99.9%) 61.3% (56.1-66.3%)
Total N 47 44 91

p-value of Fisher's exact test; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; mut, mutated; wt, wild type. Bold values are significant.

100%

p<0.001

Sensitivity
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p=0.238 0,787
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Positive Predictive Value

Negative Predictive Value

Current model=histotype, grade, imaging method; Novel model=immunohistochemical biomarkers, imaging methods

FIGURE 4 | Comparison of current and novel model for prediction of risk tumor type.

synthesis of information obtained from the result of preoperative
biopsy (histotype, grading) and imaging methods. Based on
the results, patients are included in a risk group before the

surgery and so only hysterectomy and salpingo-oophorectomy
are indicated, or the procedure is extended by pelvic and para-
aortic lymphadenectomy. Proper preoperative inclusion of a
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TABLE 6 | Comparison of standard and new diagnostic approaches.

Final risk: Low Final risk: High
Current model: low-risk  Current model: high-risk Total Current model: low risk  Current model: high risk Total
Novel model Low 50 (71.4%) 6 (8.6%) 56 (80%) 15 (24.2%) 0 (0%) 15 (24,2%)
(IMG+IHC) High 12 (17.1%) 2 (2.9%) 14 (20%) 17 (27.4%) 30 (48.4%) 47 (75,8%)
Total 62 (88.6%) 8(11.4%) 70 (100%) 32 (51.6%) 30 (48.4%) 62 (100%)

IMG, imaging method; IHC, immunohistochemical markers; current model, histology, grading, imaging method. Bold values are significant.

patient in the risk group is crucial for her treatment and overall
survival and is a clinically crucial question.

Other approaches to assess the biological behavior of
endometrial cancers are under development. Several research
groups have defined immunohistochemical and/or mutation
profiles to allow distinguishing endometrial cancer subtypes.
The Cancer Genome Atlas (TCGA) project provided the most
comprehensive molecular study on endometrial cancer so far.
They identified four group with distinct molecular changes that
correlate with progression free survival - POLE (Polymerase
Epsilon subunit) ultramutated, MSI (microsatellite instability)
hypermutated, copy-number low, and copy-number high (19).
This approach allows objective categorization of endometrial
cancers, however, methodologically remains costly, complex and
unsuitable for wider clinical application.

Others introduced a concept of sentinel lymph node detection
in endometrial cancer patients. The large prospective study led
by Rossi (20) showed very high sensitivity (97.2%) and low false
negativity rate (3%) for sentinel lymph node (SLN) detection.
SLN detection concept is based on low risk of paraaortic
lymph nodes involvement in patients with negative pelvic lymph
nodes (21). However, controversy regarding sentinel lymph node
detection in high-risk disease and management of low volume
nodal disease on ultrastaging still remains.

In many centers, frozen section of uterus is still standard-of-
care in terms to confirm or to more specify type and grade of the
tumor. Accuracy of frozen section histopathological evaluation
is, however, comparable to imaging methods and interobserver
agreement regarding both the categories, type and grade, is
poor (22-26).

The current development of risk prediction model is mainly
focused on combination of imaging and molecular predictors,
as our study does. In 2014, Van Holsbeke et al. published
a study that externally validated two mathematical models
of preoperative risk group prediction in a particular patient
(27). The models were based on histology, grading, and the
preoperative sonographic evaluation of tumor invasion into the
myometrium and cervix. Both models achieved sensitivity of
78-83% and specificity of 68-72% in the detection of high-risk
EC patients. In our study, the current clinical model reliably
determined low-risk patients (correctly in 83% of cases), while
only 8 (11%) patients in the study were false positives included in
the high-risk group. The current model preoperatively stratified
patients to high-risk with sensitivity of only 48% (35.5-61.4%)
and specificity 89% (78.7-94.9%), NPV 66% (60.0-71.4%), and
PPV 79% (65.0-88.3%) (Table 4).

A number of ultrasound studies have been published for the
assessment of individual staging parameters to determine the
depth of tumor invasion into the myometrium, with ultrasound
sensitivity from 61 to 93% and specificity from 71 to 92%,
when performed by an expert sonography specialist (28-32).
The sensitivity reported in the evaluation of tumor invasion in
cervical stroma was lower, from 25 to 93%, and specificity from
85 to 99% (30, 33, 34). In a study utilizing expert sonography
in a specialized center, Fruhauf et al. reported a PPV of 67.6%
and NPV of 83.3% for the detection of deep myometrial invasion
and PPV of 60.0% and NPV of 88.1% in the detection of tumor
affection of the uterine cervix. According to a recent meta-
analysis of 18 studies, CT sensitivity is 47% and specificity 93%;
as for ultrasound, sensitivity is 55% and specificity up to 85%
for the detection of malignant lymphadenopathy (35). In our
group of 132 female patients, the invasion of the tumor to half
the thickness of the myometrium was determined correctly in
90%; a false-negative result in the high-risk group of patients
was reported in 39 cases. CT did not detect pathological
lymphadenopathy in six cases out of nine. A total of nine patients
were classified as false positives on the basis of US and CT as
validated by the definitive histology.

Studies showing the discrepancy between histology obtained
from preoperative curettage or hysteroscopy and definitive
histological findings have been published (36-38). On the
other hand, there are studies showing good concordance
between histology, grade, and immunohistochemical staining
in curettage and hysterectomy samples (39, 40). We confirmed
that the preoperatively determined histological type, grade,
and immunohistochemical biomarkers L1CAM, ER, PR, p53
correlated with the final preparation.

In our study, 70 (70/132) patients were classified as low-risk
and 62 (62/132) as high-risk. According to the pre-operative
staging, PLN and PALN were performed in 26 patients (20%) in
our cohort. However, if the definitive risk were known, staging
lymphadenectomy would be performed in all 62 patients in the
high-risk group (47%). Due to an inappropriate staging surgery,
patients underwent repeated surgery or adjuvant radiotherapy,
which may have been avoided if a complete surgical staging with
negative histological findings of the presence of the tumor in the
lymph nodes had been performed. On the contrary, there are
onco-gynecological centers which report extensive PLN + PALN
in EC patients, thereby increasing post-operative morbidity
without an oncology safety increase (41). We focused on
currently promising prognostic IHC markers ER, PR, L1ICAM,
and p53 mutation to determine whether these markers can help
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to refine the preoperative stratification of patients into high- and
low-risk categories to assist the gynecological oncology surgeon
selecting the adequate surgical extent.

A study published by van der Putten et al. revealed that
L1ICAM expression in curettage specimens is associated with
features of aggressive endometrial cancer disease and poor
survival of EC patients (42). van der Putten et al. (42)
stated that L1CAM, ER, PR were associated with advanced
stage, high-grade, non-endometrioid histology, lymphovascular
space invasion (LVSI), and reduced disease-free survival (42).
Trovik et al. (43) reported that combined ER/PR loss is a
significant predictor of nodal affection and overall poor prognosis
of patients. ER and PR are prospectively investigated in an
ongoing study where the decision of whether to perform
or not to perform lymphadenectomy is based on the pre-
operational condition of hormone receptors (44). Prospective
studies PIPENDO and PORTEC 4 are currently underway. The
first study examines the use of molecular risk markers to identify
high-risk patients requiring extensive surgery and/or adjuvant
therapy (8). PORTEC 4 uses molecular risk factors for the
stratification and indication of adjuvant radiotherapy (45).

In our study, ER, PR, LICAM and p53 values from
preoperative histology were related to definitive histology
and grading. In endometroid carcinoma, there was a greater
percentage of ER, PR receptors and no or ultimately low
percentages of LICAM mutations. The opposite ratio was seen
in the occurrence of markers in non-endometroid ECs; p53
was mutated dominantly in endometrial grade 3 and non-
endometroid carcinoma. The correlation of IHC markers with
the extent of disease shows a decrease in ER and PR expression in
higher stages of the disease. Furthermore, an increase in LICAM
expression can be observed when compared with early stages.
Similarly, the p53 mutation was more common. Our results are in
line with the published data in larger patient cohorts (43, 46). The
correlation of markers with the presence of distant metastases
could not be assessed as there were only two patients with distant
metastases at the time of diagnosis in our study group.

To our best and honest knowledge, this is the first study to
evaluate the added value of LICAM, ER, PR and p53 markers
in low- and high-risk EC preoperative diagnostics. This is the
first study attempting to determine the cut-off of the individual
markers for this classification.

We focused on the correlation of IHC markers with the
determination of high-risk EC and the assessment of optimal
cut-offs for continuous markers using ROC analyses. At the
cut-off for ER <78% (p = 0.001), PR <88% (p = 0.008), and
LICAM >4% (p < 0.001), high-risk tumors were determined
with a sensitivity of 28, 62, and 72%, respectively, and with
respective specificity of 96, 72, and 86%. The PPV for ER, PR,
and L1ICAM were 87, 63, 83; the NPV for each marker were
as follows: 59%, 65%, and 77%. The sensitivity of p53 mutated
status (p < 0.001) for high-risk detection was low (34%), but the
specificity was high (98%), which represents PPV 94% and NPV
61%, respectively.

A cut-off of 10% for positive LICAM staining has been
reported (6, 40, 47). van Gool et al. reported that when using
a cut-off of 10% for positive staining, tumors in the study were

classified as L1CAM-positive, with no significant association
between LICAM positivity and the rate of distant metastasis
(p = 0.195). However, increasing the threshold for LICAM
positivity to 50% resulted in a reduction of the frequency of
L1CAM-positive tumors and a significant association with the
rate of distant metastasis (p = 0.018) (10). Estrogen receptors
and PR are considered lost when expression is seen in <10% of
the tumor cells. This cut-off used with breast cancer management
in the prediction of hormone resistance was also evaluated in
EC for prognosis prediction and published (42, 43, 48). In our
cohort, we determined optimal cut-offs to distinguish low- and
high-risk EC for ER <78% (p = 0.001), PR <88% (p = 0.008),
and LICAM >4% (p < 0.001). These cut-offs were established
in a prospectively assessed cohort of consecutively included
patients. In contrast to the cut-offs we defined, the published
values are determined in retrospective cohorts of women with
recurrence during follow-up, or with an adverse course of their
disease with metastatic spread in parenchymatous organs and
retroperitoneal lymph nodes. The incidence of LICAM positivity
and loss of ER, PR in these patients in retrospective cohorts
may be significantly higher as it is an already pre-selected group
of patients. The explanation may be based on the fact that
patients who do not exceed the published cut-off values (10%
for LICAM, ER, and PR or 50% for LICAM) but exceed the
cut-offs set for the high-risk group in our study cannot be
traced back in the retrospective studies, as they had not been
radically treated with combined surgical and + adjuvant therapy
(radiotherapy, chemotherapy) and there was no recurrence
during the long follow-up. Our results were confronted with
10 and 50% cut-offs for LICAM; this setting led to good
differentiation (high specificity) but at a very low sensitivity and
good specificity.

To evaluate whether THC markers would contribute to
more accurate stratification of EC risk stratification, a new
model was established. Parameters were obtained by imaging
methods (myometrial invasion, cervical involvement, lymph
node involvement), histology (endometrioid or mucinous vs.
non-endometrioid), grade and IHC markers (ER, PR, LICAM,
P53). As deciding for risk stratification, the following parameters
have been shown as crucial: L1CAM, PR, and myometrial
invasion. The procedure of classification is shown in Figure 3.
EC risk stratification’s overall success was 78% for this model.
Successful inclusion into a low-risk group was observed in 80%
(56/70 patients), while for high-risk it was 76% (47/62 patients).
We provided the comparison of current procedure represented
by a model based on histotype, grading, and imaging methods
with a new model consisting of imaging examination along with
markers (IMG+IHC) (Table 6). IHC markers included in the
current diagnostic would significantly improve sensitivity (48.4
vs. 75.8%, p < 0.001) associated with a slightly, statistically
non-significant decrease in specificity to 80% (p = 0.238).
Positive predictive value was similar for both methods, while
negative predictive value (ie., the probability of being true
negative if the test is negative) was significantly improved (66 vs.
78.9%, p < 0.001), (Figure 4). Using our model, a significantly
higher proportion of patients would be properly determined
as high-risk.
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When comparing the accuracy of the parameters used
in the old model with the definite histology, we find
discrepancies, especially in the grade and cervical invasion
category (Table1). At the present level of knowledge, no
significant improvement in preoperative diagnostic accuracy
can be expected by, for example, using imaging methods.
Therefore, we are introducing a new model using molecular
markers that are not dependent on imaging or other methods of
clinical examination.

The strength of our study is that it is a cohort from a real
clinical practice with prospective data collection and complete
knowledge of preoperative and postoperative data. This is the first
study to deal with the real implementation of new IHC markers in
the pre-operational decision model. Our study design represents
daily routine practice.

We acknowledge the study also has weaknesses. This is a
relatively small cohort of EC patients, where all stages are not
adequately represented; only two female patients in the FIGO
IV stage were present. Considering the excellent correlation
between preoperative and postoperative histology and grading,
the weakness of the model is in its imaging method, which in the
case of ultrasound is dependent on the expert skills of a particular
sonographer or imaging specialist.

CONCLUSION

We have demonstrated in our cohort that incorporating IHC
markers into preoperative practice in endometrial cancer patients
increases prognosis prediction accuracy and allows for the
development of a new model for more accurate patient clinical
management. Should we prefer a higher specificity model,
then the most accurate classification is based on L1ICAM
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2.4 Sérové markery a jejich Kklinicky vyznam u karcinomu endometria

Vedle tkanovych prognostickych markert byla historicky velka pozornost vénovana také
moznosti vyuziti sérovych biomarker(, jejichZ potencidlni vyhodou je minimalni
invazivita vySetfeni a moznost opakovaného monitorovani v priibéhu léc¢by. Na rozdil od
tkanovych markerd, pro jejichZ hodnoceni je nezbytny odbér vzorku nadoru, piredstavuji
sérové markery jednoduseji dostupny nastroj pro predikci biologického chovani nadoru
jak pred zahajenim lécby, tak i v jejim priibéhu.

U karcinomu endometria byly studovany predevSim sérové markery spojené s
nadorovou proliferaci, invazivitou a procesy epitelidlné-mezenchymalni tranzice.
PrestoZe nékteré z nich vykazovaly asociaci s pokrocilejSim stadiem onemocnéni,
pritomnosti metastaz v lymfatickych uzlinach nebo vys$sim rizikem recidivy, zadny sérovy
marker nebyl dosud zaveden do rutinni klinické praxe pro stratifikaci rizika v dobé
diagnozy.

Nejcastéji vyuzivanym sérovym markerem v Kklinické praxi zistava CA125, jehoz
zvySené hodnoty mohou korelovat s extrauterinnim Sifenim onemocnéni a nepfiznivou
progndzou [33-35]. Jeho senzitivita i specificita jsou vSak pro samostatné rozhodovani o
rozsahu 1écby nedostatecné. Z tohoto dlivodu byla pozornost zamétena na identifikaci
novych sérovych markerd, které by mohly zpresnit predikci biologického chovani
karcinomu endometria a prispét k optimalizaci stavajicich klinicko-patologickych modelt
predikce rizika.

Kintenzivné zkoumanym sérovym markertim patii zejména protein HE4 (Human
Epididymis Protein 4), ktery je v praxi vyuzivan spolecné s CA125 pro diferencialni
diagnostiku adnexalnich nalezli. Data o jeho prognostickém vyznamu u karcinomu
endometria nejsou jednoznacna, nicméné byly publikovany studie prokazujici korelaci
mezi zvySenim sérovych hladin HE4 a hloubkou invaze do myometria, gradingem, resp.
postiZzenim regionalnich lymfatickych uzlin i vy$$im rizikem recidivy onemocnéni [36-
38]. Pri interpretaci sérovych hladin HE4 je vSak nezbytné zohlednit i dalsi faktory, které
mohou jeho koncentraci vyznamné ovliviiovat, zejména vék pacientky, rendlni funkce,
koureni a menopauzalni status [39, 40].

Krelativné novym markerim s potencidlnim prognostickym vyznamem patii
L1CAM (kapitola 2.3), jehoZ zvySena exprese v nadorové tkani i vyssi sérové koncentrace
byly asociovany s agresivnéjSim biologickym chovanim karcinomu endometria, zejména
s vysSim rizikem metastatického postizeni lymfatickych uzlin a recidivy onemocnéni [41].

Vedle markeru L1CAM byl u karcinomu endometria studovan také protein DJ1
(PARK?7), ktery se podili na regulaci bunécné proliferace, oxidativniho stresu a nadorové
progrese, mimo jiné prostrednictvim modulace nadorového supresoru PTEN. ZvySené
séroveé hladiny byly u karcinomu endometria asociovany s nepriznivymi patologickymi
charakteristikami nddoru, coZ naznacuje jeho moZny prognosticky vyznam [42-44].

24.1 Vlastni prinos k problematice

V navaznosti na poznatky o potencidlnim klinickém vyznamu sérovych markert u
karcinomu endometria jsme realizovali vlastni unicentrickou prospektivni observacni
studii zamérenou na hodnoceni dynamiky sérovych hladin markert DJ-1 a L1CAM v
korelaci se standardné pouZivanymi markery CA125 a HE4 u pacientek s karcinomem
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endometria. Na rozdil od vétSiny dosud publikovanych studii, které hodnotily pouze
jednorazové stanoveni markerd v dobé diagnoézy, byla nase prace zaméiena na sériové
monitorovani jejich hladin v priibéhu c¢asu. Cilem projektu bylo ovérit, zda vstupni sérové
hladiny markerd koreluji srizikem recidivy a zda Casové zmény sérovych hladin
posuzovanych markert koreluji s odpovédi na 1écbu a stavem onemocnéni.

Do studie byly prospektivné zarazeny pacientky s histologicky verifikovanym
karcinomem endometria, 1éCené v Onkogynekologickém centru FN Brno. Sérové hladiny
markeri DJ1, L1CAM, CA125 a HE4 byly stanovovany opakované - v dobé diagndzy, po
ukonceni primarni 1é¢by v rdmci follow-up a pii podezieni na recidivu onemocnéni.
Analyzovana byla korelace dynamiky hladin markerti se stadiem onemocnéni a také vztah
mezi hladinou markert v dobé diagnézy s klinicko-patologickymi charakteristikami
nadoru a faktory souvisejicimi se zdravotnim stavem pacientek.

Vysledky studie prokazaly, Ze sérové hladiny DJ1, L1CAM, CA125 i HE4 byly
signifikantné vyssi v dobé diagnézy nez po ukonceni primarni 1é¢by, coZz potvrzuje
korelaci mezi dynamikou markerti a pritomnosti aktivniho onemocnéni. U pacientek s
recidivou byly hladiny DJ1, CA125 a HE4 v dobé relapsu vyznamné vyS$si neZ u pacientek
bez znamek onemocnéni, coz podporuje potencidlni vyuziti téchto markerl pri
dlouhodobém monitorovani pacientek po 1é¢bé. U markeru L1CAM byl pozorovan
obdobny trend, avsak bez dosaZeni statistické vyznamnosti, pravdépodobné vzhledem k
nizkému poctu recidiv v souboru.

Vysledky analyz korelace vstupnich sérovych hladin markeri s klinicko-
patologickymi charakteristikami nadoru prokazaly, Ze vy$si hladiny CA125 a HE4 byly
klinickym stadiem, hlubsiinvazi do myometria a vy$Sim rizikem metastatického postiZeni
lymfatickych uzlin. U markert D]J1 a L1CAM byl pozorovan obdobny trend, ktery vSak
nedosahoval konzistentné statistické vyznamnosti.

Studie dale ukazala, Ze sérové hladiny D]1 nebyly vyznamné ovlivnény vékem, BMI
ani renadlnimi funkcemi, zatimco hladiny L1CAM byly asociovany s vysSim vékem,
obezitou a postmenopauzalnim stavem.

Z Kklinického hlediska predstavovala studie jeden z prvnich prospektivnich projekta
hodnoticich sériové zmény hladin DJ1 a L1CAM u pacientek s karcinomem endometria.
Vysledky podporily hypotézu, Ze dynamika sérovych hladin markert, zejména DJ1, by
mohla predstavovat uZiteCny nastroj pro monitoraci efektu 1éCby a casnou detekci
prispéla k lepSimu pochopeni faktort ovliviiujicich interpretaci jednotlivych markert v
klinické praxi. Potvrdili jsme také, Ze jednorazové stanoveni sérovych markert v dobé
diagn6zy ma pro predikci rizika recidivy pouze omezeny prinos.

Pfiloha 2: The Clinical Significance of DJ1 and L1CAM Serum Level Monitoring in
Patients with Endometrial Cancer

BEDNARIKOVA, Marketa, VINKLEROVA, Petra, GOTTWALDOVA, Jana, OVESNA, Petra,
HAUSNEROVA, Jitka, MINAR, Lubos, FELSINGER, Michal, VALIK, Dalibor, CERMAKOVA,
Zdenka a WEINBERGER, Vit. Journal of Clinical Medicine. 2021, 10(12), 2640. ISSN 2077-
0383. doi:10.3390/jcm10122640.
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IF =4,964; median IF MEDICINE, GENERAL & INTERNAL - 2,982; according to IF MEDICINE,
GENERAL & INTERNAL Q2; according to AIS MEDICINE, GENERAL & INTERNAL Q2

Typ prispévku: piivodni prdce

Vlastni prinos autorky: koncept studie, identifikace vhodnych pacientek, sbér klinickych
dat, koordinace odbeérti biologického materidlu, klinickd interpretace dat, priprava
rukopisu.
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Abstract: Circulating tumor markers are not routinely used in patients with endometrial cancer (EC).
This pilot study evaluated the role of monitoring new biomarkers DJ1 and L1ICAM, in correlation with
CA125 and HE4, for the effects of anticancer treatment and preoperative management in EC patients.
Serial serum levels of DJ1, LICAM, CA125 and HE4 were collected in 65 enrolled patients. Serum
DJ1, LICAM, CA125 and HE4 levels were significantly higher at the time of diagnosis compared to
those measured during follow-up (FU). In patients with recurrent disease, serum DJ1, CA125 and
HE4 levels were significantly higher at the time of recurrence compared to levels in disease-free
patients. Serum L1CAM levels were also higher in patients with recurrence but without reaching
statistical significance. While DJ1 levels were not affected by any of the observed patient-related
characteristics, LLICAM levels were significantly higher in patients with age >60 years who were
overweight. At the time of EC diagnosis, DJ1 and LICAM serum levels did not correlate with stage,
histological type or risk of recurrence. This is a preliminary description of the potential of serial DJ1
and L1CAM serum level measurement for monitoring the effects of treatment in EC patients.

Keywords: tumor markers; endometrial cancer; DJ1; LICAM

1. Introduction

The primary clinical use of circulating tumor markers determined in peripheral blood
consists of monitoring the course of disease. An increase in serum levels often precedes the
clinical manifestation of disease recurrence, and dynamic changes in their levels over time
are used to monitor the effects of anticancer treatments. In contrast, circulating markers are
not very suitable for cancer screening or primary diagnosis and do not play a significant
role in determining the extent of the disease or prognosis, respectively [1,2].

In endometrial cancer (EC) patients, elevated CA125 and HE4 levels have been fre-
quently found [3]. The results of studies investigating the prognostic impact of CA125 in
EC have not been unequivocal. While Sood et al. and Reijnen et al. described an association
between preoperatively elevated CA125 levels and poor outcomes in EC patients [4,5],
other studies did not confirm the correlation between CA125 serum levels and extent of
disease at the time of diagnosis [6,7].
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In terms of EC detection, marker HE4 has demonstrated higher sensitivity and speci-
ficity than CA125, especially in early stages [8]. The prognostic relevance of HE4 has been
established in poorly differentiated EC [9]. Neither of the circulating markers have become
a standard part of clinical practice [10-13].

Recently, studies of new promising markers DJ1 and LICAM have been published.
The first marker, DJ1, also known as Parkinson’s disease-associated protein 7 (PARK?),
is a multifunctional protein promoting cell proliferation and playing an important role
in cancer pathogenesis and progression by modulating the tumor suppressor PTEN. The
results of studies by Italian authors demonstrated not only significantly higher DJ1 serum
levels in EC patients compared to healthy controls, but also the association of higher DJ1
levels with high-risk histological type (defined as endometrioid carcinoma grade 3 or
non-endometrioid types) in contrast with lower DJ1 levels in low-risk histological types
(endometrioid carcinoma grade 1 or 2) [14-16]. The second marker, L1 cell adhesion
molecule (LICAM), is a membrane glycoprotein of the immunoglobulin family, crucially
involved in cancer cell migration and adhesion. L1CAM overexpression in EC tissues
represents a negative prognostic marker, signaling both more aggressive behavior of the
tumor and shorter survival of patients [17,18]. The significance of LICAM serum level
measurement has not been unambiguously established yet [19,20]. All studies concerning
circulating DJ1 and L1ICAM serum levels assessed merely one-time sampling events with-
out studying the potential significance of time-dependent changes in serial DJ1 or LICAM
serum levels. Therefore, data regarding the importance of DJ1 and LICAM measurement
either during the course of therapy for the monitoring of their effects or during a follow-up
after successful primary therapy for the detection of EC recurrence are still lacking.

The aim of our study was to evaluate whether time-dependent changes of serial serum
measurements of DJ1, LICAM, CA125 and HE4 in EC patients correlated with the course of
the disease and whether elevated levels at the follow-up signalized recurrence. We wanted
to clarify whether the markers’ levels were affected by factors associated with patients’
health conditions. We also investigated if marker levels at the time of diagnosis correlated
with clinico-pathological features of the tumor.

2. Materials and Methods
2.1. Patients

Patients undergoing surgical treatment from May 2016 to April 2019 for histologically
proven EC in the Oncogynecological Center of University Hospital (UH) Brno, Czech Re-
public, were consecutively involved in this single-institutional, prospective, observational
study. The patients with other malignancies or neuro-degenerative diseases were excluded.
All subjects gave their written informed consent to participate in the study.

2.2. Clinical Management

Diagnosis of EC was made after histopathological examination of a tumor biopsy
obtained from hysteroscopy or dilatation and curettage. Each patient with newly diagnosed
EC underwent a clinical examination, CT of the chest/abdomen and an expert ultrasound
(US) examination, according to local guidelines [21]. The blood samples for CA125, HE4,
DJ1 and LICAM serum level assessment as well as for basic biochemical and hematological
laboratory tests were performed at the time of diagnosis. Subsequently, patients were
divided into groups with a low or high risk of recurrence according to histology, grade and
clinical staging. The low-risk group was defined as endometrioid carcinoma grade 1 TNM
stage cT1a or cT1b and/or endometrioid carcinoma grade 2 TNM stage cT1a, all of them
without clinical or imaging evidence of lymphadenopathy (cNO) or distant metastases
(cMO) [22]. Patients who did not meet criteria for a low-risk group were classified as a
high-risk group. The staging surgical procedure consisting of a total hysterectomy with
bilateral salpingo-oophorectomy was performed in all patients. Whereas the sentinel node
biopsy was not a standard at the time of the study in our department, systematic pelvic
and paraaortic lymphadenectomies were performed in the high-risk group. In the case of
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serous endometrial carcinoma, carcinosarcoma and undifferentiated carcinoma, a staging
infracolic omentectomy was added to the surgical procedure [23].

The definitive histopathological classification of a tumor, containing data about histo-
type, grade, lymphovascular space involvement (LVSI) and surgical stage was made by
one of two pathologists experienced in gynecological malignancies according to the FIGO,
2014, and the World Health Organization, 2014 [24,25]. Based on final histopathological
findings, patients were once again stratified into low- or high-risk groups and thereafter,
decisions regarding adjuvant treatment, considering all the relevant factors, were made by
the multidisciplinary board according to local guidelines.

After the completion of primary therapy, patients were transferred to a follow-up
(FU) program consisting of an outpatient visit three or four times per year for the first
2 years, from years 3 to 5 on a six-month basis, and then once per year. The gynecological
examination and pelvic US were an obligatory part of each visit. Blood sampling for
marker assessment was performed once or twice during the follow-up and always when
EC recurrence was suspected. The diagnosis of EC recurrence was confirmed either
histologically or radiologically.

2.3. Clinical Data

The following data were prospectively recorded in the clinical database: age at the
time of diagnosis, menopausal status, weight, height, body mass index (BMI), body surface
area (BSA), renal functions (serum creatinine and glomerular filtration rate, calculated
according to a chronic kidney disease epidemiology collaboration (CKD-EPI) equation),
treatment data and date of the last follow-up visit or death (EC related /non-related).

2.4. Serum CA125, HE4, D]1 and L1CAM Level Measurement

The sampling of the peripheral blood was performed under the standard procedure from
the cubital vein, using 7.5 mL tubes of S-Monovette® Serum Gel (Sarstedt) preoperatively,
once or twice during the follow-up period and always when recurrence was suspected. The
samples were transported to the Department of Clinical Biochemistry UH Brno, where the
serum was separated by centrifugation, and the samples were analyzed either immediately
(CA125, HE4) or stored frozen at —80 °C until analysis (DJ1 and LICAM).

The quantitative assessments of LICAM and DJ1 levels were performed by enzyme-
linked immunosorbent assay (ELISA) using ELISA reader iMARK (Bio-Rad). For LICAM,
kit CN MBS 2023094 (MYBioSource, USA) was used. DJ1 serum levels were measured using
kit CN CY-9050V2 (CircuLex MBL, UK). The serum concentrations of HE4 and CA125 were
determined using quantitative, chemiluminescent microparticle immunoassay (CMIA) on
the analyzer Architect i2000 (Abbott, Abbott Laboratories, USA). For CA125 measurement,
the diagnostic set ARCHITECT Ca125 II (CN 2K45-24, Abbott) was used. HE4 serum level
assessments were performed using the diagnostic set ARCHITECT HE4 (CN 2P51-25, Abbott).

2.5. Statistical Analysis

Categorical variables were summarized as absolute and relative frequencies and
continuous variables as median, interquartile range (IQR), or range. Linear mixed-effects
models were applied to evaluate the profiles of marker levels over time, and the impact of
disease and patient characteristics on the levels. Models included the patient’s identification
number as a random effect because one patient had more than one measurement. Original
values were log-transformed due to their log-normal distribution for the purpose of the
model. All tests were performed as two-sided at the significance level of alpha = 0.05.
Analyses were done in R software.

3. Results
3.1. Patient Characteristics

A total of 65 patients with a median age of 65 years (30-65 years) and median BMI of
31.2 (17.3-45.7) were enrolled in the study. The majority of patients were diagnosed with an
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early stage disease (FIGO I-II, n = 58; 89%), while lymph nodes or distant metastases were
diagnosed in 7 (11%) patients. In terms of histology, patients with low-grade endometrioid
carcinoma predominated (1 = 51; 79%). All the patients underwent a staging surgical
procedure (n = 65; 100%), adjuvant radiotherapy was performed in 23 patients (35%) and
chemotherapy in 7 (11%) patients. The median time between the preoperative blood
sample and the first FU visit’s collection was 6.3 months (2.6-20.7 months), whereas
between the first and second FU samples, 4.55 months (1.7-14.7 months). Detailed patients’
characteristics are shown in Table 1.

Table 1. Characteristics of endometrial cancer patients.

Med?fne ((13{4?;:51)\/[3)() 65 (30; 85)
Menopausal status Pre-/perimenopausal 11 (17%)
(1, %) Postmenopausal 54 (83%)
Weight (kg) 82 (50; 121)
Biometric data Height (cm) 165 (146; 176)
Median (min; max) BMI (kg/mz) 313 (17.3; 45.7)
BSA (m?) 1.89 (1.5;2.33)
Renal function, n = 64 Creat/S (umol /L) 69 (52; 134)

Median (min; max)

CKD-EPI (mL/s)

133 (0.52; 1.81)

I 50 (77%)
FIGO stage [25] I 8 (12%)
(113 %) m 5 (8%)
v 2 (3%)
Myometrial invasion <50% 48 (74%)
(; %) >50% 17 (26%)
EGI1-2 51 (79%)
Histology (1; %)
EG3, non-E 14 (21%)
HY and AE 65 (100%)
PLN +/— PALN 20 (31%)
Treatment (11; %)
RT 23 (35%)
CHT 7 (11%)
Local 2 (3%)
Recurrence (1; %) Distant 3 (5%)
No 60 (92%)
Time (months)
Median (min; max) 6.3 (2.6;20.7)

Surgery—FU1

FU1-FU2, n =56 4.6 (1.7,14.7)

Dg-last FU 29.5 (13.7; 46.5)
Alive 58 (89%)
Status at(tnh;e0 /j)nd of FU Died of EC 4(6%)
Died (another cause) 3 (5%)

Abbreviations: n = number of patients, BMI = Body Mass Index, BSA = Body Surface Area, creat/S = creatinine
serum level, CKD-EPI = glomerular filtration rate calculated according to chronic kidney disease epidemiology
collaboration (CKD-EPI) equation, E = endometrioid, G = grading, HY = hysterectomy, AE = adnexectomy,
PLN = pelvic lymphadenectomy, PALN = paraaortic lymphadenectomy, RT = radiotherapy, CHT = chemotherapy,
FU = follow-up, FU1 = first follow-up blood sample, FU2 = second follow-up blood sample.

After a median follow-up time of 29.5 months, a total of five patients (8%) developed
recurrent disease, with the time to progression between 7 and 16 months. One patient with
initial FIGO stage II developed local recurrence, three had distant metastases (one of them
initially staged FIGO IA, and two of them FIGO IVB) and one patient with initial FIGO
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stage IA developed both local recurrence and metastatic disease (Table 2). All four patients
who developed distant metastases died from their disease (Table 1).

Table 2. Characteristics of patients with recurrent endometrial cancer.

Pts Age Histology G HY+AE IF :II?II\/I RT CHT FIGO Relapse (Mf)ths)
I 75 E 2 yes no yes yes IVB Distant 8
1II 71 E 3 yes yes yes no II Local 16
i 72 E 2 yes no no no 1A 1;2?;; 11
v 55 E 2 yes no yes yes IVB Distant 13
\4 66 Non-E 3 yes yes no yes 1A Distant 7

Abbreviations: Pts = patients, E = endometrioid, non-E = non-endometrioid, HY = hysterectomy, AE = adnexectomy, PLN = pelvic
lymphadenectomy, PALN = paraaortic lymphadenectomy, RT = radiotherapy, CHT = chemotherapy, TTP = time to progression.

3.2. DJ1, LICAM, CA125 and HE4 Serial Serum Levels in Correlation with Disease Status

In all enrolled patients, median DJ-1, LICAM, CA125 and HE4 serum levels fell after
initial treatment and remained low for both subsequent follow-ups. Median serum levels
of each marker were significantly higher at the time of diagnosis than afterwards in FU
(p <0.001 for DJ-1, LICAM, CA125 and HE4, respectively). The serum levels of DJ-1,
L1CAM, CA125 and HE4 at the time of diagnosis and during the follow-ups are shown in
Table 3. Serial measurements are graphically illustrated in Figure 1.

Table 3. The measured DJ1, LICAM, HE4 and CA125 levels in patients with EC.

Time of Collection

p Value
Preoperative FU1 FU2
Valid n 64 65 50
DJ1 (ng/mL) Median 78 235 25 <0.001
(IQR) (38.4-139) (15.9-31.9) (18.4-40.1)
Valid n 64 65 50
L1ICAM
(pg/mL) Median 1919 1690 1602.5 <0.001
(IQR) (1519-2387)  (1229-2087)  (1195-2105)
Valid n 49 65 56
HE4
(pmol/L) Median 68.2 54.5 54.7 <0.001
(IQR) (55.8-98) (44.8-70.5) (44.2-76.7)
Valid n 60 65 56
CA125
(KU/L) Median 163 9.4 11.3 <0.001
(IQR) (11.4-24.2) (7.1-15.2) (7.5-15.4)

Abbreviations: n = number of patients, IQR = interquartile range, FU1 = first follow-up blood sample, FU2 =
second follow-up blood sample.
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Figure 1. DJ-1 (A), LICAM (B), HE4 (C) and CA125 (D) levels at three different time points: before surgery (preoperative),
first follow-up collection (FU1) and second follow-up collection (FU2).

In patients with recurrent disease, serum DJ1, CA125 and HE4 levels were significantly
higher at the time of recurrence compared to levels in disease-free patients (p = 0.035 for
DJ1, p < 0.001 for CA125 and HE4, respectively) (Table 4, Figure 2A,C,D). Serum L1CAM
levels were also higher in patients with recurrence; however, the patients’ profiles with or
without recurrence did not differ significantly (p = 0.353) (Table 4, Figure 2B).

-52 -



J. Clin. Med. 2021, 10, 2640 7 of 14

Table 4. DJ1, LICAM, HE4 and CA125 follow-up serum levels in patients with or without recurrence
of endometrial cancer.

Serum Levels at Follow-Up

p Value
Remission Recurrence
Valid n 110 5
DJ1 (ng/mL) 0.035
Median (IQR)  23.9 (16.8-32.8) 60.1 (32.7-61)
Valid n 110 5
L1ICAM 0.353
(pg/mL) i 1650.5
Median (IQR) (1203-2050) 2630 (2474-2740)
Valid n 116 5
HE4 (pmol/L) - <0.001
Median (IQR) 53.5 (44.5-71.2) 572 (110-1083)
Valid n 116 5
CA125 (kU/L) - <0.001
Median (IQR) 10 (7.5-14.8) 34.4 (12.8-69.2)
Abbreviations: n = number of measurements, IQR = interquartile range.
A + Remission @ Recurrence B + Remission @ Recurrence
* Preoperative * FU1 * FU2 * Preoperative * FU1 * FU2 o
o i 5000
[ ] o 50 . * o .
300{ { 2 5000 =
|3 S 30 g B 3000
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2 .. E s . 2
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Figure 2. Charts displaying comparison of DJ-1 (A), LICAM (B), HE4 (C) and CA125 (D) levels at the times of remission
and recurrence. Scatter charts (left) display marker levels at the time of diagnosis (gray) and from the collections during
follow-ups (first collection, green; second collection, blue). Large spots mean samples at the time of recurrence. Box plots
(right) demonstrate marker levels at the times of remission and recurrence, respectively.

3.3. DJ1, L1ICAM, CA125 and HE4 Serum Levels in Correlation with
Patient-Related Characteristics

The correlation of DJ-1, LICAM, CA125 and HE4 serum levels with age, weight, renal
function and menopausal status are shown in Table 5. Median DJ1 serum levels were
not affected by any of the observed patient-related characteristics. In contrast, median
L1CAM levels were significantly higher in patients with age >60 years (p = 0.004), over-
weight (BMI > 27 kg/m?, p = 0.002) and post-menopause (p = 0.010), respectively. None
of the monitored patient-related parameters were related to either median CA125 or HE4
serum levels.
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Table 5. DJ1, LICAM, HE4 and CA125 preoperative serum levels according to age, weight, renal function and

menopausal status.

Valid n Median (IQR) p Value
<60 years 20 53.4 (31.4-103)
Age 0.152
>60 years 44 88 (43-151.8)
BMI < 27 kg /m? 18 52.9 (25.5-121.9)
Weight 0.181
BMI > 27 kg/m? 48 86.2 (44.4-141.7)
DJ1 (ng/mL)
CKD-EPI > 1 mL/s 56 83.4 (40.6-139)
Renal function 0.604
CKD-EPI < 1mL/s 7 74.1 (24.7-352)
Pre/perimenopausal 11 45.4 (24.4-142.4)
Menopausal status 0.393
Postmenopausal 53 84.9 (41.4-135.5)
<60 years 20 1546.5 (1273.5-1872.5)
Age 0.004
>60 years 44 2070 (1703.5-2447)
BMI < 27 kg/m? 16 1519.3 (1331.3-1804)
Weight 0.002
BMI > 27 kg/m? 48 2028 (1676.8-2507)
L1CAM (pg/mL)
CKD-EPI > 1 mL/s 56 1889.5 (1503.5-2350.3)
Renal function 0.105
CKD-EPI<1mL/s 7 2247 (1878-3343.5)
Pre/perimenopausal 11 1528 (1173-1928
Menopausal status P P ( J 0.010
Postmenopausal 53 2000 (1565-2424.5)
<60 years 15 65.7 (57.7-105)
Age y 0.765
>60 years 34 68.4 (53.1-98)
BMI < 27 kg/m? 13 65.7 (59.1-104.3)
Weight 0.570
BMI > 27 kg/m? 36 68.7 (53.6-94)
HE4 (pmol/L)
CKD-EPI > 1 mL/s 47 67.1 (53.1-98)
Renal function 0.196
CKD-EPI < 1mL/s 1 161 (161-161)
Pre/perimenopausal 8 63.4 (58.9-90.6)
Menopausal status 0.468
Postmenopausal 41 68.6 (53.1-98)
<60 years 17 17.6 (9.5-24.9)
Age 0.873
>60 years 43 15.8 (11.9-23.7)
BMI < 27 kg/m? 16 17.8 (13-24.8)
Weight 0.481
BMI > 27 kg/m? 44 154 (11.2-23.8)
CA125 (kU/L)
CKD-EPI > 1 mL/s 54 17.3 (12.4-24.6)
Renal function 0.128
CKD-EPI<1mL/s 5 12.5 (9.9-15.8)
Pre/perimenopausal 9 17.6 (15.1-24.9)
Menopausal status 0.873
Postmenopausal 51 15.8 (10.8-23.8)

Abbreviations: n = number of patients, IQR = interquartile range, BMI = Body Mass Index, CKD-EPI = glomerular filtration rate calculated

according to the chronic kidney disease epidemiology collaboration (CKD-EPI) equation.

3.4. DJ1, LICAM, CA125 and HE4 Serum Levels in Correlation with Tumor
Clinicopathological Characteristics

In our study, DJ1 and LICAM serum levels did not correlate with stage, histological
type or risk of recurrence. Serum HE4 levels were statistically significantly higher in tumors
with myometrial invasion >50% (p = 0.002), with lymph node involvement (p = 0.033), dis-
tant metastases (p = 0.021) and high risk of recurrence based on definitive histopathological
findings (p = 0.02). There were also statistically significant different CA125 serum levels
depending on the degree of myometrial invasion (lower levels in patients with invasion
<50%, p = 0.009) and lymph node involvement (higher in case of lymph node metastases,
p = 0.010). The detailed correlation of marker levels with clinicopathological features are
shown in Table 6.
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Table 6. DJ1, LICAM, HE4 and CA125 serum levels in correlation with both clinical and pathological features of endome-
trial cancer.

Valid n Median (IQR) p Value
EGI1-2 50 83.4 (41.4-151.5)
Histological type 0.191
E G3, non-E 14 69 (22.1-94.5)
o . <50% 47 63.9 (35.4-135.5)
Myometrial invasion 0.331
>50% 17 91.1 (51.9-151.5)
DN No 60 78 (38.4-145.2)
(ng/mL) LN involvement 0.688
Yes 4 73.2 (36.4-111.3)
No 62 83.4 (37.1-142.4)
Distant metastasis 0.714
Yes 2 56.7 (53.1-60.3)
Low ! 34 57.8 (39.7-147.9)
Definitive risk 0.941
High 2 30 86.2 (37.1-128)
EG1-2 50 1889.5 (1523.5-2418)
Histological type 0.620
E G3, non-E 14 2132.5 (1460-2345.5)
<50% 47 1969 (1528-2355)
Myometrial invasion 0.721
>50% 17 1680 (1515-2418)
No 60 1919 (1519.3-2389.8)
LICAM LN involvement 0.945
(pg/mL) Yes 4 2055.5 (1586.5-2381.8)
No 62 1919 (1523.5-2355)
Distant metastasis 0.772
Yes 2 2200.5 (1515-2886)
Low ! 34 1948.5 (1580-2355)
Definitive risk 0.687
High 2 30 1837.75 (1469-2418)
E G1-2 38 65 (51.4-98)
Histological type 0.276
E G3, non-E 11 76.2 (60.2-153.7)
<50% 39 63.7 (51.4-79.2)
Myometrial invasion 0.002
>50% 10 148.4 (68.6-255)
No 45 65.7 (53.1-89.6)
HE4 (pmol/mL) LN involvement 0.033
Yes 4 148.4 (105.8-189.4)
No 47 67.1 (53.1-90)
Distant metastasis 0.021
Yes 2 284.5 (255-314)
Low ! 28 61.9 (48.3-79.9)
Definitive risk 0.020
High 2 21 76.2 (61.1-153.7)
EG1-2 47 15.8 (12.4-23.8)
Histological type 0.837
E G3, non-E 13 17.9 (10.8-24.7)
<50% 45 14.9 (10.5-20)
Myometrial invasion 0.009
>50% 15 23.8 (16.9-119)
No 56 15.8 (10.7-23.6)
CA125 LN involvement 0.010
(kU/L) Yes 4 192.4 (88.2-407.4)
No 58 16 (10.8-23.8)
Distant metastasis 0.104
Yes 2 116.7 (23.4-210)
Low ! 32 15.3 (10.2-19.8)
Definitive risk 0.135
High 2 28 19 (12.2-41.4)

Abbreviations: n = number of patients, IQR = interquartile range. 1 Low definitive risk = endometrial carcinoma G1-2 AND myometrial
invasion <50% AND LVSI negative (i.e., adjuvant treatment not recommended) ? High definitive risk = criteria for low risk not met (i.e.,
adjuvant treatment recommended).
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4. Discussion

Circulating tumor marker serum level determinations provide interpretable results that
can significantly help to monitor treatment efficacy or early detection of recurrence in a broad
array of solid tumors [26]. In EC patients, clear evidence of clinical benefit from circulating
marker assessment has still been lacking and therefore, none of the circulating markers have
become an integral part of EC patient management in clinical practice [23,27,28]. Studies that
have been published so far have failed to demonstrate a higher proportion of recurrences
diagnosed in asymptomatic patients, even when extensive FU was used consisting of not
only gynecological examination, but also of serial CA125 measurements and examinations
by imaging methods. The proportion of symptomatic recurrence remains 41-83% [29]. In
general, there is still no consensus about FU regimens of EC patients after successful primary
treatment [23,27,28]. Undoubtedly, the identification of a circulating marker detecting EC
recurrence before the onset of symptoms, when lower tumor burden enables using a wider
spectrum of therapeutic options, would have a significant impact on EC patient management.

In this pilot study, we aimed to evaluate the significance of the new circulating
markers DJ1 and L1ICAM in correlation with markers CA125 and HE4 in EC patients. We
demonstrated that DJ1 and L1ICAM serum levels were significantly higher at the time of EC
diagnosis than levels collected after the initial treatment in disease-free patients (p < 0.001
for both markers, Figure 1A,B). Therefore, the dynamics of serial DJ1 and LICAM serum
levels correlate with disease status. The essential condition thus has been met for the use
of DJ1 and L1CAM in monitoring of anticancer treatment efficacy. In concordance with
previously published studies, we showed that CA125 and HE4 serum levels generally
decreased after initial treatment as well (p < 0.001 for differences between levels collected
preoperatively and during follow-up; Figure 1C,D) [12,13,30,31].

Despite the generally favorable prognosis of EC, 13-17% patients will develop recur-
rence, in most cases within three years after initial treatment [32]. While three-year survival
following vaginal recurrence is ~73%, in case of pelvic or distant recurrence, it drops to
less than 15% [33]. Moreover, patients with symptomatic recurrence survive for a signifi-
cantly shorter time compared to patients whose recurrence is diagnosed in asymptomatic
status [34]. In our study, a total of 5 patients (8%) developed recurrence after the median
follow-up of 29.5 months. Three patients developed distant metastases despite initial stage
FIGO I or II (Table 3). DJ1, CA125 and HE4 levels increased significantly at the time of
recurrence (p = 0.035 for DJ1 and p < 0.001 for CA125 and HE4, respectively) (see Table 4
and Figure 2A,C,D). LICAM serum levels at the time of recurrence increased as well, but
statistical significance was not achieved (p = 0.353, Figure 2B and Table 4). The probable
explanation for this fact could be a small number of patients with recurrent disease in our
cohort. Furthermore, Tangen et al. demonstrated a correlation of LICAM serum levels,
with LICAM tumor overexpression assessed immunohistochemically [20]. Similarly, Fogel
et al. showed elevated LICAM serum levels in patients with LCAM-positive EC in contrast
to significantly lower levels in both healthy controls and patients with LICAM-negative
tumors [17]. In our study, there were only 10 patients with LICAM-immunohistochemically
positive tumors, and just one of them developed recurrent disease (unpublished data).
Our results on CA125 and HE4 serum levels correlate with previously published studies
providing evidence for the significance of serial monitoring of CA125 and HE4 serum levels
for the detection of EC recurrence [12,13,35].

Undoubtedly, the identification of patient-related factors associated with health status
that could affect marker serum levels is crucial for the use of circulating markers in clinical
practice. In our study, DJ1 serum levels were affected only by the status of the disease
(i.e., whether the samples were taken at the time of EC diagnosis, after treatment or at the
time of recurrence). On the contrary, LLICAM serum levels also depended on age, weight
and menopausal status (Table 5). Any association of CA125 or HE4 serum levels with
any of the monitored parameters (Table 5) was not observed. The possible explanation of
an inconsistency between our results and the previously described dependence of HE4
serum levels on renal function [36,37] might be a composition of the study cohort. Only
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one patient in a cohort assessable for HE4 had renal insufficiency, whereas the number of
patients evaluable for LICAM, DJ1 and CA125 having renal insufficiency was higher (see
Table 5).

With respect to the comparison of DJ1 and LICAM serum levels in relation to histo-
logical type, lymph node involvement, presence of distant metastases or risk of recurrence
at the time of diagnosis, we did not demonstrate any statistically significant correlation
(Table 6). Regarding DJ1, our data were consistent with the results of a study by Benati
et al. Although this study observed higher DJ1 levels in EC patients (1 = 45) compared to
healthy controls (n = 29, p < 0.0001), the differences in serum levels between patients with
an early stage (FIGO I, II; nn = 38) or advanced disease (FIGO III, IV; n = 7) failed to reach
statistical significance (p = 0.86) [16]. We did not confirm results of the study published
by Di Cello et al. that demonstrated significantly higher DJ1 levels (p < 0.05) in patients
with a high-risk histological type (endometrioid carcinoma grade 3 or non-endometrioid
carcinoma) than in patients with a low-risk histotype (endometrioid carcinoma grade 1 or
2) [15]. This discrepancy could be explained by the fact that the proportion of patients in
our study with high-risk histotype was too small to reach statistical significance (n = 14;
22%) (see Table 6).

With respect to the correlation of LICAM serum levels with tumor clinicopathological
features, two studies have been published with conflicting results. Our results are consistent
with the previous study published by Wojciechowski et al. (n = 35). Although the authors
observed different LICAM serum levels in EC patients compared to individuals with
benign gynecological conditions, they were unable to demonstrate correlation among
L1CAM serum levels and stage, histological type or tumor grading [19]. On the contrary, we
did not confirm the correlation of LICAM serum levels with the lymph node involvement
demonstrated by Tangen et al. (n = 372; p = 0.048) [20]. LICAM serum levels apparently
depend on many patient-related variables, as we show in Table 5. In addition, the relation
between L1ICAM serum levels and LICAM percentage tumor positivity (if any) has not
been clearly defined yet [17]. Correlations of CA125 and HE4 serum levels with known
prognostic factors in EC patients shown in our study (Table 6) are consistent with previously
published data [10,12,13,38].

Preoperative knowledge of marker serum levels is only one part of the clinical com-
plexity determining the risk of recurrence in EC patients [39]. Recently, the integrated
genomic analyses performed by The Cancer Genome Atlas Research network (TCGA) pro-
posed dividing EC into four groups with different clinical behaviors and prognoses [40-42].
This novel, molecular-based classification dramatically changed risk stratification and
clinical management of EC patients [43-45]. Moreover, there are other promising methods
that might be able to predict the behavior and pathological characteristics of EC such as
metabolomics [46,47]. In this context, analyses of larger cohorts of patients taking into
consideration other factors affecting EC prognosis such as the presence of POLE and p53
mutation, mismatch repair (MMR) status, the levels of LICAM and estrogen/progesterone
receptors’ positivity in the tumor, etc., need to be done for more specific assessment of the
significance of circulating marker serum levels.

The strengths of this study include the fact that this is a cohort of fully staged EC
patients from a real clinical practice with prospective data collection. To our best knowledge,
this study is the first to analyze the dynamic changes of serial DJ1 and LICAM serum
levels in EC patients. In the case of DJ1, these are the first data supporting its potential
role as a serum marker for the detection of recurrence in EC patients during the follow-up
period after successful primary treatment. To date, none of the published studies on DJ1
and L1CAM serum levels have addressed this issue. A limitation of our study was that this
was a relatively small cohort of EC patients with a shorter follow-up period and therefore
a low recurrence rate, as it was a pilot study aimed at finding a reasonable preliminary
evidence for future research on DJ1 and L1CAM as serum circulation tumor biomarkers in
EC patients.

-57-



J. Clin. Med. 2021, 10, 2640 12 of 14

5. Conclusions

We demonstrated that DJ1 and L1ICAM serum levels correlated with disease status in
EC patients; they may therefore be potentially useful in clinical practice for monitoring the
effects of treatment. Unlike the LICAM marker, DJ1 serum levels were not affected by other
factors associated with the health status of patients such as age or BMI. Further studies with
longer follow-ups will be needed to definitively assess the benefit from monitoring of DJ1,
L1CAM, CA125 and HE4 serum levels for the diagnosis of asymptomatic EC recurrence. At
the time of EC diagnosis and in contrast to CA125 and HE4, DJ1 and L1CAM serum levels
did not correlate with disease stage, histological type or risk of disease recurrence, leaving
us unable to assess their prognostic significance in patients with endometrial cancer based
on the limited pilot study cohort.
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2.5 Molekularni klasifikace karcinomu endometria a predikce rizika
recidivy v dobé diagnozy

Pres intenzivni snahu o zpresnéni predikce biologického chovani karcinomu endometria
prostiednictvim Kklinicko-patologickych parametri a jednotlivych prognostickych
markert zlistdvala stratifikace rizika recidivy pred rokem 2020 zatiZena vyznamnou
nepiesnosti. Zasadni priillom v této oblasti prinesly vysledky projektu The Cancer Genome
Atlas Research Network (TCGA), publikované v roce 2013, které prokazaly, Ze karcinom
endometria predstavuje molekularné heterogenni skupinu nadori rozdélitelnou do Ctyt
biologicky odliSnych podtypt s vyznamné rozdilnou prognézou. Zatimco skupina naddort
s ultramutovanym fenotypem spojenym s mutaci genu POLE se vyznacuje mimoiadné
priznivou prognézou navzdory casto high-grade morfologii, nadory s vysokym poctem
kopiovych zmén a alteraci genu TP53 vykazuji agresivni biologické chovani a nejhorsi
prognoézu. Prognoéza skupiny pacientek shypermutovanymi nadory asociovanymi s
deficitem mismatch repair systému (MMRd), resp. s nizkym poctem kopiovych zmén je
intermediarni. Ukazalo se soucasné, Ze molekuldrni charakteristika nddoru ma vyssi
prognosticky vyznam neZ samotny histologicky typ nebo grading [45].

PrestozZe klasifikace TCGA znamenala zasadni posun v pochopeni biologické podstaty
karcinomu endometria, jeji vyuziti v bézné Kklinické praxi bylo limitovano vysokou
technickou i ekonomickou naroc¢nosti komplexnitho genomového sekvenovani
(sekvenovani nové generace, NGS). Pro béZnou klinickou praxi byl proto navrZen
algoritmus umoziujici Kklasifikaci nadorti do c¢tyr prognostickych skupin pomoci
kombinace molekuldrné-genetického vySetfeni mutaci genu POLE a analyzy zastupnych
markeri  mikrosatelitové instability a vysokého poctu kopiovych zmén:
imunohistochemického vysetieni mismatch repair systému (MMR) a proteinu p53. Deficit
mismatch repair systému (MMRd) se stanovuje na zakladé priikazu ztraty exprese
alespon jednoho z proteini MMR (MLH1, PMS2, MSH2 nebo MSH6). Podobné priikaz
abnormalni exprese proteinu p53, ktery predstavuje zastupny marker mutace genu TP53,
slouzi kidentifikaci skupiny nadorl svysokym pocltem kopiovych zmén tapiycki
asociovanych s alteraci genu TP53. Nadory bez mutace POLE, bez deficitu MMR systému
a bez abnormalni exprese p53 jsou zarazovany do skupiny NSMP (bez specifického
molekularniho profilu) [46-49].

Do evropskych doporuceni pro stratifikaci podle miry rizika recidivy byla
molekularni klasifikace zaclenéna poprvé vroce 2020, coz predstavovalo zasadni krok
smérem k biologicky podminéné individualizaci chirurgické i adjuvantni 1écby pacientek
s karcinomem endometria. Poprvé bylo doporuceno stanovovani molekularnich
prognostickych markert v bézné klinické praxi se zdsadnim vlivem na lécebny pristup.
Samotny priikaz ztraty exprese p53 nebo mutace TP53 zaradil pacientky bez ohledu na
histologicky typ a grading do skupiny s vysokym rizikem s indikaci adjuvantni 1éCby
chemoterapii i radioterapii. Naopak, priikaz hotspotovych mutaci genu POLE u pacientek
v prvnim i druhém klinickém stadiu znamenal zarazeni do nizkého rizika bez nutnosti
adjuvantni lécby (Tabulka 9, sloupec 3). Pies doporuceni rutinniho provadéni
molekularniho testovani byla soucasné definovana i kritéria stratifikace rizika pro
ptripady, kdy molekularni Kklasifikace nebyla dostupnd, tedy na zakladé Kklinicko-
patologickych parametrii (Tabulka 9, sloupec 2) [20].
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Tabulka 9: Stratifikace rizika recidivy karcinomu endometria podle doporuéeni ESGO/ESTRO/ESP 2020 pri
zndmé a nezndmé molekuldrni klasifikaci [20].

Riziko recidivy = Molekularni Kklasifikace neznama Molekularni klasifikace znama
Nizké e Stadium IA endometroidni + low- e Stadium I-IIl POLEmut, bez rezidua
grade + LVSI negativni/fokalné e Stadium IA dMMR/NSMP endometroidni
+ low-grade + LVSI negativni/fokalné
Stiredni e Stadium IB endometroidni + low- e Stadium IB dMMR/NSMP endometroidni
grade + LVSI negativni/fokalné +low-grade + LVSI negativni/fokalné
e Stadium IA endometroidni + high- e  Stadium IA dMMR/NSMP endometroidn{
grade + LVSI negativni/fokalné + high-grade + LVSI negativni/fokalné
e Stadium IA non-endometroidni e Stadium IA p53abn a/nebo non-
(serdzni, clear cell, endometroidni (serézni, clear cell,
nediferencovany, karcinosarkom, nediferencovany, karcinosarkom,
smiSeny) bez invaze do myometria smiSeny), bez invaze do myometria
Vyssi stredni e Stadium I endometroidni + LVSI e Stadium [ dAMMR/NSMP endometroidni +
podstatna, bez ohledu na grade a LVSI podstatnd, bez ohledu na grade a
invazi do myometria invazi do myometria
e Stadium IB endometroidni + high- e  Stadium IB dMMR/NSMP endometroidni
grade, bez ohledu na LVSI + high-grade, bez ohledu na LVSI
e Stadium II e Stadium Il dAMMR/NSMP endometroidni
Vysoké e Stadium III-IVA, bez rezidualni e Stadium III-IVA dMMR/NSMP
nemoci endometroidni, bez rezidua

e Stadium I-IVA p53abn s invazi do

e Stadium I-IVA non-endometroidni myometria, bez rezidua
(serézni, clear cell, e Stadium [-IVA dMMR/NSMP serdzni,
nediferencovany, karcinosarkom, karcinosarkom nebo nediferencovany
smiSeny) s invazi do myometria, karcinom, s invazi do myometria, RO
bez rezidua resekce
Pokrocily nebo e  Stadium III-IVA s rezidualnim e Stadium III-IVA s rezidualnim
metastaticky onemocnénim po operacnim onemocnénim po operaci, jakykoliv
vykonu molekularni typ
e Stadium IVB e  Stadium IVB jakykoliv molekuldrni typ

LVSI - lymfovaskuldrni invaze; NSMP - no specific molecular profile; POLEmut - mutace genu POLE; p53abn -
abnormadlni exprese p53; MMRd - deficit mismatch repair systému.

2.5.1 Vlastni pfinos k problematice

V navaznosti na publikaci evropskych doporuceni ESGO/ESTRO/ESP z roku 2020 jsme na
nasSem pracovisti zah4jili implementaci molekularniho testovani karcinomu endometria
do bézné klinické praxe. Po roce uzivani jsme provedli vyhodnoceni proveditelnosti
rutinniho stanovovani molekularni klasifikace u pacientek s nové diagnostikovanym
karcinomem endometria, zhodnotili jeji dopad na stratifikaci rizika recidivy a posoudili
jeji vliv na organizaci diagnosticko-terapeutického procesu.

Na zakladé mezioborové spoluprace onkologli, gynekologli, patologi a
molekularnich biologli byl vytvoren algoritmus molekularniho testovani zahrnujici
imunohistochemické stanoveni exprese proteinti mismatch repair systému (MMR) a p53
u vSech nové diagnostikovanych pacientek. U pacientek nespliiujicich kritéria nizkého
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rizika a u tumort s prikazem MMR deficitu nebo abnormalni exprese p53 byla soucasné
doplnéna molekularné geneticka analyza mutac¢niho stavu genu POLE. Vysledky
molekularniho testovani byly nasledné zohlednény pri rozhodovani multidisciplinarni
komise pro indikaci adjuvantni 1é¢by.

Analyza prvnich 85 pacientek ukazala, Ze zavedeni molekularni klasifikace do rutinni
klinické praxe je technicky i organizacné dobre realizovatelné a nevede k prodlouzeni
doby pottebné pro rozhodnuti o dalsi 1écbé. Median intervalu od operace do projednani
pripadu multidisciplinarni komisi ¢inil 21 dni. MMR-deficientni tumory byly
identifikovany u 26 % pacientek a p53-abnormalni tumory u 9 % pacientek. PfestoZze v
pilotnim souboru nebyl identifikovan Zadny POLE-ultramutovany tumor, molekularni
klasifikace vedla ke zméné zarazeni do rizikovych skupin oproti piedchozim
doporucenim u €asti pacientek, a tim i k modifikaci terapeutického pristupu.

Vyznamnym piinosem bylo také potvrzeni praktického vyznamu plosného testovani
MMR systému pro identifikaci pacientek s hereditarni predispozici k nadorovym
onemocnénim. Na zadkladé zachytu MMR-deficientnich tumort byla indikovana geneticka
konzultace, priCemzZ u casti vySetfenych pacientek byla nasledné potvrzena hereditarni
predispozice odpovidajici Lynchovu syndromu.

Nase pilotni zkuSenost ukazala, Ze racionalné indikované molekularni testovani
umoznuje implementaci moderni biologicky zaloZené stratifikace rizika do realné klinické
praxe bez negativniho dopadu na nacasovani 1é¢by a predstavuje diilezity krok smérem k
individualizaci péce o pacientky s karcinomem endometria.

Priloha 3: Molekularni testovani karcinomu endometria — analyza prvnich zkuSenosti
z klinické praxe
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Souhrn

Vychodiska: Molekularni klasifikace pfinasi zasadni zmény do diagnosticko-lé¢ebného al-
goritmu u pacientek s karcinomem endometria (endometrial cancer — EC). Cilem sdéleni je
analyza prvnich zkusenosti se zavedenim molekularniho testovani do realné klinické praxe.
Materidl a metody: Od kvétna 2021 je ve FN Brno u viech pacientek s nové diagnostikovanym
EC v ramci standardniho histopatologického vysetieni stanovovan také imunohistochemicky
status proteint p53 a mismatch repair (MMR). U tumord nesplnujicich klinicka kritéria pro nizké
riziko a vzdy pfi priikazu deficience MMR nebo mutace p53 je provadéno také molekularné
genetické testovani genu POLE. U kazdé pacientky je vyhodnoceno riziko recidivy podle nej-
novéjsich guidelines z roku 2020 a na jeho zékladé doporucen dalsi postup. Viem pacientkdm
s MMR-deficientnimi tumory a/nebo pozitivni rodinnou anamnézou je doporucena také gene-
tickd konzultace. Vysledky: Do analyzy bylo od kvétna 2021 do kvétna 2022 zafazeno celkem
85 pacientek s medianem véku 66 let. MMR-deficientni tumory mélo 22 pacientek (26 %) a p53-
-mutované tumory 8 pacientek (9 %). U Zzadné ze 40 pacientek v nenizkém riziku s provede-
nou analyzou muta¢niho stavu genu POLE nebyl prokazan ultramutovany typ tumoru. Celkem
46 (51 %) pacientek mélo v dobé diagndzy nizké riziko, 2 pacientky (2 %) stfedni, 14 pacientek
(16 %) vyssi stiedni a 20 pacientek (24 %) vysoké riziko recidivy. Celkem 6 pacientek (7 %) bylo
diagnostikovano s pokrocilym nebo metastatickym onemocnénim. Median doby od operace
po projednéni na multidisciplinarni komisi byl 21 dni (8-36). Celkem 76 pacientek (90 %) ab-
solvovalo lé¢bu v pIném rozsahu v souladu s rizikem recidivy. Z 18 pacientek s dostupnymi vy-
sledky genetického vysetteni byla u 4 (22 %) prokazana hereditarni forma onemocnéni. Zdvér:
Racionalné indikované molekularni testovani kombinujici imunohistochemické analyzy pro-
teind MMR i p53 u viech pacientek s EC a sekvenacni analyzu genu POLE u pacientek v neniz-
kém riziku recidivy je v bézné praxi proveditelné a neprodluzuje dobu nutnou pro rozhodnuti
o adjuvantni lé¢bé.

Klicova slova
karcinom endometria - molekuldrni testovéni - p53 — mismatch repair systém - POLE
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Summary

Background: Molecular classification has brought significant changes in the management of endometrial cancer (EC). In this article, we aim to
analyze our first experience with an implementation of molecular testing into daily clinical practice. Materials and methods: In all newly dia-
gnosed EC, the status of mismatch repair (MMR) and p53 proteins has been evaluated immunohistochemically as a part of the routine histopatho-
logical examination since May 2021. In tumors that do not meet clinical criteria for a low risk and those with MMR deficiency or p53 mutation, the
molecular genetic testing of the POLE gene is performed as well. Recommendations for adjuvant treatment or follow-up are subsequently made
based on the risk of recurrence. Genetic counselling is proposed to all patients with MMR-deficient tumors or family history of cancer. Results:
A total of 85 patients with newly diagnosed EC between May 2021 and May 2022 were enrolled in the analysis. The median age was 66 years.
The results of molecular testing were as follows: 22 (26%) MMR-deficient, 8 (9%) p53-mutated and none POLE-ultramutated of those 40 tumors
with performed POLE sequencing. A total of 46 (51%) patient had a low risk, 2 (2%) intermediate, 14 (16%) high-intermediate and 20 (24%) pa-
tients had a high risk of recurrence. Advanced or metastatic diseases were diagnosed in 6 (7%) patients. The median time between surgery and
multidisciplinary tumor board decision was 21 days (8-36). A total of 76 (90%) patients underwent the whole treatment plan according to the
recurrence risk. At the time of analysis, the results of genetic testing were available in 18 patients and revealed 4 (22%) carriers of a pathogenic
variant in any of the genes associated with Lynch syndrome. Conclusion: Molecular testing combining immunohistochemical analyses of MMR
and p53 proteins in all newly diagnosed EC patients with sequencing analysis of POLE in those with non-low-risk disease is feasible and does not
prolong the time needed for treatment decision.

Key words
endometrial cancer - molecular testing - p53 — mismatch-repair system — POLE

Uvod

Adenokarcinomy endometria (EC) pred-
stavuji vyrazné heterogenni skupinu
nadord s casto velmi odliSnym bio-
logickym chovanim (tab. 1). Zasadni lé-
¢ebnou modalitou je chirurgicky vykon
majici vyznam nejen kurativni, ale také
stagingovy. Zatimco u pacientek s niz-
kym rizikem recidivy je samotna ope-
race povazovéana za dostacujici vykon,
u pacientek nesplnujicich kritéria pro
nizké riziko je nasledné indikovéna ad-
juvantni lécba at jiz ve formé radiote-
rapie, chemoterapie, nebo kombinace
obou metod, a to v ndvaznosti na miru

Tab. 1. Histologické typy adenokar-
cinomu endometria, zjednodusené
déleni podle [15].

Histologicky typ Cetnost (%)
Endometroidni 80
adenokarcinom

Serdzni karcinom <10
Clear cell karcinom <10
Nediferencovany/ 2
dediferencovany

karcinom

Ostatni (vzacné): smiseny karcinom,
mezonefricky adenokarcinom, skva-
mdzni karcinom, mucinézni karci-
nom (intestinalni typ), mesonephric-
-like adenokarcinom, karcinosarkom

rizika recidivy onemocnéni [1]. Mezi z&-
kladni prognostické parametry defi-
nujici riziko rekurence patfily az do za-
vedeni nové molekuldrni klasifikace
stadium onemocnéni v dobé diagnézy
(tab. 2), histologicky typ a pfitomnost,
nebo absence nadorové lymfangioin-
vaze (lymphovascular space invasion -
LVSI) (tab. 3) [2].

Molekularni klasifikace EC byla navr-
Zena v roce 2013 na zékladé vysledki

komplexnich genomickych, transkripto-
mickych a proteomickych analyz a roz-
déluje karcinom endometria do ¢ctyf
skupin: 1) ultramutované tumory s pa-
togenni variantou genu POLE; 2) hyper-
mutované mikrosatelitové instabilni tu-
mory; 3) copy-number high tumory
vétsinové s pfitomnou patogenni va-
riantou genu TP53; 4) ostatni tumory,
tzv. copy-number low. Kromé moleku-
larné biologickych charakteristik se jed-

Tab. 2. TNM a FIGO klasifikace karcinom endometria [16].

TNM FIGO Charakteristika
T | nador omezen na télo délohy
Tla 1A
polovinu myometria
T1b 1B nador postihuje polovinu ¢i vice myometria
T2 1]
T3a,N1 Il
T3a A
T3b 1B postizeni pochvy nebo parametrii
N1 lnc
e metastézy do panevnich miznich uzlin
lnc2 metastazy do paraaortalnich miznich uzlin
T4 IVA
M1 IVB vzdalené metastazy

FIGO - International Federation of Gynecology and Obstetrics, TNM — primarni

tumor, regionalni lymfatické uzliny

nador omezen na endometrium nebo postihuje méné nez

nador postihuje cervikalni stroma, nesiii se vsak mimo délohu
lokalni a/nebo regionalni Sifeni specifikované nize:

néador postihuje serézu téla délozniho nebo adnexa

metastazy do panevnich nebo paraaortalnich miznich uzlin

néador postihuje sliznici mo¢ového méchyre / sliznici stfeva

216
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Tab. 3. Charakteristiky prognostickych skupin pacientek s karcinomem endometria podle doporuceni z roku 2016 a 2020 [2,8].

Riziko DOP_2016 DOP_2020
Molekularni klasifikace neznama Molekularni klasifikace znama
nizké stadium IA stadium IA stadium I-II
endometroidni endometroidni POLEmut
grade 1-2 low grade bez rezidualniho onemocnéni
LVSI negativni LVSI negat./fokalné stadium 1A
MMRd/NSMP endometroidni
low grade
LVSI negat./fokalné
stfedni stadium IB stadium IB stadium IB
endometroidni endometroidni MMRd/NSMP endometroidni
grade 1-2 low grade low grade
LVSI negativni LVSI negat./fokalné LVSI negat/fokalné
stadium IA stadium IA
endometroidni MMRd/NSMP endometrioidni
high grade high grade
LVSI negat./fokalné LVSI negat./fokalné
stadium IA stadium IA
non-endometroidni p53abn a/nebo
bez invaze do myometria non-endometroidni
bez invaze do myometria
vyssi stiedni stadium IA stadium | Stadium |
endometroidni endometroidni MMRd/NSMP
grade 3 LVSI-pozitivni endometroidni
LVSI +/- LVSI pozitivni
stadium IA/B stadium IB stadium IB
endometroidni endometroidni MMRd/NSMP endometroidni
grade 1-2 high grade high grade
LVelpozitivai stadium Il stadium Il
MMRd/NSMP endometroidni
vysoké stadium IB stadium Ill-IVA stadium IlI-IVA
endometroidni operace s RO MMRd/NSMP
grade 3 operace s RO
LVSI +/—
non-endometroidni stadium [-IVA stadium | - IVA
non-endometroidni p53abn
s invazi do myometria s invazi do myometria
operace s RO operace s RO
stadium Il stadium | - IVA MMRd/NSMP

serdzni, nediferencovany karcinom nebo
karcinosarkom
s invazi do myometria; operace s RO

stadium Il
endometroidni
operace s RO

pokrocily stadium Ill s reziduem stadium Ill-IVA stadium IlI-IVA
stadium IVA rezidudlni onemocnéni rezidudlni onemocnéni
jakykoliv typ
metastaticky stadium IVB stadium IVB stadium IVB
jakykoliv typ

DOP_2016 - doporuceni pro diagnostiku a lé¢bu karcinomu endometria z roku 2016, DOP_2020 - doporuceni pro diagnostiku a [é¢bu
karcinomu endometria z roku 2020, LVSI - nadorova lymfangioinvaze, MMRd — mismatch repair-deficientni, NSMP — nespecificky mole-
kuldrni profil, POLEmut - ultramutované tumory s mutaci genu POLE, p53abn - p53-mutovany, RO - operace s nulovym reziduem
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notlivé skupiny vyznamné odlisuji také
svou biologickou povahou. Zatimco ul-
tramutované nadory s patogenni varian-
tou genu POLE maji vynikajici prognozu,
nadory patfici do skupiny copy-num-
ber high maji naopak prognézu nej-
horsi a skupiny hypermutovanych mik-
rosatelitné instabilnich i copy-number
low tumor( vykazuji intermediarni pro-
gnozu [3]. Vzhledem k finan¢ni naklad-
nosti komplexniho genomového pro-
filovani, relativné dlouhé dobé odezvy
a stéle jesté limitované dostupnosti
v bézné klinické praxi byla nésledné na-
vrzena a na nezavislych souborech pa-
cientek validovana alternativni meto-
dika molekuldrniho testovani zalozend
na molekuldrné genetické sekvencni
analyze genu POLE a imunohistochemic-
kém stanoveni exprese proteind MMR
(mismatch repair systému, tj. MLH1,
MSH2, MSH6 a PMS2) a p53 [4-7].

Na zékladé robustnich dat dokladuji-
cich prognosticky vyznam molekuldrni
klasifikace bylo v roce 2020 jeji stanovo-
vani inkorporovéno do aktualizace ev-
ropskych doporuceni pro management
pacientek s EC (DOP_2020). Tato dopo-
ruceni definuji kritéria pro zarazeni pa-
cientek do jednotlivych skupin podle
miry rizika recidivy onemocnéni jak v si-
tuaci, kdy molekularni klasifikace znédma
neni, tak v situaci, kdy jsou vysledky
molekularniho testovani k dispozici
(tab. 3) [8]. Oproti pfedchozim doporu-
¢enim z roku 2016 (DOP_2016) pfinesla
DOP_2020 nékteré zésadnizmény. Vedle
modifikace klinickych prognostickych
parametr(l (napf. pfesunuti stadia Il z vy-
sokého do vyssiho stfedniho rizika) je
to predevsim fakt, ze priikaz patogenni
sekven¢ni varianty v genu POLE svéd-
¢ici pro ultramutovany typ tumoru nebo
mutovany stav genu TP53 zésadnim zp(-
sobem ovliviuji terapeuticky pfistup
u pacientek s nové diagnostikovanym
EC. Nejenom pacientky v klinickém sta-
diu IA, ale i pacientky ve stadiu IB a Il
s POLE-ultramutovanymi tumory jsou
bez ohledu na dal$i parametry zafazeny
do skupiny s nizkym rizikem bez nut-
nosti adjuvantni terapie. Naopak tumory
s aberantni expresi p53 (resp. mutaci
TP53) a prokazanou invazi do myome-
tria jsou i pfi diagnéze ve stadiu IA bez
ohledu na histologicky typ zafazeny do

skupiny s vysokym rizikem, kdy je stan-
dardné doporucena adjuvantni lé¢ba
(tab. 3) [8].V roce 2021 bylo publikovano
také spole¢né narodni doporuceni ¢tyf
odbornych spole¢nosti Ceské Iékaiské
spole¢nosti J. E. Purkyné (CLS JEP) de-
tailné popisujici metodiku molekular-
niho testovani EC v podminkéch CR [9].

Cilem predkladané prace je analyza
prvnich zkusenosti s prospektivnim sta-
novovanim molekuldrniho testovani
u pacientek s nové diagnostikovanym
EC a vyhodnoceni piinosu zavedeni mo-
lekularni klasifikace do reédlné klinické
praxe.

Material a metody
Od jara roku 2021 je molekularni tes-
tovani EC ve FN Brno provadéno pro-
spektivné v ramci standardniho histo-
patologického vysetieni vzdy, pokud je
k dispozici dostate¢né reprezentativni
vzorek tumoru pro imunohistochemické
a molekuldrné genetické analyzy. Vyset-
feni jsou provadéna na vzorcich tumoru
odebranych pfi operaci, fixovanych
formaldehydem a zalitych v parafinu (for-
malin-fixed parafin-embeded - FFPE).
Pokud nebyl operac¢ni vykon proveden,
jsou vysetieni v indikovanych pfipadech
doplnéna ze vzorkl ziskanych pfi dia-
gnostickém vykonu.

Proteiny p53 a MMR jsou stanovovany
imunohistochemicky (IHC) u viech pa-
cientek s nové diagnostikovanym EC.

Metodika IHC analyzy p53

K imunohistochemické analyze byla
pouzita komerc¢né dostupna protilatka
p53 (klon DO-7, 1 : 200; Agilent, USA)
a automaticky systém Ventana Ben-
chMark Ultra. Dle miry exprese proteinu
je nalez hodnocen jako wild type (fo-
kalné slaba disperzni jaderna pozitivita)
¢i mutovany typ exprese (silnd jaderna
exprese ve vice nez 80 % nadorovych
bunék, nulova jaderna exprese ¢i cyto-
plazmaticka exprese).

Metodika IHC analyzy MMR

K imunohistochemické analyze byly
pouzity komer¢né dostupné protilatky
MSH2 (klon BSB-147, 1 : 50; BioSB, USA),
MLH1 (klon ESO5, RTU; Agilent, USA),
PMS2 (klon EP51, RTU; Agilent, USA),
MSH6 (klon PU29, 1 : 70; Novocastra,

Leica Biosystems Newcastle Ltd, Anglie)
a automaticky systém Ventana Bench-
Mark Ultra. Hodnoceni a interpretace vy-
sledka se fidi dle doporuceni College of
American Pathologists.

Metodika analyzy mutacniho stavu
genu POLE
Mutacni stav genu POLE je vySetifovan
u viech tumor( s vyjimkou téch, které
splfuji kritéria pro zafazeni do skupiny
s nizkym rizikem recidivy, tj. low-grade
endometroidni karcinomy s hloubkou
invaze do méné nez poloviny sitky myo-
metria, bez podstatné LVSI (tab. 3). V pfi-
padé priikazu MMRd a/nebo p53MUT je
mutacni stav genu POLE dosetien bez
ohledu na klinické parametry, a to pro
dofeseni pfipadnych double ¢i multiple
classifiers.

Po identifikaci vhodného FFPE bloku
k analyze a zhodnoceni procentudlniho
zastoupeni nadorovych bunék erudova-
nym patologem je izolovdana genomova
DNA s podilem nadorové DNA = 50 %.
Amplifikace a sekven¢ni analyza exond
9-14 genu POLE (dle referen¢ni sek-
vence NM_006231.4) se fidi aktualnimi
standardy vydavanymi Spole¢nosti Ces-
kych patologti CLS JEP a aktualni verzi
National Comprehensive Cancer Ne-
twork (NCCN) guidelines. Jednotlivé sek-
vence pouzitych primerd (Generi Bio-
tech, Ceské republika) jsou uvedeny
v tab. 4. Nélez je hodnocen jako nega-
tivni v pfipadé, ze nebyla detekovéna
zadna z dosud popsanych patogennich
sekvencnich variant genu POLE v exo-
nech 9-14, nebo jako pozitivni v pfipadé,
Ze byla detekovana nékterd z dosud po-
psanych patogennich sekven¢nich va-
riant genu POLE v exonech 9-14.

Stanoveni molekularniho subtypu EC

Specifikace molekularniho subtypu EC

je reportovana u tumord, které maji sta-

noveny viechny potiebné parametry, tj.

status MMR, p53 a mutacni stav genu

POLE. V souladu s narodnim doporuce-

nim je pouzivana terminologie [9]:

1) POLE-ultramutovany typ tumoru -
priikaz zndmych patogennich variant
v exonu 9-14 genu POLE

2) MMR-deficientni typ - prikaz defi-
cience MMR a soucasné POLEwt pfi ja-
kémkoli statusu p53
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3) p53-mutovany typ - p53-aberantni
fenotyp a soucasné MMR proficience
i POLEwt

4) s nespecifickym molekularnim
profilem

Stratifikace pacientek podle miry
rizika recidivy

Na zakladé stagingu, histologického typu,
gradingu, stanoveni LVSI a vysledk{ mo-
lekuldrniho testovani je pacientka v rdmci
projednani dal$iho postupu na Indika¢ni
onkogynekologické komisi (IOGK) zafa-
zena do pfislusné rizikové skupiny podle
DOP_2020 (tab. 3) [8]. Pokud bylo prove-
deno kompletni molekularni testovani
vcetné analyzy genu POLE, je definitivni
riziko stanoveno na zakladé DOP_2020 -
Molekularni klasifikace znama. V situa-
cich, kdy by pfiipadny prikaz patogenni
varianty genu POLE neménil 1é¢ebny po-
stup, jako jsou tumory spliujici kritéria
pro nizké riziko, nebo naopak disemino-
vané tumory v dobé diagndzy, je riziko
stanoveno na zdkladé klinickych para-
metru (tab. 3).

Kritéria pro indikaci genetické
konzultace

Vsem pacientkdm s MMR-deficientnimi
tumory a/nebo s pozitivni rodinnou
anamnézou je v ramci projednani na
I0GK doporucena také geneticka kon-
zultace k vylouceni hereditarni formy
onemocnéni.

Soubor pacientek

Do analyzy byly zafazeny viechny pa-
cientky Onkogynekologického centra
FN Brno s nové diagnostikovanym EC
v obdobi kvéten 2021 - kvéten 2022.
Pro posouzeni vyznamu zaclenéni mo-
lekularniho testovani do klinické praxe
byly pacientky retrospektivné zafa-
zeny do nékteré z prognostickych sku-
pin také podle predchozich doporuceni
DOP_2016 (tab. 3) a vysledky stratifi-
kaci podle jednotlivych doporuceni byly
porovnany [2].

Statisticka analyza

K popisu charakteristik pacientek a tu-
mor0G byly pouzity absolutni a relativni
cetnost pro kategoridlni proménné
a pro spojité median a mezikvartilové
rozpéti. Vzhledem k tomu, Ze se jednalo

Tab. 4. Sekvence pouzitych primerd.

PRIMER Sekvence

POLE-9F GAGCTTGGCTTTATGCTTATTTTG
POLE-9R GGCAGATGCTGCTGTAGTATG
POLE-10F TCTCTAGGCAGAGTGTGTGG
POLE-10R ACATGTCCGTTCTTCCCAC
POLE-11F CTTTGGGAGAGGAATTTGGAATAG
POLE-11R CAGGAGCCACCTCCTAAGTC
POLE-12F GGGCATTAGAGCCTGACC
POLE-12R GTGACAGCACAGTCTGCAAG
POLE-13F1 TGCCTGTTAGGAACTTGCATC
POLE-13R1 ATGTCCTCCGGGTCTAGC
POLE-13F2 ACAGTTACCTTCCTGTGGGC
POLE-13R2 TGTCCCGGAGACACAGC
POLE-14F GTGCTTCACACTTGACCCTG
POLE-14R TGCCGACAGGACAGATAATG

o deskriptivni studii, nebylo provedeno
zadné statistické testovani.

Vysledky

Do analyzy bylo zafazeno celkem 85 pa-
cientek s medidanem véku 66 let, z toho
58 (68 %) v klinickém stadiu I, 7 (8 %) ve
stadiu I, 16 (19 %) ve stadiu lll a 4 (5 %)
ve stadiu IV. Celkem 67 (79 %) pacientek
mélo low-grade endometroidni karci-
nom, 13 (15 %) high-grade endome-
troidni karcinom a 5 (6 %) non-endo-
metroidni karcinomy (tab. 5). | pres
implementaci molekularniho testovani
byl median doby od operace po projed-
nani na IOGK 21 dni (8-36).

Vysledky molekuldrniho testovani
byly nésledujici: celkem 22 pacientek
(26 %) mélo MMR-deficientni tumory
a 8 pacientek (9 %) p53-mutované tu-
mory. U zadné ze 40 pacientek v ne-
nizkém riziku s provedenou analy-
zou mutacniho stavu genu POLE nebyl
prokdzan ultramutovany typ tumoru.
U jedné pacientky nebyl vysetien status
p53audvou pacientek v nenizkém riziku
nebyla provedena analyza genu POLE
(tab. 6). V obou ptipadech se jednalo
o tumory diagnostikované v klinickém
stadiu IVB, kdy dopInéni molekularnich
analyz by nevedlo ke zméné terapeutic-
kého postupu. Z pohledu zafazeni pa-

cientek do skupin dle miry rizika reci-
divy podle DOP_2020 bylo 46 pacientek
(51 %) v nizkém riziku, 2 pacientky (2 %)
ve stfednim, 14 pacientek (16 %) ve vys-
Sim stfednim a 20 pacientek (24 %) ve
vysokém riziku. Celkem 6 pacientek
(7 %) bylo diagnostikovano s pokrocilym
nebo metastatickym onemocnénim.

U 76 pacientek (90 %) byl 1é¢ebny po-
stup stanoven i dokoncen plné v sou-
ladu s DOP_2020 podle miry rizika reci-
divy onemocnéni [8]. U jedné pacientky
(1 %) musela byt doporucend adju-
vantni lécba ukoncena predcasné z di-
vodu nepfiméfené toxicity chemote-
rapie. Pouze u 8 pacientek (9 %) byla
vysledna lé¢ebnd doporuceni modi-
fikovana z divodu celkového stavu
nebo vile pacientky, kdy navzdory ri-
ziku recidivy nebyla doporucend adju-
vantni chemoterapie nebo radioterapie
aplikovana.

Pti porovnani rozdild ve stratifikaci
pacientek podle miry rizika recidivy
na zadkladé DOP_2020 a piedchozich
DOP_2016 jsou patrné rozdily v po-
Ctech zafazenych pacientek prakticky ve
vsech rizikovych skupindch s vyjimkou
pacientek diagnostikovanych s pokroci-
lym nebo metastatickym onemocnénim,
kde se kritéria pro zafazeni v mezidobi
nijak nezménila (graf 1) [2,8]. K modifi-
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Tab. 5. Klinické charakteristiky souboru.

Klinické charakteristiky
vék, median (IQR)

BMI, median (IQR)
menopauzalni stav, n (%)
pre/perimenopauza
postmenopauza

parita, median (IQR)

Klinické stadium, n (%)

]
A
nB
nc
\%
IVA
IVB
Histologie, n (%)
endometroidni LG
endometroidni HG
non-endometroidni
serézni
clear-cell
karcinosarkom
Doba do I0GK, median (IQR), dny

BMI - body mass index, HG - high-grade, IOGK - indika¢ni onkogynekologicka ko-
mise, IQR - medzikvartilové rozpéti, LG - low-grade, n - pocet piipad

n=285
66 (58-72)
33(29-35)

14 (16 %)
71 (84 %)
2,00 (1,00-2,00)

51 (60 %)
7 (8,2 %)
7(8,2%)

4(4,7 %)
1(1,2 %)
11 (13 %)

0
4 (4,7 %)

67 (79 %)
13 (15 %)

2 (24 %)

1(1,2%)

2 (24 %)
21,0(19,0-23,2)

kaci rizika oproti dfive uzivanému dopo-
ruceni doslo v nasem pilotnim souboru
celkem u 11 (13 %) pacientek, z toho
u 4 (36 %) na zakladé molekularnich
charakteristik (konkrétné priikaz p53-
-mutovaného tumoru pfi absenci pra-
kazu MMRd a nemutovaném stavu genu
POLE) a u 7 (64 %) pacientek na zékladé
zmény v posuzovani vyznamnosti nékte-
rého z klinickych parametr( (tab. 7).
Genetické konzultace byla nabidnuta
celkem 24 pacientkdam z celého sou-
boru - 22 pacientkdm na zakladé pru-
kazu MMR-deficientniho tumoru a 2 pa-

cientkdm s MMR-proficientnimi tumory
pro rodinnou zatéz. V dobé analyzy byly
znamy vysledky genetického vysetieni
u 18 pacientek, z nichz u 4 (22 %) bylo
prokazano nosi¢stvi patogenni varianty
v nékterém z gent asociovanych s Lyn-
chovym syndromem, u 8 (45 %) byl vy-
sledek negativni a u 6 (33 %) pacientek
byla detekovéna varianta nejasného kli-
nického vyznamu.

Diskuze
Aktualizace DOP_2020 obsahujici im-
plementaci molekulérni klasifikace pfi-

Tab. 6. Vysledky molekularniho
testovani.
Vysledky testovani n=85
POLE, n (%)
MUT 0
WT 40 (100 %)
% nadorové tkané, 80 (50-90)
median (IQR)
neprovedeno 45
MMR, n (%)
MMRd 22 (26 %)
MMRp 63 (74 %)
P53, n (%)
MUT 8 (9 %)
WT 76 (90 %)
neprovedeno 1

nasi zésadni zmény do managementu
pacientek s nové diagnostikovanym
karcinomem endometria [8]. Pfedkla-
dana analyza shrnuje pilotni zkusenosti
s aplikaci téchto doporuceni do bézné
klinické praxe ve FN Brno. V navaznosti
na publikovana narodni doporuceni pro
molekularni testovani u karcinomu en-
dometria jsme se v rdmci Mezioborové
pracovni skupiny pro onkogynekologii
dohodli na algoritmu vysetfeni a v pri-
béhu jara 2021 bylo zahajeno moleku-
larni testovani jako nedilna soucast ru-
tinniho histopatologického vysetieni.
Nami zvolend metodika molekularniho
testovani reflektuje klinickou potiebu
a vychdzi z Gvahy, Ze vysSetfeni mutac-
niho stavu genu POLE neni nutné prova-
dét pausalné, protoze u pacientek s EC
splnujicich klinickda kritéria pro nizké ri-
ziko recidivy neméni pfipadné znalost
o ultramutovaném typu tumoru klinicky
postup, kterym je doporuceni dispen-
zarizace po opera¢nim vykonu bez nut-
nosti adjuvantni lé¢by. Vysetieni stavu
p53 a MMR indikujeme u vsech pa-
cientek s nové diagnostikovanym EC.
Prikaz p53-mutovaného typu tumoru
totiz automaticky zafazuje pacientku do
skupiny s vysokym rizikem, kdy je stan-
dardné doporucovana adjuvantni l1écba
ve snaze o redukci rizika recidivy one-
mocnéni. Prikaz MMR-deficientniho tu-
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Tab. 7. Molekulérni klasifikace karcinomu endometria - prehled publikovanych studii.

Charakteristiky TCGA Talhouk Stelloo Talhouk Bosse Kommoss Devereaux
2013[3] 2015 [4] 2016 [6] 2017[10] 2018 [11] 2018[7] 2022[12]
n=232 n=143 n=834 n=319 n=376 n=452 n=310

typ studie retrospektivni retrospektivni retrospektivni retrospektivni retrospektivni retrospektivni prospektivni

vék, median NA 63 68 67 66 65 64

stadium, n (%)

| 254 (68 %) 102 (71 %) 834 (100 %) 221 (70 %) 291 (77 %) 365 (81 %) 177 (57 %)

1-1v 116 (32 %) 41 (29 %) 94 (30 %) 85 (23 %) 57 (19 %) 102 (33 %)

NA 3 4 31 (10 %)
histologie, n (%)

EEC 304 (82 %) 119 (83 %) 834 (100 %) 215 (67 %) 376 (100 %) 320 (71 %) 220 (71 %)

non-EEC 66 (18 %) 25 (17 %) 104 (33 %) 132 (29 %) 90 (39 %)
grade, n (%)

LG 193 (52 %) 90 (63 %) 724 (87 %) 123 (39 %) 357 (79 %) 185 (60 %)

HG 111 (30 %) 53 (37 %) 110 (13 %) 196 (61 %) 376 (100 %) 95 (21 %) 32(10 %)

NA 66 (18 %) 93 (30 %)

POLE, n (%)

MUT 17 (7 %) 12 (8 %) 49 (6 %) 30 (9 %) 49 (13 %) 42 (9 %) 15 (5 %)
WT 215 (93 %) 131 (92 %) 785 (94 %) 289 (91 %) 327 (87 %) 410 (91 %) 295 (95 %)
metodika NGS NGS/Sanger Sanger NGS/Sanger  NGS/Sanger  NGS/Sanger SNaPshot

MMR, n (%)

MMRd 65 (28 %) 41 (29 %) 219 (26 %) 64 (20 %) 138 (36 %) 127 (28 %) 59 (25 %)

MMRp 167 (72 %) 102 (71 %) 615 (74 %) 255 (80 %) 238 (64 %) 325 (72 %) 251 (75 %)

metodika NGS/MSI IHC MsI IHC IHC IHC IHC
p53

P53MUT 60 (26 %) 25 (18 %) 74 (9 %) 86 (27 %) 79 (21 %) 55 (12 %) 81 (26 %)

P53WT 172 (74 %) 118 (82 %) 760 (91 %) 233 (73 %) 297 (79 %) 397 (88 %) 229 (73 %)

metodika NGS IHC IHC IHC IHC IHC IHC

NSMP/P53WT 90 (39 %) 63 (44 %) 492 (59 %) 139 (44 %) 228 (50 %) 228 (50 %) 135 (44 %)

EEC — endometroidni karcinom, HG - high-grade, IHC — imunohistochemie, LG - low-grade, MMR - mismatch-repair system,

MMRd - MMR-deficientni, MSI -mikrosatelitni instabilita, MUT - mutovany, n - pocet, NA - nestanoveno, NGS - sekvenovani nové

generace, non-EEC — non-endometroidni karcinom, NSMP - s nespecifickym molekularnim profilem, Sanger - analyza metodou

Sangerova sekvenovani, SNaPshot - single nucleotide polymorphism analyses, WT - wild type

moru sice podle aktudlnich doporuceni
neovliviuje zafazeni pacientky do né-
které z rizikovych skupin, ale umoznuje
identifikaci pacientek, u nichz je indiko-
vano dalsi dosetfeni k vylouceni heredi-
tarni formy onemocnéni. Pfi zohlednéni
poctu novych pacientek v nasem cen-
tru a potiebé rychlého zavedeni mole-
kuldrniho testovani jsme se dohodli, ze
v Uvodni fazi budeme status p53 a MMR
stanovovat v souladu s narodnim do-

porucenim imunohistochemicky a mu-
ta¢ni stav genu POLE metodou Sange-
rova sekvenovani. Sekvenovani nové
generace vyuzivame v soucasnosti u pa-
cientek s EC pfi vycerpanych moznos-
tech standardni systémové Ié¢by poda-
vané s paliativnim zdmérem, a to v rdmci
patrani po eventualni targetovatelné
1ézi v situacich, kdy je pacientka stale
kandidatkou aktivniho terapeutického
pfistupu.

Jak dokladuji nase prvni zkusenosti,
nami zvolena metodika je v praxi pro-
veditelnd a nijak neprodluzuje dobu
nutnou k projednani dalSiho postupu
v rdmci primarni lé¢by u pacientek
s nové diagnostikovanym EC (median
doby od data diagn6zy do projednani
dalsiho postupu s vysledky histologie
byl v nasem souboru 21 dni (tab. 5). Pfi
hodnoceni pilotnich vysledkd v kon-
textu s dosud publikovanymi daty ma-
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Graf 1. Predikce rizika podle DOP_2016 a DOP_2020 [2,8].

Zeme konstatovat, ze vékové slozeni
nasi kohorty (median véku 66 let) i pro-
porciondlni rozlozeni jednotlivych stadii
v dobé diagndzy (68 % diagnostikovano
ve stadiu | a 32 % ve stadiu lI-1V) odpo-
vida klinickym parametrdim soubor(
v dosud publikovanych retrospektivnich
analyzéch [3,4,6,7,10,11] i ve vliibec prvni
praci popisujici zkusenosti s prospektiv-
nim stanovovanim molekuldrni klasifi-
kace u EC[12] (tab. 5 a 8).

Skutecnost, Ze v nasem souboru ne-
byla zachycena zadna pacientka s ultra-
mutovanym typem tumoru, mGze byt
vysvétlena predevsim relativné malou
velikosti nasi pilotni kohorty v porov-
nani s velikosti souborl pacientek
v rdmci dosud publikovanych studii, ob-
zvlasté vezmeme-li do Uvahy udavanou
frekvenci téchto typd tumord (5-13 %;
tab. 8). Podle dosud publikovanych dat
se POLE-ultramutované tumory vysky-
tuji predevsim u pacientek s endomet-
roidnimi tumory, a to u tumorl s vyso-
kym i nizkym gradem. Napft. ve studii
Stelloo et al. bylo 49 % pacientek s POLE-
-ultramutovanym typem tumoru ve sku-
piné s nizkym rizikem recidivy [6]. Je
tedy evidentni, Ze fada pacientek s po-
tencialné POLE-ultramutovanym tu-
morem nebyla v nasem souboru vibec
testovana, nebot znalost vysledku testo-

vani by nezménila nas klinicky postup.
Velky draz je kladen na dostate¢né pro-
centualni zastoupeni nadorové tkané ve
vzorku vybraném patologem pro uUcely
Sangerova sekvenovani, a to vzhledem
k mozné limitaci této metody v senziti-
vité zéchytu patogennich variant. Uda-
vany detekéni limit ndmi uzivané me-
todiky je 15-20 % mutované alely, tj.
nejméné 30-40 % bunék s mutaci. Pfi
medidnu 80 % nadorové tkané ve vzor-
cich urcenych k testovani POLE v nasi
pilotni kohorté nepredpokladédme vy-
znamny podil falesné negativnich vy-
sledkl (tab. 6). Navic vysledky studie
Temko et al. dokladuji, ze somatické pa-
togenni varianty exonukledzové do-
mény genu POLE vznikaji velmi ¢asné
v pribéhu kancerogeneze a jsou dete-
kovatelné jiz v prekurzorovych lézich.
Nepredpoklada se tedy vyznamny podil
falesné negativnich vysledk pfi analyze
mutacéniho stavu POLE v disledku hete-
rogenity tumoru [13].

Relativné nizky podil pacientek s p53-
-mutovanym typem tumoru v nasem
souboru (n =8, tj. 9 %) je vysvétlitelny ze-
jména nizkym podilem pacientek s non-
-endometroidnimi karcinomy, resp. se-
réznimi karcinomy (tab. 6). Tato hodnota
je v naprosté korelaci s vysledky studie
Stelloo et al., ve které byly retrospek-

tivné analyzovény pacientky ze studii
PORTEC-1 a PORTEC-2, tj. pouze s endo-
metroidnimi karcinomy pfi podilu HG tu-
morl 13 % (tab. 8).

Podil pacientek s MMR-deficientnimi
tumory 26 % (tab. 6) je pIné v souladu
s vysledky dosud publikovanych studii
(tab. 8). Vysoky zachyt pacientek s here-
ditarni formou EC pfi genetickém tes-
tovani indikovaném na zakladé pri-
kazu MMR-deficientniho tumoru a/nebo
rodinné anamnézy (22 %) dokladuje
opravnénost ndmi zvolenych kritérii ke
genetické konzultaci i skute¢nost, ze
plosné zavedeni testovani MMR u viech
pacientek s nové diagnostikovanym EC
napomaha identifikovat pacientky s dé-
di¢nou dispozici ke vzniku nddorovych
onemocnéni.

Konkordance mezi skute¢né absolvo-
vanou léc¢bou a lé¢bou doporucenou
v ndvaznosti na zafazeni pacientky do
rizikové skupiny podle recentnich ev-
ropskych doporuceni s vyuzitim mole-
kuldrniho testovani (89 %) je v nasem pi-
lotnim souboru vysoka, vy$si nez napf.
v holandské studii posuzujici com-
pliance lékafud s aplikaci doporucenych
postuptl v bézné klinické praxi [14]. Nase
pilotni zkusenosti tak dokladuji praktic-
kou realizovatelnost novych doporuceni
pro management pacientek s EC. Vy-
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znamnost zmén, které tato nova dopo-
ruceni pfinasi, ilustruje porovnani s pre-
dikci rizika recidivy podle pfedchoziho
DOP_2016 (graf 1) [2] a také detailni cha-
rakteristika parametrd, které byly di-
vodem pro zménu ve stratifikaci rizika
u jednotlivych pfipadt (tab. 7).

Hlavnim kladem nasi pilotni studie
je skutec¢nost, Ze se jedna o prvni praci
svého druhu vyhodnocujici pragmatic-
kou implementaci molekuldrniho testo-
vani do bézné klinické praxe u pacientek
s nové diagnostikovanym karcinomem
endometria, kdy jsou stanovovany pa-
rametry p53 a MMR u vsech pacientek
a mutacni stav genu POLE je vyhodno-
covan pouze u pacientek s nenizkym ri-
zikem recidivy onemocnéni. Relativnim
nedostatkem je velikost souboru pod-
minéna faktem, ze se jedna o pilotni stu-
dii vyhodnocujici dosavadni zkusenosti
prfed pfipadnou modifikaci zavedeného
postupu.

Zaver

Pilotni analyza nasich zkusenosti s im-
plementaci molekularniho testovani
u pacientek s nové diagnostikovanym
karcinomem endometria dokladuje,
ze kombinace imunohistochemickych
analyz proteint MMR a p53 u viech pa-
cientek a sekvenacni analyzy genu POLE
u pacientek v nenizkém riziku je v bézné
klinické praxi proveditelné a neprodlu-
zuje dobu nutnou k rozhodnuti o adju-
vantni |é¢bé. Stanovovani novych mar-
kert v ramci molekularniho testovani
pomaha identifikovat pacientky se $pat-

nou, nebo naopak excelentni prognézou
(p53-mutované tumory, resp. ultramu-
tované tumory s patogenni variantou
genu POLE), a Iépe tak cilit doporuceni
stran pfipadné adjuvantni lécby. Sa-
motny vysledek analyzy proteind MMR
sice doposud nemél vliv na volbu opti-
malni strategie v ramci primarni |écby,
nicméné jeji plosné provadéni u viech
pacientek s nové diagnostikovanym kar-
cinomem endometria napomaha v Sir-
$im kontextu identifikovat ty pacientky,
které jsou nosickami dédi¢né dispozice
ke vzniku nddorovych onemocnéni.
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2.6 Molekularni charakteristika karcinomu endometria a individualizace
systémoveé IéCby

Systémova léCba je indikovana u pacientek s karcinomem endometria ve vysokém riziku
recidivy s cilem sniZit riziko vzniku vzdalenych metastaz. Hlavni indikaci je vSak 1é¢ba
pokrocilého nebo diseminovaného onemocnéni, kdy jiZ ani chirurgicka 1écba, ani
radioterapie neumoziuji dosazeni kurativniho efektu.

Zakladni modalitou systémové lécby je chemoterapie, jejimZ standardem v prvni linii
zlistdvd kombinace platinového derivatu a taxanu. Tato lécba dosahuje objektivni
odpovédi priblizné u 40-62 % pacientek a medianu celkového preZiti pacientek mezi 13-
29 meésici. U pacientek s progresi onemocnéni po 1é¢bé prvni linie jsou moZnosti dalsi
chemoterapie vyrazné omezené. U¢innost standardné pouzivanych cytostatik ve vys$sich
liniich je nizka a procento 1é¢ebnych odpovédi se zpravidla pohybuje pod 30 %, zejména
u pacientek s casnou recidivou do Sesti mésicti od predchozi chemoterapie [50].

Dal$i mozZnosti systémové paliativni 1écby je hormonalni terapie, ktera se vyuziva
zejména u pacientek sdobre diferencovanymi endometroidnimi karcinomy
s indolentnim biologickym chovanim a pozitivnimi steroidnimi receptory. Pti priikazu
exprese estrogenovych nebo progesteronovych receptorti nad 1 % lze vyuzit gestageny
(medroxyprogesteron acetat nebo megestrol acetat), inhibitory aromataz (letrozol,
anastrozol nebo exemestan) nebo antiestrogeny (tamoxifen). Volba preparatu je
zpravidla ovlivnéna predevsim jejich bezpecnostnim profilem, protoZe Zadny z preparatt
ani jejich kombinace neprokazaly v porovnani s ostatnimi jednoznacné vyssi ucinnost.
Procento dosazenych lé¢ebnych odpovédi se pohybuje mezi 20-40 % [51].

2.6.1 Molekularné cilena Ié¢ba a imunoterapie

Zasadni prilom v mozZnostech systémové 1é¢by karcinomu endometria prinesl objev
inhibitort kontrolniho bodu imunitni reakce, tzv. checkpoint inhibitord, které blokadou
interakce mezi receptory pro programovanou bunécnou smrt (PD-1, PD-L1) obnovuji
protinddorovou imunitni odpovéd. Faktorem priznivé ovliviiujicim Ucinnost
imunoterapie u karcinomu endometria je vysokd mutacni naloz nadoru, ktera vede ke
vzniku neoantigent a nasledné aktivaci protinddorové imunitni odpovédi. V disledku
defektniho mismatch-repair systému dochazi ke kumulaci chyb vznikajicich béhem
replikace DNA a nasledné ke zvySené expresi neoantigenti na povrchu nadorovych bunék,
které mohou byt imunitnim systémem rozpoznany jako cizorodé a imunogenni.

U MMR-deficientnich subtypti, které predstavuji priblizné 30 % karcinomu
endometria s pokrocilym nebo recidivujicim onemocnénim, dosahuji inhibitory PD-1/PD-
L1 po selhani platinové chemoterapie objektivni 1é¢ebné odpovédi priblizné u 45 %
pacientek. Vysledky studii vedly k registraci checkpoint inhibitord pembrolizumabu a
dostarlimabu pro lécbu pacientek s MMR-deficientnim karcinomem endometria po
selhani platinového derivatu [52, 53].

Vyznamny posun v lécbé pokrocilého karcinomu endometria prineslo také zarazeni
checkpoint inhibitort do prvni linie 1é¢by v kombinaci s chemoterapii. Pridani inhibitori
PD-1 ke standardni chemoterapii karboplatinou a paklitaxelem vedlo k vyznamnému
prodlouZeni doby do progrese onemocnéni, zejména u pacientek s MMR-deficientnimi
nadory [54, 55]. Na zakladé vysledki téchto studii se kombinace chemoimunoterapie
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stala novym standardem prvni linie 1é¢by pokrocilého nebo recidivujiciho karcinomu
endometria.

U pacientek bez prlikazu MMR-deficience je nicméné biologickd aktivita
imunoterapie nizsi, procento lécebnych odpovédi se pohybuje kolem 15 %. Vyznamnym
posunem vVvIécbé této skupiny pacientek se stala kombinace pembrolizumabu
s multikinazovym inhibitorem lenvatinibem, ktera prokazala prodlouZeni celkového
preZiti i doby bez progrese onemocnéni oproti chemoterapii [56]. Alternativou posileni
ucinnosti lécby PD-1/PD-L1 inhibitory u této skupiny pacientek je souasné podani PARP
inhibitordi, které mohou zpisobit zvySenou expresi PD-L1 a neoantigend v diisledku
poskozeni DNA.

Mezi perspektivni terapeutické cile u karcinomu endometria patii také receptor
HER2/neu pro lidsky epidermalni riistovy faktor. Cilem anti-HER 1éc¢by je blokada
receptoru HER2 /neu a inhibice jedné z klicovych signalnich drah regulujicich proliferaci
a apoptdzu nadorovych bunék.

Dal$i moznosti cilené 1écby je inhibice hlavniho jaderného exportniho proteinu
(XPO1), jehoZ nadmérna exprese je typickym znakem nadorovych bunék. Mechanismus
ucinku selektivnich inhibitor jaderného exportu spociva v akumulaci tumor
supresorovych proteinti vjadie, zastaveni bunécného cyklu a apoptdéze nadorovych
bunék. Perspektivni skupinu predstavuji také inhibitory WEE1 Kkindz, jejichZ
terapeutickym cilem je ovlivnéni kontrolnich bodt dysregulovaného bunécného cyklu u
tumori s prokdzanou mutaci genu TP53.

Soucasné poznatky o molekularni biologii karcinomu endometria zdsadné zménily
pohled na biologickou heterogenitu tohoto onemocnéni. Vyznam molekularni klasifikace
se postupné rozsiril z Cisté prognostického nastroje také do oblasti predikce 1é¢ebné
odpovédi a individualizace systémové 1écby. Identifikace dalSich terapeuticky
vyuZzitelnych molekularnich alteraci vyznamné rozsiruje moznosti systémové lécby.

2.6.2 Vlastni prinos k problematice

S nastupem imunoterapie a cilené biologické 1écby do bézZné klinické praxe jsme se
zamérili na analyzu realnych klinickych zkuSenosti u pacientek 1éCenych v ramci druhé a
vyssi linie systémové terapie. Moderni lécba pembrolizumabem v monoterapii u
pacientek s prokazanym deficitem MMR systému nebo v kombinaci s lenvatinibem bez
ohledu na MMR status byla v dobé realizace studie indikovana az ve vySSich liniich
systémové terapie po selhani platinového reZimu. Vzhledem k limitovanym zkusSenostem
z béZzné klinické praxe mimo podminky registracnich studii jsme se proto zamérili na
analyzu vysledkl lécby v realné Klinické populaci pacientek. Zvlastni pozornost byla
vénovana vztahu mezi molekularnimi charakteristikami nadoru a dosazenym klinickym
prinosem chemoterapie, imunoterapie a molekularné cilené 1écby.

V ramci retrospektivni unicentrické analyzy byly hodnoceny vSechny pacientky s
pokrocilym nebo recidivujicim karcinomem endometria, u nichZ byla pti progresi po
predchozi 1é¢bé platinovym rezimem zvazovana dalSi linie systémové terapie. Vedle
klinicko-patologickych parametri byly analyzovany také molekuldrni charakteristiky
nadort véetné MMR statusu, exprese p53, hormonalnich receptort a L1CAM. Hodnoceny
byly typy podané systémové 1écby, dosazena lécebna odpovéd, doba do progrese
onemocnénti i specifické preziti pacientek.
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Vysledky analyzy potvrdily velmi nepfiznivou prognézu pacientek indikovanych ke
druhé a vyssi linii systémové 1écby. Soucasné vSak ukazaly, Ze aktivni lé¢ebny pristup
miiZe u ¢asti nemocnych vést k vyznamnému klinickému prinosu, zejména pii vyuZiti
odpovéd byla zaznamenana u pacientek s MMR-deficientnimi endometroidnimi
karcinomy lé¢enych pembrolizumabem v monoterapii, nicméné 1écebné odpovédi byly
pozorovany i u Casti pacientek s MMR-proficientnimi nadory pii 1é¢bé kombinaci
pembrolizumabu s lenvatinibem.

Za vyznamny prinos prace povaZujeme zejména analyzu sekvencniho klinického
benefitu jednotlivych 1éCebnych modalit prostrednictvim porovnani doby do progrese pri
1é¢bé ve druhé a vyssi linii s délkou odpovédi na primarni platinovou chemoterapii.
Zatimco pri opakované chemoterapii byla u vétSiny pacientek zaznamenana kratsi doba
do progrese neZ po primarni 1écbé, u témér poloviny pacientek 1écenych
pembrolizumabem samotnym nebo v kombinaci s lenvatinibem byla doba do progrese
delsi nez po predchozi platinové chemoterapii. Tento efekt byl nejvyraznéjsi u pacientek
s MMR-deficientnimi nadory, avSak byl pozorovan i u casti nemocnych s MMR-
proficientnimi non-endometroidnimi karcinomy.

Analyza potvrdila vyznam individualizovaného sekvenc¢niho pristupu k paliativni
systémové lécbé karcinomu endometria zaloZzeného nejen na klinickém stavu pacientky,
ale také na biologickych charakteristikdch nadoru. NaSe vysledky tak dokumentuji
prakticky dopad molekularni charakteristiky karcinomu endometria na rozhodovani o
systémové 1écbé v béZné klinické praxi.

Priloha 4: Druha a vy$Si linie systémoveé léCby karcinomu endometria — zkuSenosti z
realné klinické praxe

BEDNARIKOVA, M. *(corresponding author)* M. KOBLIZKOVA, P. OVESNA, ]
HAUSNEROVA, L.EHRLICHOVA, M. FELSINGER, M. TOMKOVA, L. MINAR a V. WEINBERGER.
Klinicka Onkologie [online]. 2026, 39 (3), 1-12. ISSN 0862-495X. Available at doi:
10.48095/ccko20261

Typ prispévku: ptivodni prdce. V dobé poddni ndvrhu na zahdjeni habilitacniho rizeni nebyla
publikace jesté indexovdna v databdzi Scopus.

Vlastni prinos autorky: iniciace a ndvrh studie, tvorba klinické databdze, sbér a interpretace
klinickych dat, spoluprdce na statistickém vyhodnoceni, interpretace vysledkil a priprava
rukopisu, komunikace s redakci.
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Druha a vyssi linie systémové lécby karcinomu
endometria — zkusenosti z realné klinické praxe

Second and subsequent lines of systemic therapy in endometrial

cancer — a real-life clinical experience
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Souhrn

Vychodiska: U pacientek s pokrocilym nebo recidivujicim karcinomem endometria po selhani
platinové chemoterapie zUstava prognéza nepfizniva a moznosti systémové lécby byly done-
davna omezené. Zavedeni imunoterapie, samotné nebo v kombinaci s molekularné cilenou
|é¢bou, vyznamné rozsifilo terapeutické moznosti. Cilem této prace bylo zhodnotit i¢innost
a klinicky pfinos 2. a vyssi linie systémové 1écby u pacientek s pokrocilym nebo recidivujicim
karcinomem endometria v bézné klinické praxi. Soubor pacientek a metody: Do retrospektivni
unicentrické analyzy byly zafazeny pacientky FN Brno, u nichz bylo v letech 2013-2024 zva-
Zovano zahajeni 2. linie systémové lécby po selhani platinové chemoterapie. Hodnoceny byly
klinicko-patologické a molekuldrni charakteristiky, typy podané systémové lécby, maximalni
dosazena lé¢ebna odpovéd, doba do progrese onemocnéni a specifické preziti. Vysledky: Cel-
kem bylo identifikovano 43 pacientek, aktivni Ié¢ebny pfistup ve 2. linii byl zvolen u 41 (95 %)
z nich. Chemoterapie byla ve 2. linii indikovana u 26 (63 %) pacientek, pembrolizumab samotny
nebo v kombinaci s lenvatinibem u 14 (34 %) pacientek a hormonoterapie u 1 (2 %) pacientky.
Median specifického preziti dosahoval v celém souboru 13,4 mésice (95% Cl 8,5-27,2), v pod-
skupiné s opakovanym podanim platinové chemoterapie ve 2. linii 27,2 mésice, v podskupiné
s pembrolizumabem samotnym nebo v kombinaci s lenvatinibem 23,4 mésice a v podskupiné
s neplatinovou chemoterapii 6,7 mésice. Dvé pacientky bez aktivnilécby ve 2. linii mély median
specifického preziti 2,7 mésice. U téméf poloviny pacientek lé¢enych pembrolizumabem sa-
motnym nebo v kombinaci s lenvatinibem byl zaznamenan pfinos ve formé prodlouzeni doby
do progrese ve srovnani s primarni platinovou chemoterapii. Zdvér: U pacientek s pokrocilym
nebo recidivujicim karcinomem endometria po selhani platinové chemoterapie muze aktivni
systémova lécba prispét k prodlouzeni celkového preziti i zmirnéni symptomud onemocnéni.
Nejvyssi klinicky benefit byl zaznamenan pfi Ié¢bé pembrolizumabem samotnym nebo v kom-
binaci s lenvatinibem. Individualizovany a sekvencni pfistup k paliativni systémové lécbé za-
stava klicovym predpokladem pro maximalizaci klinického benefitu.

Klicova slova
karcinom endometria - systémova lé¢ba - chemoterapie - imunoterapie - 2. a vys3i linie
1é¢by — pembrolizumab - lenvatinib
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DRUHA A VYSSI LINIE SYSTEMOVE LECBY KARCINOMU ENDOMETRIA — ZKUSENOSTI Z REALNE KLINICKE PRAXE

Summary

Background: Patients with advanced or recurrent endometrial cancer who progress after platinum-based chemotherapy face a poor prognosis,
and treatment options have historically been limited. The introduction of immunotherapy, alone or in combination with targeted agents, has
substantially expanded therapeutic options in subsequent treatment lines. This study evaluated the efficacy and clinical benefit of second- and
subsequent-lines of systemic therapy in a real-life cohort of patients with advanced or recurrent endometrial cancer. Methods: This retrospective,
single-center analysis included patients treated at University Hospital Brno who were considered for second-line systemic therapy after failure
of platinum-based chemotherapy between 2013 and 2024. Clinicopathological and molecular characteristics, systemic treatment modalities,
best overall response, time to progression, and disease-specific survival were assessed. Results: A total of 43 patients were identified; second-line
treatment was initiated in 41 patients (95.3%). Of these, 26 (63.4%) received second-line chemotherapy, 14 (34.1%) received pembrolizumab
alone or in combination with lenvatinib, and one patient (2.4%) received hormonal therapy. The median disease-specific survival for the entire
cohort was 13.4 months (95% confidence interval 8.5-27.2 months). Among patients with re-administration of platinum-based chemotherapy,
the median disease-specific survival was 27.2 months. Patients receiving pembrolizumab * lenvatinib had a median survival of 23.4 months,
whereas those treated with non-platinum chemotherapy had a median survival of 6.7 months. Two patients without active second-line
treatment had a median disease-specific survival of 2.7 months. Nearly half of the patients treated with pembrolizumab + lenvatinib experienced
a prolonged time to progression compared with those receiving primary platinum-based chemotherapy. Conclusions: In patients with advanced
or recurrent endometrial cancer after platinum failure, active systemic therapy may prolong survival and improve disease control. The greatest
clinical benefit was observed with pembrolizumab alone or in combination with lenvatinib. An individualized, sequential approach to palliative

systemic therapy is crucial to maximize clinical benefits.

Key words

endometrial cancer - systemic treatment - chemotherapy - immunotherapy - second and subsequent lines of therapy - pembrolizumab -
lenvatinib

Uvod preferovana vzdy, pokud to celkovy stav  rapie (zpravidla progestiny) s ocekava-

Diky brzkému nastupu symptom{, ze-
jména v podobé abnormalniho gyne-
kologického krvaceni, je > 70 % piipadd
karcinomu endometria diagnostikovéano
v ¢asném stadiu, kdy je onemocnéni [i-
mitovano na délohu. Zakladni lé¢ebnou
metodu v téchto pfipadech predstavuje
chirurgicky vykon [1]. U pacientek, je-
jichz onemocnéni na zékladé moleku-
larnich charakteristik nddoru nebo roz-
sahu postizeni nespliuje kritéria pro
nizké riziko recidivy, nasleduje adju-
vantni lé¢ba. Ve vétsiné pFipadd posta-
Cuje radioterapie zaméfena na snizeni ri-
zika lokalni recidivy. Pouze u pacientek
s vysokym rizikem (pfiblizné 30 % vsech
novych pfipad(l) je soucasti primarni
lé¢by také adjuvantni chemoterapie za-
lozena na kombinaci platinového deri-
vatu (platinova chemoterapie — P-CHT)
a taxanu, jejimz cilem je redukce rizika
rozvoje vzdalenych metastaz [2,3].
Hlavni indikaci systémové terapie
u pacientek s karcinomem endomet-
ria nadale zUstava paliativni [é¢ba meta-
statického nebo recidivujictho onemoc-
néni, které neni vhodné k chirurgickému
feseni nebo radioterapii s kurativnim za-
mérem. Zakladnim pilitem 1. linie pa-
liativni systémové lécby je chemotera-
pie. Kombinovana lécba prokézala vyssi
ucinnost nez monoterapie, a je proto

pacientky umoziuje [4]. RezZimem prvni
volby je kombinace karboplatiny a pakli-
taxelu, u které |ze o¢ekavat Ié¢ebnou od-
povéd pfiblizné v 50 % pfipadd, median
doby do progrese (time to progression —
TTP) okolo 12 mésict a median celko-
vého preziti pfiblizné 3 roky [5].
Vyznamny posun v moznostech 1. linie
paliativni systémové lécby pfineslo zave-
deni imunoterapie (IT), konkrétné mo-
noklonalnich protilatek proti receptoru
programované bunécné smrti PD-1 (tzv.
checkpoint inhibitord — CPi). Hlavni me-
chanizmus uc¢inku CPi spociva ve stimu-
laci protinadorové imunitni odpovédi
blokadou inhibi¢nich signalt v mikropro-
stiedi [6]. Pfidani CPi do kombinace s kar-
boplatinou a paklitaxelem, nasledované
udrzovaci lé¢bou samotnym CPi po dobu
2-3 let, vyznamné zlepsuje vysledky ve
srovnani se samotnou chemoterapii, ze-
jména u nadoru pacientek s prokdzanym
defektem v systému oprav chybného pa-
rovani bazi (mismatch repair deficiency -
MMRd) nebo s vysokou mikrosatelitovou
nestabilitou (MSI-H) [7-9].V Ceské repub-
lice (CR) je tato lé¢ba b&zné dostupna od
roku 2025, kdy dostarlimab ziskal thradu
z prostiedk( zdravotniho pojisténi. U pa-
cientek s indolentnimi nadory bez pra-
kazu MMRd/MSI-H miize byt alternativou
paliativni systémové lécby hormonote-

nou objektivni |é¢ebnou odpovédi ve
20-40 % pfipadu [10].

Pro 2. a vy3si linii paliativni systémové
1é¢by nebyl az doneddvna standardni po-
stup definovan. Lé¢ebné odpovédi pfi mo-
noterapii doxorubicinem, taxanem nebo
pii opétovném podani P-CHT obvykle ne-
presahuji 20 %. Zasadni pralom pfineslo az
zavedeni molekularné cilené 1é¢by v kom-
binaci s CPi. Vyznamné byly zejména vy-
sledky randomizované studie faze IlI
KEYNOTE-775, které prokazaly u pacientek
s progresi po ptedchozi platinové terapii
prodlouzeni doby bez progrese i celko-
vého preziti pfi [é¢bé kombinaci multiki-
nazového inhibitoru lenvatinibu s pem-
brolizumabem [11]. Tato lé¢ba ziskala v CR
thradu v roce 2023 a stala se novym stan-
dardem pro dalsi linie systémové lécby po
selhani P-CHT, a to bez ohledu na MMR
status. U pacientek s MMRd/MSI-H n&-
dory byla v klinickych studiich prokazana
vysoka ucinnost CPi (napf. pembrolizu-
mabu nebo dostarlimabu) v monoterapii,
s dosazenim lé¢ebnych odpovédi u témér
50 % silné predlécenych [12,13]. V CR
vsak dosud zadny z téchto pfipravki ne-
ziskal pro tuto indikaci Ghradu z verej-
ného zdravotniho pojisténi. Alternativou
pro vyssi linii systémové lé¢by maze byt
v nékterych pfipadech také hormonalni
lé¢ba.
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Data z klinickych studii predstavuji ne-
pochybné kli¢ovy zdroj informaci o ucin-
nosti a bezpecnosti lé¢by, aviak fada pa-
cientek z bézné klinické praxe by pfisna
vstupni kritéria téchto studii nesplnila.
U diseminovaného karcinomu endome-
tria ¢asto pecujeme o Zeny vyssiho véku,
s mnoha internimi komorbiditami a va-
riabilnim socidlnim zézemim. Zkusenosti
z redIné klinické praxe proto poskytuji
velmi cennou zpétnou vazbu pro posou-
zeni skutecného klinického pfinosu no-
vych lé¢ebnych postupd.

Cilem tohoto sdéleni je analyzovat
nase zkusenosti se systémovou lé¢bou ve
2. a dalich liniich (2*L) u pacientek s po-
krocilym karcinomem endometria v éfe
SirSi dostupnosti inovativnich 1éCiv a na je-
jich zékladé formulovat prakticka doporu-
Ceni, kterymi se fidime v nasi bézné praxi.

Metodika

V ramci retrospektivni unicentrické studie
schvélené Etickou komisi FN Brno pod jed-
nacim c¢islem 10-030225/EK byly z klinické
databaze Onkogynekologického centra
FN Brno identifikovany pacientky, u nichz
bylo v obdobi od 1. 12. 2013 do 31. 12.
2024 zvazovano zahajeni dalsi linie systé-
mové Ié¢by pro karcinom endometria.

Zékladnim vstupnim kritériem byla
predchozi [é¢ba chemoterapii obsahu-
jici P-CHT, a to bud' v adjuvantnim po-
dani, nebo v ramci 1. linie pro dise-
minované onemocnéni. Naopak byly
vylouceny viechny pacientky bez pro-
grese onemocnéni, pacientky predlé-
¢ené pouze hormonalni 1é¢bou a pa-
cientky primarné indikované k paliativni
symptomatické péci bez predchozi
1é¢by chemoterapii.

Systémova |écba byla podavéna v sou-
ladu s platnymi doporucenimi a pravidly
klinické praxe v CR, a to bud's Ghradou
z prostiedkl vefejného zdravotniho po-
jisténi, na zakladé individudiniho schva-
leni reviznim lékafem, nebo v rdmci
klinickych studii. Hodnoceni lé¢ebné od-
povédi bylo provédéno vzdy po 3 mési-
cich |é¢by, pfipadné drive pfi podezieni
na progresi onemocnéni.

Klinicka data

Z databaze nebo zdravotnické doku-
mentace byly pro statistické vyhodno-
ceni ziskany nasledujici Gdaje:

- demografické charakteristiky — vék
v dobé diagndzy, index télesné hmot-
nosti (body mass index — BMI), meno-
pauzalni stav;

« klinicko-patologické udaje - klinické
stadium dle FIGO 2009 [14], datum
diagnozy, histologicky typ a stupen
diferenciace nadoru, vysledky imuno-
histochemického (IHC) stanoveni es-
trogenovych receptort (ER), progeste-
ronovych receptorll (PR), L1 adhezivni
molekuly (L1CAM) a vysledky moleku-
larniho testovani [15,16]: p53, MMR,
resp. muta¢niho stavu genu POLE;

« déle bylo zaznamenéano datum umrti,
pfi¢ina umrti nebo datum posledni

Pro kazdou linii systémové |écby
byly navic dohledény nasledujici udaje:
datum zahajeni a datum ukonceni l1é¢by,
typ (rezim) systémové terapie, maxi-
malni dosazeny efekt dle RECIST [17],
davod ukonceni a TTP (interval mezi za-
hajenim pfislusné linie 1écby a datem
progrese onemocnéni).

Statistické vyhodnoceni

K sumarizaci byly pouzity standardni po-
pisné statistiky - median a mezikvarti-
lové rozpéti (interquartile range — IQR)
pro spojité proménné a absolutni a re-
lativni frekvence (%) pro kategorialni
proménné.

Specifické preziti (disease-specific
overall survival - DSOS) bylo definovano
jako cas od zahajeni 2. linie do umrti
v souvislosti s karcinomem endometria.
Pokud pacientka Zila v dobé analyzy ¢i
zemfela z jiné pficiny, byla cenzorovana
k datu posledni kontroly. K vizualizaci
DSOS, stanoveni medianu preziti a pro-
centa prezivajicich ve vybranych c¢asech
byla pouzita Kaplan-Meierova metoda.
TTP ve 2*L systémové |écby byla porov-
navéna s TTP v 1. linii pomoci parového
Studentova t-testu. Analyzy byly prove-
deny v programu R (verze 4.3.2).

Vysledky

Charakteristiky pacientek

v dobé diagnézy

Celkem bylo identifikovano 43 pa-
cientek s primérné pokrocilym nebo re-
cidivujicim karcinomem endometria,
u nichz byla po predchozi P-CHT zva-

zovéana dalsi linie |écby kvili progresi.
Median véku pacientek v dobé dia-
gndzy byl 64 let (IQR 60-72). Vétsina
pacientek byla postmenopauzalnich
(n =39; 90,7 %) a trpéla obezitou (me-
dian BMI 31; IQR 25-36). Pfevladaly pa-
cientky diagnostikované ve vyssich sta-
diich onemocnéni (67,4 % ve stadiu lll
nebo IV) a s agresivnéjsim morfologic-
kym typem nadoru (pouze 23 % pa-
cientek mélo dobfe diferencovany en-
dometroidni karcinom).

Z molekularniho testovani byl k dis-
pozici vysledek IHC stanoveni p53
u 39 (90,6 %) pacientek; mutovany obraz
byl zaznamendan u 17 (43,6 %) z nich.
MMR status byl vySetfen u 30 (69,8 %)
pacientek a 14 (46,7 %) mélo nador s de-
ficitem v MMR systému. Status genu
POLE byl zndm u 14 (32,5 %) pacientek,
pficemz u zadné nebyl prokazan POLE-
-ultramutovany typ tumoru.

Vysledek stanoveni ER byl dostupny
u 41 (95,3 %) pacientek. Hodnoty v roz-
mezi asociovaném s pfiznivou progno-
zou (90-100 %) mélo pouze 13 (31,7 %)
z nich. U PR bylo zastoupeni pacientek
s hodnotami mezi 90 a 100 % jesté nizsi;
celkem 9 ze 40 (22,5 %) pacientek se zna-
mym statusem. Marker L1CAM byl vy3et-
fen u 27 pacientek a u témér poloviny
(41,4 %) z nich (n = 12) byly hodnoty
pozitivni (> 10 %), tj. asociované s horsi
prognézou.

Operaci v ramci primarni lé¢by pod-
stoupilo celkem 37 (86,0 %) pacientek,
28 (75,7 %) v¢. chirurgického stagingu
miznich uzlin. Radioterapii absolvo-
valo celkem 17 (39,5 %) a chemoterapii
30 (69,8 %) pacientek. Zakladni vstupni
charakteristiky jsou shrnuty v tab. 1.

Piehled systémové lécby

indikované ve 2'L

U celkem 41 (95,3 %) pacientek byl
v dobé prvni progrese po piedchozi
P-CHT zvolen aktivni 1é¢ebny pfistup.
Chemoterapie ve 2. linii byla indikovana
u 26 (63,4 %) pacientek, a to bud for-
mou opétovného podani P-CHT (n = 13),
nebo neplatinového rezimu (neplati-
nova chemoterapie — neP-CHT) (n = 13).
Lé¢ba kombinaci lenvatinibu s pem-
brolizumabem nebo monoterapii pem-
brolizumabem byla podana celkem
14 (34,1 %) pacientkdm a hormonalni
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Tab. 1. Vstupni charakteristiky (n = 43) z doby diagnézy pacientek, u nichz byla po |é¢bé platinovym rezimem zvazovana vyssi
linie systémové terapie.
Klinicko-patologické udaje Molekularni testovani 20-80 11 (27,5 %)
vék (roky) POLE 90-100 9(22,5 %)
median (IQR) 64 (60-72) MuT 0(0 %) neznamy 3
BMI (kg/m?) WT 14 (100 %) L1CAM (%)
median (IQR) 31(25-36) neznamy 29 >10 12 (41,4 %)
menopauzalni stav MMR status 0-10 17 (58,6 %)
premenopauza 3(7,0%) MMRd 14 (46,7 %) neznamy 14
perimenopauza 1(2,3 %) MMRp 16(53,3 %) Primarni lé¢ba
postmenopauza 39 (90,7 %) PR3 12 chirurgie
FIGO 2009 P53 status ano 37 (86,0 %)
MUT 17 (43,6 %
[ 8(18,6%) Leaid ne 6 (14,0 %)
WT 22 (56,4 %
Il 6 (14,0 %) o ( % chirurgicky staging LU
" 20 (46,5 %) neznamy 4 (u operovanych)
o Imunohistochemické prognostické ) 0
\% 9 (20,9 %) markery ano 8 (75,7 %)
histologicky typ ER (%) ne 9 (24,3 %)
endometroidni LG 10 (23,3 %) 0-10 11 (26,8 %) radioterapie
endometroidni HG 12 (27,9 %) 20-80 17 (41,5 %) ano 17 (39,5 %)
serézni karcinom 13 (30,2 %) 90-100 13 (31,7 %) ne 26 (60,5 %)
karcinosarkom 4(9,3 %) neznamy 2 chemoterapie
nediferencovany karcinom 2 (4,7 %) PR (%) ano 30 (69,8 %)
ostatni 2 (4,7 %) 0-10 20 (50,0 %) ne 13 (30,2 %)
BMI - body mass index, ER — estrogenové receptory, FIGO — Mezinarodni federace gynekologie a porodnictvi, HG - grade 3,
IQR - mezikvartilové rozpéti, LICAM - L1 adhezivni molekula, LG - grade 1 + 2, LU - lymfatické uzliny, MMR - oprava chybného
parovéani, MMRd - defekt v MMR systému, MMRp - MMR proficientni (bez priikazu defektu v MMR systému), n — pocet, p53 MUT -
p53 mutovany obraz, p53 WT - p53 nemutovany (wild type) obraz, POLE MUT - ultramutovany typ, PR - progesteronové recep-
tory, Q - kvartil, WT - bez priikazu definovanych alteraci v genu POLE

terapie (HT) jedné pacientce (2,4 %).
U dvou (4,7 %) pacientek neumoznil cel-
kovy stav v dobé progrese zahdjeni ak-
tivni protinddorové 1écby, a byla proto
indikovéna pouze paliativni symptoma-
ticka péce.

Ve 3. linii byl aktivni IéCebny pfistup
zvolen u 21 (48,8 %) pacientek — che-
moterapie u 10 (47,6 %), pembrolizu-
mab =+ lenvatinib u ¢tyf (19,0 %), hormo-
noterapie u Sesti (28,6 %) a Iécba v ramci
klinické studie u jedné pacientky (4,7 %).
Ve 4. linii podstoupilo aktivni systémo-
vou lécbu osm (18,6 %) pacientek (pét
chemoterapii, jedna pembrolizumabem,
jedna HT a jedna Iécbu v klinické studii)
a v 5. linii byla indikovédna chemotera-

pie u dvou pacientek, pembrolizumab
u jedné pacientky. Detailni pfehled typd
systémové |é¢by podle jednotlivych linii
je uveden v grafu 1 a tab. 2.

Celkové preziti pacientek

se zvazovanou 2*L

K datu analyzy pfi medidnu sledovani
10,7 mésice zemfelo v souvislosti s karci-
nomem endometria celkem 30 (69,8 %)
pacientek. Median DSOS od zahdjeni
2. linie byl 13,4 mésice (95% Cl 8,5-27,2)
(obr. 1).

Z pohledu modalit systémové lécby
zahajené ve 2. linii (obr. 2) bylo patrné, ze
pacientky lé¢ené P-CHT dosahovaly ob-
dobného DSOS jako pacientky, u nichz

byla ve 2. linii zahajena lé¢ba pembro-
lizumabem =+ lenvatinibem (IT). Median
DSOS ¢inil 27,2 mésice ve skupiné P-CHT
a 23,4 mésice ve skupiné IT. Pacientky lé-
cené neP-CHT mély median specifického
preziti vyrazné kratsi, konkrétné 6,7 mé-
sice. Dvé pacientky, u nichz celkovy kli-
nicky stav neumoznil zahdjeni aktivni
protinddorové lécby a byla indikovana
paliativné symptomatickad péce (best
supportive care — BSC), mély median
DSOS 2,7 mésice. Hormonoterapie byla
ve 2. linii zahajena pouze u jedné pa-
cientky; tato pacientka pak nasledné po-
kracovala v dal3i linii pembrolizumabem
v monoterapii a v dobé analyzy byla na-
Zivu s aktivnim onemocnénim pfiblizné
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Graf 1. Pfehled typl systémové terapie indikovanych v jednotlivych liniich 1é¢by.
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Tab. 2. Pfehled systémové Ié¢by podle linie a typu rezimu.
Druh systémové lécby Celkem 2L 3L 4L 5L
@'L;n=73) (n=41) (n=21) (n=8) (n=3)
CHT (celkem) 43 26 (63,4 %) 10 (47,6 %) 5 (62,5 %) 2 (66,7 %)
P-CHT 17 13 (31,7 %) 3 (14,3 %) - 1(33,3%)
neP-CHT 26 13 (31,7 %) 7 (33,3 %) 5 (62,5 %) 1(33,3 %)
DOX 16 11(26,8 %) 4(19,0 %) 1(12,5%) -
T 10 2 (49 %) 3 (143 %) 4 (50,0 %) 1333 %)
IT £ cilend 1é¢ba 20 14 (34,1 %) 4(19,0 %) 1(12,5%) 1333 %)
P+L 10 7 (17,0 %) 3 (14,3 %) - -
P 10 7(17,0 %) 14,7 %) 1(12,5%) 1333 %)
hormonoterapie 8 124 %) 6 (28,6 %) 1(12,5%) -
klinické studie 2 - 1(4,7%) 1(12,5%) -
2*L-2.adalsilinie, 2L — 2. linie, 3L - 3. linie, 4L — 4. linie, 5L - 5. linie, DOX — doxorubicin, CHT — chemoterapie, IT — imunoterapie,
L - lenvatinib, neP-CHT — neplatinova chemoterapie, P — pembrolizumab, P-CHT - platinova chemoterapie, T - taxan
N J

18 mésicd od zahajeni 2. linie systémové
1é¢by.

Celkova odpovéd

ve 2'L systémové lécby

Maximalni dosazena lé¢ebna odpovéd
byla potitana pres vSechny linie systé-
mové létby; vysledky jsou shrnuty tab. 3.
Pfi 1é¢bé chemoterapii bylo dosazeno

sedmi (18,4 %) parcialnich nebo kom-
pletnich remisi (PR/CR), &tyi (10,5 %) sta-
bilizaci onemocnéni a u 27 (71,0 %) pa-
cientek byla zaznamenana progrese.
Byl patrny jednoznaény trend k vyssi
|é¢ebné odpovédi pfi |é¢bé P-CHT ve
srovnani s neP-CHT, a to jak z hlediska
podilu PR/CR (35,3 vs. 4,8 %), tak i niz-
Siho zastoupeni progresi onemocnéni

(58,8 vs. 81,0 %). Pri 1é¢bé pembroli-
zumabem, podavanym samotné nebo
v kombinaci s lenvatinibem, bylo do-
sazeno PR/CR u 11 (55,0 %) pacientek,
stabilizace u dvou (10,0 %) a progrese
u &tyF (20,0 %) pacientek; u tfi (15 %)
pacientek nebylo mozné k datu ana-
lyzy 1é¢ebnou odpovéd vyhodnotit. PFi
HT byla maximalni Ié¢ebnou odpovédi
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das (mésice)
podet v riziku
- 43 n 20 13 3 4 q 3 3 3 3 3
kumulativni podet udalosti
= 12 19 24 26 27 27 28 28 28 28 28
DSOS Celkem
n 43
n (%) s udélosti 30 (69.8)
KM median (35% Q) 1348,5-27.2)
KM odhad, % (95% C1)
0 mésich 100,80 (100,0-100,0)
12 mésich 55,0 (41,8-72.4)
24 mésicd 32,6{20,0-53,1}
36 mésicd 271 14,8-45,7)
60 mésicd 204 (89-46,6)

Obr. 1. Specifické prekiti (DSOS) od zahéjeni 2. linie systémové lécby.
Cl - interval spolehlivosti, DSOS - specifické pfeZiti pacientek § dmrtim souvisejicim § karcinomem endometsia, KM - Kaplan-Meier,

n - podet

nejlastdjl progrese onemocnéni [Sest
z osmi; 75 %), zatimco stabilizace a re-
mise byly zaznamendny v2dy u jedné
pacientky. U pacientky, kterd p#i hor-

monalni |é¢bé dosdhla kompletni re-
mise, tato remise pietrvavala | v dobé
analyzy {> 5 let). Systémova lé¢ba mu-
sela byt z ddvodu neZadoucich Geinkd

ukondena pouze u jedné pacientky lé-
dené chemoterapii a u jedné pacientky
lédené kombinaci pembrolizumabu
s lenvatinibem.
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— P-CHT neP-CHT — IT —HT — B

100 -4

~
al
'

pravdépodobnost preZiti, % (DSOS
3

25 7
0 -
0 6 12 18 24 30 36 2 48 54 60 66 72
&as (mésice)
pocet v riziku
—_ 13 1 7 7 5 3 3 3 3 3 3 3 3
13 7 5 1 1 1 1 0 0 0 0 0 0
—_ 14 12 7 5 2 0 0 0 0 0 0 0 0
_— 1 1 1 0 0 0 0 0 0 0 0 0 0
_— 2 0 0 0 0 0 0 0 0 0 0 0 0
kumulativni pocet udalosti
— 0 2 5 5 6 7 7 7 7 7 7 7 7
0 6 8 12 12 12 12 13 13 13 13 13 13
— 0 2 4 5 6 6 6 6 6 6 6 6 6
— 0 0 0 0 0 0 0 0 0 0 0 0 0
- 0 2 2 2 2 2 2 2 2 2 2 2 2
P-CHT neP-CHT IT HT BSC
n 13 13 14 1 2
n (%) udalosti 9(69,2 13 (100,0) 6(429) 0(0,0) 2(100,0)
KM median (95%Cl) 27,2 (8,3-NA) 6,7 (4,4-NA) 23,4 (9,5-NA) - 2,7 (1,8-NA)
KM odhad, % (95% Cl):

0 mésicl 100,0 (100,0-100,0) 100,0 (100,0-100,0) 100,0 (100,0-100,0) 100,0(100,0-100,0) 100,0(100,0-100,0)
12 mésicu 61,5 (40,0-94,6) 38,5 (19,3-76,5) 701 (494-99,6)  100,0 (100,0-100,0) 0,0 (NA-NA)
24 mésicl 52,7 (31,2-89,2) 7,7 (1,2-50,6) 39,0 (15,2-100,0)  100,0 (100,0-100,0) 0,0 (NA-NA)
36 mésiclt 42,2 (21,3-83,6) 7,7 (1,2-50,6) 39,0 (15,2-100,0)  100,0 (200,0-100,0) 0,0 (NA-NA)
60 mésict 42,2 (21,3-83,6) 0,0 (NA-NA) 39,0 (15,2-100,0)  100,0 (100,0-100,0) 0,0 (NA-NA)

Poznamka: U pacientek sBSCve 2. linii po¢itano od datarecidivy.
\ y,

Obr. 2. Specif cké preziti (DSOS) od zahéajeni 2. linie podle modality systémové lécby.

BSC - paliativni symptomaticka péce, CI-interval spolehlivosti, DSOS - specif cké peziti pacientek s umrtim souvisejicim s karcinomem
endometria, HT — hormonalni [é¢ba, IT — imunoterapie +/- cilené biologicka lé¢ba, KM — Kaplan-Meier, n — pocet, NA — nelze k datu ana-
Iyzy, neP-CHT — neplatinova chemoterapie, P-CHT — chemoterapie zaloZena na platinovém derivétu
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Tab. 3. Maximalni dosazena |é¢ebné odpovéd (ORR) pfi riznych rezimech systémové 1é¢by ve 2. a vyssi linii.

Charakteristika PR/CR SD PD NA Celkem
n (%)

CHT 7(18,5) 4(10,5) 27 (71,0) = 38 (100,0)
P-CHT 6(353) 1(59) 10(58,8) - 17(100,0)
neP-CHT 1(4.8) 3(14.3) 17 (80,9) = 21(100,0)

IT £ cilend |é¢ba 11(55,0) 2(10,0) 4(20,0) 3(150) 20 (100,0)
P+L 3(30,0) 0(0,0) 4(40,0) 3(30,0) 10(100,0)
P 8(80,0) 2(20,0) 0(0,0) - 10(100,0)

HT 1(12,5) 1(12,5) 6(75,0) = 8(100,0)

Poznamka: Pokud mély pacientky stejny typ chemoterapie ve vice liniich, je uvedena nejlepsi odpovéd z nich.
HT — hormonoterapie, CHT — chemoterapie, IT —imunoterapie, L - lenvatinib, n — poget, NA - nelze k datu analyzy, neP-CHT — ne-
platinova chemoterapie, P— pembrolizumab, P-CHT — platinova chemoterapie

A

120 100 80 60 40 20 O
TTP (mésice)

TIPL B TP2P-CHT M TTP2neP-CHT

TTPL mTP2P+L METTIP2P

80 60 40 20 0 20
TTP (mésice)

80 60 40 20 0 20 40 60 80 100
TTP (mésice)

Obr. 3. Porovnani doby do progrese po 1. linii platinové chemoterapie (TTP1) s dobou do progrese ve 2. a vyssi linii systémové tera-
pie (TTP2*) pfi |é¢bé chemoterapii (A), imunoterapii samotnou nebo v kombinaci s biologickou l1é¢bou (B) a hormonalni I1é¢bou (C).
L — lenvatinib, neP-CHT — neplatinova chemoterapie, P — pembrolizumab, P-CHT — platinova chemoterapie, TTP1 — doba do progrese
v 1. linii pfi platinové chemoterapii, TTP2 — doba do progrese ve 2. linii, TTP2* — doba do progrese ve 2. a vyssi linii

Detailngjsi analyza pacientek léce-
nych pembrolizumabem samotnym
nebo v kombinaci s lenvatinibem je uve-
dena v tab. 4. Monoterapie pembroli-
zumabem byla podéana u 10 z 20 (50 %)

pacientek, pfi¢emz vsechny mély endo-
metroidni karcinom s MMR-def cientnim
prof lem. Kombinace pembrolizumabu
s lenvatinibem byla indikovana pte-
vazné u pacientek s MMR-prof cientnimi

nadory (9 z 10; 90 %); v jednom pfipadé
byla tato kombinace podéana pacientce
s MMR-def cientnim non-endometroid-
nim karcinomem. Maximalni |é¢ebna
odpovéd'v podobé PR/CR byla nej¢astéji
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Tab. 4. Maximalni dosazena lécebna odpovéd pfi imunoterapii (samostatné nebo v kombinaci s biologickou lé¢bou) podle his-

tologickych typti a MMR statusu.
Charakteristika Celkem
IT 20(100,0)
P+L 10(100,0)
P 10 (100,0)
Nejlepsi dosazena lé¢ebnda odpovéd
PR/CR 11 (100,0)
SD 2(100,0)
PD 4(100,0)
NA 3(100,0)
SD - stabilizace nemoci

Endometroidni

Non-endometroidni

MMRd MMRp MMRd MMRp
n (%)
10 (50,0) 3(15,0) 1(5,0) 6(30,0)
- 3(30,0) 1(10,0) 6 (60,0)
10 (100,0) = - =
8(72,7) 1(9,1) = 2(18,2)
2(100,0) - - -
= 1(25,0) = 3(75,0)
- 1(333) 1(333) 1(333)

IT — imunoterapie, L - lenvatinib, MMR - oprava chybného parovani, MMRd - MMR-deficientni, MMRp - MMR-proficientni,
n - pocet, NA - nelze k datu analyzy, P - pembrolizumab, PD - progrese onemocnéni, PR/CR - parcidlni nebo kompletni remise,

zaznamenana u pacientek s MMR-defi-
cientnimi nadory lé¢enych pembrolizu-
mabem v monoterapii (8 z 11; 72,7 %).
Dalsi tfi pacientky s dosazenou PR/CR
byly Ié¢eny kombinaci pembolizumabu
s lenvatinibem a mély MMR-proficientni
tumory, z toho dvé s non-endometroid-
nim a jedna s endometroidnim histolo-
gickym typem. Stabilizace nemoci byla
pozorovana vyhradné u dvou pacientek
s MMR-deficientnimi nadory, které byly
lé¢eny pembrolizumabem v monotera-
pii. Naopak progrese onemocnéni jako
maximalni dosazend lé¢ebna odpovéd
byla zaznamenana u Ctyf pacientek 1é-
¢enych kombinaci pembrolizumabu
s lenvatinibem, vsechny s MMR-pro-
ficientnimi nadory (jedna s endome-
troidnim a tfi s non-endometroidnim
karcinomem).

Doba do progrese

ve 2*L systémové lécby

Median TTP po primarni chemoterapii
zalozené na platinovém derivatu (TTP1)
¢inil u vSech 43 pacientek 11 mésict
(IQR 4-19 mésicd). TTP ve 2*L systémové
1é¢by (TTP2*) byla nasledné porovnavana
sTTP1 vzdy v rémci jednotlivych podsku-
pin pacientek podle typu Iécby, tj. pouze
u pacientek, které danou lé¢bu ve 2L
skutecné obdrzely. Vysledky jsou graficky
znéazornény na obr. 3.

U 26 pacientek Ié¢enych chemotera-
pii ve 2. linii bylo u 25 (96,2 %) zazna-
mendéno kratsi TTP2 nez TTP1. Median
TTP2 v této podskupiné cinil 4 mésice
(IQR 2-7), zatimco medidn TTP1 u tychz
pacientek dosahoval 16 mésict (IQR
7-23). TTP pfi 1écbé chemoterapii ve
2. linii byla vyrazné krat$i nez po pri-
marni P-CHT bez ohledu na skute¢nost,
zda se jednalo o platinovy nebo neplati-
novy rezim (p = 0,002; obr. 3A).

Naopak u 20 pacientek lIé¢enych pem-
brolizumabem samotnym nebo v kombi-
naci s lenvatinibem byla TTP ve 2. a vy33i
linii srovnatelny s TTP1 po primarni
P-CHT. Median TTP2* ¢inil 7 mésict (IQR
4-15), zatimco median TTP1 u téchto pa-
cientek byl rovnéz 7 mésicu (IQR 4-14;
obr. 3B). U deviti (47,0 %) pacientek byl
TTP2* deldi nez TTP1; vétsina z nich byla
lIé¢ena pembrolizumabem v monote-
rapii pro MMR-deficientni endomet-
roidni karcinom. U sedmi (35,0 %) pa-
cientek (35 %) IT v dobé analyzy nadale
pokracovala.

U osmi pacientek |é¢enych hormo-
noterapii ¢inil medidn TTP2* 3 mésice
(IQR 2-6), zatimco median TTP1 dosa-
hoval 21 mésict (IQR 10-47). Delsi TTP2+
nez TTP1 byla zaznamendna pouze
u jedné pacientky, pficemz tento roz-
dil byl z klinického hlediska vyznamny
(obr. 3C).

Diskuze
Indikace 2*L systémové léc¢by je zva-
Zovana u pacientek s karcinomem en-
dometria, u nichz rozsah onemocnéni,
predchozi é¢ba nebo celkovy stav neu-
moziuji chirurgickou [é¢bu ¢i radio-
terapii s kurativnim zamérem. Tato kli-
nicka situace se tyka pouze mensi c¢asti
nemocnych; na nasem pracovisti bylo
identifikovano 43 pacientek se zvazova-
nou 2. linii systémové lé¢by z celkového
poctu 886 Zen s nové diagnostikovanym
onemocnénim ve sledovaném obdobi.
Zatimco u nové diagnostikovanych
pacientek s karcinomem endomet-
ria prevazuji ¢asna stadia onemoc-
néni (v roce 2023 bylo v CR 76,0 % zen
diagnostikovano v 1. nebo 2. klinic-
kém stadiu) [18] a low-grade endome-
troidni karcinomy, které tvofi obvykle
80-90 % pfipadl [19], v nasem souboru
pacientek indikovanych k dalsi linii pa-
liativni systémové Iécby byl patrny vy-
razny posun smérem k pokrocilejsim
stadiim v dobé diagndzy a k vyssimu za-
stoupeni agresivnéjsich histologickych
typl nadord. Obdobné bylo zazname-
nano vyssi zastoupeni pacientek s p53-
-abnormalnimi nebo MMR-deficientnimi
tumory, nez je obvyklé v populaci viech
Zen s nové diagnostikovanym karcino-
mem endometria (pfiblizné 15-25 % pro
p53-abnormalni a 25-30 % pro MMR-
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-deficientni tumory) [20,21]. Relativné
vyssi byl rovnéz podil pacientek s dal-
$imi nepfiznivymi prognostickymi fak-
tory, jako je nizka exprese ER a PR nebo
pozitivni exprese L1CAM [22,23]. Vy-
soky podil pacientek lé¢enych P-CHT jiz
v ramci primarni lé¢by (69,8 %) dale od-
razi skute¢nost, ze nemocné indikované
k 2*L systémové |écby predstavuji speci-
fickou podskupinu s inicialné vysokym
rizikem recidivy ¢i progrese (tab. 1).

U vétsiny pacientek (41 z 43; 95,3 %)
byl ve 2. linii po selhdni P-CHT zvolen
aktivni [é¢ebny pristup. Nejcastéji byla
indikovana chemoterapie, resp. pem-
brolizumab samotny nebo v kombinaci
s lenvatinibem, zatimco paliativni HT
byla v této linii zvolena pouze u dvou ne-
mocnych, coz opét doklada prevazujici
spise agresivnéjsi biologickou povahu
onemocnéni. Podil aktivné Ié¢enych pa-
cientek v dalsich liniich postupné klesal;
nejvétsi pocet linii byl zaznamenan u tii
nemocnych, u nichz bylo postupné indi-
kovano celkem pét linii systémové lécby
(graf 1, tab. 2).

Dosazeny median specifického pre-
ziti po selhani primarni P-CHT v celém
souboru (obr. 1) je v souladu s recentné
publikovanymi udaji o celkovém pre-
Ziti pacientek Ié¢enych ve 2*L systémo-
vou lé¢bou, at jiz chemoterapii (median
OS pfiblizné 10,3 mésice) [24], nebo kom-
binaci pembrolizumabu s lenvatinibem
(median OS 18,3 mésice) [11]. Nejdelsi
medién specifického pfreziti byl v nasem
souboru zaznamenan u pacientek s opé-
tovnym podanim P-CHT ve 2. linii,ato v si-
tuacich, kdy byl predpoklad zachované
citlivosti k platiné. Rovnéz u pacientek
lé¢enych pembrolizumabem samotnym
nebo v kombinaci s lenvatinibem presa-
hoval median specifického pieziti 20 mé-
sic(i. Naproti tomu u nemocnych léce-
nych neP-CHT rezimy byl median preziti
vyrazné kratsi. Nejkratsi median preziti
byl zaznamenan u pacientek, u nichz cel-
kovy stav po selhani P-CHT neumoziioval
zahajeni aktivni systémové lécby (obr. 2).

Obdobny trend vys3si Gcinnosti pro
P-CHT a lé¢bu pembrolizumabem, at jiz
v monoterapii, nebo v kombinaci s len-
vatinibem, oproti neP-CHT a HT Ize po-
zorovat také pfi hodnoceni maximalni
dosazené lé¢ebné odpovédi napfic jed-
notlivymi liniemi systémové terapie

(tab. 3). Nejvétsi benefit z Ié¢by pembro-
lizumabem byl zaznamenén u pacientek
s MMR-deficientnimi endometroid-
nimi karcinomy, nicméné i mezi Zzenami
s MMR-proficientnimi nadory, jak endo-
metroidniho, tak non-endometroidniho
typu, byly pfi [é¢bé kombinaci pembro-
lizumabu s lenvatinibem zaznamenany
PR/CR (tab. 4). 1 pfes zndmou vyssi toxicitu
kombinace lenvatinibu s pembrolizuma-
bem oproti chemoterapii byl v nasem
souboru pocet ukonceni lé¢by z divodu
nezadoucich Ucinkd nizky a srovnatelny
mezi chemoterapiia IT [11].

V rémci hodnoceni klinického be-
nefitu jednotlivych rezimG systémové
|écby byla u pacientek porovnavana TTP
ve 2*L s TTP po primarni P-CHT. Zatimco
u chemoterapie ve 2. linii, bez ohledu na
pouziti platinového nebo neplatinového
rezimu, a hormonalni 1é¢by ve 2*L byla
u vétsiny pacientek zaznamenéna vy-
razné krat$i TTP nez po primarni P-CHT,
u pacientek [é¢enych ve 2*L pembroli-
zumabem v monoterapii nebo v kombi-
naci s lenvatinibem byla celkova TTP pfi
této |é¢bé srovnatelnd. U témér poloviny
pacientek byla TTP pfilécbé pembrolizu-
mabem, at jiz samotnym, nebo v kombi-
naci s lenvatinibem, dokonce delsi nez
po primarni P-CHT, coz svéd¢i o jedno-
zna¢ném klinickém benefitu této 1é¢by.
Jednalo se prevazné o pacientky s MMR-
-deficientnimi endometroidnimi karci-
nomy, nicméné zastoupeny byly i zeny
s MMR-proficientnimi non-endomet-
roidnimi karcinomy. Pfestoze u vétsiny
pacientek nebyl ve vyssich liniich zazna-
menan vyznamnéjsi klinicky benefit HT,
u jedné nemocné bylo dosazeno kom-
pletni remise, jejiz trvani vyrazné pre-
sahlo TTP po primarni P-CHT (obr. 3).

Pi interpretaci vysledk( této studie
musi byt zohlednéno nékolik limitujicich
faktor(i. Jedna se o retrospektivni uni-
centrickou analyzu s relativné omeze-
nym poctem pacientek, pricemz soubor
je charakteristicky heterogenitou klinic-
kych parametrd i pouzitych 1é¢ebnych
rezimu. Z téchto divodl nebylo cilem
prace provadét detailni statistické po-
rovnani jednotlivych modalit systémové
lé¢by, ale predevsim popsat redlnou kli-
nickou zkusenost s vy$simi liniemi [écby
u selektované skupiny nemocnych. Dal-
$im vyznamnym aspektem je casovy

kontext sledovaného obdobi, béhem
néhoz se moznosti systémové 1écby kar-
cinomu endometria zédsadné vyvijely.
Inovativni |éCebné pfistupy, zejména IT
a jeji kombinace s molekularné cilenou
1é¢bou, byly v pribéhu vétsiny sledova-
ného obdobi dostupné pouze v ramci
klinickych studii nebo na zakladé indi-
vidualniho schvéleni. Zadna z pacientek
zafazenych do tohoto souboru ne-
byla lé¢ena IT v rdmci 1. linie systémové
1é¢by, a to z divodu nedostupnosti
v daném casovém obdobi. Hodnocené
vysledky tak reflektuji sekvencni podani
IT az ve 2*L systémové [é¢by v podmin-
kach bézné klinické praxe.

Zaveér

Ackoliv je progndza pacientek s pokroci-
lym nebo recidivujicim karcinomem en-
dometria indikovanych ke 2*L systémové
1é¢by nepfizniva, aktivni lécebny pristup
muze prispét k prodlouzeni celkového
preziti i zmirnéni symptomd onemoc-
néni. Nase vysledky potvrzuji vyznam
IT, at jiz v monoterapii, nebo v kombi-
naci s molekuldrné cilenou Ié¢bou, kterad
v podminkach realné klinické praxe pfi-
nési vyznamny klinicky benefit u ¢asti pa-
cientek, a to nejen s MMR-deficientnimi
néadory. Tento piinos je dosazen za cenu
vyssi, avsak ve vétsiné piipadd zvladnu-
telné toxicity. V individudlné vybranych
pfipadech mudze rovnéz HT predstavovat
smysluplnou a Gc¢innou lécebnou moz-
nost, kterd by neméla byt v klinické praxi
opomijena. Volba optimalni |écebné
strategie ve vyssich liniich by méla byt in-
dividualizovana a zohledrovat nejen his-
tologicky typ nadoru a jeho molekularni
charakteristiky, ale také celkovy stav pa-
cientky, rozsah a dynamiku onemocnéni,
efekt pfedchozi 1é¢by a ptitomnost pfi-
padné rezidudlni toxicity. Sekven¢ni pfi-
stup k paliativni systémové 1é¢bé zlistava
klicovym predpokladem pro maximali-
zaci klinického benefitu.
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2.7 Soucasné principy diagnostiky a IéCby karcinomu endometria —
syntéza poznatkul pro klinickou praxi

Karcinom endometria patfi mezi nadory, u nichz rychly rozvoj poznatki v oblasti
diagnostiky a lé¢ebnych moZnosti vyznamné méni zavedené postupy v bézné klinické
praxi. Rostouci komplexita diagnostickych a terapeutickych algoritmi zvysSuje vyznam
mezioborové komunikace a jednotné interpretace aktudlnich doporuceni odbornych
spolecnosti a soucasné klade vysoké naroky na kontinudlni vzdélavani 1ékart, kteri se
podileji na péci o pacientky s timto onemocnénim.

Pro optimalni implementaci novych poznatkii do rutinni péce je nezbytny jejich
efektivni pfenos nejen do center vysoce specializované péce, ale také zajisténi navaznosti
téchto center na regionalni pracovisté. Vyznamnou dlohu v tomto procesu maji odborné
monografie, které na zakladé kritického zhodnoceni dostupnych diikazi poskytuji
systematické shrnuti soucasnych diagnostickych a terapeutickych postupli a prevadeéji
nové poznatky do podoby prakticky vyuzitelné pro Sirokou odbornou veiejnost.

2.7.1 Vlastni pfinos k problematice

V roce 2024 byla v monografii Onkogynekologie, editované prof. MUDr. Michalem
Zikanem, Ph.D., publikovdana kapitola ,Karcinom endometria“, ktera prinasi uceleny
piehled soucasnych poznatkii o diagnostice, stratifikaci rizika a 1écbé pacientek s
karcinomem endometria se zvlastnim diirazem na implementaci molekularni klasifikace
do klinické praxe a individualizaci 1éCebného pristupu.

Priloha 5: Karcinom endometria

BEDNARIKOVA, Markéta; Vit WEINBERGER; Petra BRETOVA a Lucie EHRLICHOVA.. In
ZIKAN, Michal. Onkogynekologie. 1. vyd. Praha: Maxdorf, 2024, s. 159-176. Jessenius.
ISBN 978-80-7345-786-0.

Typ prispévku: kapitola v ucebnici

Viastni prinos autorky: koncepce a struktura kapitoly, kritické zhodnoceni dostupnych
diikazti, syntéza soucasnych poznatki, interpretace dat a doporucenych postupt, priprava
rukopisu a findIni redakce textu.
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12 KARCINOM ENDOMETRIA

Markéta Bednaiikova, Vit Weinberger, Petra Bretova, Lucie Ehrlichova

| ZAKLADNI FAKTA

» Karcineen endometria Je v 2¢émich Evrapy 2 seveinf Ameriky
netastésin gekolagickym nddorem.

= Vyznauje se zpravidla dobrou progndzou, keerd je podméngna
diagnostikou v dasném stadiuu 70-80 % 2ea

+ Me2i hlavnl rizkové faksory patii obezita a vyssi vk

« Plodny witrazvekovy wreening u asymplomatickych Jen nend
doponuen,

« Zisadni zminy do dhagnostiky i Mcby pinesio zaveden! maleky-
Keniho testovani,

Uvod

Karcinom endometria pfedstavuje nejCastéjsi histologic-
kou variantou zhoubnych nidond délohy. Kazdorotné je
v Ceské republice diagnostikovino kolem 2000 novych
pripadi, s incidenci 33,9/100 000 Zen v roce 2021, a pii-
bliZnd 500 Zen kaZdy rok ¢ touto diagnézon umird (mor-
talitz ini 6/100 000 Zen). Maximum v¥skytu onemoc-
néni je v obdobi 6. a 7. decennia. Diky bezkému néstapu
symptom0 je vét€ina pépadd diagnostikovina v [, stadiu
podle klasifikace FIGO, kdy se primé&mé Sleté pleZiti
pohybuje kolem 90 %. U pacicatek disgnostikovangch
ve vySiim stadiu nebo s tumory agresivnihio biologického
chovini ale progndza Sletého pieZiti vyrazné klesd.

KARCINOM ENDOMETRIA Y CISLECH (vztazeno

» Sleté péeziti bez ohledu na stadium: 81%
« celafvotnd rizfko onemocnénk: 29%
= incidence: 35/100 000 zen
+ mortalita: 6/100 000 fen
» rozlodeni stadii v dobé diagndzy podie FIGO;
~ stadium I: 65%
~ stadium il: 9%
~ stadium HL: 7%
~ stadium IV: 5%
=~ stadium newrlenc: 14 %

k CH

12.1  RIZIKOVE FAKTORY

Zndmé rzikové faktory jsou asocioviny s nejCastdse

vanantou endometnidlniho karcinomu, tradiénd oznado-

vaného jako karcinom prvaiho typu, ktery je estrogen

dependentni 4 vzniké v terénu hyperplastického endo-

metria:

* VYRS vk (>55 let)

* déletrvajici estrogenni stimulace endometria bez od-
povidajici hladiny gestagent

* brzkd menarché (pied 12. rokem véku), pozdni me-

nopauza (= 55 let), nuliparita, anovulace, syndrom

polycystickych ovarii

obezita (vétdi konverze androstendionu na estron)

vyS3i pfijem ZivodiSnych wki a bilkovin

diabetes melliws 11 typu, hypertenze

hormondlné aktival nddory ovaria

diouhodobé uZivéani tamoxifenu (u postmenopauzil-

nich pacientek)

* imunodeficience 4

* genetické predispozice (nejcastdji Lynchiiv syndrom)
Naproti tomu dal3i histologické varanty, oznadované

dfive jako karcinomy endometria druhého typu, maji etio-

patogenezi nejasnou. Vznikajl spise v terénu atrofického

endometria a nejsou asociovany s hyperestrinismem ans

dalfimi rizikovymi faktory typickymi pro prvatho 1yp.

ordyelee

12.2 PATOLOGIE

WHO rozdéluje karcinomy endometria na ziklad® mor-
fologického typu. Nejast&ji typem je endometroidni
adenokarcinom nfzkého stupn& diferenciace (dfive doble
a stfedné diferencovany; tj, grade 1 nebo 2), kiery je typic-
kym pfedstavitelem prvniho typu endometrifiniho kasci-
nomu a vyznafuje se piiznivym biologickym chovasim
se zpravidla vynikajic! prognézou. Mez zéstupee dru-
hého typu s agresivn&jiim biologickym chovénim i horsi
progudzou patfi endometroidni adenokarcinom vysoké-
ho stupné diferenciace (dfive Spatné diferencovany; i
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m Tabuika 12.1 Hstclogicke typy bardnomu endometna

serdoy hardnom <%
svitiobuniny haconem <0
nedifrencovanyidediferencosany bardnom 2

oatainy (vzané): smeny kardinerm, mezneficky adenokarinom,
skvamozni carcinom, mucndnd karrinom (ntestindini 1yp),
mieneaphiic ¥ adenokarciom, kaxmcsakon -

grade 3) spolu s daimi morfologickymi typy (mezi ji-

nymi napt. serdznim, svétlobunnym nebo pediferenco-

vanym/dediferencovanym karcinomem|. Zjednodusené

déleni karcinomi endometria je uvedeno v tabulee 12,1,
Krom# urieni morfologického typu je nedilnou sou-

Easti putologn.kého' vyetfeni stanoveni péitomnosti

Iymlovaskulimi invaze (LVSI), které mé podobné jako

histologicky typ nddoru zdsadni prognosticky vyzoam.

Hodnoceni LVSI se provadi v okoli nidoru & podle nej-

novEjiich eviopskych doporudeni 2 roku 2020 md byt

klasifikoviine do 1 stupiia:

1) nepfitomna

2) fokdlni ( 1-4 cévnl prostory)

3) podstatnd (2 $ oévnich prostor)

Piitomnest podstatné LVSI je negativaim progrostickym

faktorem.

Zasadni posun do diagnostiky endometridlnibo karci-

nomu piineslo zavedeni molekulimiho festovani, keeré

spotiva ve vyietfeni mutaéniho stavu gend TPS3, POLE

a systému MMR. UmoZiluje rozcéélit karcinomy do Cty?

skupin s odlifaym biologickym chovinim a progndzou

i v rimei tého? histologického typu:

+ POLE ultramutované karcinomy piedstavuji pfi-
bliZn# 5-15 % viech karcinomi. Pro zafazeni do této
skupiny musi byt v umoru prokdzing nékierd z defi-
novinych ot spotovych® patogennich variant v exo-
nu 9-14 exonukleazove domény geau POLE (DNA
polymerazy £) pomoci molekuliimich vySetfovacich
metod, juko jsou napl. sekvenovini nove genera-
ce (NGS) nebo Sangerovo sekvenovini. Ackoliv se
morfologicky zpravidia jednd o high-grade karcino-
my s pfitomnou podstatnou LVSE, vyznaduji se velmi
dobrou progndzou a pii diagnostice v prvnim nebo
druhém klinickém stadiu je u nich samotnd operace
povaZoving za dostateény €¢ebny vykon.

* MMR deficientni (AMMR/MSI-H) karcinomy s &l
nosti 25-30% jsou charakteristické alteraci néktereho
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7 geni systému MMR, co? i 2z nisledek kumulaci
podiu mutaci v disledku chybngho mechanismu opray
parovini bazi béhem syntézy DNA. Delicience MMR
<e stanovuje pomoci imunchistochemického vySetient
proteing MLHI, PMS2, MSH2, resp. MSHA. V pil-
padé nejednoznainé exprese je doporudent doplmt
nekterou z molekulirnich metod umofiugics deteked
miksosatelitni instability (MSI). Karcinomy MMR de-
facientai se vyznaduji intermedidmi prognézou i diky
vysoké mutaini niloZi zpravidia dobrou odpovédi
it 16¢bu imunoterapii. U pacientek s MMR deficient-
nimi tumory je Sastéjli prikaz hereditdmi dispozice
(minimaing 10% oproti 3-5% v rdmci viech karci-
o).

+ p33 mutované karcinomy ol cca 5-15% viech ki
cinomi, vyznaduji se nizkou mutatni ndloZi a nejhorsi
progndzou. Samotny pritkaz pS3 mutovanéha fypu po
staduje i pfi diagnize v prvnim siadiu (za predpokla-
du pritomnost invaze kareinome do myometria) peo
zafazeni do skupiny s vysokym nzikem, kdy je do
porucovina kromé chirirgického vikonu i adjuvantii
lézha chemoterapif, v indikovanych plipadech 1 spolu
s radivterapii. VySetieni pS3 se stanovuje primim@
imunchistochemicky standardizovanym protokolem,
ktery spliuje poZadovani kiitéria vysoké senzitivity
u specificity. Alternativou je vySetfeni pomaci NGS
umeZiujici stanoveni mutadatho stava genu TP53.

+ Karcinomy s nespecifickfm molekularnim profi-
lem (NSMP) piedstavuji nejpodetndjsi skupina Xar-
cipomil (40-65 %), pro kterou je typicka ubsence jed-
noznacnéno molekuliriho charakteru. Predstavuji
velmi beterogenni skupinu karcinomi s rozli¢nym
biologiekym chovanim a vyznaluji se intermeidimi
Prognazon.

12.3 KLINICKY OBRAZ

Diky fasnému ndstupu symplomatologie je v 75-80%
Jen vnemocnéni v dobg diagnozy limitovino na déiohu.
Pouze piblizné 10% Zen nema v dobe diagndzy vyjiad-
feny Z4dné symptomy.

bub[tk!n vni piionaky”
krviicent z délohy v postmenopauze

« pepravidelné, nadmémé nebo peotrnhované Krvilceni
u premenopauzalnich Zen

o ménd fasté: bolesti v podbiisku, bfifni diskomfort,
evéovani objemu Hficha a vyprazdiavaci obrize




Objektivai nalez:

* ve vy3Sich stadiich onemoenini rvétSend délohy. mélo
pohybliva, fixovand v panvi

* patologicky korelat pis gynesologickém UZ vyZetteni
(roziifend sliznice endometria, porudens endomyome-
trilni junkee, invaze do myometria prostupitici sva-
levinou smérem k scroze, invize tumoru do siromaty
hrdia. pii dopplerovském vysetfeni patologicke boha-
t¢ proksveni tumor, prokrveni tumonu z nékolika mist
2 myonmearria)

Na deuhou stranu je potfeba mil na pameti, 2¢ pouze
asi u 5-10% 7en je pficinou postmenopauzdlniho krvi-
ceni zivazné unkologické onemacnéni. Pravdépodobrost
karcinomu jako pritiny keviceni v menopauze imémé
stoupd 5 vEkem. Zatimeo u Zen mladti SO let je to pouze
156, ve véku 55 let jsou 10 3% 4 v Zen po 80. roku véku
riziko stoupi aZ na 24 %,

Priblizné 1 15% Zen je onemocnéni diagnostikovino
pied néstupem menopauzy. PH patologickém premeno-
pauzilnim keviceni je obecé piitomnost karcinom: jako
priciny obtiZi jeité mént pravdépodobad ne’ u postme-
nopauziluich Zen, pohyhuje se kolem 0.3%. Mes: varu-
jiel rizikavé faktory pro moZnou pétomnost karcinomu
patfl pozitivei rodinna anamnéza (1), viceCetny vyskye
zhoubnych nddorech onemoendni v roding). imterkurent-
ni obezita nebo syndrom polycystickych ovarii,

Dalsf obtize jako bolesti v podbiitku, zv&Eovini ob-
vodu biicha, biidni diskomfort nebo obtize s vyprazdio-
vinim patfi jiZ mezi pliznaky pokrodilého onemocnéni

a jako prvni se vyskytuji ponze vzicnd.

12.4 DIAGNOSTIKA

ZAKLADNI FAKTA

= AF90% wlech phicacd e diagnostikovdtio u Jen startich 50 &

+ ea 75 % 2en ma onemocaénl v dobé diagadzy Himitovéno
8 defoh

+ Chargkigistickym phaakemn je patologicks déladni kricer, ktre
Je wyjidieno u %)% ken.

+ Takladni vysetromac metodou j2 ultrazvukon vySesteni.

- Diagréza je zpravidla Shanovena na z4kiade hiczopatnlogickhe
vydetieni vaocku déledn! slimice indikovaneho v nvazncst
a3 ultrazvihony néler u symprumatickich Zen,

. mdow!mvwm"ampﬁmwl*hmmnm

KARCINOM ENDOMETRIA

peostanovent diagnoey.

Diagnozu karcinomu endometria je moZné stanovit pou-
ze niy viklode histopatologického vySetfent, o to nejlas-
1€ji z¢ veorku endometria odebraného pfi diagnostickém
Vvykonu indikovaném v ndvaznosti na UZ ndlez u sym-
promatickych 2en. Méné Zasty je ndhodny nilez karcino-
tnu po proveden! hysterektomic z neonkologické piiiny,

12.4.1 Ultrazvukové vySetieni

U Zen s patologickym déloznim kevicenim je na prenim
misté indikovéno provedeni transvaginilniho UZ vyiet
feni, které umoZni detuilni zhodnoceni endometria, my-
ometria, délozniho hedla a okoli délohy. Pro popis UZ
nalezu je doporudenn vyuzivat terminologn [ETA (Inter-
naticnal Endometsial Tumor Analysis, viz kap. 7 Ultra-
zvukovil dingnostika). V pripadé patologického nélezu
v oblast; endometria je moZno vyslovit podezfeni na pa-
tologii v déloZni dutiné a indikovat provedem biopsie
vedouct ke stanoveni defintivai diagnozy. U postme.
nopauziinich pacientek s patologickym krvicenim je
moZno indikovat biopsii od Eife endometria 2 4 mm, ie
ale nutno pocitat s nizkou specificitou UZ vySedtent pro
diagndzu endomeuiidlniho karcinomu. Podil fale$ng po-
zitivnich UZ ndlezi: s mislednym negativaim vyskedkem
hisilogického vySerfeni klesi Gméme se zvitSujict se
415 endometria. Naopak negativni U7 nilez nizké, dobie
ohranitens, homogenni a hyperechogenni sliznice o 3ifs
< 3mm vylufuje pfitomnost karcinom s 4z 99 % nega
tivai predixtivol hodnotou. 1 premenopavzélaich Zen
§ paodogickym dlozaim krvdcenim je indikovéno pro-
vedeni biopsic v2dy v Zen ve véka = 45 let; u mladsich
Zen pak v sitwacich, kdy je pozitivai rodinna nebo osobni
anamnéza, pipadné pfi pfetrvivajicim Krvicend nereagu-
Jicim na farmakologickon 168ba.

12.4.2 Dalsi vyletiovad metody

Altiernativou UZ vyletfenl expertnim sonografistou e
MR panve umoZilujici rovnéz stanoveni rozsahu invize
do myometria, postiZeni déloZnfho irdla n posouzeni sta-
vu adnex-resp. regiondlnich fymfaticksch uzlin, Vyser-
feni CT hrudniku, bficha a panve (nebo v indikovanych
piipadech vySetieni hybridni zohrazrovaci metodou PET/
CT, resp. PET/MR) se providi k vyloudeni pSromnosti
veddlenych metastiz, a to zejmeéna u tumord s vysokym
supném diferenciuce (tzv. high-grade karcinomy), pfi-
padné u pacientek s incidentalnios ndlezem karcinomu
20 uperaci 2 neonkologického piipadu, jsou-li pitomny
dali rizikové faktory (1]. invaze do myometria nad 50 %,
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postiZeni stromatu cervixu, pritkaz podstainé LV SI nebo
high-grade karcinoma).

Nedilnou soulasti vySetiovacibo algonung je rovngs
detailni odbér nnamnézy zaméteny na history; vyskytu
thoubnych nidorov§ch onemoening v roding, piitomnost
zavarayen interkurentnich onemecnéni, anwnnézu pred-
chozich biidnich operaci a zhodnoceni socialnibo zére-
i Zisadni ph zvaZované operacni BEHE je orientadni
posotzeni fvzicke a mentalnd zdatnosti, resp. vyhodnoce-
i v¥sledki zikladnich laboratornich testi (krevni ooraz,
bicchemie).

Dalfi vySetfovaci metody (jako nap?. kolonoskopie
nebo cy<toskopie) by mély byt indikovany v situacich,
kdy pegich vysledek zméni 1éiebny piistup

12.43 Vyznam nadorovych markerd

V klinické praxi je pfi zndmé diagndze karcinomu en-
dometria moZné vyuZit stanoveni sérovych aidorovch
markeri CAI25 a HE4, a to zejména v pokrodileiSich
studii nebo v piipadd vysokého rizika recidivy jako vy-
chozi hednotu pro néslednou monitorac efekiu 1EChy.
Potencidini vyuZiti dalSich markerd asociovanich s en-
dometridnim kercinomem je pledmétem klinického vy-
Zkumu,

12.4.4 Stanoveni diagnozy - patologické
vysetieni ’

Ke stanoveni diagnézy je zapotiebi odbér reprezenta-
tivaiho vzorku délofni slizeice. Metedou prvni volby je
hysteruskopie « odbérem vzorku pod zmkovou kontro-
low, u velkoobjemovych tumerk nebo pii silvém krviceni
je moZné provést frakcicnovanou kyretaz & ambulantné
aspiraci vzorku endomerriz pipellow. Nezbytnou souéisti
patologickeho vySetieni v rdmei disgnostického vykonu
je stanoveni histologickéhe typu a stupné diferenciace
wimory, Které jsou vedle vysledkl klinického vyserfeni
a zohrazovicich metod zissdnim: fakiwry oviivijicimi
volbu spravné 1&8chné strategie.

Definitivni histopetologické vySerfeni po operatni
1é¢be musi vedle histologického typu a gradingu tumory
obsahovit rovnéZ vyhodnoceni piitomnosti nebo absen-
ve LVSI a stanoveni patologického stagingu (1. rozsahu
postizeni, viz kap. 3 Principy hustopatologického vydet-
feni). Molekuldmi testovind by mélo byt provedeno vidy,
kdy jeho vysledek u konkrémi pacientky ovlivai diagnos-
ticko-kcebny postup. VSechry pacientky operované pro
karcinom endometria by tak mily mit vysetfeni pS3 (pro
vyloudeni vysokého rizika recidivy) a optimiding i MMR
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status {(pro identifikaci pacientek ve zvySeném nziku
hereditdrni dispozice ). Pacientky diagnostikované v prv-
nim 2 ve drubém stadiv onemocnni nesplinjici kntérin
pro nizké rziko (4. vZdy s vijimsoy endometroidniho
karcinomu nizkého gradu nepieszhujiciho polovinu sily
myometria) by mély mit vySerfen § stams POLE, coi
umoZni v plipadé prikazu POLE ultamutovaného typu
nezatéZovat pacientka adjuvantni [écbou, kierd by jinak
byla indikovéna. VySetfeni mutaZnibo stava geni POLE
a MMR je nutné také vidy pii prikazu mutace TP53
vzhledem k existenc: karcinomi oznaiovanych jako
wmultiple classifiars®, kdy je mutace TPS3 sekundami
(nikoliv driverovi) pit POLE -ultrsmutadnim stavu nebo
MMR deficienci.

Clhvby v diagnosiice:

* podeendni pfiznakd u premenopanzilnich Zen vedouci
k oddalenf diagnozy

+ nekvalitnd provedené uluazvukové vyletfeni

* nerespekiovani zasad pro indikact biopsie

*+ faleSn€ negatival vysledek separoviné abraze podmi-
nZny technikou odbésu

* panlogické vySerfeni nezohleddungici souiasnou ter-
minologii, resp. s chyb&jicimi parametry nezbytnymi
pro stanovent miry nzika rekurence

12.5 GENETICKE VYSETRENI

Veétsina karcinomi endometng vanika na podkladé spo-
radickych mutaci, péihlizné 3% viech onemocnéni jsou
podminénz gepeticky. NejCustéjsi picinou dédidné for-
my e syndrom hereditarnibo nepolypozniho kolorekta!-
nfho karcinomu (1zv. HNCC; #esp. Lynchiv syndrom),
pro Ktery je charaktenstickd zdédeni patogenni varian-
ta v nekterém 2 gent MMR systému (4, gent MLHI,
MSH2, MSHf nebo PMS2). Na rozdil od béné populace
Zen s celoZivotnim rizikem vzniku kurcinomu endomer-
ria okolo 3% s2 10to nzike u zdravych Zen s Lynchovym
syndromem pohybuje mezi 40 o 60% a vyznamné na-
rhsta od 40. roku veku. Podil Zen s hereditimi formou
endometridlniho karcinomu vyznamné naristi u MMR
deficientnich mmord), kde se pohybuje kolem 10%.
Viechny Zeny s MMR deficientnimi tumory by proto
mely byt screenoviny ve snaze o identifikaci pacientd
s hereditdmimi karcinomy,

Vzacndjsi geacticsy pudminénou pfi¢inou vzniku
karcinomu endometria je Cowdeniiv syndrom, vyznalu-
Jici se patogenn( vanianiou v tumor supresorovém genu
FPTEN. U zdravich Zzen s Cowdenovym syndromem se
celozivotni riziko vzniku Xarcinome endometria pohybu-
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je v rozmezi 20-30%. Zvyiené riziko vaniku serézniho
karcinomu se nékdy popisuje v rimei syndromu dédi-
ného karcinomu pesu a vajeénika (HBOC - hereditary
breast and ovanian cancer), ktery vanika na podklad? vro-
2ené patogenni varianty v genech BRCA ! nebo BRCA2.

Pro hereditdrni karcinomy je typicky vznik phiblizné
0 10-20 let difve neZ u sporadickych forem. Vedle Zen
§ MMR deficientaimi wumory by proto méla bit nabidnu-
ta genetickd konzultace rovn? Zenim s Xarcinomem en-
dometnia diagnostikovanym pled 3, rokem vitku, zvlds-
1& pak pfi anamnéze opakovantho viskyvtu zhoubnych
nidord u pokrevnich pFihuzngeh prvniho nebo druhého
stupné.

12.6 SCREENING

Diky celkové piizawvé progndze onemocnini podmingné
vedle diagnostiky visiny piipadd v Casném stadiu i pie-
vahou méné agresivnich histologickych typil nepatfi
karcinom endometria mezi wWealni kandiddty pro plog-
ny populalni screening, & (o 1 pres Sirokou dostupnost
2danlive idedini screeningové metody, tedy vaginilnihe
UZ vySetieni.

Zasadnim problémem je nizka specificita vySetieni
vagindlnim UZ, kierd vede k nedmEmému navyseni po-
¢tu biopsii (2 s nimi souvisggicich potencidlnich rizik) in-
Gikevanych pro UZ nilez patologie endometria u asym-
promatickych Zen. PH prokizané prevalenci 0,62 % je
niziko plitomnosti karcmonw endomelria u postmeno-
pauzilnich Zen bez pitomného patologického déloZniho
krvicen! velmi nizké a nihoxdng dingnostikovani tumors
u téchto pacientek nijak nezlepsuje jejich celkové pleZid,
Za hrunici vhodnou k indikaci bioptické verifikace byla
u asympiomatickyeh Zen v postmenspauze doporucena
vyska endometna > 11 mm, kdy je riziko plitomnosti
karcinomu srovnatelné jako u pacientky s krvicivymi
symptomy pii vyice endometria 4-5mm. Pfi niZ$im en-
dometriu a absenci symptomatologic je biopsie vhodna
pouze v pipadé piitomnosti rizikovych UZ markerd,
Jako jsou vysokd vaskulunizace, porusenii endomyomer-
rilni junkce a pon-uniformni endometrium,

Celoplodné proviidni screeningn karcinomu endo.
meltia u Zen bez vyjidfenych symptoma se jednoznad-
né nedoporucuge, @ 1o ani v piipadé silné obezity a s tim
souvisejicio metabolického syndromu nebo u 2en napt
s anamnézou syndromu polycystickych ovarii. Mezi na-
prosto zasadni screeningova opatfeni tak patfi edukace
Zen registrujicim gynekologem o nutnesti véasného vy-
fetfenl v piipsdé objeveni s¢ potizi, které mohou (ale
taky nemusi) signalizovat pfitomnost zhoubného nidery

d&lohy, tedy jakéhokoliv krvaceni, Spinni nebo nariiZo-
vélého vitoku v postmenapanze, resp. silného, neobvyk-
le dioubého nebo nepravidelného krviceni v premeno-
pauzilnim obdodi. V takovém plipadé je puk zapotfe-
bi provézt v co moZnd nejkratdim Gase gynekologické
vysetieni véeind vagindinfho UZ a na zikladé nalezl
spalu s vyhodnocenim anamnestickyeh adaji pfipadné
indikovat odbér vzarku delozni sliznice & histologické-
mu vyietieni.

Pristep k selektivaimu screeninge u postmenopauzil-
nich Zen dlouhodobé uZivajicich tamoxifen po 1écbé
karcinomu prsu, které maji riziko vzniku karcinomu
endomerria v priméru 2,5x vyv3di neZ bé2ni populace,
neni celosv@lové jednotny. Riziko se zvySuje & délkou
uZivani tamoxifenu a pletrvivd i po ukondeni 168by. Ra-
ciondini vyuziti vaginilaiho UZ spodivi v dokladném
vstupnim vysetfeni pled zahfjenim 1&&by mmoxifenem
spolu s vyhodnocenim viech piftomaych rizik pro venik
karcinomn endometria. V pfipadé negativaiho nidezu je
moZné zacil pacientky kaZdorocné vySerfovar vagindlnim
UZ a2 od 3. roku ubivini tamoxifeny, i kdyZ pfinos UZ
sereeningt pro éasny zachyt karcinomu nebo jeho pre-
kuszorovych lézf nebyl ani v této skupiny Zen jednoznac-
né prokazin, Zasadai je opét dikladné poudeni pacientek
o nutnosti hldsit péitomnost krvdceni nebo Spindni z dé-
lohy, pii kterém je nutmo provézt hiopsi délozni sliznice
nejlépe hysteroskopicky.

Ani v Zen s d&diénou dispozici ke vzniku karcino-
mu endometria nebyl v¥znam screeningu jednoznad-
né prokizan. U téchto Zen navic karcuiom endometria
vznikd éasto jeSté v premenopauzilnim obdobi. Podie
evropskich doporutent by Zeny s prokdzanou hereditirni
dispozict mély byt sledovany jednou roéné pomoc! trans-
vaginilniho UZ (preferentng expertnim sonografistou)
aod 35 let podstoupit jednou za rok a2 dva biopsii en-
dometna pipellou nebo hysteroskopl. Pii abnormalnim
&oZnim krvicenl je namisté provedeni biopsic | mimo
tento mierval. Pacientkam by mala byt nabidnuta profy-
laktickd hysterekromie s blaterdlni adnexcktomii po do-
kondeni reprodukEnich plind (preferenéné do 40 let) jako
prevence vzniku karcinomu endometria i ovarii, U pre-
menopavzalnich Zen by pak méle byt 2vaZena estrogennf
substituéni terapic.

12.7 STAGING

Roesuh nddoru a urdenl stadia onemocnéni se stanovu-
je prostiednictvim systému TNM-a klasifikace FIGO.
Zatimeo klinickd klasifikace (¢TNM) je stanovovina
na ziklad® Khinického vydcifent a vysledkn zobrazo-
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m Tabulka 122 Kasfibace bkaccinormu endometsia ~ TNM (2018) 2 AGO (2005)

0 bez znamek pamamilo nédocu

m | nidor ormeaen na ddcini o
T I ndorcrmenm e endametum neba pastae < % fousty myomermd
b B nadorpostiuie 2 Vi tieutity myometra

n T nadorpostihuje cerviini smoma

n 11 lokaini a/meba regionaiisend
T A midor postiuje sertau dtiohy neba adnesa
b W postitend pochey neto parametil

NK reguadh mizn ey reize hodnare

N v tegiondini miznich uzlindch nejsou metisdzy
NoG+) :mdmwmmﬁumtsum

Mo W measidzay plnevnkhiznkh walinich
Nim IET milreametzseiza v pnevnich miznkh walisact (> 2 mm, < 2.0 mm)

Na ICT metastizay dnevich miich iingch (> 20mm)

W 2 meastiv parasoniivih manch zinich + metastiza v pinewich mimich inh
Mmoo K2 mikmmetstiza v peaxetdnich migsich whinéch (> 0,2, < 20mm) + meastdea v pineseich miznich winich
Nia 2 MvMMMMbmw:mvamwdw

w Nejsoa vasilend memstazy

M WE  vaddlené metastizy vioté ntrabdomindinch mecastéz aiebo nguindiich mizrich wdln

vacich metod, patologickou klasifikact (pTNM, resp
FIGO) stanovuge patolog na zakladé vysetfend tkini ode-

rentnf onemocnéni (vietné plipadné piedchozi
malignity a jeji kecby) a fyzikalnim vySetfenim vi.

branych béhem aperace. Stanoveni stugingu je nezbyt- idaye o BMI

nym krokem determinujicim spolu s celkovim stavem - z4kladni laborutorni vy3Setfeni (krevni obraz, bio-
pacientky éCebny piistup. Doporuéeni peo obligatorni chemicky rozbor krve)

stagingova vySetieni zohledfiuji mimo jiné histologicky ~ ansvagindlni (nebo transrekidlng) o trunsabdonmi-
typ tumery (u serdznich karcinomd nebo karcinosarko- nilni UZ provedeny expertnim sonografiston

mi je v dobé diagnézy detckovatelné extrauterinni Sifeni
aZ ve 4050 % pripadi), rozsah pustiZeni primirmiho tu-
moru podle UZ vySetfeni a celkovy stav pacientky (tab.
12.2).

Stagingavd vySetfent u postmenopanziinich i premeno-
pauzdinich: Zen s diagnozoi stanovenow ma dkiadé bio-
psie endometria a bez Indikace k jertilita sachovdvagici-
mu postupi;
+ obligatomi:
~ komplexnf klinické vySetfeni s podrobaou anamné-
zou cilenou na fzikové faktory a zivaZeé interku-

~ MR pénve (alternativa k expertnimu UZ vydetfent)
.~ RTG plic (na zviZeni u pacientek s low-grade tu-
mory)
~ CT vydetfeni plic, bficha, a panve (péi podezient
na extrauterinni iifeni dle UZMR nebo RTG vy-
fetfent, resp. u high-grade twmond)
* fakultatival:
~ hybridni PET/CT nebo PET/MR vySetfeni (nejsou-
i CT. resp. MR & expertni UZ dostatedn® konklu-
zivni)
~ nidorové markery CA125 a HE4 (u pacientek s vy-
sokym rizikem recidivy k monitoraci efektu K&by)
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~ pipadnad dalii vyietfeni dle zviZeni odeifujicibo
Kkafe, resp. nilezi (rektoskopie, kolonoskopie,
cystoskopie atd,)

~ geneticka konzultace (u MMR dehcientnich tumo-
il neba pfi pozitived rodinng anamnére)

~ posouzeni memalni & fyzické komndice, resp. socidl-
nibo zazemi u genatrickych pacientek

Stagingova vySetreni u premenopavzdlnioh 2en s piedpo-
Kadem fertilitn zachovdvajiciho postupu.

* MR pdnve nebo experini UZ vySetfeni

* RTG plic, pripadng doplnéni CT plic dle nalezu

Swagingova vyletfeni pri ndhodném nalezu karcinomu

po bysterekicmii indikované pro necrikologickou diagnd-

21 (zepmena nebvladi souddsts vikonu adiexekiomie ),

* MR panve

* RTG plic (4 karcinomd asociovanych < nizkym rie:-
kem recidivy)

* CT biicha +/- CT plic

B Tobulka 123 Ruaddent pecentek do progrostizkych skupin pode miry rizfka o'\«wym

12.8  PROGNOSTICKE SKUPINY
PODLE RIZIKA RECIDIVY
ONEMOCNENI

Co moind nejplesngjsi predikee rizika recidivy v dobé
diagnozy je napresto zasadni pro volbu sprivané lédebné
strategie. a to jak 7 hlediska adekvitniho rozsahu chirue-
gicke 1&by, tak | 2 hlediska indikice ptipadné adjuvant-
ni Jé¢by. Mez: standardnd uZivané prognostické faktory
rozdélujict pucientky do jednotlivych rizikovych skupin
patii stadiur onemocnéni v dobé diagnozy, istologicky
typ a grading tumesy, péitomnost podstatné LV S a nové
také vySetfen! genll POLE a TP53. Vzhledem ke zvy-
Senym Ananinim adkladam souvisejicich s molekuldr-
nim testovanim, jehoZ plesné stanovovini nemusi byt
b&ind destupnd, definuji soutasnd evrepsks doporuéeni
Jednotlivé rizikove skupiny juk pro situace s¢ znamym
vysledkem molekulirniho testovini (a tedy vySetfenim

Hmmwm

A endametreidnl + low grads + (VS negat fiodink
. 'WW+MWS~W
tfednl . wmm+mme+wsmgme - BMM+M+MI
« (A endomnetrsidni + high-grade + YS! negat /okéing  folding =
« U non-endomeizoiond (serand, svitlobuniée, * AMMR/NSMP endometriodl - high-prade + YS!
mmmmmwm “negat fokdlné
« |4 p53abn a/nedo non- endomeeioided (sendeed,
Mmﬂmmmmn
Frvage do myometria
wysbistiednl  + staduen | endometiidal + VS podsiatrd, bezohings - stadm | AMMA/NSMP endometeoiéal + VSl podtaing, bez
h = nagrade a owan do myometitz ordedu nagradea vzl do mysmetia
« Bendometraidni + high-grace, bezohieduna Vsl « 15 AVIMR/NSMP endometroidnl + high-grade. bez cledu
- “.ﬂ. Mm i
: + stadum | IMMA/NSMP endormetrnind '
vysobé o H-IVA, Bz rezidding rermod DIV MMRNSMP endometrcidni, bez rezdudinihe
+ IV non-endometrsaicnd (seetani oermocriéi
nediferenconeny, karcnosarkem, smisnf) sinve  « 1=V pS3abn < do myometriz, R0 resekce
o myometria, B sk « 1-IVA AMMR/NSMP seroari, Rascinasarkom nefo
redfererconary karcinom, 5 invazi 02 rryometrsy, RO esekce
pokmély/ - UI-As ezidudinim onemocnénin pooperatiim  w n—m;wwﬁmmmhMumtm
metastaticky wykony mokzkubdm typ
e . v . Nm»mm»

Vyrrindy: (A4 U A M0 VA, IVP et e Kot TR 0ot ANGCL (V'S pmvirmrshasbonm s, fow-greande — facvnone s ndgym stapvdn eseacian2 (groe 7oedo
2), egph-grode (R0 £ /ySeky Slapndm diférenceve (gud 7), A0 - ruoed smakeshopieks st AEMGT = POLE piviaesesonaning, SR — MW delcionimy
(5pmaipmun mubmio'alesd i) hn NSWF < dawimom £ nespacficlym meveruddmin peoflam, p52 - p53 mutonry o
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gendt POLE, resp. TP33), tak i pro situace, kdy vysledky
mulekuldrniho testovani k dispozici nejsou (tab. 12.3).

Stanoven! gend systému MMR v soucasnosti volbo
primdmi &by neovliviuje. podobaé jako vySetfent dal-
tich markerd s prokdzanym prognostickym vyznamernn.
me2i které patfi nupf, L1CAM. estrogenove a progestero-
nové receptory u wmort s nespecifickym molekulimim
peofilem, resp. HER2 starus nebo vySetfeni gead systému
homologni rekosmbinuce u p33 mutovanych karcinomi
Zadlendni téchto a piipadné dalsich markerll umoZzfiu-
jicich jesté presndid stratifikaci pacientek podle miry
rizika recidivy Ize odekdvat v brzké dobé v navaznosti
na v¥sledky aktuilné probibajicich klinickych studif.

129 LECBA

ZAKLADNI FAKTA
- Ziklatni ¥ebmou metodou je diinuricka bz, a 1o minimaind
v tozsaba extrafascidlnf tysceeekromie s bifaterdind adnexektonil
o zachovdni ovarii j& madné 2vidlt u Fen miadSich A5 fet |
< i) progastickym wlastnosii nddceu abezgenetiche
predisporice
w radikami hysterekiomie se provadi pouze zi ulelem dosadent
adsarvpehs okrajl
» staging lymésticksch uzlin je provadén metocou detekee
sertinebot uz iy, pRpade? arovedeni systematiche pinsvai
a paraaortdlnd lymfadenckiomie
« Daporuceni pipadné adjuvantnl Jetdy zéwist na 2atazeni
do piishugng shupiny podie miry iska secidivy. -
» Samostatnd radterapie je alternalivou pro paciently kontra-
indibované k operacaima vyhony nete pro loksiné pokrodila
incperabdri stadis.

« Vrama sysemowt 14y |e k disposici chemoteraple. hormonalni
[ e a molekliené cilend brologicka ¥

Zisadni Wtebnon modaliton je operaéni vykon. kiery ma
rovaiz stagingovy vyzmam. Pokud lze, je v fasném sta-
diu preferovin vykon minumdlng invazivni, a to viemé
Karcinomi asociovanyeh s vysokym rizikem.

Daly postup po operaci pak zivisi na mife rizika
recidivy onemocnéni, ktera je stanovovina na zéakladé
viskedku histologického vySetfeni (Klasifihace pTNM
nebo FIGO, morfologicky typ karcinomu a grading, pfi-
omnost mebo absence podstatné VST, pripadad i status
P53 a POLF) » rozsahu operaéniho vykonu, U pacien-
1ek 5 nizkym rizikem je za dostaZujici [6bu povaZovin
samotny$ operaéni vykon, protoze riziko rechdivy je u nich
velmi nizké (< 59 ). Od stfedniho rizika je doporulovana
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adjuvantai radioterapie (s cilem redukee rizika lokdlnich
recidiv), chemoterapie (ve snaze o snieni rizika vzniku
vedilenych metastaz), piipadnd kombinace obou metod.
Stanoveni novych markerd TPS3 a POLE zavedenych
v ramer molekulamiho testovini maze podle soacasnych
evropskych doporuleni vyznamné ovlivnit zafazeni pi-
clentek do jednotlivich prognostickych skupin. Zatimeo
pacientky 3 POLE uliramutovany i tumery jsou i phi
privkazu invaze Karcinomu pies polovinu myometria, po-
sliZeni cervixu, vy&i grade ncho plitomnost podstatné
LVSI zafazeny do skupiny s nizkym rizikein bez nutnosti
adjuvantni 162hy. pacientky s p33 mutovanymi tumory
piit prokazané invazi karcinomu do myometria automa-
ticky spadaji do skupiny s vysokym nzikem, a to bez
ohledu na daléi prognosticke parametry (vieing stadia).

Pokud neni operaéni vykon mozny (napi. z davodu
celkového stavu pacientky), je u lokalizovanych forem
zvaovina ny prvnim misté cadioterapie. Neni-li ani ra-
dioterapie moznou variantou (napf. 2 dovodu rozsehu po-
stizeni), 1ze pacientce nabidnout systémovou hormonote-
rapii pebo chemoterapii, jjich [6échny zAmir je v téio
Klimicke sitwaci vady paliativnl

Terapeuticky postup u pokrodilych nebo recidivuji-
cich karcinomi endometria by mél byt vidy projednan
v rinei multidisciplinamiho tymu ve specializovanych
centrech s oflem stanoven| optimdlni sekvence kééebnych
modalit po zohlednéni rozsahu onemocnéni, molekuldr-
niho profilu nédor, predehozi 168by 1 velkového stava
pacientky. Velkym pfinosem je moZnost kcby v rimci
Klinickgeh studii, kieri umoZiuje pacientkim dostupnost
nejnovijiich Iediv a 1étebnyeh postupd,

12.9.1 Chirurgicka lécba

12.9.1.1 OPERACNI LECBA CASNEHO KARCINOMU
ENDOMETRIA (FIGD =11

Exirufascidlai hysterektomic s bilnterdinf adnexekto-
mii piedstavuji standardni operadni vikon u pacientek
s cnsnym karcinomem endometria, Za iéelem sagingu
lymfatickych uzlia je do Klinické praxe zaveden koncept
sentinelové uzliny, v indikovanych pfipadech je prove-
dena pinevnd a parauoctélni lymfadenektomie ¢ totdlni
omentektomic. Diive standardné provadéni peroperag-
ni lava? nema od roku 2009 ve kissifikact FIGO svij
prognosticky korellt, a proto neni souéasti stagingoviého
operacnibo vykonu pro karcinom endometrii. Nad jejim
prognostickym vy zZnamem se uvauje jen u nop-endome-
troidnich typd karcinemu déloZniho 1¢la.

Preferuje-li pacientka postup zachovdvajici fer-
tilitu, jc u priznivého histologickeho typu a stadia IA
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omezeného na endometrium mokod hysteroskopicki
resckee tumorn s ndslednou hormonalni terapii peroril-
nimi gestageny. Pacientka je pak sledoviina ve iimésic-
nich intervalech, po pdl roce se hysteroskopie zopakuje
o v pfipadé histologicky petvrzené remise onemocnéni
je pacientee doporudeno naplnénf reprodukcénich plind
v co moZed nejkratdi dobd s ndslednym provedenim yy-
konu v rozsahu hystercktomic s bilateralnd adnexektomir,
V piipadé neuspokojivé odpovédi na hormondini 1&8bu
je indikovina standardni chirurgicka 1&ba bez daliiho
odkladu.

12.9.1.2 OPERACNI PRISTUP

Jednoznacny trend miniinvazivniho operovani za ddelem
sniZeni Casné | pozdni pooperalng morbidity pfi soudas-
ném zachovani onkologické bezpednosti operalniho
v¥konu zasfhl samoziejmé i oblast [é¢by karcinomu
endometria. Data z nejnovél metzanalyzy Cochriano-
vy databdze ukazuji, Ze nent rozdil v celkovém pPezin
a plezitl bez recidivy u pacientek, kierd podstoupily lapa-
roskopickou pebo abdomindlai hysterektemii, Naopak je
prokdzina kratsi doba hospitalizace a mendf krevnd 2trata
u laparoskopicky operovanych pacientek. NiEkieré siu-
dic pak poukazuji na vozdil ve viskyto stiednd téZkych
u zavaznych pooperatnich komplikaci v neprospéch
lapurotomie. Ve studii LAP2, kde hylo randomizovand
zafazeno 1696 pacientek do laparoskopické a 920 do Ja-
parotomicke wétve, byl viskyt pooperadnich komplikaci
14 vs. 21 %. Nejvyraznéjsi roadily byly ve vzniku poope-
ra¢niho tkeu (4 vs. 7%) a infekdnich komplikaci vyZa-
dujicich aplikact intravendznich antibiotik (8 vs. 139%).

Diky modernim laparoskopickym ndstrojim je tra-
di¢ni laparoskopicky asistovand vagindlof hysterektomie
{superiomi &1 inferiomi tvp) ¢im ddl Castéji nahrazovana
totdlni laparoskopickou hysterektomii, kdy je celd délo-
ha odstranéna laparoskopicky vletnd sutary pofevniho

Obr. 12.1 laparosiopcka vayre podavnho pehila v shatelngm pelvalefiom
s Y-loc

pahylu (obr, 12.1). Zéle2i v3ak na konkrétnim pracovidt
a operatérovi, Kterou variantu si zvoll. Onkologické vy-
sledky o rozdily mezi jednotlivymi typy nebyly publi-
koviay,

Neékterd onkogynekologicki centra maji moZnost ro-
boticky asistovaného operovini, coZ peedstavuje nejno-
véjii trend v chirurgicke terapii, Rozsihld meta-analyza
prokazala, Ze roboticky asistovand operace provedend
zkusenym onkogynekologem md v phipadé karcinomu
endometria jeSté lepdi vysledky neZ standardni laparo-
skopie. A to zeyména v délee hospitalizace, vy krev-
ni iy, poé riskanych lymfatickych vzlin, nutnosti
konverze v luparotomii a celkového poé komplikact.
Nevyhodou jsou vysoké pofizovaci niklady na vyba-
veni. Numé je oviem podotknout, Ze v soutasnosti je
Karcinom endometria jedinou gynekologickou maligni-
tou, kiterou lze bezpedn? a kompletné radikilng operovat
laparoskopicky & s asistenci robota,

Vagindlui pfistup je méné vhodny zejména pro ne-
moinost aspekee dutiny biisni k vylouSeni pfipadnych
memstatickych loZisek. Z vagindlniho piistupu také nelze
provést kompletni stagingovou operaci ve smyshu uzlino-
veho staginge anebo omentektomie, Jednd se o piistup,
ktery je volen jako varianta u symptomatickych a poly-
morbidnich pacieniek, keré by operadni vykon luparo-
tomicky & laperoskopicky v Trendelenburgové poloze i
Jinak v celkové anestezii nemaohly absolvovat. Operace je
veden za ilelem odstrunéni symptomd (krvéiceni) a pro-
vidi se s vihodou ve syodné anestezii.

12.9.1.3 PANEVNI A PARAAORTALN(
LYMFADENEKTOMIE, SENTINELOVE UZLINA

Ve stagingu lymfutickych uzlin doflo ke skuteéné revo-
luci. V minulosti byla u viech pacientek v rimgci stagin-
govéha vykonu providéna jen panevni systematicka lym-
fadenekwomie. Vzhledem k unatomii cévaé-lymfatického
zasobeni délohy je ale jasné, Ze spadové uzliny pro karci-
nom endomerna zasahuji i paraaortalng, o proto byl vy-
kon roziifen o wiw oblast, Panevni lymfadenckiomie se
providi oboustranné z povodi zevanich ilickych céy, ob-
turatorni fosy, spolecnych ilickych oév a presakralni ob-
kasti, Naxd heanici malé pinve se tukov lymfarickd tkdf
odstrafiuje systematicky z parakaviini, interaortokavalni
a paraaortdIng oblast a7 do vyse bevé rendini Zily. Fi
Iymfadenekiomii Setfime odstup . mesenterica inferior
z abdomindlni aorty (obr. 12.2). Terapeuticky vyzaam
aoropelvické lymfadenektomie je viak sporny a podie
nejnovEiSich evropskych doporuleni je preferovanou
metodou stagingu lymfatickych uzhin biopsic sentinelo-
vych uzlin. Ta by méla byt zviZena u tumort s nizkym
nebo stiednim rizikem recidivy, vynechina mdZe byt
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Obr. 122 Stav po prvedend péneval 3 pasaeondll lymiedenedoms &
po crowh rendinkch & 38 zachovanm OGlDE 3IMEN3 MEsIniencd narior
7 abdomindlm aoty

u pfipadld bez myometrdini mvaze. Systemarickd lym-
fadenekiomie v této skupiné neni doporudeni, U twmord
omezenych na délohu ze skupiny vyihe stiednibo nebo
vysokého rizika je biopsie sentinclové uzliny prijateinou
alternativou k systematické lymfadencktomii, V piipedé
nenalezeni sentinelové uzliny se provadi stranove speci-
fickd panevnf lymfadenektomic. Preferovanou metodou
je intracervikélni aplikace fluorcscendniho biry iva (indo-
cyanovi zelef). Vyletfeni semtinelovych uzlin se provadi
metodou patologického ultrastagingu

12.9.1.4 RADIKALNI HYSTEREKTOMIE

U pacientek s postizenim cervikdlniho stromatu (FIGO
11) s¢ nahizi jako operatni technika provedeni radikalni
hysterektomie (tedy kromé odstranéni samotné d¢lohy
aké odstranéni uréité casti parametrii). V recentnich
stuchiich vak nebyl prokizin pozitivoi viiv tohoto vyko-
U na prognzu a pieZiti pacientek oproti extrafascidlni
nysterektomii (radikalita typu A). Nuopak parametrekio-
mie ma vice zdvainych pen- a pooperacnich komplika-
of, lepdf vysledhy piiagi v tomto stadin adjuvantni RT.
Samotné postizeni cervixu nemusi predikovat postideni
parametrii, véi vypovidajici hodnotu ma pfitomnost
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Obr 123 Sz 1o provedan2 ntén

ot e

lymfovaskuldri invaze. Radikilni hysterekiomii (1yp B)
je dopocudeno provést pouze v plipadech bulky postizeni
cervixu a viditelného postiZeni parametrii za udelem do-
sazeni volngch okraji nadoru a tim pocperadné nulového
rezidua tumor.

12.9.1.5 OMENTEKTOMIE

V pripadé serézniho kscinomu je vykon dopinén totdini
omentektomii. ackoliv riziko mikraskopického postiZeni
pii absenci makroskopicky viditelného korelitu je nizke,
nicmén? je to vikon nezvySujici morbidit a pFipadné
extrauterinni Sifeni by mélo negativai dopad na pleZiti
pacieniky. Omentektomii providime standardné odstra-
nénim rukové pledsigny od colon transversum, velké
kfiviny Zaludku, sleziny a liendlni Nexury dusiého stfeva
(obr, 12.3).

12.9.1.6 ZACHOVANI OVARI ;
U PREMENOPAUZALNICH PACIENTEK

V malém procentu pripadi se mirze karcinom endomet-
ria vvskytnout u premenopauziinich pacientek. Tyto ni-
dory jsou vidinou diagnostikoviny v podatednim stadiu
a maji prognosticky péiznivy histologicky typ a grade.
Ponechani ovarii i situ u échio picientek nezhorSuje
progniizu, naopak bylo prokizino, e tento postup vede
ke zlepleni celkoveho péeziti v disledku redukie rizika
amrti z kardiovaskuldmi pfiny v souvislosti s piedéas-
nym ndsmupem menopauzy. Die dopocucent evropskych
spoletnosti ESMO, ESGO, ESTRO by mélo byt zucho-
vani ovarii zvazeno u viech Zen milzdfich 45 ket ve stadiu
anemocnéni [A. s endometroidnim karcinomem grade 1,
bez rodinné a genetické zitdre ve smyshs mutace v ge-
nech BRCA, Lynchova syndromu std. Oboustranné od-
stranéni vejoovodis je doporuleno vidy.



Obe 12.4 Lokdled pokrodly karmnom endometra reefid konvolur 5 sl

maken

12.9.1.7 OPERACNI LECBA POKROCILEHO
KARCINOMU ENDOMETRIA (STADIA NI A IV)

Vzhledem k malé Setnosii zichytu karcinomu endometria
v jeho pokradilych stadiich chybi i rozsihlejdi prospek-
tivni data. Zékladem terapie u pacientek v dobrém klinic-
kém stavu je radikdlni cytorédukini operace (cbr. 12.4
a 12.5), Optimalni cytoredukee s nulovym pooperadnim
reziduem (RO) ziepiuje dobu bez progrese onemaoxcném
a celkové plein pacientek. V ramei cytoredukéni opera-
ce €2 providime odstrangni bulky metastatickych uzlin
(obr. 12.6). Byla publikovina sénic 25 pacientek, kde nej-
lepdich vysledki stran pétiletého pieZit dosdhly paciemt-
ky s kompletni resekcl postiZenych uzlin (71 %), Hordi
pfeziti pak mély pacientky s mikroskopickym (40 %)
s makroskopickym reziduem (0% ).

Vidy je potfeba individuilng zhodnott performance
status pacientky, komorbidity, symptomy a chirurgickd
rizika

12.9.1.8 SYMPTOMATICKA A PALIATIVNI OPERACNI
LECBA U KARCINOMU ENDOMETRIA

V pfipadt. Ze pacientka neni schopna podstoupit stan-

dardni operaéni vykon s dosaZenim nulového poope-

Obr. 125 Suavpo 2200 cupealaanoone ssenierad s Sandaoy seseksi snemich
(BChych artenii coo pobodeni redonmou masou [Cekivy polied 2astisén shiv

Py edvinou vievo)

Obr. 12,6 Buley covien’ waiin (do masy 20883 1aviet netous chiuestoss)

ra¢niho rezidug, je chirurgickd 1éfba akceptovateing se
zdmérem paliativnim, tedy ve smyshu zlepfen! kvality
Zivota. Méla by byt rezervovana pro pacicmky s vvrazny-
mi sympromy. V pfipedé krvicen! a nemoZnosti celkové
anestezie lze phi vhodaych anatomickych podminkich
provést vaginilni hystercktomii ve svodné anestezii. Dhal-
i moZnosti je embolizace uterinnich urerif ¢i internich
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ilickyeh arerii ve spolupraci s intervendaimi radiolo-
gy. Tyto vaskulami intervence vykazuji 70% tspEinost
ve smyshi redukee & apiné zistavy Krviceni,

V peipadé neprichodnost: stiey pak lze provest jeha
resekei @ vyvedeni pomaoci stomic. Podrobnéjsi dopo-
ruéeni pro tuto problematike v Karcinomu endometnia
viak nejsou publikovana a vychizi spise ze zkusenosi
s lécbou ovaridlnich nidoril.

12.9.2 Radioterapie

Lé&ba zéfenim formou vagindlni brachyterapic nebo 7e-
vni radioterapic mife byt doparudena v adjuvantni indi-
kaci po operadnim vykonu u pecieateX od sifedniho na-
ka, @ 105 cilem redukce rizika recidiv v oblasti pofevnibo
pahyle, fesp. panevnich nebo paraaendinich miznich vz

lin. Pokud je adjuvanini rachioterapie indikovina, meéla by
hyt zahdjena nejpozdéy do 12 tvdni od operace. Radio-
terapie piedstavuje dile i¢innou alternativu operainiho
vykonu u lokalizovaného onemocenéni v sivacich, kdy
chirurgické Fedeni primémiho nadaru neni moZné (napf.
2 divodu celkového stavi pacientky), pripadnd u léchy
recidiv. V paliativai indikaci je moZno vyuZit bemostyp-
tického d2inku radioterapie u inoperabilnich krvicejicich
tumor nebo analgetického utinke ke zmirnéni obiizi
u sympromatickych metasidz. Stereotaktickou radicte-
rapii je moZno vyuZit jako alternativa r.hu'urglcké léchy
u uligometastatického postiZent.

12.9.2.1 ADJUVANTNI RADIOTERAPIE

P rozhodovéini o indikaci adjuvantni radioterapie pe
vidy nutno individudlng zvizit jak prognostické fakrory
asociované s tumorem, tak i ty scuvisejict s celkovym
stavem a vikem paciemky.

Pacientky ve stiednim riziku (viz tab. 12.3) jsoun nej-
vice ohroZeny recidivou v oblast poSevniho pahylu. Ze
iména u Zen starsich 60 lec véku je proto doporucena
acljuvantni vagindlni brachyterapie, kterd podie vysledki
studie PORTEC-| sice neovlivituje celkové preziti, v§-
znamné ale v porovndni se samotnou operaini 16lbou
niZuje riziko vagindlnich recidiv (redukce rizika pil
medianu sledovani 52 misicl ze 14 na 4%). PIné posta-
Zujict 2 samotnd vagindlni brachyterapie, pouditi zevni
radioterapie u tét0 skupiny pacientek nezlepiuje podle
vistedki studie PORTEC-2 lokdlni kontrolu o zvySuje
doprovodnou morbiditu zejména ve smyslu projevi gas-
wointestindlni toxiaty. Tyto v¥sledky jsou pind v senladu
s vysledky historické smdic rovnéZ prokazujici, 7o u fas-
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nych stadif pevede piidini zevai radioterape k vagindini
brachyterapii ke zlepseni vysledki ve smyslu celkové-
ho pieziti. V rimei diouhedobého sledovini pacientek
wtastnicich se o studie (medidn siedovani 20.5 roku)
byl navic zaznamenin u Zen 1ééenych zevni radioterspii
ve véku < 60 et signifikentné vy3si vyskyt sekunddmich
maligniL.

U pacientek s vy&sim stfednim rizikem recidivy zdvisi
forma adjuvantni radioierapic na pfitomnosti podstatné
lymfovaskuldmi invize, stadiu 2 gradingu, Zatimeo u pa-
cientek s LVSI negativaimi tumory nebo wmory niZzitho
gradu s provedenym chirurgickym stagingem miznich
uzlin je moZnd vaginilni brachyterapie, u pacientek
s piitomnou podstatnou LVSI je v rimet adjuvantnf 166-
by doporudeno zvaZit zevnl radicterupin. lndikace zevai
redioterapie je zaloZens mimo jiné na vysledcich studic
GOG-249, kterd porovnavala Bcinnost adjuvanini zevni
radioterapie proti vagindini brachylerapii ndsledované
temi cykly chemoterapie paunuxcllkn-boplmna o pa-
cientek s tumory prvniho nebo drubého stadia s vysokgm
rizikem recidivy (kam podie dfive platnych doporadeni
patfilo i I1. stadium), Vysledky prokizaly statisticky vy-
wmamny pokles vzniku recidiv v panevaich a paradortdl-
wich vzlindch ve skuping pacientek 1éCenych adjuvantni
zevni radicterapii,

Pacientkim ve vysokém riziku recidivy je vedle che-
moterapic moZno nabidnout zevii radioterapii s cilem
redukee rizika rekurenci v oblasti posevniho pahylu
a panevnich nebo parusortilnich miznich uzlindch. a o
na zakladé vysiedkd studie GOG-258, kierd posuzovala
efektivitu kombinované zeval RT spolu se dwéma cykly
cisplatiny nasledované &tyfmi cykly chemoterapie re-
zimem paklitaxel/karhoplatina oprot Sesti cyklim sa-
momné chemoterapie peklitaxel/karboplatina. Pacientky
1é¢ené chemoterapii i radioterapii mély v¥znamné niZsi
procento recidiv v oblesti pinve a puragortdlnich vzlin
oproti pucientkim [ééenym samotnou chemoterapil, nic-
méné celkové piediti i doba bez progrese onemocnini
byly srovnatelné. Paclentky Klené kombinovanou 162-
bou mely zv¥iené riziko vzniku vzdilenych metnstaz.
Viechay tyto skutecnosti spolu s rizikem vyskytu dlou-
hodobych neFidoucich blinkd radioterapie je nutaé phi
indlikaci adjuvantni 1&by v této skupiny nemoenych zvi-
Jit, 2 to zeyména u pacientek < 60 l&1 véku. Pemocnym
faktorem v rozhodovacim procesu mutiou byt i vysledky
molekulirmniho testovini, které identifikuji pacientky jak
ve zvyieném riziku vedalenych metastdz (s p33 mutw-
vanymi tumory), tak i s moZaym vySSim rizikem vzniku
sekunddrnich madignit (s MMR dehcientnimi / mikrosa-
telitné instabilnimi nadory )
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12.9.2.2 KURATIVNI RADIOTERAPIE

U pacientek, kteeé nejsou kandidatkami chirurgické 1&¢-
by napl. z davodu celkové kfehkosti souvisejicd s vySiim
vékem nebo pro zivainé interni komorbidity nadmémé
zvytujici rizika souviseiic! s operaéni 16¢bou, piedstava-
Je rudioterapie efektivaf alternativa lokdlni 1é¢by s po-
tencidlem dosaZeni dlouhodobeho obdobi bez progrese
onemocnéni. U pacientek v nizkém & stiednim riziku je
zpravidla indikovénu samotnd vagindlnl brachyterapie,
ratimco v pfipadé invaze pies polovinu thoudfky myome-
trig, pestizenf cervixu nebo vady u karcinomi asociova-
nych s vysokym rizikem je doporudena kombinace zevni
radioterapic s vagindlni brachvterapii.

Podobnt je moZné nabidnout [£¢ha zevni radioterapii
v kombinaci s vagindlni brachyterapil a pfipadné i che-
moterapil pacientkim s lokalné pokrodilymi primarné
inoperabilnimi nebo hranién® operabilnimi nddory. Vady
by ale po tto I¢CbE mélo byt nasledné provedeno plefer-
fent s opétovnym zvizenim moinosti chirurgicks [&by.

V pitipadé oligometastatického postizeni (napf.
1-5 loZisek v oblasti plic) lze za pfedpokladu dosalené
kontroly nad primdmim tumorem zvaZit moznest cilené
radicterapie jako alternativy chirurgické 1&hy.

12.9.2.3 PALIATIVNI RADIOTERAPIE

Paliativnd radioterapie maZe byt indikovina u krviceji-
cich tumori s hemostyptickym zimérem nebo ve snaze
o ovlivnéni symptomil souvisejicich s mewastatickym
postiZzenim.

12.9.3 Systémova létha

V rimci systémové &by je k dispozici pro 1é¢bu karei.
nomu endometria chemoteragie, hormondlng &b a mo-
lekuldrné cilend biclogicka 16¢ha (ah. | 2.4). Hlavni indi-
kacl systémové ¥Eby je paliativni l&ba inoperabilnibo,
metastatického pebo recidivujiciho onemecnéni nevhod-
ného k chimirgické |48 neho radicterapii. U pacientek
po operalnl 1&he s prokdzanym vysokym rizikem reci-
divy je indikovana systémovi letba s adjuvaninim zdme-
rem s cllem redukee rizika vzniku vzdalenyeh metastaz,
prodiouZeni doby bez progrese onemocneni a celkového
piekiti, Pokroky dosafené v oblast poznini zasadnich
molekulamé biologickych procesit u karcinomu endome-
trii sebou plind3i také nové moZnosti systémové erapie
ve formé molekulame cilene biologicke lecby.

12.9.3.7 CHEMOTERAPIE

Pokud to celkovy stav pacientky umoZiuje, mela by byt
preferovani kombinovani 168ha nad monoterapii pro
jeii prokazunou vyiEi GEinnosL ReZimem prvni volby
Jje dvojkombinace karboplatina spolu s paklitaxelem,
Kierd ve studii GOG-209 prokizala srovnatelnou 6éin-
nost @ plizuvessi bezpecnostni profil neZ trojkombinace
cisplating + doxoeubicin + cyklofosfamid. U pacientek
s kontraindikaci k paklitaxelu lze juko alternative zvé-
Zit v kombinact s karboplaunou docetaxel. Léhu wouto
kembinaci je proviizena niZsim vyskytem neurotoxicity,
ale vyssi hematologickou texicitou. Pokud neni kombi-
novasd chemoterspie moZnd, lze zvat na prynim misté
monaterapii platinovym derividem nebo taxanem

Chemoterapie v ramci komplexni primarni 1écby
V rimei primémi 10y miiZe byt chemaoterapic indiko-
viina po operaci u pacienteX ve vysokém riziku recidivy.
U Casnych stadii je zan¥rem adjuvantini chemoterapie
predeviim redukee rizikn vznikn vzdilenych metastiz,
vyenzm ma prodlovZeni celkového pieziti nebyl dosud
provedenynn studiemi jednoznadné prokazan. Zisadni
lé&¢ebnou modalitou je chemoterapie zejména u pacicn-
tek ve 1L a 1V, stadiv po cytoredukéni operaci. u kie-
ryeh byl prinos adjuvantni kombinované chemoserapie
na prodlonZeni doby bez progrese i celkového piciti
v porovadni s tehdy standardni radioterapii na oblast
celé abéomnopelvické dutiny prokizdn jiZ v rimci stu-
die GOG-122 publikované v roce 2006.

Ve studii PORTEC 3 porovnidvajici t&innost zevni
rachioterapie aphkované spolu s chemotezapii oproti ze-
vini radioterapii samotné v pacientek ve vysokém riziku
recidivy podle diivéjsich kritérii (1. véetnd pacientek
s jakymkolv endometroidnimt karcinomem diagnosti-
kovanym ve 1. stadiu nebo endometroidnim karcino-
mem grude 3 ve studiu [B) bylo ph medignu sledovini
60,2 mésice prokazino statisticky vyznamné prodlouZeni
doby bez progrese pfi kombinované [65b& chemoterapii
spolu s radioterapii (73,5 vs, 68,6%. p = 0.022). Pfi del-
Sim sledovini (median follow-up 72.6 mésice) byl patny
| viiv chemaoterapic na zlepgeni celkového peeiti (81.4%
u pucienteh Jé¢enych chemoradioterapii oprod 76,1 %
u pacientek [€éenych samotnou radioterapil, p = 0,034).
Nejvétdi benefit z kombinované 1é8hy mély pacientky
ve HIL stadiu, resp. ty se serbznimi karcinomy. V rameni
$ kombinovanou radiochemoterapii absolvovaly pacient-
ky nejprve zevni radioterapii konkomitantné s dvéma
cykly cisplatiny u nisledné Eyfmi cykiy reZimem pakli-
1axelMkarboplating.
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PR indikacy samotné chemoterapie v pacientek
ve vysokém riziku recidivy na zakladé vysledkd studie
GOG-249 je standardem Sest cykli chemoterapae 1eki-
mem paklitaxelkarboplating.

V nidvaznosti na vysledky akudlng probihajict pro-
spekuvni studie RAINBO zohlediujict vysledky mole-
kulirniho testovani pfi volbd adjuvantni 168hy lze peed-
peklidat daldf individualizaci systémové 1éfby v této
indikaci. Podle zatim dostupnych visiedka analyzy stu-
die PORTEC-3 posuzujici dosazené létebné vysiedky
v kontexiu s retrospektivad doplndnym molekulimim
testovanim majl nejvéisi benefit z phdani adjuvantni
chemoterapie pacientky s pS3 mutovanymi nadoey. Pa-
cientky s tumory nespecifického molekuldrniho profilu
profitovaly z chemoterapie také, jeji piinos byl ale pii
hodnoceni celé této velmi heterogenni skupiny niZsi ne?
u p33 mutovanych twmord. U paciemek s MMR defi-
cientnimi nddory pebyl zaznamendn Zadny statisticky
virnamny pfinos z piidini chemeterapie & pacientky
s POLE ultramutovanymi tumory mély excelenini pro-
gndzu bez ohledu na podani chemoterapie,

Chemoterapie v paliativni indikaci

Chemoterapie je v ramar paliativai 1€¢by indikovina
piedesdim u rychle progredujicich, Spatné diferencova-
nych karcinemd s agresivaim biologickym chovinim,
resp. v piipadé symptomatickeho nebo velkoobjemo-
vého postizend. Standardem pro pryvni linii je Sest cykld
chemoterapie reZimem paklitaxel/karboplating. Lédehnd
odpovedi se pohybugi mezi 40 2 62 % a medidn doby cel-
kového péeziti mezi 13 a 29 mésici. U pacientek s pri-
mimé neoperalni }é¢bou s petencidlem opersbility je
vhodné piedetieni v pribébu chemoterapie s opétovnym
zhodnocenim moznost chirurgické Méby.

Standird pro paliativei chemoterapii drubé a vy3sich
linii nend definovin, navic je nutno politat s virazng niZii
ucinnosti neZ v ramet primami 162hy. Procento 1édebnyeh
odpovédi cytostatik (nzpf. v doxorubicinu, taxand nebo
i opakovaném podéni platiny u vybrané shupiny paci-
entek s recidivou za déle nez sest mésicn od piedehoz
chemoterapie) se pohybuje maximdlng kolem 29 %.

12.9.3.2 HORMONALNI LECBA

K hormondlni [6Cbé Lze vyuZit gestageny (medroxyproge-
steron acetdt nebo megestrol acetdt), inhibitory aromatiz
(letrozol, anastrozol nebo exemestan ) nebo antiestrogeny
(tamoxifen). Volba preparatu je fizena pledeviim jejich
berpetnostnim profilem, 23dny z prepariti (peipadné je-
jich kombinace) neprokizal v porovadni s ostatn{m: vy-
znamné lepdi Béinnost. Zasadni roli ma hormondlni kC-
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ba u mladych Zen s nové diagnostikovanym onemocnéni
v Casném stadiu, jsou-1i spinény podminky pro postup
rachovivayici fertilitu

Hormonalni l&cba v adjuvanci

V§znam hormonoterapie na prodlouieni celkového pie-
#iti v adjuvanini indikaci v rémei komplexni primarni
1é8by prokiziin nebyl, nicméné dostupnd data pochizeji
ze studii realizovanych naposledy v 90. letech 20, stoleti.
Tyto studie byly provadény bez jakékoli stratifikace po-
dle miry exprese estrogenovych, resp. progesteronovych
receptort a pouze u pacientek s asnym stadiem one-
mocnéni. U pokrodilejdich stadii nejsou datz o vyznamo
adjuvantnl hormond!nl 1&8by X dispozici viibec, podobnd
jako dosud pebyla porovnivina einnost adjuvantnl hor-
mondilni [é¢by s chemoterapii. Adjuvantni hermonotera-
pie je prewe indikovina pouze v rémei klinickych studif,

Hormonalnl lecba v paliativni indikaci

V rimci paliativaf 1by~je hormoneterapie nejadinnéjdi
u dobie diferencovanych endometroidnich karcinomi
5 indolentnim biolegickym chovinim a pozitivnimi ste-
roidnimi receptory (1j. pti prikazu imunohistochemické
exprese estrogenovych rebo progesteronovych receptorl
> 1 9%). P¥ed zahdjenim 16¢hy u recidivujiciho onemocnd-
ni se doporuluje imunohistochemické stanoveni steroid-
nich receploch 2 recentni biopsie (je-1i technicky moZnd),
nchof hormondlni status se mize v pribéhu onemocnéni
ménit. I inoperadiinfho nebo metastutického onemocni-
ni se procento dosazenych lédebnych odpovédi pohybuje
mez: 20 a 40%, mezi nejzavaznéjsi nezadouci aéinky
patff romboembolické komplikace.

12.9.3.3 MOLEKULARNE CILENA BIOLOGICKA LECBA

Hlubdi pozmént molekulirni podstaty vyznamné hetero-
genity v biologickém chovini endometridglnich karcino-
mdi i v rdmei iého? histologického typu pfispélo K vy-
mamnému rozdifeni moZnosti systémové ledby, jejiz
moznost: byly az do nedévné doby limitovany pouze
na v chemoterapii nebo hormendlnf [6¢bu. Dosud nej-
zésadng)di prolom piines! objev inhibitori kontrolniho
bodu imunitni reakee, tzy. checkpoint inhibiton, které
prostfednicivim vazby nu receptory pro progrumovanou
bungdnou smat (PD-1, PD-L1) blokuji plisluinou inhi-
bi¢ni signalni drihu a umoZiuji tak pfekondni navozené
tolerance imunitniho systému pro piitomnost nddoro-
vych bunék. Faktorem pfispivajicim & G¢innosti imuno-
terapic u endometridiniho karcinomu je novic relativné
vysoké procentudlni zastoupeni subtypu dMMR/MSI-h
(oca 30%). V dusledku defektniho systému MMR do-
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chizi ke kumulaci chyb vzniklych béhem replikace DNA
4 nisledng puk ke zyylené expresi necantigend na povr-
chu nidorovych bunék, coZ vede ke zvysené stumulaci
cytotoxickych T lymfocytd vyvolavajicich bunéénou
protinddorovou odpoved.

LI MMR proficientniho subtypu, Ktery piedstavuje
piblizngé 70% viech karcinomit endometria, jo Hdcbnd
odpovéd na monoterapii checkpoint inhibitory omezend.
pohybuje s¢ kokem 15 %. Pasileni G&innosti 16¢by PD-1/
PD-L1 inhibitory u této skupiny karcinomi je mozné
Jeich kombinaci s antianglogenni 1€Ebou nebo PARP-
-inhibitory. Viivem antiangiogenni 16£by (napi. bevacizu-
mab, leavatinib) dochizi k inhibici abnormilni nadorové
vaskuturizace a v yejim disledku k inhibici vseupu T lym-
focyth, snizeni jejich adhezivity k cévni sténé, inhibici
maturice dendrtickych bunék a celkové k tvorbé imuno-
supresiviiho prostfedi, Soubéiné podini PAR P-inhibito-
i (napi. olaparib, niraparib, rukapanb) potencuje Gin-
nost checkpoint inhibitord navozenim zvydené exprese
PD-L1 wivorby neoantigeni v disledku potkozent DNA,
Které PARP-inhibitory plsobi.

Mezi zistupee molekulirné cilené IeSby s velmi slib-
nym podencidlem Glinnosti u karcinomu endometnia patii
dile preparity, jejichi terapsutickym cilem je receptor
HER2/nen pro lidsky epidermalni ristovy faktor. Cilem
witi-HER 1é¢by (napf. trastuzumab, trastuzumab emtan-
sin, trastuzumab deruxtekan, lapatinib a pertuzumab)
j¢ blokaci receptory HER2Mmeu inhibovat jednu z nej-
vyenumnéjdich signdinich drah regulujicich apoptézu
nadorovych bundk. jeiiZ nadméma stimulace mé za na-
sledek vytvofeni malignisiho fenotypu nidorové buiiky
s agresividsdim biologickym chovinim.,

Dal&i moZnosti cilené 16¢by e inhibice hlavniho ja-
demného exportnitio proteint (XPOI), jeho# nadmémi
exprese patfi K typickym znakm nédorovsch bunék.
Vivem selektivni inhibice jaderného exportu dochézi
ke Kumulaci tumor supresorovych proteini v jédre, 24-
stavé bunéného cyklu a apoptéze nddorovych bunék.
Zistupcem inhibitora XPO1 s jiZ prokazanou winnosti
u karcinomu endometria i v riimei Klinické studie fize
I je selinexor.

Shbnym kandidatem jsou také inhibitory WEEI kindz
(napf adavesertib), jejich? terapeutickym cilem je ovliv-
réni kontrolnich boda dy sregulovaného bunééaého cyklu
U tumoni s prokazanou mutaci genu TPS53.

U pacientek, které jsou kandiditkami hormonoterapic
v ramct paliativoi systémové 16Sby, byl v rimei studii
fire 11 prokazin beneht ve smyshu prodlouZeni celko-
vého pfeZiti u paciemek lééenych Xombinaci Jetrozolu
s everolimem (prepardt ze skupiny inhibitord mTOR)
oproti hormonoterapil samotng

Postaveni molekularné cllené 1&éby v primdmi
terapii
V e pomini systémové KSby prokazaly vysledky
randomizované Khinické studie faze Il NRG-GYU1S, Ze
priddni pembrolizumabu (monoklonilni protilitky pret
FD-1) ke standardni chemoterapii paklitaxel/xarboplati-
na vyznamné prodiuzuge doda bez progrese onemocnéai
jak u pacientek s MMR deficientnimi karcinomy (74 vs.
38%). 1k i v rdme kohorty pacieniek s MMR profi-
cientnimi tumory (median doby bez progrese 13,1 vs.
8.7 mésice; HR = (0,34, 954 CI: 0,41-0,71, p < 0,001)
Do studie nebyly zaiuzoviny pacieniky s kmcinosarko-
mem. Podobaé vysledky randomizované studie 111 fize
(RUBY) prokdzaly benefir 2 pRddni dalsi monoklondini
protilatky proti PD-1, dostarhimaba ke stundardni che-
moterapii paklitaxelikarboplating v ramet primami [é¢by,
a to Wemn? karcinosarkomu. Pieziti bez progrese one-
mocneni Cinilo 2z 24 mésict 36,1 % u pacieniek Klenych
kombinzci chemoterapie a dostadhimaba oprot 18,1%
pli 16Eb% samotnou chamoterapii (HR = 0,64; 95% CI-
0,51-0.80, p < 0,001 ) Roedil v celkovém pieZiti dosd-
hl rovnéz statisticke vvznamnosts (71,3 vs, 56%; HR =
0.64: 95% CL: 0.46-0,87, p <0,001).

Vyzoam phidani bevacizumabu, monoklondlni pro-

tilatky proti VEGF, k chemoterapn paklitaxel/karbo-

platina na prodlouZeni doby bez progrese onemocnini
1 celkovelo piediti byl prokazin pouze ve studiich faze
I1. data ze studia I11. fize nejsou k dispozici. Podobng
u pacientek s HERYmen pozitivaim karcinosarkomem
nebo serdzuim kacinomem Ecenych ripletem trustu-
zumab (monoklonalai protlatka prot receptoru HERZ/
neu} = pakiitaxelKarboplatina bylo ve studiich faze 11
dosazeno prodleuZeni doby bez progrese onemocnént
oproti chemoterapii samotné.

Uinnost selinexor, selektivaiho inhibitory judemé-
ho experty, v udrZovac 1ECe po primami chemoterapii
byla hodnocena ve studii faze 11 (SIENDO). U pacientek
s karcinomem endometrin a dosaZenou percidlni nebo
komplewmi remusi po prindmi chemocerapii ve sloZeni w-
xanovy derivit + plating lééenych v ramer udrfovaci te-
rapie selinexerem bylo dosaZeno medidni doby bez pro-
grese onemocnéni 3,7 vs, 3,8 mésice u pacienick ve sku-
piné s placebem (HR = 0.76, 95% Cl: 0,543-1,076).
Statisticky v¥znamného predlonZeni medifinn doby bez
progrese oaemecndni dosihl selinexor podle predem pli-
nované subanalyzy u pacientek s 1755 nemutovanymi
wmory (13,7 va. 3,7 mésice). UdrZovaci 168ha selinexo-
rem vedla u pacientek s TP53 wild-type nédory oproti
placebu k redukei rizika progrese afnebo omrti o 624%
(HR = 0.375. 93% CI: 0,210-0.670). Ovafeni vysledki
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piinese probihajici studie XPORT, do keerd jsou zafa-
zovany pouze pacienky s TPSI nemutovanymi nddory.

Pastaveni cilené 16¢by ve druhé a dalsich linsich
Volba étebného rezimu ve druhé a dallich liniich 24vist
vedle celkového stavu pacientky na sloZeni predehozi te-
rapie a vysledeich testovini MMR statusy, resp. mutadni
ndlode.

Pro pacientky s MMR deficientnin tumoey a/nebo
vysokou mutalni nalozi (> 10 mut/Mb) nepfediédend
protilitkami anti-PD-1/PD-L1 je po selhin! primarni
chemoterapic optimdlni alternativou 1éba checkpoint
inhibitory. Pembrolizumab jzko prvni prokazal dosafent
dlouhodobé 16¢eané odpovedi na maké kohorsé pacientek
5 endometridlnim karcinomem ve studi fize b KEY-
NOTE-028. V navazujici studn faze 1l KEYNOTE- 158,
kterd hodnotila v rimei tzv. tumor-agnostického piistupu
efektivitu pembrolizumabu v nadord s prokiazanou defi-
cienci MMR ber chledu na orgéan pavodu, bylo u pod-
skupiny celkem 15 pecientek s karcinomem endometris
dosaZeno objektivni odpovedi (parcidlni nebo kompletni
remise) u 52 % paciemtek a rzv. kontroly aktivity onemeoc-
néni u 73 % pacientek (3 kompletni remise, 5 parcidl-
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nich remisi a 3 stabilizace nemoct). Alternativou k pem-
brolizumabu je dostarlimab, ktery v rimei studie fire
1 GARNET prokazal u celkem 143 pacientek s AMMR/
MSI-H rekurentnim nebo pokrodilym Karcinomem ¢n-
dometria po sclhini predehozt 16¢by zaloZené na pla-
tinovém derivatu dosaZeni objektivai odpovédi u cel-
kem 45,5 % pacientek @ kontoly aktivity onemecnéni
u 60.1 % pacientek (23 kompletnich remisi. 42 parcidl-
nich remisi a 21 stabilizaci).

Pecientkdm s MMR proficientnimi nidory, které
progreduji pfi predchozi 1¢be obsahujici platinovy de-
fivit nebo po ni, je moZné nabidnout 1éfbu kombinaci
pembrolizumabu s lenvatinibem (inhibitor receptorové
kindzy pro vaskulimi endotelovy ristovy faktor patfi-
¢l mezi antiangiogenni léky). a to na zdkladé vysledka
Klinické studie fize 11l KEYNOTE-775. Do studie bylo
zafazeno celkem 827 pacrentek (697 s pMMR karcino-
my o 130 s dMMR karcinomy) a ve skupiné pacientek
ié¢enych kombinaci pembrolizumub = lenvatinib bylo
v porovnini se skupinou pacientek léfenvch chemaote-
rapii doxorubicin nebo paklitaxel dosaZeno juk delfibo
mediinu bez progrese (7.2 vs. 3.8 mésice; HR = 0,56,
95% Cl; 0,47-0,66. p < 0.001). tak i deRiho medidnn
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celkového pleziti (18,3 vs. 11,4 mésice; HR = 0,62, 95%
CL 0.51-0,75, p < 0,001) Signifikantni rozdily v medi-
inu doby bez progrese i celkovéhn prezitl byly zazname-
niny i v rdmei podskupiny s pMMR karcinomy (6,6 vs.
3.8 misice [HR = 0,60, 95% CI: 0.50-0,72. p < 0,001
resp. 174 vs, 12 mésice [HR = 01,68, 956 CT: 0,560,854
p < 0001]) Ziepseni Jecetnich vysledki bylo ale pro
vézeno vyrnamng vy3&i doprovodnou toxicitou, mezi
nejCastd)si neZidouc] Wlinky 1éCky parfily hyperenze,
priljer a alterace funkee tiné zlizy.

Pro pacientky s karcinosarkomem je podie vishadki
kiimicke studie fize 11 STATICE velmi slibnou alterna-
tivon v pfipadé prikazu HER2/neu pozitivity 168ba tra-
stuzumud deruxtekanem. U 22 pacientek predi&enych
chemoterapii s imunohistechemickym skére HER2 2 2
byle dosazeno objektivei odpoviddi u 54,5 % paciemek
s medidnem doby bez progrese 6,2 mésice. U 10 pacien-
tek < HER2-Tow twmory (HER2 skére 14+) byl efekt 1ésby
JebtE virantisi, s objektivii odpovedi 0% a medidnem
doby bez progrese 12,3 mésice.

U pacientek s vylerpanymi moZnostmi systémové
terapie, které jsou piitom kandiddtkami akivniho |&deb.-
ného piistupu, je moZno zvazit somplexni profilovéni
tumoru s cilem identifikace dalSich potencidlng targero.
vatelnych terapeutickych <ili # na jeho zdkladé poddni
vhodné molekuldmi cilené kdhy, je-li dostupnd,

12.10 SLEDOVANI (FOLLOW-UP)

Zatimeo u pacientek 5 iniciilné nizkym rizikem se re-
cidiva miZe vyskytnout phiblizng v 15%, u pacientek
s vysokym rizikem je rizika recidivy 42 50%, Ndveat
oremocnini mize byt v podabé fokilni recidivy v oblast
posevniho pahylu (a ve 404 plipadd). dile ve formé
postizeni regiondlnich wzlin, anebo vzdilenych merastiz.
Medidn ¢asn do relapsu onemocnéni je 12-17 mésici,

Doswd nejefektivagiti metoda detekee rekurence one-
moenéni je slecovani subjektvnich o2 a klinickych
symplomu pacientky. Nejeast@jiimi priznaky recidivy
onemocndni je vagindlni krviicen!, bolesti v pedbfizku,
méni Easto pak zaZivaci (navzes. Zvraceni) nebo dechové
(dusnost) obeize. Nebylo prokizine. 7e by pacientky pro-
fitovaly  rutina‘ho fyzikilniho vySetfeni, zobrazovacich
metod, odbérl tumor markeru a jingch testit. 1 pfi pedlivé
dispenzarizoci je recidiva diagnostikovina az v dobg kli-
mckych potiZi u vice ne2 poloviny pacicnrek.

Dle doporucencho postupu CGPS (Ceskd gyvnekolo
gicki a porodnickd spalenost) pro dispenzarizaci puci-
eniek po chirurgické 1&be karcinomu endometria sledu-
jeme pacientky v Jasovém intervalu 3-6 mésied prni

dva roky a nasledné kazdych 6-12 mésich dalsf i roky.
Po 1é&be erfici fertilitu by méla pacientka co nejdiive
otéhotngt. PakliZe nenf spoatdani koncepoe redlna, méla
by byt referovina na konzultact do IVF centre.

Sérové markery maji vynikajici potencial v diagnos-
tice recidivy onemocnéni jeStd pied prynimi klinickymi
projevy a mobou vést ke zlepleni prognozy pucientek
u fady malignir. U karcinomu endometria viak dosud
nebyl objeven Zidny nadorovy marker, kiery by byl do-
stateént senzitivai a specificky k zavedeni do klinické
praxe. Nejtastéji studovanym sérovym markerem je
CAI25, jehoz vyuZiti je oviem u karcinomu endometria
velmi omezené.

Rutinnf vyu2iti 2ebrazovacich meted v ramei dispen-
zanzace po |6Cbe je takiéZ kontroversnd. Nejjednodussi
i nepdostupneisi zobrazovaci metodou, kierou miZzeme
vyUZit v rdmei bi#né dispenzirni problidky, je UZ vy-
Setfeni, kierd nam umoinuie odhalen! lokoregionalni re-
cidivy. Pii podezicni na patologii v té1o oblusti je rovni?
moZné vyuZit zobrazeni MR. VySetieni CT je pak zisad-
i pro posouzeni stavu lymfatickyeh uzlin o vedalenych
metastiz. Nejlepsich vysledki pak dosahuje kombinace
funkénfho zobrazovaciho vydetfeni PET s nékierou kon-
vealni metodou (CT, MR).
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3 Karcinom ovaria: prediktivni markery
chemosenzitivity a individualizace systémové lé¢by

Karcinomy ovaria vznikaji z epitelu na povrchu vajecnikii a predstavuji 90 % vsech
zhoubnych ovarialnich nadori. Podle soucasnych diagnosticko-1écebnych protokoli jsou
spole¢né s karcinomy vejcovodili a primarnimi peritonedlnimi karcinomy povazovany za
jednotnou klinicko-patologickou skupinu. Pro zjednoduseni je v dal$im textu pro tuto
skupinu pouZzivan souhrnny pojem karcinomy ovaria.

Ovarialni karcinomy tvori velmi heterogenni skupinu onemocnéni, ktera byla
historicky rozdélena do dvou skupin podle svého biologického chovani. Prvni skupinu
tvori low-grade (indolentni) nadory, které typicky vznikaji z prekurzorovych 1ézi
vajecCniku a byvaji diagnostikovany v CasnéjSich stadiich onemocnéni, coZ je spojeno
s priznivéjSi prognozou. Vzhledem k relativni chemorezistenci je jejich prognoéza pri
diagnéze v pokrocilém stadiu obecné horsi neZ u high-grade nadort. Mezi typické
zastupce patii low-grade serdézni a low-grade endometroidni karcinomy, mucinézni
karcinomy, maligni Brennerliv tumor a ¢ast clear-cell karcinomi. Z molekularniho
hlediska jsou pro tuto skupinu typické mutace v genech KRAS, BRAF, ERBBZ, PTEN, PIK3CA
aARID1A.

Do druhé skupiny byly razeny high-grade tumory charakterizované agresivnim
biologickym chovanim a nepftiznivou prognézou navzdory vysoké pocatecni
chemosenzitivité. NejcastéjSim zastupcem je high-grade serézni karcinom, dale sem patri
high-grade endometroidni karcinom, nediferencovany, resp. dediferencovany karcinom a
¢ast svétlobunécnych karcinomi. Typickymi molekularnimi charakteristikami jsou
mutace v genu TP53 a u ptiblizné ¢tvrtiny pripadl také mutace gentit BRCA1/2 [9].

Zakladem primdarni 1écby ovarialniho karcinomu je chirurgicka 1é¢ba doplnéna o
systémovou terapii. Rozsah chirurgického vykonu se lisi podle stadia onemocnéni. U
¢asnych stadii (FIGO I a II, Tabulka 10) je cilem kompletni chirurgicky staging k presnému
stanoveni rozsahu onemocnéni. Vykon zahrnuje hysterektomii s bilateralni adnexektomii,
omentektomii, systematickou panevni a paraaortalni lymfadenektomii a zhodnoceni
dutiny biiSni vCetné odbéru peritonedlnich biopsii. U mucinéznich karcinomi je
stagingovy vykon doplnén o appendektomii z diivodu potreby vyloucit metastatické
postiZeni ovaria pri primarnim nadoru appendixu. U expanzilni formy mucindzniho
karcinomu omezeného na ovarium neni pri absenci suspektnich lymfatickych uzlin
systematicka panevni a paraaortalni lymfadenektomie standardné doporucovana
vzhledem k nizkému riziku lymfogenni disseminace.

U pokrocilych stadii (FIGO III a IV, Tabulka 10) predstavuje hlavni cil chirurgické
1écby dosazeni maximalni cytoredukce, idedlné s nulovym makroskopickym reziduem,
protoze rozsah pooperacniho rezidua patfi mezi nejvyznamnéjsi prognostické faktory
ovliviiujici preziti pacientek. Vykon proto byva rozsifen o multivisceralni resekéni vykony
vCetné resekci postiZeného streva, branice, sleziny, jater nebo mocového systému. Na
rozdil od Casnych stadii neni systematickd panevni a paraaortalni lymfadenektomie u
pokrocilych stadii bez suspektnich uzlin standardni soucasti chirurgického vykonu.

Tabulka 10: FIGO 2014 klasifikace klinickych stadii karcinomu ovaria, tuby a primdrniho peritonedlniho
karcinomu [57]
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Stadium

Charakteristika

FIGO I Tumor omezen na vajecnik nebo vejcovod (jednostranné nebo
oboustranné)
e nador omezen na jeden vajecnik/vejcovod; pouzdro intaktni; v
IA ascitu nebo lavazi nejsou maligni buriky
e nador omezen na oba vajecniky/vejcovody; pouzdro intaktnf; v
1B ascitu nebo lavazi nejsou maligni buriky
e nador omezen na jedno nebo obé ovaria (vejcovody), a piitom:
IC o chirurgické poruseni pouzdra
IC1 o spontanni ruptura pouzdra nebo pritomnost tumoru na
IC2 povrchu vajecniku/vejcovodu
o maligni bunky v ascitu nebo lavazi
IC3
FIGO II Nador postihujici jeden ¢i oba vaje¢niky/vejcovody, se Sifenim
v panvi; nebo primarni nador peritonea
I1A e sifenf a/nebo implantace na délohu a/nebo vejcovod(y) a/nebo
vajecniky
IIB e Sifeni najiné panevni tkané
FIGO III Nador postihujici jeden nebo oba vajecniky/vejcovody nebo
primarni nador peritonea s cytologicky nebo histologicky
potvrzenym peritonedlnim postiZenim mimo panev a/nebo
metastazami v retroperitonealnich lymfatickych uzlinach
IIIA e pozitivni retroperitonealni miznf uzliny
I1IB e makroskopické peritonedlni metastazy mimo panev, 2 cm nebo
méné v nejvétSim rozméru +/- pozitivni retroperitonealni mizni
uzliny
IIIC e peritoneadlni metastdzy mimo panev >2 cm v nejvétSim rozméru
+/- pozitivni retroperitonedlni mizni uzliny. Vcetné Sifeni do
pouzdra sleziny/jater, bez postiZeni parenchymu.
FIGO IV Vzdalené metastazy (mimo peritonealni metastazy)
IVA e pleurdlni vypotek s pozitivni cytologif
IVB e parenchymové metastazy jater/sleziny, extraabdominalni

metastazy (v¢etné postiZeni triselnych miznich uzlin, resp.

extraabdominalnich miznich uzlin), proriistani pres sténu streva

Zakladem systémové
derivatu, zpravidla v kombinaci s taxanem (P-chemoterapie). U pacientek s pokrocilym
stadiem (FIGO III nebo 1V, Tabulka 10) miiZe byt soucasti primarni systémové 1écby také
cilend biologicka terapie inhibitory PARP nebo bevacizumabem, ptipadné jejich
kombinace, a to vnavaznosti na histologicky typ nadoru, odpovéd na primarni P-
chemoterapii a vysledky somatického profilovani nadoru [14].

Pfes naro¢nou primarni lé¢bu az 75 % pacientek s karcinomem ovaria zrecidivuje a
vyzaduje dalSi naro¢nou 1écbu, jejiz zaklad tvori systémova terapie. Mezi hlavni klinické
prognostické faktory patifi vedle klinického stadia, histologického typu, gradingu a
chirurgické cytoredukce takeé celkovy stav a vék. Pacientky ve vySSim véku a s vyrazné;jsi

primarni lé¢by je chemoterapie zaloZena na platinovém
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alteraci celkového stavu vdobé diagnézy maji horSi prognézu. Mezi molekularni
charakteristiky ovliviiujici prognézu karcinomu ovaria patfi predev§sim mutacni stav
genli BRCA1/2 a priikaz deficitu homologni rekombinace (HRD). Pacientky s prokazanou
germindlni nebo somatickou mutaci geniit BRCA1 nebo BRCA2, resp. s prikazem HRD
vnadoru, maji priznivéjSi prognoézu, pravdépodobné v disledku wvyssi citlivosti
k platinové chemoterapii a inhibitorim PARP [58].

3.1 Vyznam hodnoceni odpovédi na platinovou chemoterapii

Navzdory vysoké pocatecni chemosenzitivité, zejména u high-grade ser6znich karcinomij,
dochazi po inicidlni 1é¢bé u vétSiny pacientek k relapsu onemocnéni a postupnému rozvoji
platinové rezistence, coZ vede k nutnosti vyuzit jiné moZnosti systémové lécby a
nepriznivé ovliviiuje celkové preziti pacientek. Charakter odpovédi na primarni P-
chemoterapii tak predstavuje jeden z nejvyznamnéjsich klinickych prediktort prognézy i
pravdépodobnosti odpovédi na dalsi 1écbu. V klinické praxi je odpovéd na platinovou
chemoterapii hodnocena podle tzv. bezplatinového intervalu (platinum treatment-free
interval, TFIp), tedy casového obdobi od ukonceni P-chemoterapie do relapsu
onemocnénti.

Na zakladé délky TFIp jsou pacientky tradi¢né rozdélovany do skupin s platina-
rezistentnim nebo platina-senzitivnim onemocnénim. Historicky bylo i pro potreby
zatazovani pacientek do Klinickych studii hodnoticich nové terapeutické pristupy
pouzivano rozdéleni do dvou skupin. Relaps do Sesti mésici od posledniho podani P-
chemoterapie byl klasifikovan jako platina-rezistentni a relaps po intervalu delSim nez
Sest mésictli jako platina-senzitivni [59].

Toto rozdéleni vSak plné neodpovida klinické realité, protoze v praxi lze pozorovat
kontinuum odpovédi na platinovou chemoterapii bez jednoznatné definovaného
biologického cut-off. Pravdépodobnost opakované odpovédi na platinovy derivat je navic
ovlivnéna radou dalSich faktort, zejména rozsahem reziduidlniho onemocnéni po
chirurgické 1écbé, biologickou povahou nadoru a kinetikou relapsu. Pacientky s krat$im
TFIp bez provedené primarni chirurgické cytoredukce mohou dosahovat odpovédi na
opakovanou platinovou chemoterapii, zatimco u jinych pacientek mize obdobné dlouhy
TFIp odraZet skutecny chemorezistentni fenotyp nadoru.

Na tuto skutecnost reaguji i zavéry posledni konsenzualni konference zamérené na
klinicky vyzkum v oblasti ovaridlniho karcinomu, publikované v roce 2022. Pacientky
jsou nové rozdélovany do skupin podle predpokladané pravdépodobnosti odpovédi na
opakovanou lé¢bu platinovym derivatem. Opakovany efekt P-chemoterapie lze oc¢ekavat
predevsim pii TFIp delSim nez 12 tydni, zatimco pti kratSim TFIp byva tento efekt méné
pravdépodobny. Onemocnéni progredujici jizZ béhem primarni P-chemoterapie nebo do
12 tydnl po jejim ukonceni je oznaCovano jako platina-refrakterni a predstavuje
prognosticky mimoradné nepriznivou skupinu pacientek [60].

Prestoze délka bezplatinového intervalu predstavuje v soucasné klinické praxi
zakladni parametr pro odhad pravdépodobnosti odpovédi na opakovanou lécbu
platinovou chemoterapii, jedna se o ukazatel stanovovany retrospektivné az na zakladé
pribéhu onemocnéni po ukonceni prislusné linie systémové 1écby. V dobé diagnézy ani
pred zahajenim dalsi linie systémové lécby nejsou k dispozici dostate¢né validované
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prediktivni markery, které by umoznily spolehlivé odhadnout chemosenzitivitu nadoru a
pravdépodobnost 1éCebné odpovédi.

Potieba ¢asné predikce odpovédi na platinovou chemoterapii je piitom zasadni jak v
ramci primarni lécby, tak i pri lécbé relapsu onemocnéni. Pred zahajenim primarni lécby
by presnéjsi identifikace chemorezistentnich nadorti pomohla omezit indikaci nedc¢inné
lécby, zatiZené nemalou doprovodnou toxicitou, a lépe cilit biologickou nebo
experimentalni terapii. U recidivujictho onemocnéni by pak predikce pravdépodobnosti
odpovédi na opakovanou platinovou chemoterapii mohla prispét k racionalnéjsimu
vybéru pacientek vhodnych k opakované 1écbé reZimem zaloZenym na platinovém
derivatu nebo naopak k preferenci alternativnich léCebnych strategii. Identifikace
biologickych markeri predikujicich odpovéd na platinovou chemoterapii proto
predstavuje jednu z klicovych oblasti sou¢asného vyzkumu karcinomu ovaria.

3.2 Molekularni determinanty odpovédi na platinovou chemoterapii

Platinové derivaty patii mezi cytotoxické latky posSkozujici DNA nadorovych bunék.
Hlavni mechanismus jejich dc¢inku spociva v tvorbé kovalentnich pri¢nych vazeb mezi
bazemi vlaken DNA, coZ vede k naruSeni replikace a transkripce, k aktivaci bunécné
odpovédi na poskozeni DNA a nasledné k indukci apoptézy. Uéinnost platinové
chemoterapie je vyznamné ovlivnéna schopnosti nadorovych bunék rozpoznat a
opravovat vzniklé poskozeni DNA, zejména prostiednictvim mechanismi homologni
rekombinace a nukleotidové excizni opravy DNA. Porucha téchto reparacnich drah,
typicky pri deficitu homologni rekombinace, vede ke zvySené citlivosti nddoru na 1é¢bu
platinovymi derivaty.

Naopak perzistujici nebo postupné vznikajici rezistence k platinové chemoterapii je
jednou z hlavnich pricin lé¢ebného selhani a vysoké mortality pacientek s karcinomem
ovaria. Z biologického hlediska lze rozliSovat primarni rezistenci, kdy jsou nadorové
buniky vici platinové chemoterapii rezistentni jiz pred zahajenim 1écby, a ziskanou
rezistenci vznikajici v priibéhu systémové terapie v diisledku selek¢niho tlaku 1écby a
adaptivnich zmén nadorovych bunék. U karcinomu ovaria se pravdépodobné uplatiiuje
kombinace obou mechanismi, pfi¢emz vyznamnou roli hraji nddorova heterogenita a
klonalni evoluce rezistentnich bunécnych populaci.

Hlavni mechanizmy platinové rezistence shrnuje Tabulka 11. ZjednoduSené je lze
rozdélit na faktory podminéné vlastnostmi nddorovych bunék a faktory podminéné
nadorovym mikroprostredim. Mezi intracelularni mechanismy patti predevSim alterace
procesti reparace DNA, zmény v transportu platinovych derivati, unik apoptézy,
epigeneticka plasticita a metabolicka adaptace nadorovych bunék. Vyznamnou roli vSak
hraji také extracelularni mechanismy zahrnujici interakce s naddorovymi fibroblasty,
imunitnimi bunikkami, extracelularni matrix a metabolickym mikroprostfedim ascitu a
omenta. Platinova rezistence tak predstavuje komplexni biologicky proces vznikajici na
zakladé dynamické interakce nadorovych bunék a jejich mikroprostredi [61, 62].

Tabulka 11: Hlavni molekuldrni determinanty odpovédi na platinovou chemoterapii u karcinomu ovaria.

Mechanismus Priklady alteraci / markerti  Potencidlni vyznam
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Poruchy reparace DNA

reverzni mutace BRCA1/2
zvySena exprese RAD51
ztrata exprese SLFN11

ovlivnéni citlivosti k
platinovym derivatim a PARP

inhibitorim

Regulace bunécného cyklu

CCNE1 amplifikace, TP53,
aletrace SMARCA4

chemorezistence, zvySena
genomova nestabilita, horsi

prognéza

Transport a detoxifikace
1éciv

MDR1/ABCB1, GSTP1

snizena intracelularni

koncentrace platiny

Poruchy apoptoézy

BCL2, p53 signalni draha

unik apoptéze

Epigeneticka plasticita

methylace promoteru BRCAI,
remodelace chromatinu

adaptace nadoru na lécbu

Stem-like fenotyp a EMT

ALDH1, CD44, EMT markery

prezivani rezidudlnich bunék

Nadorové mikroprostiedi

CAFs, TAMs, cytokiny, ascites

podpora chemorezistentniho

fenotypu

Imunitni regulace

PD-L1, TILs

ovlivnéni prognézy a lécebné

odpovedi

Metabolicka adaptace

hypoxie, oxidativni stres

prezivani pti cytotoxickém

stresu
HRD - deficit homologni rekombinace; BRCA1/2 - breast cancer susceptibility genes 1/2; RAD51 - RAD51 recombinase;
SLFN11 - schlafen family member 11; CCNE1 - cyclin E1; TP53 - tumor protein p53; SMARCA4 — SWI/SNF related matrix
associated actin dependent regulator of chromatin subfamily A member 4; MDR1/ABCB1 - multidrug resistance protein
1/ ATP binding cassette subfamily B member 1; GSTP1 - glutathione S-transferase pi 1; BCLZ - B-cell lymphoma 2; EMT
- epitelidlné-mezenchymadlni tranzice; CAF - fibroblasty asociované s nddorem; TAM - tumor asociované makrofdgy; PD-
L1 - programmed death ligand 1; TIL - tumor infiltrujici [ymfocyty.

Schopnost malého mnoZstvi preZivajicich nddorovych bunék pretrvavat po primarni
1é¢bé ve formé minimalni rezidualni choroby a nasledné iniciovat recidivu onemocnéni
odrazi znacnou biologickou komplexitu karcinomu ovaria. Detailnéjsi porozuméni
mechanismim umoznujicim preZziti chemorezistentnich bunék predstavuje jeden z
klicovych predpokladli pro vyvoj ucinnéjSich prediktivnich markerd i novych
terapeutickych strategii.

Nasledujici podkapitoly jsou vénovany vlastnim pracim autorky zamérenym na
vybrané molekuldrni determinanty odpovédi na platinovou chemoterapii.

Ve

3.3 Schlafen11 a odpovéd na DNA-poskozujici IéCbu

Protein Schlafen11 (SLFN11), produkt jednoho z geni tzv. Schlafen family, se podili na
regulaci bunécné odpovédi na replikacni stres a poskozeni DNA. Experimentalni prace
ukazaly, Ze bunky s vysokou expresi SLFN11 po expozici cytostatikim podléhaji
ireverzibilni zastavé bunécného cyklu v S-fazi a nasledné apoptdze, zatimco bunky
deficientni v expresi SLFN11 jsou schopny pokracovat v replikaci DNA za soucasné
aktivace kontrolnich drah ATR/Chkl. SLFN11 tak pravdépodobné predstavuje
samostatny regulacni mechanismus bunécné odpovédi na replikacni stres pulisobici
paralelné k tradi¢nim drahdm reparace poSkozené DNA. Pro svilij vyznam v regulaci
bunécné odpovédi na genomovy stres byva SLFN11 oznacovan jako ,strazce genomu“
[63].
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Vedle primého vlivu na bunécnou odpovéd na DNA-posSkozujici 1é¢bu je SLFN11
v posledni dobé studovan také v kontextu nadorového mikroprostiedi a protinddorové
imunity. Dostupna data naznacuji, Ze exprese SLFN11 neni omezena pouze na nadorové
bunky, ale je pritomna také v riiznych populacich imunitnich bunék infiltrujicich
nadorové mikroprostredi. Vyssi exprese SLFN11 byla opakované spojena se znamkami
aktivované protinddorové imunitni odpovédi, véetné vyssi infiltrace tumor infiltrujicich
lymfocytli, aktivace interferonovych signdlnich drah a exprese genovych signatur
asociovanych s imunogenni bunécnou smrti. SoucCasné se predpoklada, Ze DNA-
poskozujici 1écba miize prostrednictvim replika¢niho stresu a aktivace imunitni odpovédi
dale modulovat expresi SLFN11 a podporovat interakci mezi nadorovymi a imunitnimi
burnikami. SLFN11 tak pravdépodobné predstavuje nejen marker nadorové podminéné
citlivosti k DNA-poSkozujici 1é¢bé, ale také Sirsi biomarker odraZejici biologickou
interakci mezi nddorem, genomovym stresem a protinddorovou imunitni odpovédi [64].

Prvni poznatky o biologické a klinické roli SLFN11 pochazeji predevsim ze studii u
hematologickych malignit a malobunécného karcinomu plic, kde byla vysoka exprese
SLFN11 opakované spojena se zvySenou citlivosti k platinovym derivatim,
topoizomerazovym inhibitorim a PARP inhibitorim. Postupné byla jeho potencialni
prediktivni role studovana také u dalSich solidnich nadori, vcetné karcinomu ovaria.
Nepochybnou vyhodou pro potencialni klinické vyuZiti je moZnost stanovovat miru
exprese imunohistochemicky, tedy metodikou béZné dostupnou v klinické praxi.

3.3.1 Vlastni pfinos k problematice

Problematice SLFN11 jako markeru odpovédi na DNA-poskozujici 1écbu u karcinomu
ovaria byly vénovany dvé publikace.

Prvni z nich predstavuje narativni pfehled zaméreny na biologickou a klinickou roli
proteinu SLFN11 jako potencidlniho prediktivniho markeru odpovédi na DNA-
poskozujici 1é¢bu u karcinomu ovaria. Prace systematicky shrnuje mechanismus dc¢inku
SLFN11 v regulaci replikacniho stresu a buné¢né odpovédi na poskozeni DNA, jeho vztah
k checkpointovym draham ATR/CHK1 a moZné mechanismy epigenetické regulace
exprese SLFN11. Soucasti review je rovnéz diskuse o moZnostech terapeutického
pirekonani rezistence prostrednictvim inhibitora replikac¢nich checkpointti a epigenetické
modulace.

Vyznamna Cast prace je vénovana metodologickym aspektiim hodnoceni exprese
SLFN11, heterogenité mezi jednotlivymi histologickymi typy karcinomu ovaria a
limitacim dosud publikovanych studii. Review soucasné shrnuje dostupna preklinicka i
klinickd data naznacujici souvislost vysoké exprese SLFN11 se zvySenou citlivosti na
platinové derivaty, inhibitory PARP a dalsi DNA-poskozujici 1é¢bu. Pfinosem prace bylo
komplexni shrnuti problematiky SLFN11 u karcinomu ovaria v obdobi rychle
narustajictho zajmu o tento biomarker a identifikace klicovych oblasti pro dalsi translacni
a klinicky vyzkum. Prace vytvorila teoreticky zaklad pro naslednou pilotni analyzu
vlastniho souboru pacientek hodnotici vztah exprese SLFN11 k odpovédi na platinovou
chemoterapii a prognéze onemocnéni.

Druhd prace prezentuje formou ¢lanku ve sborniku vysledky pilotni retrospektivni
analyzy hodnotici imunohistochemickou expresi proteinu SLFN11 u pacientek s
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karcinomem ovaria léCenych platinovou chemoterapii v ramci primarni systémové 1écby.
Do analyzy bylo zarazeno celkem 61 pacientek 1éCenych vletech 2010-2021, rozdélenych
podle odpovédi na platinovou chemoterapii na skupinu pacientek s platina-senzitivnim a
platina-rezistentnim onemocnénim. Exprese SLFN11 byla hodnocena
imunohistochemicky na archivnich vzorcich nadoru odebranych pred zahajenim
systémové 1écby, a to pomoci H-skore i procentualni pozitivity nadorovych bunék.

Prace prokazala obecné nizkou expresi SLFN11 v hodnoceném souboru a
neprokazala statisticky vyznamnou souvislost mezi expresi SLFN11 v nadorovych
bunkach a odpovédi na platinovou chemoterapii hodnocenou délkou bezplatinového
intervalu (TFIp). Studie soucasné upozornila na vyznamné metodologické limity
imunohistochemického hodnoceni SLFN11.

Prinosem prace bylo predevSim ovéreni proveditelnosti imunohistochemického
stanoveni SLFN11 v rutinni patologické praxi a kritické zhodnoceni limitaci této metodiky
v podminkach realné klinické kohorty pacientek s karcinomem ovaria. Vysledky pilotni
analyzy soucasné podporily potrebu dalsi standardizace hodnoceni exprese SLFN11 a
validace jeho potencialniho prediktivniho vyznamu v rozsahlejSich prospektivnich
studiich.

Priloha 6: Can Schlafen 11 Help to Stratify Ovarian Cancer Patients Treated with
DNA-Damaging Agents?

BEDNARIKOVA, Marketa, HAUSNEROVA, Jitka, EHRLICHOVA, Lucie, MATULOVA,
Kvetoslava, GAZARKOVA, Eliska, MINAR, Lubos a WEINBERGER, Vit. Cancers. 2022, 14(10),
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Simple Summary: Anticancer agents causing DNA damage are widely used in the treatment of
ovarian cancer; however, predictive biomarkers capable of optimizing the selection of patients with
the best likelihood of a good response have not been defined yet. The newly discovered protein
Schlafen 11 was identified to have a casual association with responses to a wide range of DNA-
damaging agents, including platinum compounds and PARP inhibitors. We review the current state
of knowledge regarding the role of Schlafen 11 as a biomarker in ovarian cancer and its potential to
identify patients not responding to the systemic treatment.

Abstract: Platinum-based chemotherapy has been the cornerstone of systemic treatment in ovarian
cancer. Since no validated molecular predictive markers have been identified yet, the response to
platinum-based chemotherapy has been evaluated clinically, based on platinum-free interval. The
new promising marker Schlafen 11 seems to correlate with sensitivity or resistance to DNA-damaging
agents, including platinum compounds or PARP inhibitors in various types of cancer. We provide
background information about the function of Schlafen 11, its evaluation in tumor tissue, and its
prevalence in ovarian cancer. We discuss the current evidence of the correlation of Schlafen 11
expression in ovarian cancer with treatment outcomes and the potential use of Schlafen 11 as the key
predictive and prognostic marker that could help to better stratify ovarian cancer patients treated
with platinum-based chemotherapy or PARP inhibitors. We also provide perspectives on future
directions in the research on this promising marker.

Keywords: SLFN11; ovarian cancer; high-grade serous carcinoma; DNA-damaging agents; PARPi;
chemoresistance

1. Introduction

Ovarian cancer (OC) is the leading cause of death amongst all gynecological cancers,
with an overall 5-year survival rate of no more than 35% for advanced stages [1,2]. For
decades, primary therapy has consisted of cytoreductive surgery and platinum-based
chemotherapy (CT). The leading cause of the high mortality rate, besides the diagnosis at an
advanced stage, is the sooner or later acquired resistance to systemic therapy despite a good
response in the majority of cases initially. Thus, platinum sensitivity or resistance, together
with tumor stage, histotype, and the ability of complete surgical resection, represent the
main clinically used prognostic factors. Moreover, platinum sensitivity is the key predictive
factor for the successful subsequent treatment of recurrent disease [3,4].

Lately, the anti-angiogenic agent bevacizumab, and poly(ADP-ribose) polymerase
inhibitors (PARPi) have become an integral part of the systemic treatment of primary or

Cancers 2022, 14, 2353. https://doi.org/10.3390/ cancers14102353
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3. SLFN11 as a Guardian of the Genome in Response to Replication Stress

In 2012, two independent research groups discovered by bioinformatic analyses of
large cancer cell line panels that the nuclear protein SLFN11 is the causal and dominant
genomic determinant of response to DNA-damaging agents [10,24]. Further studies con-
firmed that the nuclear protein SLFN11 plays a crucial role in cell cycle arrest and the
induction of apoptosis in response to replication stress and therefore acts as a guardian
of the genome. In case of various types of DNA damage caused by anticancer agents,
such as covalent DNA adducts formed by platinum compounds or inhibition of DNA
repair by PARPi (see Table 1), SLEN11 binds to stressed replication forks and thus blocks
replicative helicase complex, induces chromatin opening, and forces the degradation of the
key replication factor CD1 [31-34]. These processes ultimately lead to irreversible cell death.

Table 1. Anticancer agents inducing replication stress (based on [35]).

DNA-Targeting Agents Representative Drugs Target Mechanism of Action
Cisplatine
Carboplatine DNA template damage Inter-strand crosslinks
Alkylating agents Oxaliplatine
. DNA template damage 6 . .
Temozolomide MGMT O°-alkyl-guanine lesions on DNA
Irinotecan
Topotecan L
TOP I and II inhibitors Etoposide DNA template damage Block the re-ligation of the
. TOP-DNA cleavage complexes
Doxorubicin
Mitoxantrone
Olaparib
Rucaparib . . .
PARP inhibitors Niraparib DNA.template damage by deffzctlve Generating toxic PARP-DNA
. single-strand breaks repair complexes
Talazoparib
Veliparib
Gemcitabine .
Nucleoside analogs Cytarabine DNA elongation inhibition Blocking DNA polymerase or

5-azacytidine reducing the pool of nucleotides

Abbreviations: TOP = topoisomerase; PARP = poly (ADP-ribose) polymerase; DNA = deoxyribonucleic acid;
MGMT = DNA-repair protein O° methylguanine-DNA methyltransferase.

SLEN11-mediated cell cycle inhibition works independently on the classical sig-
nal pathway of ataxia telangiectasia mutated and Rad3-related and checkpoint kinase 1
(ATR/CHK1) [36,37]. Notably, the effectivity of non-DNA-damaging anticancer drugs
acting by a different mechanism (such as microtubules inhibitors, kinase inhibitors, or
mTOR inhibitors) is independent of the level of SLEN11 expression [10,24].

Lack of SLEN11 expression makes the functionality of the SLFN11-mediated sys-
tem impossible and increases tumor viability. SLEN11-low cancer cells then rely on the
ATR/CHK1 DNA repair system that enables only reversible cell-cycle arrest in response to
replication stress. Cells are then capable of repairing DNA damage and recover replication,
which contributes to resistance to DDA [12,25] (see Figure 1).

Based on detailed analyses of cancer cell lines, neither clinically meaningful SLFN11
mutations nor its copy number variations have been reported. Thus, the current evidence
suggests that the expression level of SLFN11 is largely regulated by epigenetic processes
such as DNA methylation and histone modifications [36,38,39]. Indeed, in different tumor
types, epigenetic modifications have been shown to cause loss of SLFN11 expression and
associated resistance to DDA [25,36,39-42]. These epigenetic processes may also induce
dynamic changes in tumor expression levels of SLFN11 during chemotherapy and cause
the development of acquired resistance to DDA [23,43,44]. On top of that, as these modifi-
cations are reversible, the therapeutic interventions using inhibitors of DNA methylation
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relapsed ovarian cancer [5-8]. Unfortunately, the precise selection of patients with a high
probability of a good response to this novel therapy remains far from optimal. Despite
the high cost and significant toxicity of bevacizumab, no predictive markers for treatment
response have been identified yet. The precise prediction of platinum resistance would help
to protect non-responders from an even more aggressive combination with bevacizumab.
Similarly, regardless of the known effect of PARP], especially in ovarian cancer with either
a mutation in the BRCA 1/2 genes or a deficiency in the homologous recombination
system (HR), even patients with HR-proficient tumors may benefit from PARPi [9]. On
top of that, not all BRCA-deficient tumors are sensitive to PARPi [10]. The sensitivity to
PARP1i has been associated with defects in the DNA damage response. Therefore, the
identification of markers predicting sensitivity to platinum compounds belonging to DNA
damage-inducing agents (DDA) could also help in this field [11,12].

So far, platinum sensitivity or resistance has been evaluated clinically, based on a
platinum-free interval (TFIp), i.e., the time between the last course of platinum-based
chemotherapy and the progression of the disease. Despite platinum-sensitivity in the ma-
jority of ovarian cancers, there is a significant proportion of patients with primary platinum-
refractory or resistant disease (i.e., progressive during or shortly after the termination of
primary chemotherapy). In other words, about 30—40% of patients undergo an ineffec-
tive initial treatment accompanied by substantial side effects [4,13,14]. Although some
genetic alterations are known to be associated with resistance to the platinum-containing
regimen, no validated molecular predictive biomarkers capable of predicting response to
platinum-based chemotherapy have been identified yet [14-17].

Schlafen 11 (SLFN11), a member of the mammalian Schlafen family of growth regula-
tory genes first described in 1998, was recently identified to have a casual association with
response to a wide range of DDA, including platinum salts and PARPi. Multiple preclinical
models and some clinical studies have demonstrated that high SLFN11 expression levels
positively correlate with increased DDA sensitivity in various types of cancers [11,18-23].
Conversely, the loss of SLEN11 expression is associated with resistance to these therapeu-
tics [10,24,25]. Independent groups proved that SLFN11 expression in tumor cells could
be easily assessed by immunohistochemistry [26-29]. Altogether, data published so far
suggest the promising role of SLFN11 as a predictive biomarker in the clinical setting across
multiple cancers [12,30].

In this review, we aim to summarize the current knowledge of the role of SLEN11 in
ovarian cancer. Here, we briefly describe the function of Schlafen 11 and its vital importance
for the maintenance of genomic stability under replication stress. We review the available
information about the prevalence of SLEN11 in ovarian cancer, the possibilities of its
determination in tumor tissue, as well as the current level of evidence about the correlation
between SLFN11 expression levels in ovarian cancer and response to DDA or PARPi. We
also focus on the available data on the potential prognostic role of SLEN11 in ovarian
cancer patients.

2. Materials and Methods

For this review, we used the results of studies and review articles on the subject
published in English up to December 2021. They were identified through a search of
the literature using PubMed, MEDLINE-Ovid, Scopus, and Cochrane Library with the
keywords (‘Schlafen 11" OR ‘SLFN11" OR ‘DNA damage’ OR ‘DDA’ OR ‘PARPi" OR
‘platinum sensitivity’ OR ‘platinum resistance”) AND (‘ovarian cancer’ OR ‘high-grade
serous carcinoma’). We retrieved and assessed potentially relevant papers and checked the
reference list of all papers of interest to identify additional relevant publications.
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(such as 5-azacytadine) or histone deacetylases (such as romidepsin or entinostat) may re-
sult in the re-increase in SLFN11 tumor expression levels and thus re-sensitization to DDA,
making SLFN11 an attractive therapeutic target [25,34,42,43,45,46]. The other way to syner-
gistically overcome the resistance of low SLFN11 tumors to DNA-damaging agents is by
using replication checkpoint inhibitors (ATR/CHK1/WEE1 inhibitors), such as berzosertib,
ceralasertib, and elimustertib [35] (Figure 1).

Alcylating agents
TOP inhibitors
PARP inhibitors
Nucleoside analogs

(A) Pciad (B)

- DNMT/HDAC/EZH2
inhibitors

Reversible
cell-cycle arrest
ATR/CHK1/
WEE
inhibitors

h 4
Cell cycle restart Cell death Cell death

Figure 1. Upon replication stress caused by various types of DDA, SLFN11-proficient cells undergo
an enforced G1/5 arrest ultimately resulting in cell death (B). On the contrary, SLFN11-deficient
cells reliant on the ATR/CHK1 pathway re-enter the cell cycle, slowly progress through the S-phase,
and following DNA repair can survive (A). SLEN11 expression can be reactivated by the inhibitors
of epigenetic modulators, such as DNA methyliransferase (DNMT), histone deacetylase (HDAC),
or EZH2 inhibitors. Resistance of SLFN11-deficient cells can be overcome by combination with
ATR/CHK1/WEEI inhibitors.

4. Clinical Evaluation of SLFN11 Status

Initially, quantification of SLEN11 expression either in cancer cell lines or patient-
derived xenografts (PDX) was performed by transcript analyses using Western
blotting [10,11,18,24,43]. Subsequently, protein assessment in tumor tissue by immunohisto-
chemistry (IHC) was proven as an acceptable method in various types of cancer [21,26-28].

According to the study by Lok et al. on PDX models, SLEN11 IHC scoring seemed to
be a stronger predictor of PARPI efficacy than both SLFN11 gene expression and protein
expression by Western blot [27]. Subsequently, Takashima et al. demonstrated a substantial
discrepancy between SLFN11 expression in tumor samples assessed by IHC and RNA-
seq performed in non-microdissected tissue samples from The Cancer Genome Atlas
(TCGA) datasets. Levels measured by RNA-seq reflected not only SLEN11 positivity in
the cancer cell, but also in the surrounding stromal or inflammatory cells. On the other
hand, immunohistochemistry enabled distinctions between positivity in cancer and non-
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cancer cells. These results indicate a potential of IHC to be of key importance for the precise
identification of SLFN11-negative tumors that can be non-responsive to the DNA-damaging
agents [29]. Therefore immunohistochemistry, the well-established and widely accepted
pathological method, seems to be optimal for the evaluation of SLFN11 expression in
patient samples. Undoubtedly the feasibility of immunohistochemical testing for SLEN11
could facilitate the rapid implementation of SLFN11 assessments into clinical practice.

One of the important studies aiming to provide a practical resource for the utility
of SLENI11 in clinical practice was published by Takashima et al. They performed a
comprehensive analysis of SLFN11 expression in malignant and the adjacent non-tumor
tissues across 16 human organs. They compared three commercially available antibodies
and proved the mouse D-2 (#sc-515071, Santa Cruz) had the best specificity and sensitivity
ratio. They also established a rigid step-by-step protocol and scoring system for evaluating
SLEN11 expression by IHC. According to the average values of the ratio of positivity,
SLFN11 immunohistochemical scores were considered 1+ (1-10%), 2+ (11-50%), or 3+
(51-100%). Their results demonstrated a broad diversity of SLFN11 expression among
organs. They also showed SLFN11 expression to be highly dynamic and very different in
non-tumor and tumor tissues. While in some organs, such as colon and prostate, tumor
and non-tumor tissues were consistently negative, in other organs there was a tendency for
SLEN11 positivity to be higher (breast, uterine corpus, ovary) or lower (lung, glioblastoma,
papillary renal cell carcinoma) in tumors compared to non-tumor tissues [29].

As far as experiences with immunohistochemical testing for SLFN11 in ovarian cancer
are concerned, in addition to Takashima et al., the results of four other studies have been
published so far. Firstly, Velone presented at the SLEN11 monothematic workshop in 2017
the analysis of 75 cases of high-grade serous carcinoma (HGSC). As there was no commercial
kit available for SLEN11 immunohistochemical testing at that time, they adopted two kits
originally commercialized for Western Blot. According to their findings, IHC appeared
clean and specific in samples of HGSC. For the evaluation of SLEN11 levels by IHC, they
used the histological score (H-score; HS) with values 0-9 calculated based on an evaluation
of the staining intensity score (IS) and the distribution score of stained cells (DS). Cases
were then considered as “SLFN11 negative” (HS = 0), “SLEN11 low” (HS =1, 2), “SLFN11
intermediate” (HS = 3, 4), or “SLFN11 high” (HS = 6, 9), see Table 2 [12].

Table 2. Summary of methodologies used for the immunohistochemical analysis of SLEN11 expres-
sion in different studies.

Tumor Origin () Tissue Antibody Evaluation Author [Reference]
H-score; value 0-6
CRC (261) FFPE Abcam; ab121731 >45—high Deng [26]
H-score; value 0-9 2
0—negative
HGSC (75) N/A N/A 1, 2—low Ballestrero [12]
3, 4—intermediate
6, 9—high
SCLC (12) PDX Sigma-Aldrich; HPA023030 H-score; value 0-300 3 Stewart [11]
- . 300 3
SCLC (7) PDX Sigma-Aldrich; HPA023030  11-score; value 0-300 Lok [27]
low v. high
~ . 300 3
SCLC (48) FEPE Sigma-Aldrich; HPA023030 H-score; value 0-300 Pietanza [28]
>1—positive
H-score
HCC (182/110) FFPE Sigma-Aldrich; HPA023030 0/+—low Zhou [47]

++/+++—high
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Table 2. Cont.

Tumor Origin () Tissue Antibody Evaluation Author [Reference]
H-score; value 0-300 3
TNBC (40) PDX Sigma-Aldrich; HPA023030 0; énoefalg‘;e Coussy [21]
>60—high
H-score; value 0-300 3 .
ESCC (73) FFPE Santa Cruz; #sc-515071 >51—high Kagami [48]
16 human adult organs; 1. Sigma-Aldrich; #H117570 IHC scoring system
malignant and adjacent FFPE 2. Santa Cruz; #sc-374339 1+ (1-10%) Takashima [29]

non-tumor tissue (~ 700)

3.  Santa Cruz; #sc-515071 2+ (11-50%)
3+ (51-100%)

H-score; value 0-300 3

Various cancer types PDX Abcam; ab121731 >31—high Winkler [46]
H-score; value 0-300 3 . .
HGSC (28) FFPE Abcam; ab121731 >60—high Winkler [49]
H-score; value 0-300 3
Pediatric sarcoma (220) FFPE Sigma-Aldrich; HPA023030 0—negative Gartrell [50]
>1—positive
. IHC scoring system .
Gastric (169) FFPE Santa Cruz; #sc-515071 N 2. Takashima [23]
>30%—positive
THC scoring system .
Bladder (120) FFPE Santa Cruz; #sc-515071 o L Taniyama [51]
>5%—positive
Non-tumor tissue (86) TMA Merck; MABF248 H-score; value 0-300 3
SCLC (124) FEPE Abcam; ab121731 >122—high Willis [52]
HGSC (151) Novus; NBP2-57084 >30—high

Abbreviations: n = number of patients/samples, CRC = colorectal cancer, OC = ovarian cancer, HGSC = high-

grade serous carcinoma, SCLC = small cell lung cancer, TNBC = triple-negative breast cancer, ESCC = esophageal

squamous cell carcinoma, DX = patient-derived xenograft, FFPE = Formalin-fixed paraffin-embedded blocks,

TMA = tissue microarray. THS = intensity (0... none; 1... weak; 2 ... moderate; 3 ... strong) + proportion

(0... <25% positive cells; 1 ... 25-50%; 2 ... 50-75%; 3 ... >75%). 2HS = intensity score (0 ... no stain; 1+ ...

weak; 2+ ... moderate; 3+ ... intense) x distribution scores (0 ... no stained cells; 1+ ... <10%; 2+ ... 10-40%; 3+
.. >40%). 3 HS = (% of cells 1+) + (% of cells 2+) x 2 + (% of cells 1+) x 3.

Subsequently, two studies by Winkler et al. were published in 2021, both using the
same rabbit polyclonal anti-SLFN11 antibody (ab121731; Abcam, Cambridge, MA, USA)
and H-score calculated using an identical methodology (Table 2). In the first study aiming
to provide a comprehensive analysis of the clinical significance of SLFN11 as a predictive
biomarker to DDA on a wide range of cancer models, including ovarian cancer, the cutoff
of 31 H-score showed a good predictive power [46]. On the other hand, in the second
study focused on SLFN11 assessment in cohorts of platinum-sensitive (PS; n = 15) and
platinum-resistant (PR; n = 13) ovarian cancer, a H-score cutoff of 60 obtained maximized
accuracy in classifying cohorts according to the response to platinum-based chemotherapy.
Notably, in this study, SLEN11 transcript levels by quantitative real-time polymerase chain
reaction (QRT-PCR) and protein levels in formalin-fixed paraffin-embedded (FFPE) tissue
by IHC showed a strongly significant correlation (p = 0.0051) [49].

The authors of the study with the largest number of samples were focused on the
correlation of SLEN11 tumor levels with the clinical outcomes of patients treated with
standard chemotherapy or olaparib maintenance. The whole evaluated cohort of HGSC
samples (1 = 151) consisted of platinum-resistant resection specimens (1 = 7) obtained
from Asterand, samples in a tissue microarray (TMA) format from patients (n = 110)
treated with olaparib or placebo maintenance in the Study 19 [53], and samples from
patients (n = 34) with different responses to first-line paclitaxel-carboplatin (PAC/CBDCA)
chemotherapy [17]. To divide samples into the ‘SLEN high’ or ‘SLFN-low’ group, an H-
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score cutoff of 30 was developed based on expression distribution. Interestingly, that value
was substantially different from the cohort of patients with small-cell lung cancer in the
same study with a H-score cutoff of 122 [52].

Taken together, when assessing the available data about the immunohistochemical
analysis of SLEN11 in tumor tissue, including ovarian cancer, the following important
facts have to be pointed out. Different types of antibodies, distinct methodologies for
evaluating immunohistochemical staining, and most importantly, different cutoffs for
SLFNT11 positivity have been used in the studies published so far (see Table 2).

The promising method for allowing SLEN11 expression to be tracked longitudinally
in a non-invasive manner during the course of the disease seems to be an assessment on
circulating tumor cells, as has been described recently in small cell lung cancer [54,55].
However, the potential use of circulating tumor cells in ovarian cancer for this purpose
is still unclear. Since the intraperitoneal spread is considered to be the primary way of
metastasis in ovarian cancer, circulating tumor cell research has not been too extensive so
far in this field. Moreover, their isolation and detection methods affect the use of circulating
tumor cells in ovarian cancer [56,57].

5. Prevalence of SLFN11 in Ovarian Cancer

According to the findings from preclinical studies, approximately 50% of cancer
cell lines do not express SLEN11, making its expression bimodal [35,36]. Besides, the
quantification of SLEN11 either by transcript levels or immunohistochemical assessment
revealed a broad range of SLFN11 expression in various tumor types, including ovarian
cancer [26,29,48,50,52]. These findings indicate potential for the successful use of SLFN11
as a biomarker.

Already in the first study describing the discovery of significant correlation of SLFN11
with the response of cancer cells to DNA-damaging agents, microarray data obtained from
patients affected by ovarian carcinoma (1 = 38) and from corresponding healthy tissues
(n = 8) available from The Cancer Genome Atlas database were also analyzed. Tumor
samples showed a greater than fivefold SLFN11 expression range compared to healthy
tissues, with several cancer samples having a higher or lower SLFN11 expression than the
interquartile range for its expression in normal tissues (p-value < 0.05) [24].

In agreement with preclinical findings, in studies retrospectively evaluating SLEN11
status in samples of patients with ovarian cancer (mainly serous carcinoma) either by IHC
or methylation-specific PCR, the proportion of samples with an SLFN11-negative (i.e., IHC
0+; H-score value 0-10) or methylated status counted consistently around 40% [12,25,49,52].

In the comprehensive study by Takashima et al. (see also above in part 4), the evaluated
cohort of ovarian cancer and adjacent non-tumor tissue consisted of serous carcinoma
(n = 18), clear cell carcinoma (1 = 7), endometrioid carcinoma (n = 3), mucinous carcinoma
(n =9), and non-tumor Fallopian tube (n = 15). Unlike the 100% SLEN11 positivity in
non-tumor tissue, a total of 14 cancer samples (38%) were evaluated as SLFN11-negative. A
substantial percentage of SLFN11-negative tumors was observed in mucinous carcinoma
(77%), while the other histological types showed no SLEN11 expression in 14-33% [29].

Consistent with the findings of Takashima et al., in the retrospective study by Willis et al.
evaluating three different cohorts of ovarian cancer samples (see above part 4), the SLFN11
expression was generally low in serous carcinoma with a median H-score of 20. This study
described a subset of tumors with sub-clonal SLFN11 expression based on immunohisto-
chemical analysis, where spatially distinct high and low SLEN11 expressing sub-clones
were identified within the same patient sample. Sub-clonality was found in 6/34 FFPE
blocks of high-grade serous carcinoma from patients with extremely good or poor responses
to first-line platinum (P)-based chemotherapy. Still, it was rarely observed in tissue microar-
rays (TMAs) from the Study 19 cohort due to the small core size. Other SLEN11 protein
and RNA detection methods were not suitable for the assessment of sub-clonality [52].
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6. SLFN11 as a Predictive Biomarker for DDA or PARPi Response in Ovarian Cancer
Patients

As mentioned above, the presence of SLFN11 was found to be associated with sensi-
tivity to DDA and PARPi across a variety cancer cell lines and patient-derived xenografts,
including small cell lung cancer, colorectal cancer, sarcoma, gastric cancer, mesothelioma,
and ovarian cancer. On the other hand, the low or absent expression of SLEN11 has been as-
sociated with resistance [30,35]. Remarkably, sensitivity to PARPi seemed to be independent
of BRCA1/2 mutations or HR deficiency in preclinical studies [11,45]. Furthermore, the
predictive strength of SLEN11 positivity may depend on the degree of PARP trapping that
varies among PARPi, with talazoparib being the strongest and veliparib the weakest [30,45].

Based on promising findings from preclinical studies, the predictive role of SLEN11
is being assessed across different cancer types in a clinical setting. There is increasing
evidence that patients with SLEN11-positive solid tumors, such as small cell lung cancer or
Ewing sarcoma, respond better to DDA and/or PARPi [28,58,59].

Regarding the predictive role of SLFN11 in ovarian cancer, three studies have been
published so far, two of them mainly exploratory in nature (see Table 3). Shee et al. ana-
lyzed the correlation between tumor SLFN11 mRNA levels and treatment outcomes in the
datasets of 75 ovarian cancer patients treated with primary platinum-based chemotherapy.
Patients were stratified based on disease-free survival (DFS) as highly sensitive (defined
as DFS > 732 days) or non-highly sensitive (non-HS; DFS < 732 days). While statistically
limited by the sample size, they demonstrated a trend towards higher levels of SLFN11
expression in highly sensitive vs. non-HS (p = 0.057) [20].

Table 3. Summary of studies evaluating the prognostic or predictive role of SLEN11 in ovarian cancer
patients treated with platinum (P)-based chemotherapy or olaparib.

. Author
Type Regime n Method Results [Reference]
cystadeno- P-based 110 IB high SLEN11 expression independently predicts Zoppoli
carcinoma better OS [24]
SLEN11 hypermethylation was significantly Nogales
serous OC P-based 4 M associated with shorter OS and PFS [25]
e high SLEN11 expression was associated with
110 (0S) longer OS Shee
oc P-based 75 (DFS) RNA-seq o  trend towards higher levels of SLEN11 [20]
expression in patients with DFS > 2y
e  overall H-score in cancer and non-cancer
28 (PFI) cells was strongly associated with longer PFI Winkler
HGSC P-based 221 (08) HC e  SLFN11 is independently prognostic in the [49]
TCGA HGSC dataset
e o significant link between SLFN11 levels
and sensitivity to P/T
e P/T 34 e trend towards longer PFS and OS in Willis
HGSC e  Omaint 110 IHC SLEN11-high patients [52]

e high levels of SLEN11 associated with
improved clinical outcome to olaparib

Abbreviations: OC = ovarian cancer, HGSC = high-grade serous carcinoma, P = platinum, P/T = platinum-paclitaxel,
O maint = olaparib maintenance, n = number of patients, OS = overall survival, DFS = disease-free survival,
PFI = progression-free interval, IB = immunoblotting, M = methylation-specific PCR, IHC = immunohistochemistry,
y = years, TCGA = The Cancer Genome Atlas.
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In the study by Winkler et al., the internal cohort of 28 patients with advanced
stage HGSC was selected based on platinum resistance (n = 13; defined as progress-
ing within 6 months from the last dose of platinum-based CT) or sensitivity (n = 15) in
order to evaluate the predictive value of SLFN11 assessed by IHC. They also evaluated
the SLEN11 H-score in cancer cells and in non-cancer stromal cells and overall (i.e., to-
gether in cancer and non-cancer cells). While the SLEN11 H-score assessed in cancer
cells showed only a borderline significant association (HR = 0.62, 95% confident interval
(CI) = 0.38-1.02, p = 0.0620), overall and non-cancer higher SLEN11 H-scores were strongly
associated with longer progression-free interval (PFI) by univariable analysis (HR = 0.50,
95% CI = 0.33-0.75, p = 0.0009; and HR = 0.54, 95% CI = 0.36-0.81, p = 0.0028, respectively).
Overall SLEN11 protein levels retained their independent prognostic value (adjusted
HR = 0.56, 95% CI = 0.37-0.85, p = 0.0073), together with age and stage, in the multivariable
Cox’s regression model. As the authors concluded, the results suggest that SLFN11 levels
in both cancer and non-cancer cells may play a role in response to platinum-containing
regimens in HGSC. The statistically significant association of SLFN11 with PFI (HR = 0.68,
95% CI = 0.49-0.95, p = 0.0233) was subsequently validated in the TCGA dataset of patients
with advanced stage HGSC (n = 221; 157 progressive events) [49].

Finally, analyses of another cohort of HGSC patients with extremely good or poor
responses to first-line PAC/CBDCA (n = 34) published in 2021 by Willis et al. (see also
part 4) failed to reveal a significant link between immunohistochemical SLFN11 levels and
sensitivity to PAC/CBDCA (p = 0.487). Consequently, the differences between median PFI
in SLFN11-high patients (14 months) and SLEN11-low patients (6 months) did not reach
statistical significance (p = 0.0705). The same trend was observed for overall survival (OS)
with a median of 103 months in the SLEN11-high group compared to 42 months in the
SLFN11-low group (p = 0.2475). Remarkably, sub-clonality expression was not associated
with clinical outcomes, but patient numbers were limited. Conversely, in the same study,
they highlighted a trend of high SLFN11 expression and better clinical outcomes to olaparib
in the cohort of patients with platinum-sensitive relapsed HGSC treated with olaparib
or a placebo and evaluable for SLEN11 status (n = 110). The progression-free survival
(PFS) hazard ratio (HR) was lower in the SLFN11-high group (>30 H-score), 0.28 HR [0.09,
0.74 95% CI], compared to the SLEN11-low group, HR 0.49 [0.26, 0.91 95% ClI]. In the
multivariate analysis with adjustment for BRCA status, median PFS was longest in the
SLEN11-high groups treated with olaparib (12.4 months BRCAm and 10 months BRCAwt),
compared to the SLEN11-low groups (8.3 months BRCAm and 5.5 months BRCAwt) [52].

7. SLFN11 as a Prognostic Biomarker in Ovarian Cancer

The prognostic value of SLFN11 expression has been confirmed in lung [25,52], col-
orectal [26,60], esophageal [48], gastric [23], bladder cancer [51], and hepatocellular carci-
noma [47]. Aside from the studies listed above in part 6, the correlation between SLFN11
expression and prognosis in ovarian cancer has been addressed in two other studies only
(see Table 3).

Zoppoli et al. evaluated the expression of SLFN11 by immunoblotting in randomly
chosen microarray data obtained from 110 patients affected by ovarian cystadenocarcinoma
and treated with a cisplatin-containing regime available from the TCGA database. In the
univariate analysis for overall survival, the patients with SLFN11 greater than the mean
expression reached a median OS of 80 months [95% CI = 55-105] vs. 49 months [95% CI 38—
60] for patients with low SLEN11 expression (p = 0.016). SLFN11 retained the significance
for OS prediction in a multivariate model together with optimal surgery at diagnosis [24].

Similarly, in the study by Nogales et al. evaluating a cohort of 41 patients with serous
ovarian carcinoma treated with platinum compounds, SLEN11 hypermethylation was sig-
nificantly associated with shorter OS (log-rank test, p = 0.006; HR = 3.45; 95% CI= 1.35-8.80).
For the patients with PFS information available (1 = 40), those with SLEN11 hypermethyla-
tion showed significantly shorter PFS (p = 0.003; HR = 2.99; 95% CI = 1.40-6.40). Moreover,
according to the Cox regression multivariate test, SLFN11 was an independent prognostic
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factor of OS (p = 0.02; HR = 2.91; 95% CI = 1.14-7.41) and PFS (p = 0.005; HR = 3.35; 95%
CI =1.75-6.42) [25].

In the context of the proven significance of the immune-infiltrating milieu for modu-
lating ovarian cancer prognosis [61,62], the study by Winkler et al. assessed the correlation
between not only SLEN11, but also tumor-infiltrating lymphocytes (TILs; evaluated by CD3
and CD8 staining) with outcome in their HGSC patients’ cohort. They found both TILs
and SLENT11 to be associated with a better prognosis. As mentioned above in part 6, they
assessed not only SLEN11 protein levels in cancer cells but also in different cells of tumor
stroma. They yielded exciting evidence of an independent association between SLFEN11
density in both the neoplastic and microenvironmental components with a favorable out-
come. Taken together, the authors concluded that there is a link between SLFN11 and
immune activation in HGSC [49].

8. Conclusions and Perspectives

The discovery of biomarkers predicting responses to systemic anticancer treatment
remains an unmet clinical need, not only regarding ovarian cancer. SLFN11 plays a vital role
in an irreversible cell cycle arrest upon replication stress. It therefore is causally associated
with a response to a wide range of DNA-damaging agents, including platinum compounds
or PARPi. The data from both preclinical and clinical studies suggest the significant
predictive and prognostic value of SLEN11 expression across various cancer types. As
SLEN11 expression tends to be very different among organs and tumors or non-tumor tissue,
the focus on which organ of origin would be studied seems to be of substantial clinical
significance. Although immunohistochemistry seems to be a feasible and most appropriate
method for evaluating SLEN11 status in patient samples, there are still ambiguous data
regarding the optimal methodology for immunohistochemical assessment, especially in
terms of an optimal cut-off for SLFN11 positivity to predict responses to DNA-damaging
agents. The proportion of SLFN11-negative tumors in ovarian cancer seems to vary between
15 and40% based on histotype and used assay. Current evidence from the studies published
so far exploring the prognostic and predictive role of SLEN11 in ovarian cancer patients is
unclear, mainly due to the statistical limitations caused by the small sample size. Data show
the association of SLEN11 expression in ovarian cancer cells and stromal cancer cells with
a better prognosis of patients treated with platinum-containing regimens. These findings
indicate the potential role of SLEN11 as a dual biomarker capturing both immunological
and cancer dispositions for the sensitivity to DNA-damaging agents.

Further investigation is needed to obtain consistent and validated data by analyses of
large ovarian cancer patient cohorts from real clinical praxis. This should form the basis for
establishing a unified algorithm for SLFN11 assays and clarifying the role of SLEN status in
the stratification of ovarian cancer patients treated with DNA-damaging agents. Based on
proven dynamic changes of SLEN11 expression during tumorigenesis and systemic therapy,
the timing of tissue sampling for the predictive purpose as close as possible to the start
of treatment or even serial monitoring of SLFN11 in case of subsequent lines of treatment
seems to be crucial. Furthermore, prospective studies will be warranted to determine the
actual clinical significance of SLEN11 in ovarian cancer. Another promising approach for
future studies would be using SLFN11 as a therapeutic target for enhancing sensitivity to
anticancer therapy.
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Vyznam nového prediktivniho markeru
Schlafen 11 u pacientek s karcinomem ovaria
lécenych chemoterapii zalozené na platinovém
derivatu — vysledky pilotni analyzy

The role of Schlafen 11 as a predictive biomarker in ovarian cancer
patients treated with platinum-based chemotherapy — results

of the pilot analysis

Hausnerova J.', Ehrlichova L.2, Ovesna P23, Matulova K.", Chlubnova J.2, Weinberger V.#, Bednafikova M.2

' Ustav patologie LF MU a FN Brno
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Souhrn

Vychodiska: Schlafen 11 (SLFN11) je nedavno objeveny nukleédrni protein, ktery ma podle
dosud publikovanych dat potenciél stat se markerem umoziiujicim predikovat odpovéd na
lé¢bu preparaty, jejichz terapeutickym cilem je poskozeni DNA. Zde prezentujeme vysledky pi-
lotni analyzy imunohistochemické (IHC) exprese SLFN11 u pacientek s ovaridlnim karcinomem
(OCQ) lé¢enych chemoterapii zalozenou na platinovém derivatu (P-CHT). Materidl a metody:
Z klinické databaze pacientek lé¢enych ve FN Brno pro OC v letech 2010-2021 byla identifiko-
véana kohorta celkem 61 pacientek lé¢enych P-CHT v ramci primarni systémové lécby. U viech
pacientek byla na vzorcich tumoru odebranych pred zahdjenim P-CHT provedena IHC ana-
lyza protilatkou SLFN11 (D-2), sc-515071 (Santa Cruz Biotechnology, Texas, USA). Mira exprese
SLFN11 v nddorovych burkach byla vyhodnocena jak podle H-skére (celkova hodnota = 1x
slabd pozitivita + 2x stfedni pozitivita + 3x silnd pozitivita), tak i celkovym procentualnim vy-
jadrenim pozitivity jakékoli intenzity. Vysledky: Z celkového poctu 61 pacientek mélo celkem
30 pacientek P-rezistentni onemocnéni, median doby bez progrese onemocnéni (platinum
treatment free interval - TFlp) byl 5 mésict, mezikvartilové rozpéti (interquartile range - IQR)
bylo 2-10 a 31 pacientek mélo P-senzitivni onemocnéni (TFlp 43 mésice; IQR 26-81). V obou
kohortach bylo rovnomérné zastoupeni pacientek podle histologického typu, stadia v dobé
diagndzy i rozsahu cytoredukce v rdmci primarni 1é¢by. Exprese SLFN11 byla vyhodnocena
celkem u 60 pacientek, u jedné pacientky s P-senzitivnim onemocnénim byl vzorek nehodno-
titelny. V ramci celého souboru byla mira exprese SLFN11 nizka (H-skére 10; 10% pozitivita).
Nebyl prokédzan statisticky vyznamny rozdil v H-skére ani v celkové procentudini pozitivité
exprese SLFN11 mezi kohortami pacientek s P-senzitivnim a P-rezistentnim onemocnénim.
Podobné nebyla prokézana statisticky vyznamna souvislost mezi expresi SLFN11 a hlavnimi
prognostickymi parametry (stadium v dobé diagnézy, objektivni odpovéd po primérni lé¢bé,
TFlp, ¢as do umrti). Zdvér: V ramci pilotni analyzy jsme pfi zvolené metodice neprokazali za-
sadni prediktivni ani prognosticky vyznam imunohistochemického stanoveni exprese markeru
SLFN11 u pacientek s ovarialnim karcinomem Ié¢enych chemoterapii zalozené na platinovém
derivatu.
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karcinom ovaria - SLFN11 - prediktivni marker — imunohistochemie
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VYZNAM NOVEHO PREDIKTIVNIHO MARKERU SCHLAFEN 11 U PACIENTEK S KARCINOMEM OVARIA

Summary

Background: Schlafen 11 (SLFN11), a recently discovered nuclear protein, has been identified as a promising biomarker capable to predict the
response to DNA damage-inducing agents across various cancer types. In this article, we present the results of the pilot SLFN11 immunohis-
tochemical (IHC) analyses in ovarian cancer (OC) patients treated with platinum-based chemotherapy (P-CHT). Materials and methods: The
retrospective cohort of 61 ovarian cancer patients treated with primary P-CHT at University Hospital Brno in 2010-2021 was identified from
the clinical database based on predefined criteria. The IHC analyses of SLFN11 expression were performed on tumor samples collected before
P-CHT initiation using monoclonal antibody SLFN11 (D-2), sc-515071 (Santa Cruz Biotechnology, Texas, USA). The slides were evaluated for
SLFN11 expression in tumor cells by H-score (total score = 1x weak + 2x mean + 3x strong positivity) and as a percentage of positivity of any
intensity. Results: From the whole cohort of 61 patients, a total of 30 patients had P-resistant disease with a median platinum-free interval (TFlp)
of 5 months; the interquartile range (IQR) was 2-10 and 31 patients had P-sensitive disease with median TFlp 43 months (IQR 26-81). The stage
at diagnosis, histological type, and extent of surgical cytoreduction were equally distributed in both cohorts. Except for one patient in the P-sen-
sitive cohort, all tumor samples were evaluable for IHC SLFN11 analyses. SLFN11 expression was generally low in the entire cohort (H-score 10,
10% positivity). Neither statistically significant differences in SLFN11 expression between P-resistant and P-sensitive disease, nor the correlation
with main prognostic factors (stage at diagnosis, objective response to primary treatment, TFlp, overall survival) were observed. Conclusion:
With the methodology used in this pilot study, we failed to demonstrate any predictive or prognostic significance of the immunohistochemical

SLFN11 evaluation in ovarian cancer patients treated with platinum-based chemotherapy.

Key words

ovarian cancer - SLFN11 - predictive marker - immunohistochemistry

Uvod

Pres rozsitujici se moznosti molekularné
cilené biologické lécby zlstava zakla-
dem primarni systémové Iécby ovarial-
niho karcinomu chemoterapie zalozena
na kombinaci platinového derivétu a ta-
xanu. Senzitivita, respektive rezistence
k 1é¢bé platinou patfi navic spolu se sta-
diem v dobé diagnézy a moznosti kom-
pletni chirurgické cytoredukce k zaklad-
nim prognostickym faktordm uspésnosti
primarni 1é¢by. Ackoliv je zndmad aso-
ciace nékterych genetickych alteraci
s rezistenci k chemoterapii zalozené
na platinovém derivatu (P-CHT), dosud
nebyl validovan zadny prediktivni mar-
ker pro vyuziti v klinické praxi. Senziti-
vita nebo rezistence k [é¢bé platinou je
tak hodnocena az retrospektivné, a to na
zdkladé ¢asového intervalu mezi datem
posledni aplikace P-CHT a datem stano-
veni progrese onemocnéni (platinum-
-free interval - TFIp).

Schlafen 11 (SLFN11) je jaderny pro-
tein fadici se mezi DNA/RNA helikazy,
jehoz jednou z hlavnich funkci je in-
dukce bunécné smrti v pfipadé repli-
ka¢niho stresu navozeného poskoze-
nim DNA napf. vlivem protinddorové
lé¢by. Rada preklinickych modeld i kli-
nickych studii z neddvné doby demon-
strovala korelaci mezi mirou exprese
SLFN11 a odpovédi na [é¢bu cytostatiky,
jejichz terapeutickym cilem je poskozeni
DNA (v¢. platinovych derivata), a to na-
pfi¢ rdznymi typy nador [1-7].

Dosud publikovana data o potencial-
nim prediktivnim vyznamu SLFN11 u pa-
cientek s ovaridlnim karcinomem [é-
¢enych P-CHT nejsou jednoznacng,
interpretace vysledk( je navic limito-
vdna malou velikosti hodnocenych
souborl a rozdilnou metodikou sta-
novovani exprese SLFN11. Zatimco tfi
preklinické studie vyuzivajici pro hod-
noceni exprese SLFN11 metodiku zalo-
Zzenou na polymerazové retézové reakci
prokazovaly celkem shodné jednoznac-
nou asociaci mezi expresi SLFN11 a cel-
kovym prezitim u pacientek s karcino-
mem ovaria lé¢enych P-CHT, vysledky
dvou dosud publikovanych studii vy-
uzivajicich imunohistochemické sta-
noveni byly rozporuplné. V jedné ze
studii pfi imunohistochemickém hod-
noceni exprese SLFN11 pouze v nado-
rovych bunkach ovaridlniho karcinomu
nebyla prokazéana statisticky vyznamna
korelace se senzitivitou k P-CHT, na-
opak ve druhé studii hodnotici expresi
SLFN11 jak v burikéch karcinomu ovaria,
tak i v okolnich nenddorovych burikach
byla nalezena vyznamna asociace mezi
hodnotou celkového H-skére a senzitivi-
tou k P-CHT [2,4,8-10].

Problémem pro potencidlni vyu-
Ziti v klinické praxi je tedy nepochybné
také skute¢nost, Ze zatim neexistuje jed-
notna metodika pro hodnoceni imuno-
histochemické exprese SLFN11, a to jak
ve smyslu typu protilatky, tak i zpGsobu
hodnoceni.Vramcigrantového projektu,

jehoz cilem je identifikace prediktivnich
biomarkerd na zékladé kombinovaného
genomického a imunohistochemického
profilovani u pacientek s karcinomem
ovaria lécenych P-CHT, jsme se proto
kromé jiného zaméfili na imunohisto-
chemickou analyzu exprese SLFN11.

Material a metody

Na zékladé souhlasu Etické komise FN
Brno byla z klinické databdze pacientek
lécenych ve FN Brno pro karcinom ova-
ria v letech 2010-2021 identifikovéna
kohorta celkem 61 pacientek lécenych
P-CHT v rdmci primarni systémové |écby
se srovnatelnymi hlavnimi prognostic-
kymi parametry (histologicky typ, stadium
v dobé diagnézy, rozsah primarni cytore-
dukce), lisici se pouze odpovédi na lé¢bu
P-CHT. Kritéria pro platina-senzitivitu (PS)
a platina-rezistenci (PR) byla stanovena kli-
nicky, a to na zakladé TFIp (¢asového inter-
valu mezi datem posledni aplikace P-CHT
a datem stanoveni progrese onemocnéni).
Z archivu Ustavu patologie FN Brno byly
nésledné vybrany reprezentativni vzorky
tumoru odebrané pacientkam pied zaha-
jenim systémové |é¢by, fixované formali-
nem a zalité v parafinu. Pro imunohisto-
chemické analyzy byl pouzit manuaini
protokol podle Takashimy et al. s vyuZitim
protilatky SLFN11 (D-2), sc-515071 (Santa
Cruz Biotechnology, Texas, USA) [11].
Mira exprese SLFN11 byla vyhodnocena
v nddorovych bunkéach jednak podle H-
-skore (celkova hodnota = 1x slaba po-
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Tab. 1. Charakteristiky pacientek dle odpovédi na primarni lécbu.
n Celkem P-rezistentni P-senzitivni p-hodnota?
n=61 n=30 n=31
Vék (roky) 61 65(55-71) 66(61-72) 62 (50-68) 0,142
Histologie 61 > 0,999
HGSC 54 (88,5%) 27(90,0%) 27 (87,1 %)
non-HGSC 7 (11,5 %) 3(10,0%) 4(12,9%)
Stadium 61 > 0,999
¢asna stadia (1 + 1) 2 (3,3 %) 1(3,3%) 1(3,2 %)
pozdni stadia (Il + V) 59 (96,7 %) 29(96,7%) 30 (96,8 %)
Prognosticka skupina v dobé dg dle stadia a rozsahu cytoredukce 61 08
¢asna stadia 2 (3,3 %) 13,3 %) 1(3,2%)
pozdni stadium s kompletni cytoredukci 29 (47,5%) 13(43,3%) 16(51,6 %)
pozdni stadium s makroskopickym reziduem nebo bez 30(49,2%) 16(53,3%) 14(45,2 %)
cytoredukce
Pocet cykll P-based CHT v ramci primarni lécby 61 6 (6-6) 6 (4,25-6) 6 (6-6) 0,024
Objektivni odpovéd'po 1. linii CHT 61 < 0,001
CR+PR 43(70,5%) 12(40,0%) 31(100,0 %)
SD + PD 18(29,5%) 18(60,0%)  0(0,0 %)
Doba bez progrese po primarni lécbé (mésice, bez cenzorovani) 53  12(5-40) 5(2-10) 43 (26-81) < 0,001
Cas do umrti (mésice, bez cenzorovani) 48 30(12-83) 17(6-28) 93(52-138) < 0,001
"Median (mezikvartilové rozpéti — IQR), n (%), 2Wilcoxonlv ,rank sum” test, Fisher(iv exaktni test, CHT - chemoterapie, CR - kom-
pletni odpovéd, HGSC - high grade serézni karcinom, P - platina, PR — ¢aste¢na odpovéd;, SD - stabilni onemocnéni

terapii zaloZzenou na platinovém derivatu.

Tab. 2. Imunohistochemické stanoveni SLFN11 v nadorovych burnkach u pacientek s ovarialnim karcinomem lé¢enych chemo-

"Wilcoxonliv ,rank sum” test, IQR — mezikvartilové rozpéti, P - platina, SD - smérodatna odchylka

n Celkem, n=61 P-rezistentni,n =30 P-senzitivni,n=31 p-hodnota’
H skére 60 0,598
median (IQR) 10 (0-30) 11 (0-34) 9 (0-25)
primér (SD) 27 (39) 33 (45) 21(32)
% pozitivity jakékoliv intenzity 60 0,598
medién (IQR) 10 (0-26) 10 (0-34) 9 (0-24)
primér (SD) 20 (27) 24 (30) 17 (24)

zitivita + 2x stfedni pozitivita + 3x silnd
pozitivita), tak i celkovym procentudlnim
vyjadienim pozitivity nadorovych bunék
jakékoli intenzity.

Vysledky
Z celkového poctu 61 pacientek mélo
celkem 30 pacientek P-rezistentni one-

mocnéni (median TFIp 5 mésicl; IQR
2-10) a 31 pacientek mélo P-senzitivni
onemocnéni (TFlp 43 mésice; IQR 26—
81).V obou kohortach bylo rovhomérné
zastoupeni pacientek podle histolo-
gického typu, stadia v dobé diagndzy
i rozsahu cytoredukce v rdmci primarni
Ié¢by (tab. 1). Exprese SLFN11 byla vy-

hodnocena celkem u 60 pacientek,
u jedné pacientky s P-senzitivnim one-
mocnénim byl vzorek nehodnotitelny.
V rdmci celého souboru byla mira ex-
prese SLFN11 nizka (H-skére 10; 10%
pozitivita). Nebyl prokazan statisticky
vyznamny rozdil exprese SLFN11 mezi
kohortami pacientek s P-rezistentnim
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Graf 1. Zavislost TFIp na ¢ase.
TFlp - platinum treatment free interval
a P-senzitivnim onemocnénim hodno-  Zavér

ceny at jiz pomoci H-skére (median H-
-skoére 11 (IQR 0-34), resp. 9 (IQR 0-25);
p-hodnota 0,598) nebo celkovou pro-
centualni pozitivitou nddorovych bunék
(mediédn pozitivity 10 (IQR 0-34), resp.
9 (IQR 0-24); p-hodnota 0,598) (tab. 2).
Podobné nebyla prokazéna statis-
ticky vyznamna souvislost mezi expresi
SLFN11 v nddorovych burikach a hlav-
nimi prognostickymi parametry (sta-
dium v dobé diagndzy, objektivni od-
povéd po primarni 1écbé, TFlp, ¢as do
umrti). Jako nejlepsi cut-off H-skére pro
odliseni P-senzitivity a P-rezistence byla
vycislena hodnota 80 (graf 1).

PFi zvolené metodice imunohistoche-
mickych analyz jsme v rdmci pilotni stu-
die neprokazali zasadni prediktivni ani
prognosticky vyznam stanoveni exprese
markeru SLFN11 v nddorovych burikdch
u pacientek s ovarialnim karcinomem Ié-
¢enych chemoterapii zaloZzené na plati-
novém derivatu.
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3.4 Imunitni mikroprostfedi a exprese PD-L1 u karcinomu ovaria

Vedle molekularnich charakteristik nadorovych bunék ovliviiuje progn6zu onemocnéni a
odpovéd' na systémovou lécbu také nadorové imunitni mikroprostredi, reprezentované
mimo jiné pritomnosti tumor infiltrujicich lymfocyti a expresi ligandu 1 pro receptor
programované bunécné smrti (programmed death-ligand 1, PD-L1). Pro karcinom ovaria
je charakteristické komplexni a imunosupresivni nadorové mikroprostredi, které se
béhem lécby dynamicky méni. Experimentalni i klinické studie ukazaly, Ze platinova
chemoterapie miize kromé pirimého cytotoxického ucinku indukovat také imunogenni
bunécnou smrt a modulovat interakce mezi nadorem a imunitnim systémem [65].

PD-L1 predstavuje jeden z klicovych regulatort protinddorové imunitni odpovédi.
Vazbou na receptor PD-1 exprimovany na aktivovanych T-lymfocytech dochazi k atlumu
efektorovych funkci imunitniho systému, coZ umoznuje nadorovym bunikam uniknout
imunitnimu dohledu. Osa PD-1/PD-L1 se proto stala jednim z nejvyznamnéjSich
terapeutickych cili moderni imunoonkologie a stanoveni exprese PD-L1 je dnes soucasti
rutinni klinické praxe u fady solidnich nadora [66].

Navzdory intenzivnimu vyzkumu zlstava biologicky i klinicky vyznam PD-L1 u
karcinomu ovaria nejednoznacny. Publikované prace prinesly rozporné vysledky jak z
hlediska prevalence exprese PD-L1, tak jejiho vztahu k progn6ze onemocnéni, odpovédi
na platinovou chemoterapii i potencialnimu prediktivnimu vyznamu pro imunoterapii.
Mezi hlavni priCiny patfi znacna biologicka heterogenita karcinomi ovaria, rozdily mezi
jednotlivymi histologickymi typy a absence standardizované metodiky pro hodnoceni PD-
L1. V dosud publikovanych studiich byly pouZzivany razné klony protilatek, rozdilné
skérovaci systémy i odliSné prahové hodnoty pozitivity.

Vzhledem k potencialni souvislosti mezi nadorovym mikroprostredim, citlivosti k
platinové chemoterapii a dlouhodobou prognézou pacientek predstavuje PD-L1 zajimavy
kandidatni biomarker, jehoZ klinicky vyznam u karcinomu ovaria dosud nebyl
jednoznacné definovan. Aktudlnost této problematiky dale podtrhuji vysledky studie
Keynote-B96/ENGOT-0v65, ktera prokazala klinicky prinos imunoterapie v kombinaci s
chemoterapii u pacientek s recidivujicim platina-rezistentnim karcinomem ovaria a
soucasné naznacila vyznam exprese PD-L1 pri identifikaci pacientek s vyssi
pravdépodobnosti 1écebného benefitu [67].

34.1 Vlastni pfinos k problematice

Problematice nddorového imunitniho mikroprostiedi a exprese PD-L1 u karcinomu
ovaria byla vénovana pilotni studie hodnotici imunohistochemickou expresi PD-L1 u
pacientek 1éCenych primarni platinovou chemoterapii. Prace vychazela z predpokladu, Ze
vedle molekularnich charakteristik nadorovych bunék mohou odpovéd na lécbu a
prognézu pacientek vyznamné ovliviilovat také charakteristiky nadorového
mikroprostredi, v€etné exprese PD-L1.

Studie retrospektivné analyzovala kohortu 50 pacientek s epitelidlnim karcinomem
ovaria lé¢enych minimalné Sesti cykly platinové chemoterapie v ramci primarni
systémové 1éCby. Soubor tvorilo 25 pacientek s platina-rezistentnim a 25 pacientek s
platina-senzitivnim onemocnénim, pricemz obé kohorty byly srovnatelné z hlediska
histologického typu, stadia onemocnéni i rozsahu primarni cytoredukce. Exprese PD-L1
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byla hodnocena imunohistochemicky pomoci klonu 22C3 na vzorcich naddoru odebranych
pred zahajenim systémové 1écby. Hodnoceni bylo provedeno jak pomoci skore pozitivity
nadorovych bunék (tumor proportion score, TPS), tak kombinovaného pozitivniho skére
(combined positive score, CPS).

Vysledky ukazaly velmi nizkou prevalenci exprese PD-L1 v nddorovych bunkach pii
hodnoceni pomoci TPS, zatimco pri pouziti CPS byla pozitivita ¢astéji zachycena diky
expresi PD-L1 v bunikach nddorového mikroprostiredi. Ve skupiné pacientek s platina-
senzitivnim onemocnénim byl pozorovan trend k vy$Sim hodnotam CPS ve srovnani s
kohortou platina-rezistentnich pacientek, nicméné vzhledem k omezenému poctu
zarazenych nemocnych nebylo moZzné ucinit jednoznacné zavéry o prognostickém nebo
prediktivnim vyznamu PD-L1.

Prinosem prace bylo predevSim ovéreni proveditelnosti imunohistochemického
hodnoceni PD-L1 v podminkach rutinni patologické praxe, upozornéni na vyznam volby
metodiky hodnoceni (TPS vs. CPS) a potvrzeni vyrazné heterogenity exprese PD-L1 u
karcinomu ovaria. Studie soucasné vytvorila zaklad pro naslednou valida¢ni analyzu na
rozsahlejSim souboru pacientek, jejiZ vysledky jsou v dobé dokoncCovani habilita¢ni prace
predmétem recenzniho fizeni.

Priloha 8: Pilotni analyza exprese PD-L1 u pacientek s ovarialnim karcinomem
lecenych chemoterapii na bazi platiny

HAUSNEROVA, |, L. EHRLICHOVA, P. OVESNA, E. GAZARKOVA, . CHLUBNOVA, K.
MATULOVA, L. MINAR, V. WEINBERGER and M. BEDNARIKOVA *(corresponding
author)*. Klinicka Onkologie. 2022, 35, S135 - S137. ISSN 0862-495X.

Category: Oncology - SJR Q4

Typ prispévku: ptivodni prdce.

Vlastni pfinos autorky: ndvrh studie, definice klinickych kohort, spoluprdce na statistickém
zpracovdni, interpretace vysledki, spoluprdce na pripravé manuskriptu, komunikace
s redakct.
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Souhrn

Vychodiska: V souasnosti nejsou k dispozici jednozna¢na data o prevalenci a vyznamu imuno-
histochemického (IHC) stanoveni ligandu 1 receptoru programované bunéc¢né smrti (program-
med death ligand-1 — PD-L1) u ovaridlniho karcinomu (ovarian cancer - OC). V ramci naseho
projektu komplexniho profilovani pacientek s OC lé¢enych chemoterapii zalozené na plati-
novém derivatu (P-CHT) jsme se proto zaméfili kromé jiného i na analyzu IHC exprese PD-L1.
Materidl a metody: Z klinické databéaze pacientek Ié¢enych ve FN Brno pro OC v letech 2010-
2020 byla dle predem definovanych kritérii identifikovana retrospektivni kohorta celkem 50 pa-
cientek lécenych minimalné Sesti cykly chemoterapie na bazi platiny (P-CHT) v rdmci primarni
systémové lécby. U vsech pacientek byla provedena IHC analyza PD-L1 (klon 22C3, Agilent) na
vzorcich tumoru odebranych pied zahdjenim P-CHT a byla vyhodnocena mira PD-L1 exprese
dle TPS (% pozitivnich nadorovych elementd) a CPS (kombinované pozitivni skore hodnocené
jako pocet viech pozitivnich nadorovych bunék, lymfocytd a makrofagt déleny poctem vi-
talnich nadorovych bunék a nédsobeny ¢islem100). Vysledky: Z celkového poctu 50 pacientek
mélo 25 pacientek P-rezistentni onemocnéni (median doby bez progrese onemocnéni (plati-
num treatment free interval - TFlp) 1 mésic a celkového pieZiti (overall survival - OS) 10 mésicu)
a 25 pacientek P-senzitivni onemocnéni (zprogredovalo 15 (60 %) pacientek s TFIp 14 mésicd,
0OS 51 mésict). V obou kohortach bylo rovnomérné zastoupeni pacientek podle histotypu, sta-
dia v dobé diagnézy a rozsahu cytoredukce v ramci primarni 1é¢by. V P-rezistentni kohorté byly
vysledky nasledujici: TPS negativni u 24 (96 %), TPS pozitivni u jedné (4 %), CPS < 1 u 13 (52 %),
CPS 1-10 u deviti (36 %) a CPS 10-100 u tfi (12 %) pacientek. V P-senzitivni kohorté mélo TPS
negativni 23 pacientek (92 %), TPS pozitivni byly dvé pacientky (8 %), CPS < 1 mélo 12 (48 %)
pacientek, CPS 1-10 celkem sedm (28 %) pacientek a Sest (24 %) pacientek mélo hodnotu CPS
v rozmezi 10-100. Zdvér: Na konferenci budou prezentovany vysledky rozsitenych analyz kore-
lace PD-L1 exprese se zakladnimi klinicko-patologickymi charakteristikami pacientek.
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karcinom ovaria - protildtka anti-PD-L1 — imunohistochemie
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PILOTNI ANALYZA EXPRESE PD-L1 U PACIENTEK S OVARIALNIM KARCINOMEM LECENYCH CHEMOTERAPII NA BAZI PLATINY

Summary

Background: At present, there is no relevant data considering the prevalence and clinical significance of immunohistochemical (IHC) assess-
ment of programmed death ligand-1 (PD-L1) expression in ovarian cancer (OC). Therefore, as a part of our research project of comprehensive
profiling of OC, we aimed to analyze PDL1 IHC expression in OC patients treated with platinum-based chemotherapy (P-CT). Materials and
methods: The retrospective cohort of 50 patients treated with at least by 6 cycles of primary systemic P-CT at University Hospital Brno in the
years 2010-2020 was identified from the clinical database based on predefined criteria. The tumor samples of all involved patients collected
before P-CT initiation were IHC analyzed for PD-L1 expression using monoclonal antibody (clone 22C3, Agilent). The slides were scored for TPS
(percentage of positive tumor cells) and CPS (combined positive score defined as the number of all positive tumor cells, lymphocytes and ma-
crophages divided by the number of vital tumor cells and multiplied by 100). Results: A total of 25 patients had P-resistant disease (with median
platinum-free interval (TFIp) 1 month and overall survival (OS) 10 months) and 25 patients had P-sensitive disease (with TFlp 14 months and OS
51 monthsin 15 (60 %) patients with recurrence). The stage at diagnosis, histological type and extent of cytoreduction were equally distributed in
both cohorts. In the P-resistant cohort, the IHC PD-L1 expression results were as follows: TPS negative in 24 (96%) patients, TPS positive in 1 (4%),
CPS < 1in 13 (52%), CPS 1-10in 9 (36%) a CPS 10-100 in 3 (12%) patients. The results in the P-sensitive cohort showed negative TPS in 23 (92%),
TPS positive in 2 (8%), CPS < 1in 12 (48%), CPS 1-10in 7 (28%) and 10-100 in 6 (24%) patients. Conclusion: The results of the extended analyses

of the correlation between PD-L1 expression and clinicopathological characteristics will be presented at the conference.

Key words

ovarian cancer - anti-PD-L1 antibody — immunohistochemistry

Uvod

Navzdory relativné vysoké procen-
tudlni Uspésnosti primarni [é¢by spoci-
vajici v radikalnim chirurgickém vykonu
a v systémové 1é¢bé zlistava prognoza
karcinomu ovaria (ovarian carcinoma -
OCQ) velmi nepfizniva, celkové 5leté
preziti pacientek nedosahuje 50 % [1].
Hlavni pfi¢ina spociva v primarni nebo
dfive ¢i pozdéji ziskané chemorezistenci
podminujici neucinnost standardni sys-
témové é¢by. Zasadni vliv na prognézu
onemocnéni i odpovéd na lé¢bu ma
vedle molekuldrnich charakteristik tu-
moru také schopnost imunitniho sys-
tému reagovat na pfitomnost nadoru.
Mezi hlavni determinanty nddorového
mikroprostredi, které charakterizuji stu-
pen aktivace imunitniho systému hos-
titele, patfi pfitomnost, nebo absence
tumor-infiltrujicich lymfocytd (TILs)
a ligandu 1 receptoru programované
buné¢né smrti (programmed death
ligand-1 - PD-L1) [2]. PD-L1 (exprimo-
vany mj. na povrchu nddorovych bunék)
tvofi spolu s proteinem PD-1 (nachézeji-
cim se na povrchu efektorovych bunék
imunitniho systému) soucast jednoho
z klicovych imunoregula¢nich mecha-
nizm, ktery umoznuje naddorovym bur-
kam v pfipadé overexprese PD-L1 unik-
nout z dohledu imunitniho systému [3].
Dosud publikovana data o prevalenci
a prognostickém vyznamu PD-L1 u OC
ale nejsou jednozna¢na. Podle vy-
sledkl nékterych studii je pfitomnost

PD-L1 spojena s horsi progndzou, jiné
studie naopak dokladuji asociaci s lepsi
prognoézou a podle dalsich studii nebyla
mezi expresi PD-L1 a prognézou zadna
vyznamna souvislost statisticky proka-
zéna [4-9]. Mezi hlavni pfi¢iny dosud
nekonkluzivnich dat patii vedle hetero-
genity PD-L1 exprese v nadorové tkani
predevsim absence jednozna¢né shody
na metodice imunohistochemického
(IHC) hodnoceni PD-L1 u OC, at jiz ve vy-
béru optimalni protilatky, nebo kritérii
pro pozitivitu [10].

V ramci vyzkumného projektu, jehoz
cilem je identifikace prediktivnich bio-
marker( na zédkladé komplexniho ge-
nomického a imunohistochemického
profilovani u pacientek s OC lé¢enych
chemoterapii zalozené na platinovém
derivéatu (P-CHT), jsme se proto kromé ji-
ného zaméfili na analyzu exprese PD-L1.

Material a metody

Na zakladé souhlasu Etické komise
FN Brno byly z klinické databaze FN Brno
identifikovany vsechny pacientky lé¢ené
P-CHT v rdmci priméarni systémové lécby
pro OC v letech 2010-2020. Do findlniho
vybéru retrospektivni kohorty celkem
50 pacientek byly vybrany pacientky se
srovnatelnymi hlavnimi prognostickymi
parametry (histologicky typ, stadium
v dobé diagndzy, rozsah primarni cy-
toredukce), lisici se pouze odpovédi na
lécbu P-CHT. Kritéria pro platina-senzi-
tivitu (PS) a platina-rezistenci (PR) byla

stanovena klinicky, a to na zékladé ca-
sového intervalu mezi datem posledni
aplikace P-CHT a datem stanoveni pro-
grese, resp. posledni kontroly (platinum
therapy free interval - TFIp). Z archivu
Ustavu patologie FN Brno byly nasledné
vybrany reprezentativni vzorky tumoru
odebrané pacientkdm pred zahdje-
nim systémové Iécby, fixované formali-
nem a zalité v parafinu. Pro IHC analyzy
byla pouzita anti-PD-L1 protildtka klon
22C3 (Agilent). Mira exprese PD-L1 byla
vyhodnocena stanovenim skdre poziti-
vity nddorovych bunék (TPS; % pozitiv-
nich nadorovych elementl) a kombi-
novaného skoére pozitivity (CPS; pocet
vsech pozitivnich nadorovych bunék,
lymfocytl a makrofagl déleny poctem
vitalnich nadorovych bunék a ndsobeny
¢islem100).

Vysledky

Z celkového poctu 50 pacientek mélo
25 pacientek PR onemocnéni (median
TFlp 1 mésic a medién celkového pre-
Ziti (overall survival - OS) 10 mésict)
a 25 pacientek PS onemocnéni (bez pro-
grese po dobu min. 2 let od P-CHT cel-
kem 10 pacientek (40 %), s progresi
15 (60 %) pacientek s medianem TFIp
14 mésict, OS 51 mésich). V obou ko-
hortach bylo rovhomérné zastoupeni
pacientek podle histologického typu,
stadia v dobé diagndzy a rozsahu cyto-
redukce v ramci primarni |é¢by (tab. 1).
V celém souboru bez ohledu na odpo-
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véd na lécbu P-CHT byly vysledky ex-
prese PD-L1 nasledujici: TPS pozitivni
u 3 (6 %) a negativni u 47 (94 %) pa-
cientek; CPS < 1 u 25 (50 %) pacientek,
CPS v rozmezi 1-10 u 16 (32 %) pa-
cientek a v rozmezi 10-100 u 9 (18 %)
pacientek. V PR kohorté bylo TPS nega-
tivni u 24 (96 %) pacientek, TPS pozitivni
u 1 (4 %) pacientky, CPS < 1 u 13 (52 %)
pacientek, CPS v rozmezi 1-10 u 9 (36 %)
pacientek a v rozmezi 10-100 u 3 (12 %)
pacientek. V PS kohorté mélo TPS ne-
gativni 23 (92 %) pacientek, TPS poziti-
vita byla prokazana u 2 (8 %) pacientek,
CPS < 1 mélo 12 (48 %) pacientek, CPS
v rozmezi 1-10 u celkem 7 (28 %) pa-
cientek a 6 (24 %) pacientek mélo hod-
notu CPS v rozmezi 10-100 (tab. 2).

Zaver

Pfi zvolené metodice imunohistochemic-
kych analyz exprese PD-L1 u pacientek
s ovarialnim karcinomem bylo ve viech
pfipadech dosazeno hodnotitelnych vy-
sledkdl. Exprese PD-L1 vykazovala vyraz-
nou heterogenitu, byla pozorovéna na
rlznych bunécnych elementech s varia-
bilni intenzitou. Poviechné byla casté&ji
patrna pozitivita imunitnich bunék v po-
rovnani s nadorovymi burikami. Na kon-
ferenci budou prezentovany vysledky
rozsitenych analyz korelace PD-L1 ex-
prese se zakladnimi klinicko-patologic-
kymi charakteristikami pacientek.
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Tab. 1. Klinické charakteristiky retrospektivni kohorty pacientek (n = 50).

Celkem zafazeno
pocet s progresi
median TFIp (mésice)
median OS (mésice)

Histologie
HGSC
non-HGSC

Stadium
-1l
-1V + RO
1I-IV + R1/inop

HRR/BRCA status
neznamy
bez mutace
MUT BRCA1/2
MUT HRR (non-BRCA)

P-rezistentni P-senzitivni
25 25
25 (100 %) 15 (60 %)
1(0-7) 14 (6-60)*
10 (2-54) 51 (20-143)
22 22
3 3
1 1
1 1
13 13
16 15
6 9
2 0
1 1

*pro pacientky s progresi/recidivou, HGSC - high-grade serézni karcinom, MUT
BRCA1/2 - mutace v genu BRCA1 nebo BRCA2, MUT HRR (non-BRCA) - mutace
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dukce), TFlp — doba bez progrese onemocnéni po ukonceni chemoterapie na bazi
platiny (¢asovy interval mezi datem posledni aplikace CHT s platinou a datem stano-
veni progrese, resp. posledni kontroly (31. 5. 2022)

Tab. 2. Vysledky imunohistochemickych analyz exprese PD-L1.

Cely soubor
(n=50)
TPS  negativni 3(6 %)
pozitivni 47 (94 %)
CPS <1 25 (50 %)
1-10 16 (32 %)
10-100 9 (18 %)

pozitivity nddorovych bunék

Pocet pacientek (%)
PS-kohorta PR-kohorta
(n=25) (n=25)
2 (8 %) 1(4 %)
23 (92 %) 24 (96 %)
12 (48 %) 13 (52 %)
7 (28 %) 9 (36 %)
6 (24 %) 3(12%)

CPS - kombinované skére pozitivity, n — pocet, PS - platina-senzitivni, PD-L1 - li-
gand 1 receptoru programované bunécné smrti, PR - platina-rezistentni, TPS - skére
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3.5 Kilinicky vyznam alteraci SMARCA4 u karcinomu ovaria

Gen SMARCA4 koéduje protein BRG1, jednu z katalytickych podjednotek komplexu
SWI/SNF, ktery patifi mezi klicové regulatory remodelace chromatinu a transkrip¢ni
aktivity genomu. Prostiednictvim ATP-dependentni piestavby nukleozomt se komplex
SWI/SNF podili na regulaci genové exprese, bunécné diferenciace, udrzovani bunécné
identity a odpovédi na poSkozeni DNA. Alterace genii kddujicich jednotlivé slozky
SWI/SNF komplexu jsou pritomny priblizné u ¢tvrtiny lidskych malignit a predstavuji
jednu z nejcastéjsSich skupin epigenetickych alteraci v nadorovych burkach.

Na rozdil od rady jinych molekularnich alteraci béZné studovanych v gynekologické
onkologii, jako naptiklad alterace gent TP53, BRCA nebo MMR systému, predstavuje
deficit SMARCA4 relativné neddvno rozpoznanou biologickou jednotku. K zasadnimu
rozSireni poznatkd o biologickém a Kklinickém vyznamu dos$lo teprve v poslednim
desetileti, kdy byla identifikovana bialelicka inaktivace SMARCA4 jako charakteristicky
molekuldrni znak vybranych vysoce agresivnich nadort. Ztrata funkce genu SMARCA4
byla ptivodné popsana predevsim u rhabdoidnich nadorti a malobunéc¢ného karcinomu
ovaria hyperkalcemického typu, postupné vsak byla identifikovana také u dalSich vysoce
agresivnich dediferencovanych a nediferencovanych karcinomi. Soucasné poznatky
naznacuji, Ze biologické disledky ztraty funkce SMARCA4 souviseji zejména s poruchou
regula¢nich mechanismi bunécné diferenciace a bunécné identity, coZ vede ke vzniku
nadort s vysoce agresivnim Kklinickym chovanim. Prestoze je biologicky vyznam ztraty
funkce SMARCA4 jiz dobte doloZen, jeji prognostické a terapeutické implikace zlstavaji
predmétem intenzivniho vyzkumu [68, 69].

Nadory se ztratou funkce SWI/SNF komplexu jsou Casto charakterizovany omezenou
citlivosti ke konven¢ni cytotoxické 1é¢bé, coz se promita do neptiznivé prognézy této
skupiny malignit. Souc¢asné vSak narustaji diikazy o existenci specifickych terapeutickych
vulnerabilit téchto nadort. Experimentalni i ¢asna klinickd data naznacuji potencialni
citlivost SMARCA4-deficientnich nadord napft. k inhibitoriim EZH2, ATR a PARP, stejné
jako mozZnost vyuZiti konceptu syntetické letality zaloZeného na zavislosti SMARCA4-
deficientnich nadort na funkci pribuzného proteinu SMARCAZ, ktery miZe predstavovat
novy terapeuticky cil.

Pozornost je v poslednich letech vénovana rovnéz vztahu mezi alteracemi SWI/SNF
komplexu a protinddorovou imunitni odpovédi. Deficit SMARCA4 mize byt spojen se
zménami nadorového mikroprostredi, vy$Si imunogenicitou nadoru a zvySenou citlivosti
k imunoterapii. Prestoze dostupna Kklinicka data zlistavaji omezena, byly popsany
dlouhodobé lécebné odpovédi na inhibitory PD-1/PD-L1 u vybranych pacientd s nddory
deficientnimi v SMARCA4. Imunoterapie je proto vedle cileného ovlivnéni SWI/SNF
komplexu povaZovana za jednu z nejslibnéjSich terapeutickych strategii u nadort
s deficitem SMARCA4 [70].

3.5.1 Vlastni prinos k problematice

Problematice klinického vyznamu alteraci SMARCA4 u karcinomu ovaria byla vénovana
kazuistika publikovana v roce 2025 v casopise Therapeutic Advances in Medical
Oncology. Prace prezentuje pripad pacientky s dediferencovanym karcinomem ovaria,
ktery byl primarné diagnostikovan jako c¢asné stadium high-grade endometroidniho
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karcinomu ovaria, avSak navzdory kompletnimu chirurgickému stagingu a zahdajeni
adjuvantni platinové chemoterapie doslo k fulminantni progresi onemocnéni s umrtim
pacientky béhem ¢tyt mésici od stanoveni diagndzy. Retrospektivni molekularni analyza
nadoru vedla k identifikaci bialelické inaktivace genu SMARCA4 a nasledné revizi ptivodni
histopatologické diagndzy na dediferencovany karcinom ovaria.

Pfinosem prace bylo zdokumentovani mimoradné agresivniho klinického pribéhu
tohoto vzacného nadoru a soucasné demonstrace vyznamu komplexni molekularni
diagnostiky pro spravnou Kklasifikaci dediferencovanych karcinom@ ovaria. Soucasti
analyzy bylo vedle sekvenovani nové generace také imunohistochemické hodnoceni
exprese SLFN11, PD-L1 a kvantifikace nador infiltrujicich lymfocytl. Negativni exprese
SLFN11 korelovala s extrémni rezistenci k platinové chemoterapii, zatimco vysoka
exprese PD-L1 a vyrazna lymfocytarni infiltrace naznacovaly potencialni citlivost k
imunoterapii.

Prace soucasné diskutuje moZznosti vyuziti precizni onkologie u této skupiny nadord.
Molekularni profilace identifikovala vedle bialelické ztraty SMARCA4 také patogenni
alterace gent ARID1A, PIK3CA a PTEN, které predstavuji potenciadlné terapeuticky
vyuZzitelné cile. Kazuistika tak ilustruje soucasny posun od ¢isté morfologické klasifikace
nadori Kk integrovanému molekuldrnimu pristupu a upozoriiuje na potiebu
individualizovanych 1é¢ebnych strategii u vzacnych agresivnich malignit ovaria.

Priloha 9: SMARCAA4-deficient dedifferentiated ovarian carcinoma with rapid
progression during adjuvant platinum-based chemotherapy: a case report and
implications for molecular-driven treatment strategies

BEDNARIKOVA, Marketa, Jitka HAUSNEROVA, Petra POKORNA, Michal FELSINGER,
Svatopluk RICHTER, Lucie EHRLICHOVA, Jana ORLICKOVA, Lubos MINAR, Ondrej SLABY and
Vit WEINBERGER. Therapeutic Advances In Medical Oncology [online]. 2025,
17(17588359251376858, Article 17588359251376858). ISSN 1758-8359. Available
at: doi:10.1177/17588359251376858

in 2024 IF = 4,200; median IF ONCOLOGY - 2,800; according to IF ONCOLOGY Q2;
according to AIS ONCOLOGY Q2

Typ prispéevku: ptivodni prdce

Vlastni prinos autorky: iniciace tématu, identifikace unikdtniho pripadu, ndvrh konceptu
prdce, klinickd analyza pripadu, interpretace molekuldrné patologickych ndlezii v
klinickém kontextu, formulace hlavnich odbornych zdvéri a priprava rukopisu.

- 138 -



THERAPEUTIC ADVANCES in

SMARCA4-deficient dedifferentiated
ovarian carcinoma with rapid progression
during adjuvant platinum-based
chemotherapy: a case report and
implications for molecular-driven

treatment strategies

Abstract: Dedifferentiated ovarian carcinomas (DDOC) are rare and aggressive malignancies
characterized by a mixture of differentiated and undifferentiated tumor components, often
associated with poor prognosis. This case report describes a 55-year-old woman initially
diagnosed with early-stage high-grade endometrioid ovarian carcinoma who experienced
rapid disease progression during adjuvant platinum-based chemotherapy, culminating in
death within 4 months. Retrospective molecular analyses revealed pathogenic variants in

the SMARCA4 gene, leading to a revised diagnosis of DDOC. The tumor exhibited resistance
to conventional chemotherapy, highlighting the challenges associated with managing this
aggressive tumor subtype. In our case, molecular profiling identified two potentially targetable
alterations: biallelic SMARCA4 loss and a pathogenic PIK3CA mutation, both of which may
inform future therapeutic strategies. This case underscores the importance of integrating
molecular diagnostics into routine practice for accurate classification and highlights the
urgent need for personalized treatment strategies, including targeted and immunotherapy

options, for this formidable tumor subtype.

Keywords: case report, dedifferentiated ovarian carcinoma, personalized treatment, SLFN11,
SMARCAA4, SWI/SNF chromatin remodeling complex

Received: 3 June 2025; revised manuscript accepted: 10 August 2025.

Dedifferentiated ovarian carcinomas (DDOC)
are uncommon malignancies characterized by the
presence of both undifferentiated and differenti-
ated carcinoma components. These tumors
exhibit aggressive biological behavior and are
often diagnosed at later stages.! Due to their rar-
ity, limited data exist regarding their optimal
management and response to conventional thera-
pies. For patients diagnosed in the early stages,

journals.sagepub.com/home/tam

the standard of care does not differ from other
aggressive ovarian carcinoma subtypes. It typi-
cally involves staging surgical procedures fol-
lowed by adjuvant platinum-based chemotherapy
(P-CHT). However, this treatment appears to be
ineffective for this specific tumor subtype.2 A case
report details the experience of a 55-year-old
woman initially diagnosed with early-stage high-
grade endometrioid carcinoma. Despite undergo-
ing P-CHT, she exhibited rapid progression,
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Overview of coronal CT images of the abdomen and pelvis obtained after intravenous contrast
administration in the portal venous phase. On the left (a), the staging examination reveals a large,
predominantly cystic mass arising from the left adnexa, located superior to the urinary bladder. On the right
(b, the follow-up examination during early recurrence of ovarian carcinoma demonstrates heterogeneously
enhancing lesions in the pelvis, adjacent to the aortic bifurcation, and in the liver, consistent with multifocal

metastatic spread.

leading to death 4months after her diagnosis.
Retrospective molecular analyses, which included
the detection of pathogenic variants in the
SMARCA4 gene, prompted a second expert
pathological review that ultimately changed her
diagnosis to DDOC. The presented case empha-
sizes the importance of integrating molecular
analyses into diagnostic procedures. It highlights
the urgent clinical need for more individualized
treatment strategies reflecting the unique molecu-
lar landscape of this rare tumor. This case report
conforms to CARE guidelines? (see Supplemental
Material 1).

A 55-year-old woman was referred to our institu-
tion for abnormal vaginal bleeding and lower
abdominal pain. An ultrasound examination
revealed a unilocular-solid anechoic pelvic mass
measuring 140 X 100 X 100 mm, with a thicker,
vascularized wall, and a solid component measur-
ing 28X22X25mm that exhibited a color
Doppler scale of 3. A CT scan confirmed
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significant enlargement of the left adnexa and
indicated no distant abdominal or chest metasta-
ses (see Figure 1(a)). Based on the results of the
perioperative  histopathological examination,
which indicated a malignant tumor likely repre-
senting serous carcinoma, the patient underwent
complete staging surgical procedures, including
pelvic and paraaortic lymphadenectomy. The
final histopathological report confirmed the diag-
nosis of invasive high-grade endometrioid carci-
noma of the left ovary, classified as stage IA
according to the FIGO system. Due to the high-
grade tumor, six cycles of adjuvant P-CHT were
recommended and initiated after surgery. During
the third cycle of P-CHT, an abdominal ultra-
sound was performed due to the worsening of her
overall condition. This examination revealed
multiple hyperechoic lesions in the liver as well as
a solid, semi-fixed mass in the pelvis measuring
80 X 60mm, located on the vaginal stump. CT
scans confirmed the presence of multiple liver
lesions ranging from a few millimeters to 40 mm,
as well as various pelvic expansions, with the larg-
est measuring 100 X 120mm above the bladder
(see Figure 1(b)). Histological examination of a
pelvic biopsy confirmed infiltration by high-grade
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Summary of the key results of the DDOC somatic analyses: results of the next-generation sequencing

(undifferentiated component).

Gene Transcript HGVSc HGVSp VAF (%)
ARID1A NM_006015.6 €.3156T>G p.Tyr1052Ter 32.3
ARIDTA NM_006015.6 €.2989-7_2994del p.? 19.9
SMARCA4 NM_001128849.3 €.2632_2633del p.Met878AspfsTerb6 38.2
SMARCA4 NM_001128849.3 ¢.35756>A p.Arg1192His 32.7
PIK3CA NM_006218.4 c.3140A>G p.His1047Arg 31.8
PTEN NM_000314.8 c.161dup p.Argb5LysfsTer8 29.8
PTEN NM_000314.8 c.377C>A p.Ala126Asp 32.9
CTCF NM_006565.4 c.1342C>T p.Arg448Ter 325

DDOC, dedifferentiated ovarian carcinomas; HGVS, human genome variation society; VAF, variant allele frequency.

carcinoma identical to the initial histology. The
patient’s overall condition rapidly deteriorated,
ultimately resulting in her death 4months after
the initial diagnosis.

As part of a research project focused on compre-
hensive molecular analyses of ovarian carcinomas
with varying responses to P-CHT, a tumor sam-
ple of this case was retrospectively analyzed using
next-generation sequencing (NGS) and immuno-
histochemistry (IHC). The NGS analysis of the
undifferentiated component identified two likely
oncogenic variants in the SMARCA4 gene, which
are predicted to lead to a loss of normal protein
function, specifically NM_001128849.3:¢c.2632_
2633del (p.Met878AspfsTer66) and NM_00
1128849.3:¢.3575G>A  (p.Argl192His). In
addition, oncogenic or likely oncogenic variants
were detected in the ARID1A, PTEN, PIK3CA,
and CTCF genes. The undifferentiated compo-
nent of the tumor exhibited microsatellite stabil-
ity (1.64%) and a low tumor mutation burden
(6.29 mutations/Mb), consistent with proficiency
in the mismatch-repair (MMR) protein, as meas-
ured by IHC (see Table 1 for details). Further
immunohistochemical analysis of the undifferen-
tiated component assessed the expression of pro-
grammed cell death ligand 1 and revealed the
value of a combined positive score 30 (CPS
PD-L1). The density of tumor-infiltrating lym-
phocytes (TILs) was high in both intraepithelial

journals.sagepub.com/home/tam

and stromal tumor components. However, the
expression of Schlafen-11 (SLFN-11), measured
immunohistochemically by H-score, showed
entirely negative results (see Table 2 for details).

Based on the results of retrospective NGS analy-
ses, the expert pathological review revised the ini-
tial diagnosis to dedifferentiated carcinoma of the
ovary, which included a minor undifferentiated
component that constituted 10% of the tumor.
This undifferentiated component showed a loss
of PAXS8 expression and exhibited negative
expression for both estrogen (ER) and progester-
one receptors (PR). By contrast, the major dif-
ferentiated component of the tumor, comprising
90%, consisted of endometrioid adenocarcinoma
structures that displayed squamous differentia-
tion. This component preserved the expression of
ER, PR, and PAXS, and presented a p53 wild-
type pattern with patchy pl6é expression and
WT1-negative status (see Figure 2).

Dedifferentiated carcinomas generally have a
poor prognosis due to their aggressive nature,
regardless of their site of origin. In the female
genital tract, these tumors are well described in
the endometrium (dedifferentiated endometrial
carcinoma, DDEC), where they were first
reported in 2006.* However, data regarding clini-
cal manifestations and treatment outcomes of
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Summary of the key results of the DDOC somatic analyses: results of immunohistochemical

analyses.
Marker LG endometrioid Undifferentiated component (10%)
adenocarcinoma (90%)
p53 No aberrant expression No aberrant expression (“wild-type” pattern)
(“wild-type” pattern)

WT-1 Negative Negative

PAX-8 Positive Negative

ER 100% 0%

PR 80% 0%

Ki-67 30% 50%

MMR NA Proficient

PD-L1 (CPS) NA 30

SLFN-11 NA Negative (H-score 0)

TILs (No/mm?) Intratumorally Stromal
CD3+ NA 401,055409 3270,27785
CD8+ NA 352,6993099 2080,13597
CD4+ NA 226,920686 1493,23684
CD164+ NA 771,1132071 2079,84286
Morphology? NA 10 25

aThe average percentage of area infiltrated by mononuclear inflammatory cells is relative to the intratumoral

intraepithelial and stromal areas, respectively.

DDOC, dedifferentiated ovarian carcinomas; ER, estrogen receptors; LG, low-grade; MMR, mismatch repair system proteins;
No/mm?, number per square millimeter; PD-L1 (CPS), combined positive score for programmed cell death
ligand 1; PR, progesterone receptors; SLFN11, Schlafen 11; TILs, tumor-infiltrating lymphocytes; NA, not applicable.

DDOC remain scarce, mainly due to their rarity
and potential for misdiagnosis.

Establishing an accurate histopathological diag-
nosis is not always straightforward. Specifically,
distinguishing between the undifferentiated and
poorly differentiated components of endometri-
oid adenocarcinoma can be challenging in some
cases. Consequently, DDOC is most commonly
misdiagnosed as high-grade endometrioid carci-
noma, although high-grade serous carcinomas or
neuroendocrine tumors may also appear in the
differential diagnosis.>® The undifferentiated
components, usually responsible for aggressive
biological behavior irrespective of their size,?7 fre-
quently exhibit specific molecular features. These
characteristics include loss of function in SWI/
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SNF complex units, particularly based on
SMARCA4, SMARCBI, or concurrent ARIDI1A/
ARIDI1B inactivation.%% However, markers indi-
cating a potential SWI/SNF complex function
loss might not be routinely examined. In our case,
the discovery of two pathogenic variants in the
SMARCA4 gene resulted in a retrospective diag-
nosis change to DDOC.

Fulminant progression during adjuvant P-CHT,
as observed in our case, is exceptionally rare. The
recommendation of adjuvant P-CHT—regardless
of a FIGO stage IA and after the complete surgi-
cal staging—was based on treatment guidelines
for high-grade epithelial ovarian carcinoma aimed
at reducing the risk of recurrence.!%!! It remains
questionable whether knowing the correct
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Figure 2. Representative histopathological images of dedifferentiated ovarian carcinoma (100X magnification).
The representative images of histopathological findings are demonstrated (100X magnification). The tumor
contained differentiated (a) and undifferentiated (b) components. The undifferentiated component showed a
negative Schlafen-11 expression (c), the complete loss of estrogen receptors (d), the combined positive score
for PD-L1 value of 30 (e}, and a high density of CD3+ tumor-infiltrating lymphocytes (f).

PD-L1, programmed cell death ligand 1.

diagnosis of DDOC would alter the decision
regarding adjuvant therapy. Since DDOC is often
diagnosed at advanced stages, data on the out-
comes of the adjuvant treatment in early stages
are limited. To our knowledge, fewer than 10
DDOC cases diagnosed in FIGO stage I, with
available treatment and follow-up data, have been
reported. In the largest series of 23 DDOC
patients, 5 were diagnosed with FIGO stage I,
and 4 succumbed to recurrent disease within
2years. Similar to our case, all patients who
received adjuvant chemotherapy experienced dis-
ease progression during chemotherapy, with two
dying within 4 months.? Thus, despite their high
growth potential, the standard P-CHT appears
ineffective in DDOC.

In our case, the observed resistance to P-CHT
correlated with completely negative IHC results
for SLFN-11 expression in the undifferentiated

component (see Table 2 and Figure 2(d) for
details). The nuclear protein SLFN11 has been
recently discovered as the causal and dominant
genomic determinant of response to replication
stress caused, for example, by anticancer agents
damaging DNA, including platinum com-
pounds.!? The absence of the SLFN-11 expres-
sion has been associated with resistance to
DNA-damaging agents, making it a promising
predictive biomarker.!? Although SLFN-11 and
the SWI/SNF complex, both deficient in our case,
play important roles in regulating DNA damage
response and transcription, a direct link between
SLFENI11 and the SWI/SNF complex has not yet
been described or unequivocally established.

Given the P-CHT’s inefficiency, the strategy for
the systemic treatment of DDOC requires modi-
fications. One promising approach involves incor-
porating immunotherapy through checkpoint

journals.sagepub.com/home/tam
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inhibitors (CPi), based on the biological similari-
ties with DDECs, which exhibit MMR deficiency
in up to two-thirds of cases.!# Despite strong evi-
dence suggesting that MMR deficiency serves as a
predictive marker for CPi across various solid
tumors, other factors can also indicate a positive
response to immunotherapy, including high
expression of PD-LL1—a known immunosuppres-
sive checkpoint protein—and intense T-cell infil-
tration.!> Although DDOCs appear to be less
frequently MMR-deficient than DDECs (6 out of
23 cases in Tessier et al.), additional markers may
suggest a beneficial role for CPi in treatment
strategies. As shown in Table 2, IHC results in
our case revealed not only MMR proficiency, but
also positive PD-LL1 expression measured by
combined positive score (CPS-PDL1), alongside
a high proportion of both intratumoral and stro-
mal TILs in the undifferentiated component (see
Figure 2(e) and (f)). These findings support the
assumption that incorporating CP1i into systemic
treatment may enhance efficacy. Another
approach to improve treatment outcomes is to
target the altered SWI/SNF complex through
developing molecular targeted therapies.!6

Given the rarity of DDOC, expecting data from
large randomized prospective clinical trials to
alter established treatment standards is unrealis-
tic. Therefore, a precision oncology treatment
approach—developing an individual treatment
plan based on detailed tumor analyses searching
for alterations with already existing targeting
treatment—seems most appropriate. In addition
to IHC results, the NGS analysis revealed several
potentially targetable alterations. Inactivating
variants in SMARCA4 and ARID1A, both core
components of distinct SWI/SNF chromatin
remodeling complex subunits, suggest epigenetic
dysregulation that could be therapeutically uti-
lized using EZH2 inhibitors. EZH2 inhibitors
have already been approved for treating epithe-
lioid sarcoma, which is characterized by inactiva-
tion of SMARCBI, another member of the SWI/
SNF complex. Based on a similar rationale of
exploiting the synthetic lethal interaction between
SWI/SNF deficiency and PRC2 complex activity,
several clinical trials are currently evaluating
EZH2 inhibition in tumors with ARID1A or
SMARCA4 loss. Notably, the GY014 phase II
trial (NCT03348631) is evaluating tazemetostat
in patients with recurrent ovarian or endometrial
cancer harboring ARID1A alterations. In parallel,
variants identified in PIK3CA and PTEN suggest
activation of the PI3K/Akt‘mTOR pathway,
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which might be targeted with either PI3K or
mTOR inhibitors. Recently published data dem-
onstrated that the PI3Ka-specific inhibitor alpe-
lisib achieved an objective response rate of 28%
and a disease control rate of 61% in patients with
PIK3CA-mutated recurrent gynecologic cancers,
including ovarian carcinoma, supporting bio-
marker-driven use of PI3K blockade.!” Altogether,
the molecular data not only refined the tumor
classification but could also offer a biologically
informed basis for exploring non-standard, tar-
geted therapeutic strategies in this rare and
aggressive entity in an upfront testing setting.

We present a rare case of SMARCA4-deficient
DDOC that was initially diagnosed as high-grade
endometrioid carcinoma. This case followed a
highly unfavorable clinical course, with fulminant
progression during adjuvant P-CHT, ultimately
resulting in death 4 months after initial diagnosis,
despite the disease being detected at an early
stage. Retrospective molecular profiling allowed
us to refine the initial morphological diagnosis and
underscored the clinical need for more effective
systemic treatment for this rare malignancy. NGS
analysis revealed the SWI/SNF complex alteration
as well as PI3K/Akt/mTOR pathway activation,
both of which are linked to already existing thera-
peutic options. Immunohistochemical analysis
demonstrated a loss of SLFN-11 expression in the
undifferentiated component, correlating with the
real-life resistance to P-CHT. Conversely, posi-
tive PDL1-CPS values and a high density of TILs
support the potential effectiveness of immuno-
therapy using CPi. Future research should focus
on elucidating the molecular mechanisms under-
lying P-based chemotherapy resistance in patients
with this formidable diagnosis. In addition, estab-
lishing new systemic treatment strategies that inte-
grate immunotherapy or molecularly targeted
treatments, with or without chemotherapy, is
essential. In our case, a precise oncologic approach
consisting of detailed somatic tumor profiling
would have facilitated the development of a more
individualized treatment plan had it been
employed at the time of diagnosis.

The retrospective molecular analyses were pro-
vided as a part of the study conducted in

journals.sagepub.com/home/tam



accordance with the Declaration of Helsinki and
approved by the Ethics Committee of University
Hospital Brno (No 26-100620/EK). All partici-
pants provided written informed consent prior to
participating in the study.

Written informed consent was obtained from the
patient’s daughter for publication of this case
report and accompanying images.
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3.6 Komplexni genomové profilovani a individualizace IéCby karcinomu
ovaria

Rozvoj molekularni biologie a implementace modernich diagnostickych technologii
zadsadné zménily pohled na biologii nadorovych onemocnéni. Tradi¢ni klasifikace
zhoubnych nadorl zaloZena predevsim na anatomickém ptivodu a histopatologickych
charakteristikach je postupné dopliiovana molekuldrni charakterizaci, ktera umoznuje
identifikaci genetickych a epigenetickych alteraci odpovédnych za vznik, progresi a
odpovéd nadoru na lécbu.

Na tomto principu vznikl koncept precizni onkologie, jehoz cilem je ptizptsobit 1écbu
individualnim molekularnim charakteristikdm nadoru u konkrétniho pacienta. Namisto
vybéru lécby pouze podle histologického typu nadoru vyuziva precizni onkologie
identifikaci terapeuticky cilitelnych molekuldrnich alteraci, které mohou slouzit jako
prediktivni biomarkery ucinnosti cilené 1é¢by nebo imunoterapie. Klicovym nastrojem
precizni onkologie se stalo komplexni genomové profilovani nddort pomoci sekvenovani
nové generace (NGS), které umoZiuje soucasnou detekci bodovych mutaci, inzerci a
deleci, zmén poctu kopif genii, genovych prestaveb i dalSich molekuladrnich zmén [71].

Vyznamnym milnikem v rozvoji precizni onkologie byly tzv. basket studie, které
zarazuji pacienty do 1écCebnych ramen na zakladé piitomnosti specifickych molekularnich
alteraci bez ohledu na organovy ptivod nadoru. Tento pristup potvrdil proveditelnost
molekuldrné tizené 1écby napii¢ rliznymi nddorovymi diagnézami a poloZzil zaklady
soucasné éry tkanove agnostickych terapeutickych indikaci.

Gynekologické nadory predstavuji heterogenni skupinu onemocnéni s vyrazné
odliSnym molekularnim profilem jednotlivych histologickych podtypti. Komplexni
genomické analyzy, zejména projekty TCGA, ukazaly, Ze nadory ovaria, endometria i
délozniho hrdla jsou charakterizovany specifickymi soubory genetickych alteraci, které
mohou mit prognosticky i terapeuticky vyznam[72].

U karcinomii ovaria méla nejvyznamnéjsi klinicky dopad identifikace poruchy
homologni rekombinace, nejcastéji v souvislosti s mutacemi genii BRCA1 a BRCAZ2,
vyskytujici se az u poloviny high-grade seréznich karcinomt. Objeveni principu
syntetické letality u takto alterovanych nadorid a zavedeni inhibitorti PARP do klinické
praxe predstavuji jeden znejuspésnéjsich prikladd biomarkerem tizené lécby
v gynekologické onkologii.

Dalsi potencialné terapeuticky vyuZitelné alterace byly u karcinomu ovaria popsany
napriklad v genech PIK3CA, KRAS, ARID1A, PTEN, ERBBZ nebo v signalnich drahach
PI3K/AKT/mTOR a RAS/MAPK. Piestoze rada téchto molekularnich cili zatim neni
soucasti standardni 1éCby, predstavuje perspektivni oblast klinického vyzkumu a zaklad
pro dalsi rozvoj individualizované terapie [73].

Pfes nesporny pokrok vsSak =zlistdivd implementace precizni onkologie v
gynekologickych malignitach spojena s radou limitaci. Mezi nejvyznamnéjSi patii
intratumorova heterogenita, Casova evoluce nadorového genomu a skutecnost, Ze
identifikace molekuldrni alterace automaticky neznamena Kklinickou ucinnost
odpovidajici cilené lécby. Opakované molekuldrni hodnoceni nadoru v pribéhu
onemocnéni a integrace genomickych dat do klinického rozhodovani proto predstavuji
jeden z klicovych predpokladii pro dalsi rozvoj individualizované 1é¢by v gynekologické
onkologii.
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3.6.1 Vlastni pfinos k problematice

V navaznosti na rozvoj konceptu precizni onkologie a rostouci vyznam komplexniho
molekularniho profilovani nadori jsme se zamérili na vyuziti genomového profilovani u
pacientek s karcinomem ovaria. Cilem bylo identifikovat terapeuticky vyuzitelné
molekularni alterace nad ramec rutinné vySetrovanych genti BRCA1/2, charakterizovat
genomickou heterogenitu naddoru a zhodnotit zmény molekularniho profilu v pribéhu
1é¢by a pri recidivé onemocnéni.

Do retrospektivni analyzy bylo zarazeno 42 pacientek s high-grade ser6znim
karcinomem ovaria, rozdélenych podle odpovédi na platinovou chemoterapii na skupinu
s platina-senzitivnim a platina-rezistentnim onemocnénim. Na vzorcich nadori
odebranych pred zahajenim platinové chemoterapie bylo provedeno komplexni
genomové profilovani pomoci NGS panelu zahrnujictho 523 genii asociovanych s
nadorovymi onemocnénimi. U ¢asti pacientek byly soucasné analyzovany parové vzorky
ziskané pri recidivé onemocnéni nebo po neoadjuvantni chemoterapii s cilem zachytit
genomovou evoluci nadoru v pribéhu lécby.

Prace potvrdila vyraznou genomickou heterogenitu high-grade ser6zniho karcinomu
a amplifikaci genu CCNE1 jako alteraci vyznamné castéjSi u primarné platina-
rezistentnich nadori. Soucasné ukazala, Ze terapeuticky vyuZzitelné molekularni alterace
klasifikované podle systému ESCAT (ESMO Scale for Clinical Actionability of Molecular
Targets) byly pritomny pribliZzné u poloviny pacientek bez ohledu na citlivost k
platinovym derivatiim. Vedle alteraci genti BRCA1/2 byly identifikovany také potencialné
cilitelné zmény v genech ERBBZ2, KRAS, NF1, ATR, RAD51C, BRIP1 nebo FANCA, které by
mohly v budoucnu rozsirit moznosti individualizované lécby této skupiny pacientek.

Vyznamnou soucasti studie bylo hodnoceni parovych nadorovych vzorki
odebranych v raznych fazich onemocnéni. Analyza prokazala dynamicky charakter
genomového vyvoje high-grade serézniho karcinomu a ukazala, Ze u vyznamné c¢asti
pacientek dochazi béhem 1écby ke zménam molekularniho profilu, které mohou ovlivnit
terapeutickou vyuzitelnost identifikovanych biomarkert. Vysledky studie tak podpofily
koncept opakovaného molekularniho hodnoceni nadoru v pribéhu onemocnéni a
zdliraznily vyznam komplexnitho genomového profilovani jako ndastroje precizni
onkologie v gynekologickych malignitach.

Priloha 10: Genomic complexity and evolution of high-grade serous ovarian cancer
treated with platinum-based chemotherapy: advancing precision oncology beyond
BRCA1/BRCA2

POKORNA, Petra, Jana ORLICKOVA, Tana MACHACKOVA, Jitka HAUSNEROVA, Lucie
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profilovdni v kontextu léCby karcinomu ovaria, odbornd supervize projektu a role
korespondencni autorky rukkopisu.
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Genomic complexity and evolution
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Abstract

Background High-grade serous ovarian carcinoma (HGSOC) remains one of the most lethal gynecologic
malignancies due to its aggressive nature, frequent late-stage diagnosis, and the development of treatment
resistance. Although platinum-based chemotherapy remains the cornerstone of therapy, the underlying genomic
heterogeneity complicates the prediction of treatment response and the development of effective therapies.

Results We performed comprehensive genomic profiling of 523 cancer-associated genes using the TruSight
Oncology 500 HT panel in a retrospective cohort of 42 HGSOC patients, including 22 platinum-sensitive (Pt-S) and
20 primary platinum-resistant (Pt-R) cases. In 14 cases, paired tumor samples collected before and after recurrence
or neoadjuvant chemotherapy were analyzed to assess the changes in clinically relevant and actionable alterations.
Genomic profiling revealed significant heterogeneity in molecular alterations between Pt-S and Pt-R tumors, with
CCNET amplification confirmed as more frequent in Pt-R cases. Actionable findings ranked in ESCAT tiers |-l were
identified in 54.5% and 55% of Pt-S and Pt-R patients, respectively. A total of 18% and 20% of patients harbored tier
Il hypothetical targets, highlighting opportunities for future targeted therapies in HGSOC. Analysis of paired samples
demonstrated dynamic genomic changes, with 60% of Pt—S and 44% of Pt-R patients exhibiting shifts that could
affect therapeutic actionability.

Conclusions Our findings highlight the importance of comprehensive genomic profiling in HGSOC management.
While platinum-based chemotherapy remains central to treating newly diagnosed and recurrent disease, its
molecular complexity might require more personalized strategies. Beyond established markers such as BRCAT/2,
additional genomic changes present opportunities to expand therapeutic options. The evolving tumeor genomic
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landscape further underscores the need for repeated biopsies or alternative methods to assess tumor evolution,
enabling more adaptive and individualized treatment approaches.

Keywords Ovarian cancer, High-grade serous ovarian carcinoma, Comprehensive genomic profiling, Targeted

treatment

Background

Ovarian cancer remains one of the most lethal gyneco-
logic malignancies, responsible for a significant pro-
portion of cancer-related deaths in women globally [1].
Among its various histological subtypes, high-grade
serous ovarian cancer (HGSOC) is the most prevalent,
accounting for approximately 70% of all ovarian cancer
cases [2]. The clinical management of HGSOC presents
considerable challenges, primarily because the major-
ity of patients are diagnosed at an advanced stage, often
involving extensive peritoneal spread, which complicates
treatment. Standard care includes cytoreductive surgery
followed by platinum-based chemotherapy, to which ini-
tial responses are typically favorable. However, despite
these high response rates, the majority of patients even-
tually relapse, developing resistance to platinum-based
therapies [3]. This acquired resistance, coupled with the
inherent aggressive nature of the disease, contributes to
the poor long-term prognosis associated with HGSOC.

HGSOC exhibits significant molecular heterogeneity,
which plays a fundamental role in both its clinical pre-
sentation and response to therapy. The genomic land-
scape of HGSOC is characterized by the near-universal
presence of TP53 mutations found in over 96% of cases
and the frequent occurrence of homologous recombina-
tion deficiency (HRD) present in approximately 50% of
HGSOC [4]. HRD is predominantly driven by alterations
in BRCAI and BRCA2 genes, which render tumor cells
more susceptible to DNA-damaging agents like platinum
compounds and PARP inhibitors [5]. In addition to TP53
and BRCA1/2, the molecular profile of HGSOC is further
characterized by a variety of genomic and transcriptomic
alterations, including those involving cell cycle regulators
and signaling pathways such as Ras/MAPK and PI3K/
Akt/mTOR [6-8]. These alterations contribute to the
tumor’s phenotypic diversity, treatment resistance, and
clinical outcomes [7].

Given this molecular complexity, there is a grow-
ing need to deepen our understanding of how the key
drivers of HGSOC influence treatment response and
resistance. This knowledge is also critical to refining per-
sonalized therapeutic strategies that can improve both
long-term survival and quality of life for affected women
[9]. In this study, we present the results of comprehen-
sive DNA sequencing of 523 cancer-associated genes in
a retrospective cohort of Czech patients with HGSOC.
Our analysis focuses on characterizing the genomic
heterogeneity between platinum-sensitive and primary
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platinum-resistant tumors, with an emphasis on the ther-
apeutic implications of identified alterations, as well as
analyzing changes in clinically actionable alterations in a
subset of paired samples collected before and after recur-
rence or neoadjuvant chemotherapy.

Methods

Patient cohort

The patient cohort presented in this study consists of 52
patients diagnosed with HGSOC at the Department of
Obstetrics and Gynecology of University Hospital Brno
between 2010 and 2021. The median age at diagnosis was
66 years in the whole cohort. Applying the 6-month plat-
inum-free interval cut-off, the patients were classified as
either platinum-sensitive or platinum-resistant, with 26
patients in each respective group. The clinicopathological
characteristics of the two groups are detailed in Table 1.
In five platinum-sensitive and nine platinum-resistant
patients, follow-up samples obtained at recurrence or
after neoadjuvant chemotherapy (NACHT) were col-
lected as well.

DNA sequencing

DNA was extracted from formalin-fixed paraffin-embed-
ded tissue using the QIAmp FFPE Tissue Kit (Qiagen)
and repaired using NEBNext FFPE DNA Repair Mix
(New England Biolabs). Sequencing libraries were pre-
pared using the TruSight Oncology 500 HT panel (Illu-
mina) as per the manufacturer’s instructions. Sequencing
libraries were loaded onto NovaSeq 6000 S2 Reagent
Kit v1.5 (300 cycles) and sequenced on the NovaSeq
6000 platform (Illumina) with read lengths of 2 x 151 bp.
Sequencing data were processed through the Velsera
software, which enabled variant calling of single-nucle-
otide variants (SNVs), insertions or deletions (InDels)
in 523 cancer-associated genes, copy number aberration
(CNAs) calling of 59 genes, tumor mutational burden
(TMB) calculation, and microsatellite instability (MSI)
status assessment.

Data evaluation

Variants in 523 cancer-associated genes covered by the
panel were filtered using a VAF cut-off above 5%. Given
the somatic-only sequencing setup, variants with a minor
allele frequency above 1%, as per the gnomAD database,
were also excluded. The clinical significance of SNVs
and InDels was assessed using publicly available data-
bases, including OncoKB, Jackson’s Laboratory Clinical
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Table 1 Clinicopathological characteristics of platinum-sensitive
and platinum-resistant HGSOC patients
Platinum-sensitive

Platinum-resistant

Number of patients 26 26
Median age (range) 65 (36-86) 66 (52-82)
FIGO stage (2013)
Early stage (I+11) 1 0
Advanced stage 25 26
(+1v)
Hereditary predisposition
BRCAT 4 0
BRCA2 1 2
RAD51C 1 0
Negative 10 7
Not tested 10 17
Median initial CA125 679.9 (19.9-25,000.0) 926.0
(range) (58.7-5,773.0)
NACHT
Yes 8 15
No 18 "
Type of surgery
RO cytoreduction 14 12
R+ residuum 7 4
No cytoreduction 5 10
Recurrence
Yes 19 26
No 7 0
Median PFS in recurrent 518 (169-1801) 56 (2-171)
cases in days (range)
Number of paired 5 9
samples
Type of paired samples
After NACHT 3 8
After recurrence 2 1

PFS - progression-free survival, RO cytoreduction - complete macroscopic
tumor resection, R+ residuum — macroscopic residual tumor left after surgery

Knowledgebase, ClinVar, and others. Variants noted
in clinical databases or literature, as well as unknown
truncating variants leading to loss of tumor suppressor
function, were deemed clinically significant. For tumor
suppressor genes, unknown missense variants occurring
simultaneously with a clearly inactivating variant, sug-
gesting a possible second hit mechanism, were also con-
sidered potentially significant. Significant CNAs included
amplifications of oncogenes (defined as five or more cop-
ies of the respective gene), biallelic deletions of tumor
suppressors, or single copy losses accompanied by a sec-
ond inactivating mutation in the same gene. Tumors were
classified as TMB-high if they had 10 or more mutations
per megabase. MSI-high status was assigned to samples
upon exceeding a 20% unstable loci cut-off. For action-
ability assessment, alterations were classified according
to the ESMO scale for clinical actionability of molecular
targets (ESCAT) [10].
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Results

Out of 52 patients, 10 patients were subsequently
excluded from the cohort due to low sample quality,
resulting in a subset of 22 platinum-sensitive (Pt-S) and
20 platinum-resistant cases (Pt-R). Detailed clinicopath-
ological characteristics and treatment history of these
patients are described in Supplementary Table 1. A sum-
mary of clinically relevant genomic findings is depicted
in Fig. 1 (for details, see Supplementary Table 2). Altera-
tions with known or potential clinical significance were
found in 41 patients. Consistent with previous reports,
TP53 represented the most commonly altered gene with
95% prevalence among patients with clinically relevant
findings, followed by BRCA1/2 alterations collectively
present in 37% of tumors. Among patients with BRCA1/2
alterations, six carried germline (4 Pt-S and 2 Pt-R) and
four carried somatic (2 Pt-S and 2 Pt-R) alterations.
Germline status was unavailable for five patients, as rou-
tine testing had not yet been fully implemented at the
time of diagnosis.

Overall, we observed a large heterogeneity of molecu-
lar findings irrespective of the platinum response. While
most genes were altered in only one or two patients,
seven genes, including TP53, BRCAI, BRCA2, CCNEI,
MYC, AKT2, and KRAS, were recurrently altered in
three or more patients. This limited the feasibility of
comparing individual genes between Pt—S and Pt-R sub-
groups. To address this, we grouped gene alterations
into broader molecular pathways or cellular processes.
The following gene sets were defined: HRR genes (ATR,
BRCAI, BRCA2, BRIPI1, RADSIC), cell cycle regula-
tion (CCNDI1, CCNEI1, CDK4, CDKN2B, MYC, MYCL,
MYCN, RBI), kinase signaling (ERBB2, ERBB3, FGF23,
FGF3, FGF6, FGFR1, FGFR2, NRGI), Ras/MAPK path-
way (BRAF, KRAS, NFI, NRAS), and PI3K/Akt/mTOR
pathway (AKT2, PIK3CA, MTOR). A comparison of clini-
cally relevant alterations between Pt-S and Pt-R tumors
using Fisher’s exact test revealed no statistically signifi-
cant differences overall (see Supplementary Figs. 1A-E).
However, on the level of individual genes, CCNEI ampli-
fication, defined as the absolute copy number of 5 or
more copies, showed a statistically significant difference,
being more frequent in Pt-R patients (6 Pt-R vs. 1 Pt-S,
see Supplementary Fig. 1F). By increasing the threshold
to 8 or more copies, CCNEI-amplified tumors would be
restricted only to the Pt-R cohort. Additionally, selected
alterations were observed exclusively in subsets of
patients within each subgroup. Specifically, two patients
from the Pt-R subgroup harbored an ERBB2 activating
variant co-occurring with ERBB2 amplification. Addi-
tionally, two Pt-R patients had MDM?2 amplifications,
which were not found among Pt-S tumors. Meanwhile,
FGFR1/2 amplifications were detected in three Pt-S
patients but were absent in Pt-R patients.
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Fig. 1 Oncoplot summarizing genomic findings of the Pt-S and Pt-R groups

The TMB across the entire cohort, regardless of plati-
num response status, was 4.6 mutations per megabase
(mut/Mb), with a range of 0.78 to 10.98 mut/Mb (see
Supplementary Table 3). For the individual subgroups,
the median TMB was 4.2 mut/Mb for Pt-S patients
(range 0.78-10.98 mut/Mb) and 5.1 mut/Mb for Pt-R
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patients (range 0.79-10.25 mut/Mb). All tumors were
classified as microsatellite stable.

The molecular findings were assessed for their poten-
tial impact on subsequent therapeutic decisions. In 12
out of 22 Pt-S patients (54.5%) and 11 out of 20 Pt-R
patients (55%), actionable alterations ranked within
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ESCAT tiers I-1II were identified (see Table 2 and Supple-
mentary Table 4). Tier I alterations, including BRCA1/2
variants (ESCAT IA) and high TMB (ESCAT IC), were
found in 8 (36%) and 7 (35%) patients, respectively.
In 3 Pt-S patients and 2 Pt-R patients, the tier IA find-
ings were accompanied by additional lower-tier altera-
tions. The remaining 4 (18%) Pt-S patients and 4 (20%)
Pt-R patients exhibited tier III alterations, such as vari-
ants in other DNA repair genes (ATR, BRIP1, RAD51C,
FANCA), members of the Ras/MAPK pathway (KRAS,
NF1I), and ERBB2.

Next, we compared paired biopsy samples in 5 Pt-S
and 9 Pt-R patients. Among the Pt-S patients, three
samples were collected post-NACHT, while two were
obtained after recurrence. Samples were also collected
post-NACHT for all but one Pt-R patient. The paired
samples were evaluated for changes in SNVs and InDels,
CNAs, and TMB, focusing on the specific alterations
within each category to identify potential patterns or dif-
ferences between the Pt—S and Pt-R subgroups. Then, we
assessed all changes collectively, focusing on the changes

Table 2 The list of predictive biomarkers identified in the cohort,
grouped by their ESCAT tier classification

ESCAT Biomarker Alteration type Treatment  Num-
tier ber of
patients
IA BRCAT Frameshift variant PARP 4
Nonsense variant ~ inhibitors 2
Missense variant 1
1A BRCA2 Frameshift variant PARP 5
Nonsense variant inhibitors 2
Splicing variant 1
IC TMB TMB-High Anti-PD-1 2
A ERBB2 Amplification+mis-  Anti-HER2/ 2
sense variant HER2
inhibitors
A NF1 Frameshift variant MEK 1
Nonsense variant inhibitors 1"
1B ATR Frameshift variant PARP 1
inhibitors
s BRAF Missense variant MEK 17
inhibitors
1B BRIP1 Frameshift variant PARP 1
inhibitors
B FANCA Nonsense variant PARP 1
inhibitors
1B KRAS Missense variant MEK 1
inhibitors
1B MTOR Missense variant mTOR 1
inhibitors
1B RAD51C Nonsense variant PARP 1
inhibitors

For each biomarker, the associated alteration type and the number of patients
in which the alteration was detected are provided for each biomarker. The
asterisk indicates that the alteration was found co-occurring with a tier 1A
BRCA1/2 alteration
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affecting the spectrum of clinically relevant alterations as
defined in the Methodology section. A particular empha-
sis was placed on assessing how the changes influenced
therapeutic actionability (ESCAT tiers I-III).

SNVs and InDels were assessed qualitatively, compar-
ing only a pre-filtered set of variants (variants show-
ing>5% VAF and < 1% MAF, see Supplementary Table 5).
For each sample pair, the proportion of variants detected
in the second biopsy that were also present in the initial
biopsy was calculated. Using this approach, 13 out of
14 patients demonstrated a high degree of overlap (78—
100%), while the one remaining patient from the Pt-S
cohort showed only a 26% overlap (see Fig. 2A). Nota-
bly, 64% of patients (n=9) showed a decrease in TMB
(median -3.14 mut/Mb, range -0.80 to -9.46 mut/Mb),
while 21% (n=3) exhibited an increase (median+2.78
mut/Mb, range+0.41 to+9.11 mut/Mb). The TMB
remained unchanged in the remaining patients (see
Fig. 2B, C, and Supplementary Table 6). The spectrum of
CNAs showed variability across all tested patients, with
changes observed in both the specific altered genes and
the copy number levels (see Fig. 2D and Supplementary
Table 7). These changes ranged from moderate shifts,
such as transitions between 3 and 4 copies, to more
significant alterations resulting in new amplifications.
However, no consistent or universally detected patterns
emerged when comparing CNAs between the Pt-S and
Pt-R cohorts.

When translating these findings into changes in
clinically relevant or actionable alterations, 40% of
Pt-S patients (n=2) showed no changes in the spec-
trum of both clinically relevant and actionable altera-
tions between biopsies (see Fig. 3A and Supplementary
Table 8). In the remaining 60% (n = 3), changes potentially
impacting therapeutic actionability were observed. In
one case, TMB increased above the 10 mut/Mb threshold
compared to the initial biopsy, which already harbored
an actionable BRCAI variant. Another case revealed
a PTEN deletion, previously detected as a single-copy
loss, presenting a new therapeutic target in addition to
an ESCAT IIIB classified inactivating RADSIC variant
present in both samples. In the third case, an NFI inacti-
vating variant present in the initial biopsy was no longer
detected in the paired sample.

In the Pt-R subgroup, the results were more heteroge-
neous (see Fig. 3B and Supplementary Table 8), and an
impact on actionability was collectively seen in 44% of
cases (n=4). In three patients, clinically relevant changes
were observed, such as alterations in the copy num-
ber status of selected oncogenes. Specifically, genes that
were amplified in the initial biopsy showed reduced copy
numbers in the subsequent biopsy or vice versa. In one of
these patients, the changes affected CCNE1, leading to a
reduction in absolute copy numbers to below 5; however,
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Fig. 3 Comparison of clinically relevant findings in initial and post-NACHT/recurrence samples in the Pt-S (A) and Pt-R (B) groups

the copy numbers remained elevated compared to nor-
mal levels. In one patient, the change in copy number sta-
tus was accompanied by an increase in TMB above the 10
mut/Mb threshold. In two patients, new oncogene ampli-
fications were detected in the subsequent biopsy despite
the absence of CNAs at the corresponding chromosomal
loci in the initial biopsy. Additionally, three Pt-R patients
exhibited fewer clinically relevant alterations in subse-
quent biopsies, all of which led to the loss of recognized
or hypothetical predictive biomarkers. In the first case,
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the loss of a somatic BRCA2 alteration would poten-
tially impact the eligibility for PARP inhibitor therapy.
Another case showed a decrease in TMB, which had
initially exceeded the 10 mut/Mb threshold in the first
biopsy. The third case involved the loss of an activating
BRAF variant. However, both the second and third cases
retained a BRCA2 alteration that held higher priority for
therapeutic interventions.
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Discussion

Platinum-based chemotherapy remains a cornerstone
of ovarian cancer management, serving as a primary
treatment modality for both initial systemic therapy and
subsequent lines if there is a probability of success for
re-challenge based on the time interval to progression.
Despite its widespread use and efficacy, patients exhibit a
wide spectrum of responses, ranging from platinum-sen-
sitive, partially sensitive, and resistant to refractory [11].
This variability underscores the need for reliable predic-
tors of platinum response, which could identify patients
likely to benefit from platinum-based regimens and those
who may require alternative approaches.

Several studies attempted to characterize the differ-
ences in the genomic landscape of Pt—S and Pt-R tumors,
resulting in a complex picture of genetic heterogene-
ity with some recurrent findings. For instance, CCNE1
amplification has been consistently associated with
platinum resistance, overall poor prognosis, and short
progression-free survival [12, 13]. In line with these
observations, we found a higher prevalence of CCNEI
amplification within the Pt-R cohort; however, one case
in the Pt-S group also exhibited this alteration. The
threshold for CCNEI amplification in ovarian cancer
generally varies by the detection method used. For the
purpose of this manuscript, the absolute copy number
of 5 or more copies was used as a uniform threshold for
defining amplification irrespective of the target gene. Pre-
vious studies specifically applied higher cut-off values of
6 to 8 copies for the CCNEI gene [14, 15]. In our cohort,
applying such a higher threshold strengthened the asso-
ciation of CCNEI amplification with primary platinum
resistance. Nevertheless, despite being predominantly
associated with a poor response to treatment, CCNE1
amplification is occasionally observed in long-term sur-
vivors [16]. This might suggest that the effect of CCNE1
amplification is more pronounced in specific genetic con-
texts or subtypes rather than universally across all ovar-
ian cancers or indicate complex interactions in its role in
chemotherapy resistance.

Similarly, variants in genes involved in homologous
recombination repair, such as BRCAI/2, can influ-
ence sensitivity, as they impair the ability of tumor cells
to repair platinum-induced DNA damage effectively.
Although some studies reported an increased prevalence
of BRCA1/2 variants in the Pt-S subgroup [17] or explic-
itly observed the presence of BRCA2 variants in good
responders to platinum chemotherapy [7], we showed a
comparable frequency of BRCA1/2 variants in both sub-
groups. To explore whether germline status provided
additional explanatory value, we reviewed the availability
of genetic testing data for patients with somatic BRCA1/2
variants. Among patients in whom the germline testing
was performed, the observed distribution did not suggest
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any clear association between germline status and plati-
num sensitivity in our cohort.

Despite extensive research, no single genomic predictor
has been universally validated as a robust marker of plati-
num resistance, and the heterogeneity seen within the
high-grade serous subtype complicates efforts to define
a unified predictive molecular profile. The underlying
drivers of treatment response appear to be multifaceted,
encompassing genomic, epigenetic, and microenviron-
mental factors that influence tumor behavior [7, 16]. Our
study focused exclusively on genomic alterations in the
most recognized cancer-associated genes, which may
limit the comprehensiveness of our findings. While we
acknowledge that incorporating additional perspectives
could offer a more thorough understanding of treatment
response, we still believe that our targeted approach pro-
vides a strong foundation for identifying key molecular
drivers that have the potential to become immediately
actionable in clinical settings. Given the complexity and
heterogeneity of HGSOC, it becomes clear that a singu-
lar focus on predicting platinum resistance may not fully
capture the full scope of factors necessary for effective
treatment. Therefore, shifting our perspective toward
precision oncology, the emphasis moves from solely
identifying predictors of resistance to leveraging genomic
alterations for individualized therapeutic planning.

While BRCA1/2 alterations remain the primary focus
for targeted treatment due to their established role in
predicting response to PARP inhibitors, we identified
several actionable alterations apart from HR or other
DNA repair pathways that are already utilized in other
cancer contexts and fall within ESCAT tier III. Although
found in only a subset of cases, their identification high-
lights the potential to diversify targeted therapeutic strat-
egies beyond PARP inhibitors and antiangiogenic agents.
In three out of seven such cases, the additional targets
were co-occurring with BRCA1/2 variants. The remain-
ing four cases harbored alterations in either the Ras/
MAPK pathway or an ERBB2 gene amplification accom-
panied by an activating ERBB2 variant as the sole hypo-
thetical predictive markers.

Ras/MAPK pathway mutations are predominantly
associated with low-grade serous ovarian carcinomas,
for which targeting this pathway has shown clinical ben-
efit. The Phase II/III GOG 281/LOGS trial demonstrated
that the MEK inhibitor trametinib significantly pro-
longed progression-free survival compared to standard
chemotherapy in patients with recurrent disease [18].
In contrast, clinical evidence supporting the efficacy of
MEK inhibitors in HGSOC is limited. However, preclini-
cal studies have shown promising results. For instance,
MEK inhibitors have exhibited synergistic effects with
carboplatin in HGSOC cell lines, suggesting a potential
combination approach to enhance chemosensitivity [19].
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Similarly, ERBB2 gene alterations could potentially be
targeted by HER2-directed therapies such as trastuzumab
or pertuzumab. Case studies have reported durable
responses in ovarian cancer patients with ERBB2 ampli-
fications when treated with HER2 antibodies, indicating
a viable therapeutic option for this subset of patients [20,
21]. Further supporting this treatment recommenda-
tion, trastuzumab deruxtecan has recently been granted
accelerated approval for adult patients with unresect-
able or metastatic HER2-positive solid tumors who have
received prior systemic treatment and who have no satis-
factory alternative treatment options, based on the find-
ings of the DESTINY-PanTumor02 trial [22], in which the
HER?2 positivity was determined using IHC status. While
this new approval might justify classifying our findings as
ESCAT tier IC, we maintained the originally set classifi-
cation as ESCAT tier IIIA for this manuscript due to the
absence of IHC staining data in our analysis.

Moreover, several new treatment options with promis-
ing preliminary results from prospective early-phase tri-
als are emerging for more recurrently found alterations,
such as CCNEI amplification and TP53 variants. For
CCNE1 amplification, different means of treatment are
being explored, such as CDK2 inhibitors [23] and WEE1
kinase inhibitors. Specifically, WEE1 kinase inhibitor
adavosertib showed a 36% objective response rate in a
recent phase II trial [24]. Among TP53 variants, specifi-
cally the TP53 p.Tyr220Cys substitution is a promising
target for a selective p53 reactivator rezatapopt, which
recently demonstrated efficacy in heavily pretreated
patients with advanced ovarian cancer harboring this
particular mutation [25].

Regardless of the chosen therapeutic strategy, it is
important to consider the evolving nature of tumors over
time. Our data show that while there’s a high degree of
overlap between initial and subsequent biopsies in most
patients, translating the subtle changes into clinically
informative data can significantly impact subsequent
therapeutic planning. Considering standard-of-care
therapeutics, most strikingly, one patient lost a somatic
BRCA2 mutation, which could impact the effective-
ness of PARP inhibitor therapy. The standard approach
to ovarian cancer treatment often relies on the initial
molecular profile of the tumor to guide therapy in BRCA-
mutated or HRD cases [2]. However, the detection of
BRCA1/2 alterations does not guarantee sustained sen-
sitivity, as resistant clones may emerge due to secondary
or reversion mutations that restore BRCA function [26].
Beyond alterations in HRR genes, longitudinal changes in
broader genomic parameters, such as TMB, further illus-
trate the dynamic evolution of tumor genomes. Notably,
several patients showed a decrease over time, which in
one case would have shifted the therapeutic perspective,
as the initial TMB exceeded the threshold for potential
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immunotherapy consideration, whereas the subsequent
biopsy fell below this threshold. All analyzed specimens
were reviewed by a pathologist and confirmed to contain
at least 20% tumor content, which should generally allow
reliable TMB estimation in dominant clones. However,
the observed reduction may still partly reflect technical
variability, especially the differences in tumor purity.
Beyond BRCA-related changes, other genomic altera-
tions, although not immediately actionable within the
current standard-of-care framework, offer valuable
insights for future precision medicine strategies. For
instance, one patient acquired a PTEN deletion in the
later biopsy, presenting a new therapeutic target that
could be exploited with PI3K/Akt/mTOR pathway inhibi-
tors, as seen in other cancer types [27]. Repeated biopsies,
therefore, provide a critical opportunity to reassess the
tumor’s evolving genomic landscape, ensuring that sub-
sequent therapies are optimally aligned with the tumor's
current molecular profile. Given the invasive nature of
repeated tissue biopsies, however, future advancements
may involve the integration of liquid biopsy approaches,
such as circulating tumor DNA analysis, to facilitate real-
time, non-invasive monitoring of tumor evolution [28].

Conclusion

In summary, our findings highlight the importance of
comprehensive genomic profiling for ovarian cancer
management. While platinum-based chemotherapy
remains integral for treating both newly diagnosed and
recurrent disease, the molecular complexity of HGSOC
underscores the need for more personalized strate-
gies. Established markers, such as BRCA1/2 alterations,
are critical for guiding targeted therapies using PARP
inhibitors, but additional genomic changes also pres-
ent opportunities to expand therapeutic options for this
challenging malignancy. Moreover, the tumor’s genomic
landscape can evolve significantly over time, emphasizing
the value of repeated biopsies or other means of tumor
evolution assessment when transitioning from previous
lines of treatment.

By applying a comprehensive DNA sequencing
approach, this study provides real-world insight into
tumor evolution and therapeutic actionability beyond
BRCA1/2 alterations. Nevertheless, the retrospective
single-center design, limited cohort size, and lack of com-
plementary multi-omic data represent inherent limita-
tions to our study. In particular, continued integration of
multi-omic data will be essential to characterize the bio-
logical complexity of HGSOC and guide the development
of better-tailored treatment approaches.
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4 Syntéza vysledkl habilitacni prace a souvisejici
védecké €innosti

Problematice gynekologickych zhoubnych nadori se autorka zacala vénovat od svého
piichodu do Fakultni nemocnice Brno v roce 2013. V priibéhu tohoto obdobi se podarilo
vybudovat intenzivni mezioborovou spolupraci klinickych onkologti, onkogynekologii a
patologti, ktera se stala zakladem nejen pro poskytovani komplexni péce pacientkdm s
gynekologickymi malignitami, ale také pro rozvoj vyzkumnych aktivit zamérenych na
lepsi pochopeni biologického chovani téchto nadorti a moznosti individualizace jejich
1é¢by.

Platformou pro rozvoj dalSich vyzkumnych aktivit bylo vytvoreni Mezioborové
pracovni skupiny pro onkogynekologii FN Brno (MPS OG) pod vedenim autorky. Mezi
prvni aktivity pattilo zahajeni prospektivniho sbéru a uchovavani biologickych vzorki
pacientek s gynekologickymi nadory, vytvoreni databaze pro sbér souvisejicich
klinickych dat a navazani intenzivni spoluprace se vznikajicim Oddélenim studijni a
projektové podpory Kliniky gynekologie, porodnictvi a neonatologie FN Brno. Tyto kroky
tvorily zakladni infrastrukturu pro realizaci dalSich vyzkumnych projekti.

0d pocatku byla ¢innost MPS OG zamérena jak na iniciaci vlastnich projektl
zaméfenych na studium prognostickych a prediktivnich markerti u gynekologickych
nadort, tak i na navazovani uzs$i spoluprice s dalSimi tuzemskymi i zahrani¢nimi
vyzkumnymi skupinami vénujicimi se molekuldrni charakterizaci nadorovych
onemocnéni a moznostem individualizace protinddorové lécby. Publikace zarazené do
habilita¢ni prace predstavuji hlavni vystupy této vyzkumné linie, na nichZ méla autorka
zadsadni autorsky ¢i spoluautorsky podil. Sou¢asné dokumentuji proménu gynekologické
onkologie od tradi¢ni klinicko-patologické stratifikace k molekuldrné orientovanému
pristupu zaloZenému na principech precizni onkologie. Soucasti habilitacni prace je
rovnéz synteticky a edukacni vystup zaméreny na shrnuti soucCasnych poznatki a
podporu jejich implementace do klinické praxe.

PredloZené prace se zaméruji predevsim na karcinom endometria a karcinom ovaria,
tedy dvé nejcastéjSi gynekologické malignity, u nichZz v poslednich letech dochazi k
zasadnim zméndm v diagnostice, prognostické stratifikaci i systémové 1éc¢bé. Prvni
projekty byly zaméreny spiSe na vyzkum jednotlivych vybranych prognostickych a
prediktivnich markert, které by podle dosud znamych dat mohly vyznamnym zplisobem
prispét k lepsi individualizaci lécby téchto onemocnéni. At jiZ ve smyslu zlepSeni predikce
prognézy onemocnéni v dobé diagnézy (tkanové markery ER, PR, L1CAM, p53 u
karcinomu endometria), monitorace efektu lécby (sérové markery DJ1 a L1CAM u
karcinomu endometria) nebo predikce odpovédi na systémovou lécbu (SLFN11 a PDL1 u
karcinomu ovaria).

Dal$i smérovani vyzkumné c¢innosti bylo ovlivnéno rychlym rozvojem molekularni
onkologie a postupnou implementaci principii precizni mediciny do béZzné klinické praxe.
Zatimco prvni projekty byly zaméreny predevSsim na studium jednotlivych
prognostickych a prediktivnich markeri, s nariastajicim poznanim biologické
heterogenity gynekologickych nadorli se pozornost postupné presunula ke
komplexnéjSimu molekularnimu hodnoceni nadorovych onemocnéni.
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Tento trend Ize dobre ilustrovat na karcinomu endometria, jehoZ diagnostika a 1é¢ba
prosly v poslednich letech zasadni proménou v dtsledku zavedeni molekularni
Kklasifikace. V souladu s mezinarodnimi i ndrodnimi doporucenimi bylo ve spolupraci s
molekularnimi biology a patology ve FN Brno bezprostfedné po publikaci prislusnych
doporuceni rutinni molekuldrni testovani karcinomu endometria implementovano do
klinické praxe. Analyza prvnich zkuSenosti je velmi cennou zpétnou vazbou nejen pro
nase pracoviité, ale také pro dal$i centra v Ceské republice zabyvajici se 1é¢bou
gynekologickych malignit. Soucasné zdlraznuje vyznam systematické syntézy a sdileni
novych poznatkd jako dtlezité soucasti jejich implementace do klinické praxe a
kontinualniho vzdélavani odborné verejnosti.

Obdobny vyvoj lze pozorovat také u karcinomu ovaria. Vyzkumné aktivity se
postupné posunuly od hodnoceni jednotlivych biomarkert, jako jsou SLFN11 nebo PD-
L1, ke komplexnimu genomovému profilovani nadorové tkané a identifikaci terapeuticky
vyuzitelnych molekuldrnich alteraci. Tento posun od studia jednotlivych markeri ke
komplexni molekularni charakterizaci nddoru odrazi obecny vyvoj soucasné onkologie
smérem k individualizaci 1é¢by zaloZené na biologickych vlastnostech konkrétniho
nadoru.

Vyznamnym impulsem pro dalsi rozvoj této oblasti byla 1zka spoluprace s Centrem
precizni onkologie FN Brno, které se systematicky vénuje implementaci principli precizni
mediciny do klinické praxe. Zapojeni do aktivit centra umoznilo rozsirit vyzkumné
projekty o komplexni genomové profilovani a vyuziti molekularniho tumor boardu k
identifikaci terapeuticky vyuZitelnych alteraci s potencidlnim dopadem na lécebné
rozhodovani u pacientek s gynekologickymi malignitami.

Vedle vysledki prezentovanych v habilita¢ni praci vSak vznikla v ramci vyzkumné
platformy MPS OG také rada dalSich publikaci a mezindrodnich spolupraci, které
védecké ¢innosti.

V oblasti karcinomu endometria sem patfti predevsim projekty a publikacni vystupy
souvisejici s aktivnim clenstvim autorky vakademické vyzkumné skupiné ENITEC
(European Network of Individual Treatment in Endometrial Cancer), ktera pod zastitou
Evropské onkogynekologické spolecnosti (European Society of Gynecological Oncology,
ESGO) vytvari platformu pro Sirsi spolupraci odborniki vénujicich se problematice
klinického a transla¢niho vyzkumu karcinomu endometria.

Zapojeni do aktivit ENITEC umoZnilo ucast na mezindrodnich projektech
zamérenych na implementaci molekularni klasifikace karcinomu endometria do klinické
praxe, vyvoj prognostickych modelt kombinujicich klinické, patologické a molekularni
charakteristiky nadoru a individualizaci chirurgické i adjuvantni lécby. Vysledkem této
spoluprace byla ucast na nékolika mezinarodnich publikacich vénovanych mimo jiné
validaci molekularné zalozenych predikénich modelti, hodnoceni klinického vyznamu
jednotlivych molekularnich podskupin karcinomu endometria a moznostem jejich vyuziti
pri terapeutickém rozhodovani. Tyto aktivity tematicky rozSifuji problematiku
diskutovanou v habilita¢ni praci a dokumentuji Sir§i mezinarodni kontext soucasného
vyzkumu karcinomu endometria. Soucasné potvrzuji trend postupného prechodu od
tradi¢ni rizikové stratifikace zaloZené prevdazné na Kklinicko-patologickych
charakteristikach k individualizovanému pristupu vyuzZivajicimu molekularni
charakterizaci nddoru jako soucast béZného klinického rozhodovani.
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Problematika karcinomu ovaria je soucasné rozvijena ve spolupraci s vyzkumnou
skupinou Prirodovédecké fakulty Masarykovy univerzity, zamérujici se na studium
maligniho ascitu jako unikatni soucasti nddorového mikroprostiedi karcinomu ovaria.
Dosud publikované prace byly vénovany charakterizaci bunéénych a nebunécénych
komponent ascitu, jejich vzdjemné interakci a vlivu na progresi naddoru a vznik
chemorezistence. PrestoZe tyto prace nebyly primo zaméreny na hodnocenti jednotlivych
prognostickych a prediktivnich markerd, predstavuji dileZity doplnék k vyzkumnym
aktivitam prezentovanym v habilitacni praci. Poskytuji totiz SirSi biologicky kontext pro
interpretaci nddorové heterogenity, mechanismii 1é¢ebné rezistence a interakci mezi
nadorovou buiikou a jejim mikroprostredim, které se promitaji i do vysledkl studii
zamérenych na molekularni markery a precizni onkologii.

Hlubsi poznani biologie nadori a jejich molekularni podstaty se v poslednich letech
promitd také do zasadnich zmén v systémové lécbé gynekologickych malignit. Jak u
karcinomu endometria, tak i u karcinomu ovaria jsou do klinické praxe postupné
zavadéna nova lécCiva zamérena na specifické biologické mechanismy a molekularni
alterace identifikované prostrednictvim profilovani nadorG. Inhibitory PARP,
antiangiogenni lé¢ba, inhibitory imunitnich kontrolnich bodii i nové zavadéné konjugaty
protilatka-l1é¢ivo vyznamné rozsirily terapeutické moznosti a prispély ke zlepSeni
1écebnych vysledkil pacientek s gynekologickymi nadory.

Vyzkumné aktivity autorky se proto postupné rozsitily také smérem k hodnoceni
klinické implementace téchto novych lé¢ebnych pristupl. Vedle analyzy vlastnich
zkuSenosti se systémovou lé¢bou druhé a vyssich linif karcinomu endometria se autorka
dlouhodobé podili na realizaci klinickych studii hodnoticich nové 1é¢ebné strategie u
gynekologickych malignit. Nékteré z téchto studii prispély k zavedeni novych standarda
1éCby a predstavuji vyznamny krok smérem k individualizované terapii zaloZené na
biologickych charakteristikdch naddoru. Soucasti téchto aktivit je rovnéz zapojeni do
odborné pracovni skupiny zamérené na tvorbu a aktualizaci ndrodnich doporuceni pro
systémovou lécbu gynekologickych malignit. Tato cinnost predstavuje prirozené
propojeni vyzkumnych aktivit s kazdodenni klinickou praxi a umoziiuje prenos novych
védeckych poznatki do diagnosticko-1é¢ebné péce o pacientky.
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5 Zaver

Vyzkumné aktivity prezentované v habilitacni praci byly od pocatku vedeny snahou
propojit biologické poznatky o gynekologickych zhoubnych nadorech s klinickou praxi a
prispét k individualizaci péce o pacientky s témito onemocnénimi. PredloZené prace
dokumentuji vyvoj soucasné gynekologické onkologie od hodnoceni jednotlivych
prognostickych a prediktivnich markert k integraci molekularnich charakteristik nadoru
do diagnostického a 1écebného rozhodovani.

Prestoze fada diskutovanych biomarkerd dosud nedosahla rutinniho klinického vyuZziti,
jejich studium prispélo k hlubsimu pochopeni biologické heterogenity nadord,
mechanismi 1éCebné odpovédi a vzniku rezistence k protinddorové 1écbé. Soucasné
ukazalo vyznam mezioborové spoluprace a nutnost propojeni klinického vyzkumu s
modernimi metodami molekuldrni diagnostiky.

Vyzkumné aktivity autorky se postupné rozvinuly z jednotlivych projektti do dlouhodobé
fungujici sité spolupraci na narodni i mezinarodni drovni, kterd dale generuje nové
vyzkumné otazky, grantové projekty i publikac¢ni vystupy. Soucasny rozvoj molekularni
diagnostiky, genomového profilovani a principli precizni onkologie vytvari predpoklady
pro dalsi vyuziti téchto poznatkd v kazdodenni klinické praxi s cilem zlepsit prognozu,
kvalitu Zivota a 1é¢ebné vysledky Zen s gynekologickymi zhoubnymi nadory.

MoZnost podilet se na tomto vyvoji a prenaset nové poznatky do péce o pacientky
predstavuje pro autorku hlavni motivaci k dals$i odborné a védecké ¢innosti.
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Seznam zkratek

Zkratka Vyznam

BRCA Gen rakoviny prsu (Breast Cancer Gene)

CA125 Nadorovy antigen (Cancer Antigen) 125

CHT Chemoterapie

CPS Kombinované pozitivni skore (Combined Positive
Score)

DJ1 Onkoprotein znamy téz jako protein 7 asociovany s
Parkinsonovou chorobou (Parkinsonism Associated
Deglycase PARK7)

EIN Endometroidni intraepitelialni neoplazie
(Endometrioid Intraepithelial Neoplasia)

ENITEC European Network of Individual Treatment in
Endometrial Cancer

ER Estrogenové receptory

ESCAT ESMO Scale for Clinical Actionability of Molecular
Targets

ESGO European Society of Gynecological Oncology

FIGO Mezindrodni federace gynekologie a porodnictvi
(International Federation of Gynecology and
Obstetrics)

FRa Folatovy receptor alfa

HAK Hormonalni antikoncepce

HE4 Lidsky epididymalni protein 4 (Human Epididymis
Protein 4)

HER2 Receptor 2 pro epidermalni riistovy faktor (Human
Epidermal Growth Factor Receptor 2)

HGSC High-grade ser6zni karcinom (High-Grade Serous
Carcinoma)

HPV Lidsky papilomavirus (Human Papillomavirus)

HRD Deficit homologni rekombinace (Homologous
Recombination Deficiency)

IHC Imunohistochemie (Immunohistochemistry)

ISH In situ hybridizace (In Situ Hybridization)

L1CAM Molekula bunécné adheze L1 (L1 Cell Adhesion
Molecule)

LVSI Lymfovaskularni invaze (Lymphovascular Space
Invasion)

MMR Mechanismus oprav chybného parovani bazi DNA
(DNA Mismatch Repair System)

MMRd Mismatch repair deficientni (Mismatch Repair
Deficient)

MPS 0G Mezioborova pracovni skupina pro onkogynekologii

MSI-H Vysoka mira mikrosatelitni instability (Microsatellite

Instability-High)
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NGS Sekvenovani nové generace (Next-Generation
Sequencing)

NSMP Nespecificky molekularni profil (No Specific Molecular
Profile)

OSPP Oddéleni studijni a projektové podpory

PARP Poly(ADP-ribdza) polymeraza

PD-L1 Ligand receptoru programované bunécné smrti 1
(Programmed Cell Death Ligand 1)

POLE Gen pro DNA polymerazu epsilon

PR Progesteronové receptory

RO Nulové pooperacni reziduum

RT Radioterapie

SCCA Antigen skvamdzniho karcinomu (Squamous Cell
Carcinoma Antigen)

SIL Skvamézni intraepitelialni 1éze (Squamous
Intraepithelial Lesion)

SLFN11 Protein Schlafen 11

SMARCA4 Gen SMARCA4 (SWI/SNF-related, Matrix-associated,
Actin-dependent Regulator of Chromatin, subfamily A,
member 4)

STIC Serézni tubarni intraepitelidlni karcinom (Serous
Tubal Intraepithelial Carcinoma)

TFIp Interval od ukonceni platinové chemoterapie do
relapsu onemocnéni (Platinum Treatment-Free
Interval)

TP53 Gen TP53

ZN Zhoubny nador
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